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Background Projection systens used for projecting an i nage on a screen can
use mul t iwbeonalsess45l i ght sources, such as light emtti rgTdiSeaes®c{IBED s),
with different colors to generate the illumnation light. Several optical
el ements are di sposed between the LED s and the inmage display unit to
conbi ne and transfer the |I8ht fromthe LED s to the |na%e di splay unit.

The i mage displ ay HQEARKAATIONGONNERIENGIIOLOR GIMBINER 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

projection systens used for projectBitftsPdurid™ge on a screen can use white
i ght configured to i nagew se reflect ?ron1a digital mcro-mrror array,
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that incident light is directed into the projected optical path. A rotating

col or mhébvrplw wele cpmbraandrensist rh@ahghb&@w th@ LEDnete the image mlase@tlt on of
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color, and the process is continued at such a rapid rate that the entire
pro}%ctedKWME%WE? ﬁ@éﬁ%s to be continuously illunm nated. The digital

m cro-mirror tﬁi {ﬁfri]&‘ 6}%‘ ezl esﬁ}glse@q}ébé for g&cﬁ%‘@ng%ﬁ&a@%%a% R8Y cdraEponent s,

whi ch can resu e proj I mage rlg ness i s an

i mport antwm&rlagmb@mﬁgmfrecatopmgem@e edflcsy@bran didikg nkicioghirre asrag ath eother | i ght
sources and the efficiencies of collecting, conbinihg, honogenizing and
del i veri ruyrayhleed inghaxas istrhmentybeziel EphaProgedsor @ILP gfdispitysbin getlidss. As

the size (P splay, 1n({1V1dual mirrors within the digital micro-mirror array represent individual pixels
15 of the projected image. A display pixel is illuminated when the corresponding mirror is
tilted so that incident light is directed into the projected optical path. A rotating color
wheel placed within the optical path is timed to the reflection of light from the digital
micro-mirror array, so that the reflected white light is filtered to project the color
corresponding to the pixel. The digital micro-mirror array is then switched to the next
20 desired pixel color, and the process is continued at such a rapid rate that the entire
projected display appears to be continuously illuminated. The digital micro-mirror
projection system requires fewer pixelated array components, which can result in a smaller
size projector.
Image brightness is an important parameter of a projection system. The brightness
25 of color light sources and the efficiencies of collecting, combining, homogenizing and
delivering the light to the image display unit all affect brightness. As the size of modern
projector systems decreases, there is a need to maintain an adequate level of output
brightness while at the same time keeping heat produced by the color light sources at a
low level that can be dissipated in a small projector system. There is a need for a light
30 combining system that combines multiple color lights with increased efficiency to provide
a light output with an adequate level of brightness without excessive power consumption

by light sources.
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General ly, the present description @ﬁhﬁ%gﬁzto optical elenments, color
conbi ners using the optical elenments, and - nage projectors using the col or
combi ners. | n GarRraASPeRtpreshi@s@iRRANElaths € bEFdAl Elepmd] s mbdRrs cal
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the present disclosure provi di'splay systemthat 1 ncludes an i mging
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optical element. In yet another aspect, the present disclosure provides a display system
that includes an imaging panel and the color combiner.

25 In another aspect, the present disclosure provides an optical element that includes a
first reflective polarizer disposed to intercept a first light beam and a second light beam at
an angle of approximately 45 degrees, and a second reflective polarizer disposed to
intercept a second polarization state of the first and the second light beam reflected from
the first reflective polarizer, at an angle of approximately 45 degrees. The optical element

30 further includes a reflector disposed so that a line normal to the reflector intercepts the

second reflective polarizer at an angle of approximately 45 degrees, and a retarder

disposed between the second reflective polarizer and the reflector; wherein the first and
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30further includes a reflector disposed so that a line normal to the
reflector intercepts the second reflective polarizer at an angl e of

appr oxi newel2g104B69eegr ees, and a retarder di sposed betweenTiuseosacsad
reflective polarizer and the reflector; wherein the first and WO

2010/ 059684PCT/ US2009/ 064931 second reflective polarizers, the reflector,
and the retarder are disposed to convert a second polarization state of the
first andcednd rsBeciva pelagiaerspdasfiastas. andrthe stargen ase disaescdito semce agkcerte
first an A vely. .In S
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refl ector |ntercepts the second refl ective, pol arlzer at an angle o
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col or-selective roic filters, respective and t ectlve
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reflector and the fi ref| ective arizer, and the seco flector and
the secpﬁaﬁ‘?cé?rl L5r Sopfaﬁfaar lmomxaé@)ptéeﬁr%}éfﬂﬁdqm@?@?ws it redetia second
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S S e e Sl B B B S5 e
copert, i gl thaanis e piaviton o silat it lides o1
di scl os uraadp]nﬁoﬁrsdffsﬂeatmeqplﬂamif apH @rfewth,tand fifth retarder disposed between the
first reflector and the first reflective polarizer, and the second reflector and the second
reflective polarizer, respectively; wherein the first and second reflective polarizers, the
first and second reflectors, and the retarders are disposed to convert a second polarization
25 state of the first and the second light beam into a first polarization state of the first and
second light beams, respectively. In yet another aspect, the present disclosure provides a
color combiner that includes the optical element. In yet another aspect, the present
disclosure provides a display system that includes an imaging panel and the color
combiner.
30 In yet another aspect, the present disclosure provides an optical element that

includes a first color-selective dichroic filter having a first input surface, disposed to

transmit a first light beam perpendicular to the first input surface, and a second color-
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di sposed .so t hat % line normal to each intercepts the second reflective

pol ari zerM3gingmpansigind thyy colesombingst el y 45 degrees. The optical el enent
stibd further fnel Hi@sragddet o @seﬁ?&@&gsur ?%ﬁés'&hrgnéa@te?c&&%{thq{Sposed

30adj acent each’of the first, secon and t efl ectors, respectively;
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approximately 45 degrees. The optical element further includes a first reflector disposed

so that a line normal to the first reflector intercepts the first reflective polarizer at an angle

25 of approximately 45 degrees, a second reflective polarizer disposed at an angle of
approximately 90 degrees to the first reflective polarizer on a side opposite the first
reflector, and a second and a third reflector disposed so that a line normal to each
intercepts the second reflective polarizer at an angle of approximately 45 degrees. The
optical element still further includes a first, a second, and a third retarder disposed

30 adjacent each of the first, second and third reflectors, respectively; wherein the first and
second reflective polarizers and the retarders are disposed to convert a second polarization

state of the unpolarized light beam into a first polarization state of the unpolarized light
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yet anot her aspect,. the present disclosure provides a &Iay systenlthat

i ncl udes TaHeStYA GP G 2800t Sl%@lpﬁ%ée ) fgpt réﬂ?ﬁs?rnéladasecond angya {furd isHestRer
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first and second |1ght beamfromthe first reflective polarizer at an angle
of appr oxdnryat ®logher aspect, the present disclosure provides a display system that includes an

imaging panel and the color combiner.
In yet another aspect, the present disclosure provides an optical element that

includes a first color-selective dichroic filter having a first input surface, disposed to

25 transmit a first light beam perpendicular to the first input surface, a second color-selective
dichroic filter having a second input surface, disposed to transmit a second light beam
perpendicular to the second input surface, and a first reflective polarizer disposed to
intercept the first light beam and the second light beam at an angle of approximately 45
degrees. The optical element further includes a first reflector disposed so that a line

30 normal to the first reflector intersects the first reflective polarizer at an angle of
approximately 45 degrees, a second reflective polarizer disposed to intercept a transmitted

first and second light beam from the first reflective polarizer at an angle of approximately
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surf ace, TgiE}sesEE disposaddpspiertp sacprd polpigzatiop stfa ¢fdhe Brdpediigsceandt he fir st

Pt SU AP feanfiAEE 408 1BRLIARLAELIHR ALEROLE0d LR ARYT ng @ second

i nput surface, di spose ransm secon perpéndicular to

t he secondspeofuly. SI.nr}feaaﬂothaﬂﬁpébt fthe ptesérﬁfd[selbtswé@r@@ﬂ@rd dddr abingios elehtt O
intercept, the fjrst %ht beam at an angl e of approxi mately 45 degrees. The
opt {¢al dnguessthe apttq%? emget Jayst apother §%Pef~‘bfheé2¥?%?ﬂt dirdpydenrayiiesgat a 1ine
nor mal t S ective polarizer at
an angleq%%bﬁh%kgé%%%f%#ﬁﬁ%%&ﬁg&%ﬁgé%ﬁgigggg% é%%blﬁ%%flve pol ari zer

di sposed to Iﬂh@%ﬁﬁpﬂxﬂthﬁedﬁﬂﬂekmg&@dbﬁﬁﬁpﬁWK&Baﬁ@ghﬁﬂ@kn&mpﬂﬂklnHte|y 45

degrees, .and a hal f-wave retarder disposed between the first reflective
pol ari zerm“éH%eSt hETs gelorraclpevcalichioig f%r Bvingp ﬁrsrh@%fw%?si dignasgbit still

further ﬂa%ﬁﬁ%?%@t al&%ﬁ %harﬁlggrcpg%%&glgﬁnt@ tHY AL SV iR %Lr COi (%Q?(;)ls-s%?e%ﬁge

bet ween t sel ectli ve ters,
respect i withroicdiitr himang b ssdond édpue siiriface, ¢qkﬁedﬂemmmamd1ﬁm&ﬁhh@hbemn

25quarter-wave retarder between the ref]ector and t fir reflectlve
pol ar i zerPIRAREIEIR 1@ the Seqangdnppi gu @80?’&1} pf edlepive Rﬁ)g‘i%ﬁef spescdige

reflect Orlﬁﬁr&?pth% '?ﬁstﬁ%hﬁl?}e%{ét e ggfé'd"f@ dirhfel Ql@"d%@]%ee? PREQPRaPALALAZ At | on

state of I rst secon ean1| to afirst polarization
st at e of fuhkerfinelsdesanfirst ledecsgecdisgbskd gmthabeﬁnsnommuemmﬂrﬁlryﬂedm yet anot her

sspect e PLeserl, o Selosure, brov des f golor cortingr, Lhat ncluges the
di sph ay SYALEML bBAtiZLNALINEP AR BOIRYRANGhARGnt AenGALRIoFCOMDI Ner .
approximately 45 degrees, and a half-wave retarder disposed between the first reflective
polarizer and the second reflective polarizer. The optical element still further includes a
first and a second quarter-wave retarder disposed between the first and the second color-
selective dichroic filters, respectively, and the first reflective polarizer; and a fourth
25 quarter-wave retarder between the reflector and the first reflective polarizer, wherein the
first and second reflective polarizers, the reflectors, and the retarders are disposed to
convert a second polarization state of the first and the second light beam into a first
polarization state of the first and the second light beams, respectively. In yet another
aspect, the present disclosure provides a color combiner that includes the optical element.
30 In yet another aspect, the present disclosure provides a display system that includes an

imaging panel and the color combiner.



WO 2010/ 059684 PCT/ US2009/ 064931 In yet anot her aspect, the present

di scl osure provides an optical elenent that includes a first

col or - selwotnwasekiseahroi c filter having a first input suPCaas2omdiosyesed to
transmt a first |ight beam perpendicular to the first input surface, a
second col or-selective dichroic filter having a second input surface,

di sposed to transmt a second |ight beam 5Sperpendicular to the second input
surface, and dnpefansghargeposbitha present digelepne pepvidesiapoptied stemenbthpt r st | i ght
beam and . econ i .at . 0 ximtel y 4 rees. The
opt1 ca oM T ROT chlo s ER TG BhAL A ok SRR BB oo R °2 i ne
nor mal t ardnbmitfal first lighe bbgs hopchdit@bcnhs fitshtnpueflreet Ve cpl eldbzeicctite an
angl e of approximately 45 degrees, and a retarder di sposed between the

r ef | ect ordighictfiier payipga spapad priuapicsace, digppspd fonrangmitipsceenq bghtibgem

pol agi zer - £ r t. t r [ . vert a
Cecond pdia el wh SoeRlifthy s@Pite R SORLAR pofi o FRBRE LRGRIRY P o,
pol ar i zatth@firss lighttbeain dnldehd soceid Agitt beemanan k@bl HgrsEimatedspedédrval y. In
yet anot her aspect, the present disclosure provides a color conbiner that

i ncl udes theeopgitlicdemend fetheninclydes g distapiectrrrdisgpoprctto, thatrpelingrroswat todha ol osur e
rovi des j . I | i | or

E5conbing?§ﬂkﬁ9h&%Pﬁ%§%§ﬂg%g?ﬁg?agég%%%?g?ﬁ%ﬂ%%%@%ﬁ@ﬁ%ﬁé@% §ﬁ$%%€%§Vides an

optical edhdnastardehdisposedibét@asnahd teflsétocdothe seflegtivé pelatliee/whidreinfthd t er

having a first input surface, disposed to transm.t a first |ight beam

per Pendi daileative potapigcs thedtrstgPegtors and the detardes arghapossst torcordrbe $598d di chr oi ¢
filter hayj ' . di i d light
beam 20pdanatef AR At alt ik iflip baRRAAG 1 o BBy oS RPON

pol ari zerfjrstinsiposed ltght bedney, espéctivhly. fh yst anotighbspeerthegrckehhdisdeanand | i ght

beam at an angl e of appr.oxi mately 4 rees. The optical elenent further

; 5 de p
i ncl udes PAOYIHESsE colpirombings dhat indidgs dlas orficahRlementp &b Wefemothseasreststheand t he
second c - ' } k i r.ef i | ZEk
respecti 34@%@%&??%&;%’&}02}(%2%@ (Ilz) layi Sé’%)tgéletg&gg&%} egta%a{hﬁ%g%g\bﬁgg%?%%&tl 1re first
ref l®ct orcomtiiiercepts the refl ective 25pol ari zer at an angl e of

approximately 45 degrees; and a fourth retarder_ dispose et ween t he
reflective pollAFFLaPtiHkasRae heatreeat disclofhe PEvifes ra OPE?qq@E@m%t bl ari zer,

the T el GliRcsaNdilBISELRCHR! Fichof ﬁk&%%%ﬁgggﬂlsﬁg B PRl gishbiaglioand he

second lig eans I nto a conbli ned unpol ari eam | h yet another
aspect, tthraspites@st light bedmo perpengicdert ebe Arst olpot swiiebi necondatiot-seddctides t he

optical e|l.ement, In yet another aspect, the present .disclosure 30provides a

dl spl ay <Jatemfiicahs R ke oo i _Cﬁgdlﬁ%ﬂ%sq? O FRSPHE? RePH h%l}fﬁ’ﬁ"i“ﬁer .

In yet a Eﬁkﬂﬂicﬂ&?%ﬂm sE{b%dQﬁﬁﬁ%&tfac@', §rﬁi PrRYe RS ﬁb‘fdr&%ﬁ d ,o%?ittb‘%ﬁtkrc% €ment
es a first col or-se i

that inclu ective chroic filter having a first input

surface,tﬂéﬁpmﬁgﬁﬂmemMﬁMZﬂiﬁkﬁﬁgBgﬁmemmusmm@Qﬂa6ﬂa@ﬂoﬂnmn$mﬂidag&mrst | i ght

beam perpendi cul ar to the first input syrface, and a reflective polarizer,
di sposed i 9PHEE Rt &wﬁﬂer Fl}ci‘ideﬁ 2 gt aﬁﬁaﬁ%&ndaﬁta% ﬁ@pﬁﬁr@ﬁi?sme@su%t ely 45

degrees. {Fi€ARhE GRbnEEABRM Nt GFoib BRLLRSHATIRE cﬁ%&&,‘r’é?ﬂe@ﬁ&élﬁﬁ
dichroic filter having a second input surface disposed adjacent to the

refl ecti wefipppiclecteedispand sofipos linensinivd td thedirstaoflaterseicarcpisvke diflebna ¢

fil Eﬁe " tpho ariszgl(r: a?tna% a%g{eoorf-als)ggogﬁ}lailt\e/l?r 4%id%g{e%i5'can]zi ialftm(larl:ch peitasr grs(ﬁgpotsgd between
the reflective polarizer and the reflector, wherein the reflective polarizer, the reflector and
the retarders are disposed to combine the first and the second light beams into a combined
unpolarized light beam. In yet another aspect, the present disclosure provides a color
combiner that includes the optical element. In yet another aspect, the present disclosure

30 provides a display system that includes an imaging panel and the color combiner.
In yet another aspect, the present disclosure provides an optical element that

includes a first color-selective dichroic filter having a first input surface, disposed to
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transmt a second |light beam The optical elenment still further includes a
first retarder disposed between the first color-selective dichroic filter
and t he rwbl2enisye4pol ari zer, a refl ector di sposed so tiratr/us2000/064980r mal to
the reflector intercepts the reflective polarizer at an angl e of

approxi mately 45 degrees, and a second retarder disposed between the
10reflective polarizer and the reflector, wherein the reflective polarizer,
t he ref | demnemitarfarst lght beara perpendigylar f@ﬂh@ﬁéﬁéwp@lb&@&m aid arpledtivest and t he
second i Qlan L Z anot her
aspect, I%mnugggg%9&§90%F&%$&tﬂgﬁ%@ﬁ egﬁgﬁggggﬁh%’ Qﬁ%nk?%“?y?%cludes t he
opti cal Edegf&ﬂt Thd &ptyat el@tﬁl@ﬁtﬁﬁfth@ﬁﬁﬁﬁﬂes 4 Reoff @3@Ncldtise iehtviefipsovi des a

di splay systemthat includes an imagi ng panel and the col or conbi ner.
15These ditingtaheeongsippuisyrigee dinposed adiaeant fnihe rellectivnpelptizerpadappasient from
t he det ai

surmibr i oo p e STt PR e eSS folo RARKEL B RRE el ARG, 1
subj ect meink@it a sscalefligheteanl dhy dpyicdl Réenadnt gl adthet RichRles asirsraytater anended
during prosecution. 20Brjef Description of the Draw n Thr oughout

the specidisnosed briweer be @ﬁ%éOI%-Sﬁlﬁ%Vet(Bcltrﬁ@ feiop andig r aﬁ%ﬂVﬁgglariW¢a e like
ref er ence. fuEs cﬁép%fsé’a%d t%??a{r ﬁ%él %&ﬁg?{o%ﬁg P?Lfﬁc% ?ﬂﬂeée@ﬁg BleenédiGe Eﬂyaﬁ%&}ts .

perspectlve view of a pola eam split

per spect ianeangieas apf)roalrpa:tblgrmszdegg:e@@amaspctdnﬂtretrardm tiRpesed batvieeh thave
25retarder FI G is a top schematic view Qf a polarizing bean1splltter

H pol itsHesdive ézel@glzer %t@w@ﬁ@%@@wﬁ@gﬁe@mm@g@%m refegter andiths
SChe”H“ %Bt\éhf‘e\f\é & d%pS%eldq{) c&% BRI §i ﬁrsﬂrﬁi the séc%nal 8Py ﬁ{\%mﬂ& &cﬁglylh@dv of a

col or conbi ner top schematic view off a color conbiner; FIG 7
is a top wpblnatd hghubemofln@ecmiomhier@spmi ey prefenFisclodure praviddp coldremat i €
view of a color conbiner; FIG is a top schematic view of a_col or

combi ner ;combeer it inschéieﬁéﬁ%lﬁ%lrﬁé?m@tvﬂ%wt@fw@%%ﬂow e REISAErdiscsEe 11 is a
top Schefcm%laesva GI0f PGRURK HEANRL BRImadih Courk PulPind cLRPIRORERT | € Vi ew of

a col or I ner I'S a schenatic view of a projector.
Theljigures aKHw&mMuhﬁhe&spﬁﬁdyﬂhapﬁﬁaMempMMkmnmuhbeapmmsﬁdhkmﬂmhe figures

refer to |ike componen However, it wll erstood that the use of a
number t eFaéLPQ:de%C&SIPEO’&E?#ﬁWnéHPOFNer& B fsﬁau# G 2DONBPUNMARTR to | nit

the compQRGEtuddhs FnRtiehs &d B¥Rimed subject matter, which subject matter is defined

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

20 Brief Description of the Drawings
Throughout the specification reference is made to the appended drawings, where
like reference numerals designate like elements, and wherein:
FIG. 1 is a perspective view of a polarizing beam splitter;
FIG. 2 is a perspective view of a polarizing beam splitter with a quarter-wave
25 retarder;

FIG. 3 is a top schematic view of a polarizing beam splitter with polished faces;



15| abel ed with the same nunber. Detailed Description The opti cal

el ements descri bed herein can be configured as col or conbiners that receive
di f f erentwoaslsogtth spectrum i ghts and produce a conbiPa@askéogls49eut put
that 20i ncludes the different wavel ength spectrumlights. In one aspect,
the received light inputs are unpolarized, and the conbined |ight output is
polarized in a desired state. In one enbodinent, received lights with the
undesi red pol dfl5z4tds dippschematirdcy o€ ¢ eplod cambinett at ed to the desired

pol ari zati on te,. Ippraying.t | i ilization efficiency. In one
aspect, the r3@2%gé%éFﬁﬁﬁv&Pﬁﬁﬂggwgﬁggé%gé’%P%@%d, and the conbi ned |ight
out put is al sEFIZ59npotoprdca@tatichiew @falbledombiabt, can be a pol ychromatic
conbined |ight that conprises nore than one wavel ength spectrum of |ight.
The conbi ned IHlght ivafppshematicidew ofasploegombingiat of each of the received
lights. In on e . if el ength spectra of |ight
corp%sponds t§”§§§?§§%?E%EQ%%FB%QﬁfgEFB?%S§5b¥%%, green and blue), and the
conbi ned | i ghtFIGUDpuA tdpSscidthiti: Vit wldlf a color @aothbifer;Sequenced red, green and
blue light. For 30purposes of the description provided herein, "color
light" and " w6t é&gst%towed&m%m%ﬁf a celpecqsBRiRCE nt ended to mean |i ght
havi ng a “ﬁvehﬂﬂﬂﬁPifﬁﬁ@%EﬁQ&ﬁﬁQ@&w L ehoMBYmBbg.correl ated to a specific
color if visible to the human eye. e nore general term WO

2010/ 059684 PCIVIUS2O 09 0p40nativansl engtblos panbinetuhd ght " refers to both

vi si bl e and ot her wavel ength spectruns, of |ight including, for exanple,

i nf Hared i ghtFIG. 13 1s a yohe@atiqyicyd aipisei8es of the description provi ded
herein, the term"aligned to a desired polarization state" is intended to
associ ate the glignnment of. the Ss axihs ©of an 5optical el enment to .a

oot red pol ar i FORRGYs R AP EnPlRTo BT i BlubBRubilin B EEER s 8

el ement, like&ompanélRsi Hewer®) iakiilz 8¢ ufderstbed thasthe his@sf Snipabaitd Zkd 0N,

p- pol ari zation, right-circular polarization, left-circular polarization,
or the |ide&popentame giiehdigiurris notiwémdpdiadlimi thy gpnponpntria paetdackgure t he
FigP§es’lﬁ&ﬂ&P@hﬁﬁknﬁhﬁqﬁ.%e§“Ch as a polarizer aligned to the first

pol ari zatron state neans € ‘orientation of the polarizer that passes the
p- pol ari zation 10state of light, and reflects or absorbs the second

pol ari zation state (in this case the s- polarization state) of light. It is
to be understood that the pol ariRdpilehResexintvosd be aligned to pass the
s-pol ari zatio tat.e of |1 . b t - iization
Stare of 11 gntl @ rgasores o BBRUIHL 36 b CoBRaRi s ArgaRBlR A

provi ded rbesiai diffetdnewheslongtih agdctigm [igiteingl produbd anentlimiaaipht ditpiased so t hat
a pggpendicular line fromthe surface of the elenment follows

includes the different wavelength spectrum lights. In one aspect, the received light inputs
are unpolarized, and the combined light output is polarized in a desired state. In one
embodiment, received lights with the undesired polarization state are recycled and rotated
to the desired polarization state, improving the light utilization efficiency. In one aspect,
the received light inputs are unpolarized, and the combined light output is also

25 unpolarized. 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
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

30 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

correlated to a specific color if visible to the human eye. The more general term

9.



an optical path that is also perpendicular to the other elenent. One

el emrent facing another el enent can include the el enents di sposed adj acent
each ot hewO 20res5edsenent faci ng anot her el ement further PoTIUSA@S/064981

el enents separated by optics so that a light ray perpendicular to one

el ement is al so perpendicular to the other elenent. 20Wen two or nore
unpol ari zed color lights are directed to the optical elenent, each nay be

split accararksagthopesoruat lightt rdershy betherinble gpd etheevpudengile sprstrams o€ Hight
Accordin one, ' .cribed below, a color light conbining system
receivesqﬁ%g%@%f@?8&9ﬂ¥gﬁﬁﬁ?§§%%g?fferent col or unpol ari zed |ight sources,
and produces aAle@fidyithepurhb@Rlof eetdeudrigtidatprodddthaasihz@d tdrm ‘@lignslewiar ed
state. In one aspect, two, three, four, or nore 25received color lights are
each spl idesizedrlefizagon stafsolinitended snaspecigfe the alignment ofthe pass Aty 95 an

pol agi zat | ' ad . Gl C r ' ' reflective

pol gé;i zerdpﬁgalteﬁgem%%?&l] {1:g@%ﬁ@%ﬁ?%@h@&?%gg‘&/tg@iitﬁ)%%%?? H%?@%ntgeg ﬁfléa?(r?i zation
state is d@ase]iad ddeshedpolerizdiiondesd suel ap elpalarizatdn p-polaizAtiordeipat-di ng to
one aspect, the optical elenent conprises a reflective polarizer 30

posi t i onedrealdr pplatizatioghleftrqirgas felarigatianner iy lgee. dBloae cmpeiment daseldpt t he
reflecti i FOX] . . . ive
pol ar i zer i VL EREor L (AR AT B il PRoREELRR o R PRz ah B (o

pol ar i zerfirstepoldrizatig stdtcandamk ittrcedricnéatiau lof tHegyoddrizepthiatpdssdsi thep-pdrization

2010/ 059684PCT/ US2009/ 064931 pol arizer, or a. circular polarizer such as a
chol®st erstae pf dghtgrndrrglecis onpbiserbs shersecondrplgizsgon statdd bisas Hsit, a

mul til ay i i LM pol ar:| r r i rizer.
Vil 11 aydio BRHiGR ey bR, Bl &0 SRARBANREL ROhArceh LRER E AN

| ayer s t hapabske v-polasizativinestae bf iglithardi rbflest @ntbssaly thegnpdl irizasipg ettcodft | i ght .
For example, .a. unitary nmultilayer optical filmpolarizer can include
several pHkdtdesged| ayers through the filmthickness, each packet

interacting wijf di, Ve r GOk QL) «fin b 10
refl ect one pd%g??gét%%%bgggpe gﬁggﬁgg%gﬁ??g?ﬁgﬁggﬁéron a#?é%%f%ﬁ%%fhte.
I n ohe aspecicmat dighddctay erat aperpeadiciilial incfomhby surfact bf gie cpanadoe follwfwsl ayer s

adjacent a first surface of the film 10that interacts with, far exanple,
bl ue col GNEWtirslgrth hatig also pemgpdigule gpégg ofher sle@seforéﬂep%@n@tt faing ALY t hat

I nteract %léﬁ%lﬂ ’CﬁI{ ?{cgllﬁ%@l@élgmeﬁﬁ ﬁﬁ@os%ala fa@gltle-h%h&h&i -Gne el?m%ﬁ;fg?fg layers”),

and a third packe l'ayers adj acent a second surface o m t hat
i nt er act sinnfhichelefont flaxthomhepdesate clehensdepdrghd by optcs sa thatedighaysr s ) .

Typically, the separatiqgn between |ayers in the "blye |ayers” is much
smal | er tm%ngwﬁag%%%@?%?P%%@%@WPF‘&{W? tpahg efherqlgpeniayer st in

20 When two or more unpolarized color lights are directed to the optical element,
cach 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 polarized in one desired state. In one aspect, two, three, four, or more

25 received color lights are each split according to polarization (e.g. s- 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.

According to one aspect, the optical element comprises a reflective polarizer

30 positioned so that light from each of the three color lights intercept the reflective polarizer

at approximately a 45 degree angle. The reflective polarizer can be any known reflective

polarizer such as a MacNeille polarizer, a wire grid polarizer, a multilayer optical film
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15order to interact with the shorter (and hi gher energy) blue wavel engths
of light. Polymeric multilayer optical film polarizers can be

parti cul awbypovespesnred refl ective pol arizers that can i rCcra$eooaciet s of
filmlayers as descri bed above. Oten, the higher energy wavel engt hs of
l'ight, such as blue light, can adversely affect the aging stability of the
film and at least for this reason it is preferable to m nim ze the nunber
of inter &Wl4regs ozeéfrcwpwlaﬂ@ﬁﬁuw sty chabesteair [ligetd apestg arotarizeie rAcqordingldi t i on,
t he natur I s the
severity tgfo 8{: ﬁﬁlggd \%}%ﬁg%&l{l ﬁer (Ilprﬁg%};l%n{s qqglrrllzeof &EP% ngeférhﬁr&r%ﬂécgﬁgh the film
i s gener gollatiAess detri rrental to the filmthan reflection of blue I|ight

entering fromthe "blue | a¥ers i.e. thin layers) side. Also, reflection
of blue |ight thtléamehgptmb 1p pﬁ%aflwﬁrp@rh@clwép defareifé packetsy” @6 l4ysrs| thats

det L& mental. .t t§1ﬁt&%cJ Wit "fﬂf&t '{x%%l%ﬁéth?éhg%ﬁf hglfﬁ%o% é;?a%;cf %tu%rlﬂa fromthe

| ayers" ive polarizer can

be di sposadtibgtnegival mlen ﬁ@lagmahn freOels seferilviackdts sMayerothrotighcin fihe a
free-standing filmsuch as a pellicle. In sone enbodi nents, the optical

el enent |thlgh1@esa,tqaplil E%tlﬁeblﬁlteéﬂting|V€Hb%/dhff§rqnﬁﬁ@6¢)§%gtmet(%é Goda1) eﬁhglvéo
| | |
P | 2l b PO RAIRE T MR B ol ARRLARL 2 DER Pl T L

t hat woulrdulatalyelr ptel fien tastiavt adinstpaekapl iagats ﬁicbnt@atﬁrsmﬁﬁbg of thetfidin
I nternal Reflection (TIR) fromthe fq rismfaces and rejoin the gptical path.

For &t | dhatinterpcts W]éla%rrﬁxafn@@ pheice r?fbh%i@ébﬁw)tbl%lawgrSd) P &€408d PRkt i cal
el ement s WhesL; thmH?eQ%f?sg \ggggﬁ“g’%{gg%? c%ﬁ)‘%géﬁ%@ﬁ %egt‘ r¥€n B%r@*' L& s are

di sposed qbetween t two pris $ 10 be
under st oatlirdl padket dsﬁélai}B§a¢1amnft anetomisurfact hﬁhsﬁﬂmt]lmmmtefacmﬁm tieed as a
pellicle. In one asoi)ect all of the external faces of the PBS prisns, are

hi ghl y pcﬂxa@ﬁwe@cﬁ et hgliltdh? ae“rli%}af/?r@”)t He/PEIBBY (1he PRIER O PeRy cepraxars @
manner, thcghl]ilué ﬁlygl%mlsalhﬂ s iR kfnthes Qén@ﬂ@e@e'eﬁ Idyle t%kﬁlt SRRl AP ll}{

hormgenl zed According to one aspect, wavelen ectiv ilTters
suchs as crmi@rrte sebmact wilethdishbitai (end hﬂgharaetgy&bhﬂeamdlength’s béliglat h of 1 nput

i ght fromeach of the glfferent | ored |ight sources. ae}h of h .
col or - sel ect i VEOIINEH; B “TXGFP%?%& @BQFIIZ?%H%‘H & partipgpr] iéﬁ re ?‘Ej‘rYF beam

i nt er cept efl‘{}%rsftha!cl} Clgf;l érﬁcﬁud%j% dké’i.f’&ﬁﬂi'm la%&'s%ﬂ&‘%rl% RIS n?tﬁ’ile'hﬁ Heﬂg of s-

and p- 10pol ari ze also to nimze co or shiftihg. of the
col or - sel @etg'yweawdlemgm@ o€ lightl suechsisibtucdgdhecte dd‘temseﬂy affisatrittie dgu@“ﬂtalhhnyl afg a

wavel engt ectr.u h dj acent t.source, eflect |ight
havi ng a R&fﬁ tam ef &&%ﬁ%@n& 18|pé§p lta%l? %Plf@lﬁ%tham ﬂ%&f@rwlﬁﬂ%
sousges. @1 @t W??HQH& f@l@r:éve ﬁ&&epf 1t PRIt MR E6F ih¥§ntEia gmlpbmﬁé Iters

is selecte ransmt |1 ght ving a wavel éngth spectrum of the adjacent
i nput i gfght szuihrtheeﬁlrmmﬂeciﬁthleesé‘k@ny of ihghtivé’rm/agmg alwasveisengbhbkpdight um of

al | of th r sour ces ect each th
col or - selBeveb Seighperecthy 3y etflglegfaLﬁottﬁﬁﬁ DR SR | ect i ve
pol ari Zeren?é?m%r}?ém HROLIRAL RO TR i {Maro) glthesareﬂéamhfmﬁwﬁ@@e of each
color-selective dichroic filter interSects the reflective polarizer at an
inter ceptenmngllgehe)ﬁlnaﬁpnﬂhﬁ ffalue uqyems sdiegs @esdetﬁmenmt toethe fibmtthem rsfledtmoe of a
col ?§ ) Selo%(i)thllevhegh(%I Ier(l:trelllr’ncl);g %ro il red layers ﬁnck layers) side.
The reflective polarizer can be disposed between the diagonal faces of two prisms,
or it can be a free-standing film such as a pellicle. In some embodiments, the optical
element light utilization efficiency is improved when the reflective polarizer is disposed
between two prisms, ¢.g. a polarizing beam splitter (PBS). In this embodiment, some of
30 the light traveling through the PBS that would otherwise be lost 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
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20passi ng perpendicular to the surface the color-selective dichroic filter;
by near-normal is nmeant varying |ess than about 20 degrees fromnornmal, or
pr ef er ablwol2es®spdsan about 10 degrees from normal . | n omreTarsb@dioss®at , t he
intercept angle with the reflective polarizer ranges from about 25 to 65
degrees; from 35 to 55 degrees; from40 to 50 degrees; from43 to 47
degrees; or from44.5 to 45.5 degrees. 25In one aspect, input light of an
undesi r edeBestiveipekericens agt dispospd bepisvr eatingogak faecs b sve prspEIhamicyan itdn st at e

b1 29 09 AL SGRESLRI ot LA SR SRR MR SO, ]

retarder dn\AAa@ t|a[1 dflﬂl& @dﬁ&ﬁﬂlfﬁ@s@bfﬂﬂ: PBS prises aﬂefhlglﬂﬁp&%(hédm that ngﬁthe |'i ght
path from eac gé ght to the prismface, so that ght fromone |ight
sour ce pa?éléf‘é@gtthﬁ éwnéeré@@SoTle dn s mpaner balitds eomongd Wé ingheiPBSad ar der

bef of e eqhgh@ﬂg§ég@%@§§%§5$§pgface Li ght having an undesired pol arization

state is con ng through at | east a second retarder tw ce,

before WO 201A¢{REAHEGREE dSe0,004Qeh@thlscandvafittas sidf dsaoldraglebtiam at | east
a second color-selective dichroic filter, changlng to the desired

pol ar i zatdighoistftess are placed jnvfhe pathut Hehitfrom Rach ftthe didkerons colpreddighbet ween
the col org 5l eCkl & ey é%[léc'tl%ﬂ chf'aongﬁftgg st?o%%{ggé l"[%elrng{ﬂpﬁﬁ{ neThe

parti cul ar COFbI Natl oh o or-se ective r0|c rders and
sour ce orbicemtiatcra@ptsahd fitaopacatwrinal @odbhe ta nsmﬁﬂnlzeSphtﬁ@g ef canppct, opti cal
el enent that, when configured as a color .conbiner, efficiently produces

comb? ned nqlagm%d dehtgang ﬂgr t mBlimize£alar shiftdneat kach Af thsrqlergpelestivhdichoifect , t he
retarder g a %91%&%8‘&0 1{ ﬁ%lﬁpng%g3'&%{%95@589&8{&&%% e} 3%}@‘?%&65 to

a polarlzatlon state o ectrve pola n one t he

al i gnnmentsoan, Hel réﬂamhgﬁt ha@nfg5a de@ia@h sfecoum4d at lzaZi®nd 06 égrogles;infutom 43 to
47 degrees; or from44.5 t grees to a polarization_ state of the
refl ecti VEhHUEFSSz dp some emb04lﬁleaﬁeea&§ b the, coligpelertivg dighyiogs filtgry iselegiehr i ses

an unpol 3{&"[1%&9‘81@ %Et ﬂa'vliél{g {E ﬁ:ﬁgtrﬁrﬁlo%held Enﬁﬁﬁiﬁﬁ eSO, HAPo! ari zed

green |i eth t conprises an u ar|z ‘red |ight,
andli he aoflant hghtgmvnrgoenhamngdomm ofla# of éck dtheghhputﬂ)ﬂgh&sdur@bt Imeet 15gr een
l'ight to produce p | ari zed white |light, |n one aspec the first .color

li ght corfIPiedchf @ﬁﬁe\zarS?lﬁ%taveMIﬂEOuc fitsrs s PRSI GRRR I EBlbihe |r?f§6ﬁfw%orrpr i ses

an unpol %ongr&gr S ﬁ%ﬂhk 'ngi}t Ql JnEw‘l?t g*h]'t Qaht it 8 Ak sﬁﬂf&ﬂ%tof%Q LdIGER @ hye

unpol ari red conbi ner Ines the red, green
and bIuecﬁﬂgbmfﬂmrpﬁ@ﬂumemarﬂknﬁvspdaﬁnﬂewamnﬁarqzedgbeﬂamgbsmnu@yéSbIue
ight. | ndeolpeees p%(ozltrnaletg1 Sc:hhe s?lifaéehoef J clorlosrtselectlgg gl%hIaOTg ﬁftgrl 12 gleggtl aolrln [ights are
di sposed 9°8 Y
20 passing perpendicular to the surface the color-selective dichroic filter; by near-normal is
meant varying less than about 20 degrees from normal, or preferably less than about 10
degrees from normal. In one embodiment, the intercept angle with the reflective polarizer
ranges from about 25 to 65 degrees; from 35 to 55 degrees; from 40 to 50 degrees; from
43 to 47 degrees; or from 44.5 to 45.5 degrees.
25 In one aspect, input light of an undesired polarization state is converted to the
desired polarization state by being directed toward a retarder and a color-selective dichroic
filter where it reflects and changes polarization state by passing through the retarder twice.
In one embodiment, a retarder is disposed within the light path from each input light to the
prism face, so that light from one light source passes through a color-selective dichroic

30 filter and a retarder before entering the PBS prism face. Light having an undesired

polarization state is converted by passing through at least a second retarder twice, before
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20i n separate light sources. In another aspect, nore than one of the three
color lights is conbined into one of the sources. In yet another aspect,
nore t harwohlmsdseasior |ights are conbined in the opti calPCelusSaeatne4981 pr oduce
a conbined |ight. According to one aspect, the reflective polarizing
filmconprises a nulti-layer optical film In one enbodinent, the PBS
produces a first combined |ight output that 25includes p- polarlzed second
col or |i e aftaneeflsctingl fzem ableastiarssconghrolarticlegtivodishroiq yliter, changmade Her

enbodi ne ces a p-polarized first and third color light, and
an s- polg%ﬁgégﬁggggﬁgﬁga/or light. The first conbined Iight output can be

passed t hr oughnaneemdbdia®h€clid eirddrackackd Ritaedhathe oslof- lsd:lb@i’vetdlit&irmc
selectiveléichanges the pol arization of the second col or ht as the
second cdir apd %tre%%@eeol@ﬁz%g"ﬁhemqewiartcembmsu%owl@frseéee 1ge flicheoic

305t pokedy 6! ALIRLOM I F &I HeALGRYALhARL R L1 I Pl SKFBLR ol i i

I nc, Boul uces a second I ne put that

i ncl udes dphealfdld‘rﬁént t15@,o0tneh o@ﬁﬁgﬁﬂad asla eolo Emh‘b]gbxt sfﬁwaﬂﬂlyriﬁ@thices bangnthe sane
pol ari zat i on olarlzatlon) The second
2010/ 0596% eselemg AT S TS NHICHRIGINELP POE 2TNSChy &efrmar(%eé#s 3 UARTHEVE on of

transm s £l | ST | rized |ight
to produé%%gﬁgggéggfﬁ%ﬁ%K%PgHﬁpégﬁngﬁﬁg?&/es |g§§m$§3§1@%gﬁggéﬁ be
col l'i mat qmlarﬁeﬂvlercgle RinboOimethit, B¢ glégiimant ean bd fremt3srts 5t kegieBS frotofy &r fent  or

d|vergent ght enterln? t he PBS_can be | ost 5t hrough one of the faces or
end¥0 of tq?érepeéron‘ré}%% HegeRshof ey S 19195 Hlcaress te 2 palarigrtianadas obthca pri sm

based PB hed to enable total internal reflection (TIR) within
t he PBS. §Eﬁagwgﬁggﬁkéélnproves the utilization of light entering the PBS,

so that subst dntonahépecalie fakt ¢dder lighg bdmprides ah ngpdlhdzddBSuanigihj the acdoadge of
angles is redlrected to exit the PBS through the desired face. 10A

pol ari zat5o8H ligbhprsniies gt vaRalized gssen) hg@hendcféﬁ typkeoleiat gpmpasces an
I t i t t f
pol ari za tnﬁ@laﬁ%ﬂe'd@%h%%fl%ﬁfé for li ?gﬂfhﬁﬁéﬂ Hn?é}t ota Hgﬂg bEl%e %%a‘aﬁ’d

deflects e propagati Irectio e |1ght an alt gni tude of

t helpol argrzat light t@mﬁmﬁlmzedeﬁeﬂed@hg Ioforchgpdcy plee irsdcaor leght abmprisasf a
retarder dispo ed n the pﬁﬁarlz ti tating reflector The 2 Iaﬁgéatlon
rot ati ng 4%efP8 e B e fscpecan |1§ BEMIREE &R PRI ACH gFeendigh

col or - 1§ﬁ§{h?gitsd;o}’cgé%'h9m@%¢se£ b {u%ola d & flgﬂtaérﬂﬁhe chBteh ftcdhialercan

provi de any retardati on, suc as an- el ght h-wave eta er, a
quart er - wausinsttiar ids greanzhd tiec hglkteo ptdduemumermqmalcdepmianlimldemegrmnn, t here
is an adva S|ng a quarte

ve retarde n associ ated dichroic
refl ect orangtb?‘i‘?eléﬁhl y IS PSLFarh afﬁhe. Usto$esn <{f81r CP@aﬂlgﬁﬁswep PRSP ed

lighy as jhie Qﬁ?ﬁé ﬁéhtts%ﬁfb‘ég NiPar@UAL b§fecti@ibe {h%h%hgsfth%'th&@%&ioﬁhgtﬁﬁhsang' e of
45 to the axis

combined 1nto one of the sources. In yet another aspect, more than three color lights are
combined in the optical element to produce a combined light.
According to one aspect, the reflective polarizing film comprises a multi-layer
optical film. In one embodiment, the PBS produces a first combined light output that
25 includes p-polarized second color light, and s-polarized first and third color light. In
another embodiment, the PBS produces a p-polarized first and third color light, and an s-
polarized second color light. The first combined light output can be passed through a
color-selective stacked retardation filter that selectively changes the polarization of the
second color light as the second color light passes through the filter. Such color-selective
30 stacked retardation filters are available from, for example, ColorLink Inc, Boulder, CO.
The filter produces a second combined light output that includes the first, second and third

color lights combined to have the same polarization (e.g. s-polarization). The second

13-



20pol ari zation. Subsequent reflections fromthe reflective polarizer and
quarter-wave retarder/reflectors in the color conbiner result in efficient
conbi ned wWoghto/sedsput from the col or conbiner. | n contr &sT/USkimdesIBYy

pol arized light is changed to a 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 |ower
ef fici en@@ﬂ@ﬂnqdr@t%mﬁﬁé@f illpgingtipg af fransmrigtive orrigilecsive displiys general l'y
conprise cti rder. The position of
the retar eecr%g}él%él it tglr dgtéfe'g%lgr?/zgaé]%h %o r&'h%c%r&ﬁ qug egl ative to the adjacent
l'i ght source iEhedghebeteminciiict hF td@ﬁﬂtﬁl@tcbaﬁéﬂeftonfma&@tﬁ Rofergdng dpdivaigenat i on
conponents, and are described el sewhere with reference to the Figures. In
one as ped’t’henﬂh@lt?féﬁlllee%3$v@%\‘ﬂr&*?qt Peiversnilighy eeﬁerlegjr@r%%walrbezleﬁt such as a
chol £st erthl%ugh gtﬂé gf e Bffce?[)r 8} s%rf'ﬂ%eeIKBS W@S&&E‘Qh&ﬂoés%s N oF (RS 8&Sior faces

pol ari zat1on®ro Ing reflectors can conprise Or—%él'ectve dichrotc
filters wftah@ish aRyd PBS@en b pdhgheﬂ&fdabse totaVNat1 041Gt 0&Ri68 4 PRI WiSAA @8 064931
The corrponent s of the optical element including prisnms, reflective

pol ar i zerRBS. géeabliag THR veproreathgaibizatigneaf dight emi?flntgeth@ PBS. 8 et conponent s
can be b I hesi ve
used to gﬂgﬁgpngggE%gﬁe lﬁeﬁ%gé?ﬁl éMgﬁ1%n§€§§f 1es;[rac ?%%&ﬁJggpthan
or equal thoPBBehiongleweakesikeffaect i on of the prisns used in the 5optical

el enent. An optical elenent that is fully bonded together offers advantages
i nclding ali g‘h Rektizatonsompepen of pag: ca&réwbr Gan Prgh HIPYER tasdolggatio sone
o Tetbfuink YR AT hoRLL AR Ay EERARTIAINIAORL BRp-HRIdILIARARH!
adhesi ve one enbo nts, a unitary optica fent can 1 ncor por at e
the opti ake bfhttane atters tixeinagdnide prf themblarzaton canigdneas, depsndigg ef theitapegul ar

prismwhich incorporates the optics of twg 10adjacent triangular prisns, as
descr | bedaISEUHEPROT A retarderkgposshBdNTrarlEoaapiBRarcAse e S be rore
readily g
Goscri pt 1o ap e o EREHGNGR bty Py QUERS ARk Hitlor RGERBPIbEDS  pes
10015 ncl wdkstie dielidoecfilitercarpad @tarder The Getalidspasgadotadt wegedleshhé rcdardaiongl faces
of prisms 110 and & 0. Pris 110 i ncl udes t end1% ces 175,.185, and a
first andUSRROHHCIE SHIVCAEBIOESE, AUHrHAYE Frépr irderognd glikeHl RRMimAREn  Prism
120 i ncl e 150,
160 havi ;{{g%gc;ﬂﬁggma%ﬂ? tﬁ%g'ﬁs\/\aél(]aa@a%é%mfﬁﬁ% aa?&sa?ﬂe %%agér:% %g%{féng aHI ES%g];frt&fl el to
t he thir digrosnefilate. 150sarlgpdldrized Selctondhgqmged m dlmumrti_;#m)lar&eddmghﬂ dset to the

fourth prismface 160. The identification of the |s f s shown in
FIG 1 v\nptlﬁlssé?s ithrppgh a quarteE AN g uretardplhzillfggl-eg at an angle ofr 45lg e axgg ofailg%
20 polarization. Subsequent reflections from the reflective polarizer and 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 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

25 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 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 liquid crystal polarizer.

30 According to this aspect, polarization rotating reflectors can comprise color-selective

dichroic filters without any associated retarders.
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20and "fourth" serves only to clarify the description of PBS 100 in the

di scussion that follows. First reflective polarizer 190 can be a Cartesian
refl ecti weopolozspesear or a non-Cartesian reflective pol aPCTAIS200/064931

non- Cartesian reflective polarizer can include nultilayer inorganic filns
such as those produced by sequential deposition of inorganic dielectrics,
such as a MacNeille polarizer. A Cartesian reflective polarizer has a

pol ari zati on alicscopmeonenrteof ha@piiend fcleamat nstuding presmyy reflepidycaralatégess. and

pol ymeri c i i C. i e..pn t,r usi on and
subseque nqcug}#évevlfl o 1%%&’%#, n%%lr%{, tﬁilhlggyoz %ﬁ%(g ?@rﬁlégtl{%g Pﬁ 4 Enbg ;%%{ g&eqil tﬁgeotﬁéér t{y ¢

enbodi rTEI‘!;hita‘tb’leBFte&ll hdleesipel ahk apfical @8hdsbrcalstdidesbnd@hd Eodhipdidets e ctlidr had | on
axis is parallel to a first polarization state 195, andpperpendi cular to a
second pondpiexpfirghiacsiogtess flym oricquyie therpden efapfractionef tha misnpaised inthei on
statge 195 c. e S-pol ari i 0 rization

st at% 196 pglgﬂ l?egn% Q'eA%-O%gIF%re?@g%qt g{r%t %&2[1258?%%2%%%@%r0§%?1§o%i§?ﬁr;[§ , the first
pol ar i zatihgladiag atignh&i sedilithdutiheaRepblyahintitibi and siaatla so@sdnibbéinsepnd WO
2010/ 059684PCT/ US2009/ 064931 pol ari zation state 196 can be the

s- pol ar i Z8Pjadircertarisms 3n ke bopsicr fogethsr using ga opfigad pdbesivar ilB s@on state 195
i's perpendi . . A

Cart esi arrlbq}rlbce\op }Ig%%t%’\%eﬁ%gﬁaogpﬁlzc Eél%%r“ﬁjla ﬂ]e%?cgl\?%&ég&{ﬁéZ%o?@??%f%?ﬁ%&%%% ti tter

W th an ghishist y gt sudghass singdertrianpglbi priswy svhidhahcaperate@thd efticy ofsdd | mat ed, and
that are divergent or 5skewed frgma central |ight beamaxis, with high

ef f 1&i en@giacepdrignguladrigms, asrdesdthed €1sswheici zer film can conprise a

pol ymeric mul t4 i - i . i lLay.

dielectric or T;oﬂ()e%rci ?{géﬂrtrga?éesrc flté%ﬂbbggk%@%ﬁg@gtﬁ (Pllpél& dle Irtr(g0(1ch§'nr%F1ezl?/1{e%fett?1e
advant agehoFfiguew aatl tlesmuaicomparofing dghbitiptéong whidihfodé®s.ci ency in passing |ight.
The nmultilayer_optical filmcan cqonmprise polyneric multilayer optical filns
such as those FdQslcwiaa@asneﬁ“@.@WpéggﬁtS- > Y¥hinglydes yiplsgtivsrpodgrizer §90 U, s,

Pat ent 6, dZ%J%s&p@et&@éﬂjﬁl% gﬁgoﬁél fQées §£ PE%rg% 2l d a%léial EPERACL liOViﬁcl\ﬂh&VYw%fen .he

al i gnnment a quarter-wave retar aP as used i n sone enbodi nents.
Quatj er - viaxs 1781 E¥Sdetida Ciast abdsacord ption ddraride, t4dehapolgar 9P ainperbestaine of

incident |ight. PBS retarder system 200 includes, PBS 100 having first and
second prih&hs Py lgﬁanczl}z%.s twoaai g} f%ladé&r Arigigd a@%émr@paisgipfggf‘ewoadj acent

the 11Sti6b3RUIBMIAGRN W BRIBEE! INCARODALH £RE 158%: fga 1195 afRXAAAP! €, 2
Cartesian reflecCtive p% arizer filmalign to first polarization state
195. Quartrsm faey £50, ahdtiderc@Riprisncfand €40 & pguedict erthe Wwanth pohaface &#60.on st at e
295 t hat

an be aligned at 45 to first polarjzation state 195. Althgough FIG
2 shows edﬁ?f%ﬁ?%?ﬁ e _iowsw%f?@ﬁ%éﬁom ingglcf J i astfhﬁ‘oi aFTodts St at e
19570 1 3 SHORKM® Geided 6O BrariBPIBII&H1iBR oPPBY A08APE AN LT PGk be al | gned

follows. First reflective polarizer 190 can be a Cartesian reflective polarizer or a non-
Cartesian reflective polarizer. A non-Cartesian reflective 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

25 state, and includes both wire-grid polarizers and polymeric multilayer optical films such as
can be produced by extrusion and subsequent stretching of a multilayer polymeric
laminate. In one embodiment, reflective polarizer 190 is aligned so that one polarization
axis is parallel to a first polarization state 195, and perpendicular to a second polarization
state 196. In one embodiment, the first polarization state 195 can be the s-polarization

30 state, and the second polarization state 196 can be the p-polarization state. In another

embodiment, the first polarization state 195 can be the p-polarization state, and the second
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20pol ari zation state 195 in a countercl ockwi se direction. In sone

enbodi nents, quarter- wave pol arization state 295 can be aligned at any
degree orwenbardsess4t o first polarization state 195, for Pexarspéon/o6499m 90 in
a counter-clockwi se direction to 90 in a clockw se direction. It can be
advant ageous to orient the retarder at approximately +/- 45 as descri bed,
since circularly polarized |ight results when |inearl él(gol ari zed |ight

passes 25wohrzaaen galgudpcar bothes-padeigatien sigts. A9 deed in §1eHethsdirslr i zati on
tate. O - Q] til ; - | foci
Sate” oL aiheniaoete ol LSS el LA SRl

p-pol ari zed |iAgldlartesin Rty poldrizet fibnpfoidee dhd golsrizind BEdnz flitlet gl aupon
reflection fromthe mrrors, resulting in reduced efficiency of the optical
el enent s AWEEE 9 Prsd ig1us Hapfapgs §hat arpnat fyly epllimatesh andthet @ealiekiginson top vi ew
of pat Eaht .t Rl ol i 0- I . gne
erbod me S HOR 3 RIS Bl BRI AR, FRAERS T CRRRRERIS, 1o,
160 of pric$drzed iln antcokftisaraeob@hdrihadltibxicesmidal film tRae esmprivs anudiiplg t o
anot her WO 2010/ 059684PCT/ US2009/ 064931 enbodi nent, all of the external
faces of leyrss pibeleopicor pelyieris gnaseripls deceaf diglestrie bk yandiave s sdyRiags aces

faces of I O REDEF iGN ¥ diiesris ,
pori shed v iy 2tof PLlgH St W o e P I R il

of refraafahe@ompride pdlipatric multésger bbacul s surtex tidse dedarided io0.S. Rat2nt of

prisps 110 and 120. TIR inproves | |é37ht sutilization in polished PBS 300,
par t§ cul ar?§2 Widdonzet ph gtV gi Paertde/ 1% (Betazepest 3PBS 300 is not

collimated al . - aXxi: (T-WNE IWgledelyn | i i
convergent or qﬁ?}v%rsg@r%gp%%%elggt&g%r%épﬁlaﬁt i rsautgggllp%g{;? rlekﬁ%%lt%)g f?? "PBS 300
by total asnket mabnmeehibedimeans Qubittr-wivd reavéss tdnrlmughd tdehadgpthesm face 150.

In sone cases, -substantialelél%all of the light is trapped_in polished PBS
300 by t dloRrIZRHemAlgIof ingdaE tighyn PRSecfardsr system 208 1rgludss GBS HiOrhavpe fash

10face 1584 ASn3BRidhsi1Mo Eﬁ(?l?({.i éh}?{%eﬁ@y\% Ijef%r(feﬁ,tﬁﬁ id 'iEp%*secP&'}ﬁBc%‘ng@%%é@O

wi thin a range of angl es rays L1 wthin polished

pr opfagat erisnt faca120. r Reftretiof palagieed 902s, sarcxainpht a ChetesihiRreflootifict padarides
satisfied at prismfaces 140, 160 and the end faces (not. shown). Light rays
TABT, " AdITlgnedts 'I”iséb‘?l%‘%@ﬁlpntsﬁfee SOfélfaﬁ@rwaWeﬁ%r@ﬁ%ﬁ&lnﬂv fitd 4Kitstigh

wave polarization state 295 that can be aligned at 45° to first polarization state 195.
Although FIG 2 shows polarization state 295 aligned at 45° to first polarization state 195
in a clockwise direction, polarization state 295 can instead be aligned at 45° to first

20 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
direction. It can be advantageous to orient the retarder at approximately +/- 45° as
described, since circularly polarized light results when linearly polarized light passes

25 through a quarter-wave retarder so aligned to the polarization state. Other orientations of
quarter-wave retarders can result in s-polarized light not being fully transformed to p-
polarized light, and p-polarized light not being fully transformed to s-polarized light upon
reflection from the mirrors, resulting in reduced efficiency of the optical elements
described elsewhere in this description.

30 FIG 3 shows a top view of a path of light rays within a polished PBS 300.
According to one embodiment, the first, second, third and fourth prism faces 130, 140,

150, 160 of prisms 110 and 120 are polished external surfaces. According to another
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15pol i shed PBS 300, that intersect reflective polarizer 190 at different
angl es of incidence before exiting through third prismface 150. Light rays
"AB" and weDb1oAlsse4bot h undergo TIR at prismfaces 160 &ou/ubd@9/064931
respectively, before exiting. It is to be understood that ranges of angles
01 and 02 can be a cone of angles so that reflections can also occur at the
end faces of polished PBS 300. In one enbodi nent, reflective polarizer 190

i s sel ectathodemen, A ¢f the é’ﬁfﬁml fapes af the BRS 189 (ackutimeand fash anot shaworse over a
W de r an 191I16dafn ?Asqﬁat I‘OVl CTH?Q?&%IHA Ii}%*ﬂquﬁ wﬁhm'ﬂotllsllle%ydlgés 264, I £ filmis

parti cuI sul t'e or S over range of angles of

i nci denc oh@ﬁd&i&fxtd’rﬂiﬂs&ﬁhwﬁ@rdﬂﬂo@ﬁ!aZﬁ\K/ﬁh alﬂcdtétdil ngvihgeMNaidek of pataafidzer s and
wire-grid polarizers can be used, but are less efficient at splitti ng t he
pol ari zedhitiighss than Mcihides d>fereﬁra)dtmn| 26¥ ofipésnnblt0 @ikdf1i20i R inyprovesrigahik t | i ght
at angles of incidence that differ 25substantially fromthe design angle,
which is lttglripatm ﬂnwohgleddﬁ}seé@) m@ﬂkhbrlpovlanitlzeahghtmﬁrsqr:émtd) Velis%]@dﬂ’&se?%or
normal ta the oIarlzedllght

Effi t
o el bR BEA R s Tl e (0 pim il it bt her bR e G5l 2o aboct

6 or 7 defy@estl AORAIREMBALAEL tra?;bé@lciﬁ poliHAMIFEERAG0 ByelbotL Gltb@nl Rflcdthas
p- pol ari zati on state can occur at sone |arger angles, and significant

transms sm@h itdfaves thooughi thind pusmdecet 10c dm sethe oasescubstattiaipst thedighe rs

angl es. ffe the split eff ency ., of Neille
ot ar  zerangrf rciedipeBRs oFF RS Fuf YRR rersebiheginet GARNGY whinePalef P

pol ag i zerfa&ypgocal ly WO 2010/ 059684PCT/ US2009/ 064931 requires an air gap

adj acent one side of the wires, and efficiency drops when a wire-grid

pol ari zer is iAnthosednifiGa, hglgtHéYS k. etese firetdirism fase WG withini araped elffdngéas used
for splitting polarized light is shown, for exanple, in PCT publication WO

2008/ 100254 Light frysde “&&%E@ isheq &Bséopéar@atgatﬁ wwg@}ﬂ@@é@n&lewzew%f ahn

opti cal onfj as a c ner 400 .that inc]Judes a first
PBS 100 éhﬂqﬁggw@ S?éé ‘at Pigggn 6%%”2@@11%@ @difaqse (RSO h a
variety gf; hﬂrgpg“&@w‘%s A3 %ﬁ%@%@%%@%@% gfb%th%mgm%rdugght rays of

each pol arl zation state emtted froma first and second”| 1 ght "source 440,
4501%ar e globwmed FBI-B@), tit mtersmirrﬁlacheapdﬂyrmdrlll9§tat énféretnhengltmo:ﬁmadem t he

vari ous onent s of Ior conb 0., Firsg J,%S 0

o | oot i JEBOrSnE SoRgOTe AR Erat 1. ey StABarut 50y Fo befrdengs

di sposed ﬂﬁ[%ﬁﬁ‘mtfg@esqﬁﬁgﬁ@@ho f @s%%@tn%fly,fbbfof*é eﬁﬂﬂg SR‘%%doean'déﬁﬁ)oajtﬂat 120, as
descri bed el sewhere. Second i'ncludes a teflective polarizer 190

al i gned trangdsef hinglss 6 polddr lcaabe oporst Gftapglt9 50 thai syplestehsivet weencturet theagonal
faces of first and second prisns 110", 120', as described el sewhere. A
ref | ect orenddaccs of n¢1§b©@88833@paé@ﬁ@e gmbagtimenaic eefleadve inﬁtheal?QetSaGﬁl%ﬁedZQO is

dISE sed EF gy Elh fHde r ?460tandther flectl%g rizer
A f| st andoSERLI rﬁnspé)l TETOL T £ &899 108° 0 ePe &PCI‘%&%% f aci ng
the firstpopfrh&id ﬁlanﬂaykaspmﬁaﬁhn &f partieuldrly wEll auiebdSBE it onatdwiel ective

filters 410, 420 can be a color-selective dichroic filter selected to
transmt rangq qfsitﬂg]@ﬁdf Q@t,d@ﬁ@P m@&l@lréﬁ&tcﬁV%p@emqnmmfudm@@cN@ag peletieszel y, and

reflect 0L §¥irdl Oelnlq e?g)gap e lliSLelngu?aI‘e les% efﬁflerr{'t 24 n@ltﬁﬁg ﬁlcetpfolarlzgd hgl cal

20r ef | ectiVe po ar zZer can " conprise
film I n DNacNeille polarizer does not efficiently transmit light at angles of incidence that differ

25 substantially 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 the normal, since significant reflection of the p-polarization state can occur
at some larger angles, and significant transmission of s-polarization state can also occur at
30 some larger angles. Both effects can reduce the splitting efficiency of a MacNeille

polarizer. Efficient splitting of polarized light using a wire-grid polarizer typically
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enbodi ment, reflective polarizer 190 includes blue |ayers di sposed

proxi mate first and second col or-selective dichroic filters 410, 420, as
descri bedwel2savisedse. A retarder 220 is disposed facirrus2e@aobioef t he
first and second col or-selective dichroic filters 410, 420. The retarders
220, color-selective dichroic filter (410, 420), 25reflective polarizers
(190, 190'), and reflector 460 cooperate to transmt one polarization state
of |ight TEHHESGR atirEapapiacent ane side of the Wiress aid fisisney ops _ngm § were-grke fir st
and seco v.a n I h

pol ar | Zaq):%éalr? B g{ %gilgl%e{s]eﬁQn% h1gh%§ R@g}é %:1} i tu)(n %[ &i/lrv\%?%lg)o?a]rfz £ us%Ei QgJ LS Gltt}”ng t
descri begoglowligkas bhdveﬁ a?md@;ran@w i Bcv:@hbncamﬁhm@m%mozﬂla quarter-wave
retarder orientated at approximately 45 degrees to the first 30pol ari zation
state 195. In onpageediFig: 4 & atAP VIR schspaie vicwrpfepopEsaiclaneght t unnel 430

and SocondTEy oo EEPBE Lo IR0, H80uR5 A6 RS H) ity EEBHLEPSE:)

provi de spsei (Et@nﬁlﬁI@MOQQBﬁbahﬁi witiea Vaghty o8 Dgtitgestrcks Mdshﬁoeﬂ(ﬂlﬁwhzteng beam
splitter, as well as provide for some collinmation of %ht tunnel s

coul d havTélesnaﬂmqjmghbﬁawa Ash P§laalé§t10no%’fat? reNiteddima atf@straésﬁaﬂé Highh | ens
t t i.c detail
of “each ASBIEAAD;4sORRE ARSUER FIBYANE L RUACHESREE FA:RS, SARE bfudetalls

di ffi cul tepniponses etédlmgconiténa @00 MAlrstefs 0@ incfudes arcleedvd palarggeplip@at i on.
An opti onal integrator (not . shown) can be provided at the output gthlrd and

Ij out hbprqlgﬁ?df toche fiyst polaniggion sgte 43, éiﬂspe%ﬁ«iﬂ?eﬁ‘éﬁe%bedlalgenaéﬁ%ﬁeéef grst ashbi ner
escri | egs %&{dgirﬁmsthm 1) S@&% ﬁ?égcfﬁmﬁe}’e.oéefgﬁcg?hgggg nglie LU EE Sve

Accordin ne aspett, 'eac sour ce conprises one or nore
| i ght empoldrizgr 8903 dégndd tbbhsirst p’alahmmnls'tagmwS dispoed teancchQhediagadi such as
| asers, | aser diodes c LED s and non SO|Id state. light

sour ces daeq ohdirsijapd aeqqu ﬁpié%é Ky éZQ m@escwwéwhsﬁe XeFFSCloRAPEiswi t h
appropri afi&,ca| écg&teﬁ{ pristh {arc?flh@’cﬁlﬁc[ £ rethi@M205i9 H{sﬁgs%d beby@ah tﬁéﬁ%ﬁ%&t& | enses,

and light i’'ntegrators use in the present invention are furt

destsi bed%Ofamdtleaqaﬂpcttﬁze poferRabld8hed U. S. Pat ent Application No. US

2008/ 0285129, ?e di clos re of ich is herein jncluded i |ts ége tirety.
The path of a A iFgEngdsicgp wagﬁlﬁn%t fekﬁm‘reﬁ%ﬁn ¢ FBRFediftdng e ditence to

LG BREPRATPSY LIS 1 St k:0ind LMt is rihv Al oPEIpERIRGE 190

of flrst 0 as p-polarized st co fourth prism face
160" of soedmmdlelé’l%& dlehroasﬁlperpelleeted reettarfsinrisd fiso hiat sdcoghtvavieléngtl? Qfeictrsin | i ght
source 440 ] npol ari

el eot | v debhrapaten afd et Qih‘%?‘{’%’% Fenseone Sfap it nu%{%taféiaeics,; b ot “PS
100,01 v AL shupeioU Aot mpesPmRlLegimpelciger 190 ond
| i ght 44&mbadpn¢mrneﬁedwfemokmzclol%klnbmgéstblwﬁypasiwss&dmroxngtute Bfst act i ve
pol ari Zerseg'ogn% co‘lao)irl-ste ec‘rlI ! 1tchrlngcSﬁl%e(%g 4 (p 438 chr{bded e[sew el:eace 150 as p-
A retarder 220 is disposed facing each of the first and second color-selective
dichroic filters 410, 420. The retarders 220, color-selective dichroic filter (410, 420),
25 reflective polarizers (190, 190°), and reflector 460 cooperate to transmit one polarization
state of light through the third and fourth prism faces (150, 160°) of the first and second
PBS (100, 100"), respectively, and recycle the other polarization state of light, as
described elsewhere. In one embodiment described below, each retarder 220 in color
combiner 400 is a quarter-wave retarder orientated at approximately 45 degrees to the first
30 polarization state 195.
According to another aspect, an optional light tunnel 430 or assemblies of lenses

(not shown) can be provided for each of the first and second light sources 440, 450, to
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25pol ari zed first color |ight 442. S-polarized first color light 443
reflects fromreflective polarizer 190, exits first PBS 100 through second
pri sm f ac®o240yoseter s second PBS 100" through first pripemuSaee/0dd681 , and
reflects fromreflective polarizer 190'. S-polarized first color |ight 443
then exits second PBS 100" through second prismface 140' and changes to
circularly polarized 30light 444 as it passes through quarter-wave retarder
220. Gir diwp‘adqz §pastieahitseprrtey Hie liphasqueedsdians thernetarizaty keepotpligen as Wﬁb\ng| ng

state of Gkl RhathaAkinor A0, ENANGGR.I SofaRalaykand of Lista caLer

i ght 448" asses wave  r et olar zed WO
2010/ 059&8415&}%/0'{,{&2[6&%?@6&9&% fdnk s§stanl Dﬁffdzr‘e@d’ﬁpp#e%h@nﬁ@f 5e @et‘eﬁr@d PBS 100
through second prismface 140", passes unchanged through reflective

pol ar i zerdepowling %we@sﬁq@taélé@éﬁéphmsh%@n, st Bogshwith st an g ashvilbi@ee 160'  as
p-pofari %ﬁddlfgie "uﬁ& @QJA&E t@(’ie[%tf%ﬁleﬁ agg&&?o @}gs%%ﬁ‘c vﬁ)feg@o color light 451

w1~ now eren ere unpolarlzed second

color light 4%n eptidnal nbdgtaloPinios shoimag @ar bOpividet astheBB&H Ul MBiraandfquethar i zed
second col or light 452 and fourth prismface 160" of. second PBS 100" as

p- po } ar i 288MsBednide bpb) of ijcoarésner 400, or a@ﬁﬁ@l%ﬁ?@h’@%@f‘é%@d&tﬂr@% Pj ght
451
Gt ohr of ¢ FoipprnifhBRty SO DO BRRER, hOLGHRE «§ BOAGefOL RN IR Rk ©

10t hr ough440,r450) unysiisct aseorli@Ore light eﬂhﬁﬁﬁ)g giodeS (1B kN & apolialiginsourt&dsanand i s
split into p- polarized second col or bﬁ?f 452 and s-polarjzed second col or

i ghl a53e et 2asarss Begiodss) eanis SO wE - iAss aad pept wlightateligict i ve
pol ari zerg é%@s sl %ﬁ a.ttﬁgﬂa @@E@Hﬁg@lafo@wt@ Seres s%itﬁﬁféﬂ%f&at 50 as

p- polarlze secon FaT I zed second  co ight 453
reflects dotlemnfse)frlrﬁbdcme nghagduzczes H@ﬁxurﬁmlst Rniels[eﬁtdlﬂ@PBﬁegTﬁlﬁrstLtsEﬁmhgh
second prlsn1face enters second PBS 10 hrough first prlsn1face
130', and ff@lfepféﬁﬂ%veflwwrﬁém@étdﬁ%lbs64faf P’?@FPI%QGPub@hﬁ%Ua$| Pakdtsecond col or

ight 453, OﬁﬂlﬁQtuﬁfNBsU§%ﬁ%2@3§9 Qd%skﬁygl%’é%t?wﬁl?&%ﬂel%{ﬂ ElE‘uougﬁ ilt0" and

changes to circularly polarize as It passes t quarter-wave
ret & der @deetyGrecul arly polarlzed | ight 454 reflects fron1ref|ector 460,

changi ng state of circu olarlza I on, d changes to - 20po|a
second col or |}h§rat é Ob@§§é§EFﬂuaaﬁ'edﬁﬁF% g F%EV£Zé0 P-

poIar|zeqwﬁgggﬁaﬂggkgqhgkgﬂ&1%ﬁ§#ﬂ x%%ﬂnﬁﬁ@%%?ﬁ?@§5égpﬁsEbBQQ@hlg cond

prismface 140", passes uncharnged throug ective po ari zer , and
exits s eq:tmmhzl@&ﬁrst @6tor liphtotdgantl dourtthpyivn &ave fl 8¢ 'eo fls6ndad B 1 Palsarpdedzedecond
col or t 445, ne enbodi nent, first color light 441 is green |ight
and seco WﬁﬁQﬁhﬁﬁé - 451 s

First light source 440 injects unpolarized first color light 441 through first color-
selective dichroic filter 410, quarter-wave retarder 220, enters first PBS 100 through first
prism face 130, intercepts reflective polarizer 190, and is split into p-polarized first color
light 442 and s-polarized first color light 443. P-polarized first color light 442 passes
through reflective polarizer 190, exits first PBS 100 through third prism face 150 as p-

25 polarized first color light 442.

S-polarized first color light 443 reflects from reflective polarizer 190, exits first
PBS 100 through second prism face 140, enters second PBS 100’ through first prism face
130, and reflects from reflective polarizer 190°. S-polarized first color light 443 then
exits second PBS 100’ through second prism face 140’and changes to circularly polarized

30 light 444 as it passes through quarter-wave retarder 220. Circularly polarized light 444
reflects from reflector 460, changing state of circular polarization, and changes to p-

polarized first color light 445 as it passes through quarter-wave retarder 220. P-polarized
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25magenta light. According to this enbodinent, first col or-selective
dichroic filter 410 is a red and blue (i.e., magenta) light reflecting and
green |i gwOD20reanssasiet ting dichroic filter; second col or - eerastiovpcdBThr 0i C
filter 420 is a green light reflecting and nagenta light transmtting
dichroic filter. According to this enbodinent, the first polarization state
of the bl ue conponent of second color light 451 is transmtted once and the

second 30pel @lordight dhd enters scendis HI0) ghreestpisnent piafm &sedAd’. eaises i ght 451
i fl h.reflecti ' : ' j
el oA BB PRO B LY b et e B S oo

refl ecti qiishi fage 16® ablpuldrayefisst cotor Cidht Ul ts fromorientation of the
reflective polarizer 190, as described el sewhere. In one aspect, FIG

5is a top schiweatleold waowdt caler light e hwilk peydstdessived githagfosancy te BlGr

conbi ner , | f i LN i | Lher 400
chowh 1 - St ol bec B S 3OSy Sl 40, Lo ARSI 10
first PB9-péleriasddctdirl @braiptt PBSariiOQurtbbricalfade 160nbf steondtPBSAD0Fse- 4 have
been conbined into a single unitary prism 110". Col or conbi ner 500 can be
used wi t HPoderizad seaopd gplor fighft453our ces as descri bed el sewhere. The paths of

| i ght rays of yeach i i e fdt £ athird
[ gnt source (S5 rERY SR FORP LB A o SABHR igh! hrecHsBTRRIE e B

10i | | ust rsatend dotorfsgtectivodichroid filecrvian] quistecoaporedtis 220, entwfira®@BS MEr 500.
Col or conbiner 500 includes a first and second reflective polarizer (190,
19019 ay ithioagh fisstpremiip¢est3Op Bt perintetisatie nolaizen £90. and sowdgingePween t he

di agonal . t i 2O )4<anGh_uni tary prism
L1072 TgHEES ogRE ORC) B boRl &R RodohEolof fiphss3 -2

refl ecti wecqual @idrdgghs430MssckIbroughrefotips pderizr 15@andrrits irsaBBRIi 108y er
optical film_1In one epbodinent, first reflective palarizer 190 incl udes

bl ue | aydPough §ppkEEnh el b tePPRRTZEG sseong ¢RloskESAG2: and the third |i ght
sources (540, & . A I | J . o0 | s bl ue
| ayers di sposesgggl?%%?prr%tcoe Tl géﬁ%ﬁkg??%@he\%tﬂﬁﬁgﬁggﬁé 1 %Jz,jeggzo’ggg%:?%ged

el sewher e2BA10(ethasubarse@izd prsnfasp b4k dntoet ssean BB ¢00°ehtongh 5ird paind fadee
second e R e ke ivanotatizer 1907, 8 B0 AR e PE%nd {lor it 383 flen> "

exits second PBS 100’ through second prism face 140’ and changes to circularly polarized

light 454 as it passes through quarter-wave retarder 220. Circularly polarized light 454
reflects from reflector 460, changing state of circular polarization, and changes to p-

20 polarized second color light 455 as it passes through quarter-wave retarder 220. P-
polarized second color light 455 enters second PBS 100’ through second prism face 140°,
passes unchanged through reflective polarizer 190°, and exits second PBS 100’ through
fourth prism face 160’ as p-polarized second color light 445.

In one embodiment, first color light 441 is green light and second color light 451 is

25 magenta light. According to this embodiment, first color-selective dichroic filter 410 is a
red and blue (i.e., magenta) light reflecting and green light transmitting dichroic filter;
second color-selective dichroic filter 420 is a green light reflecting and magenta light
transmitting dichroic filter. According to this embodiment, the first polarization state of
the blue component of second color light 451 is transmitted once and the second

30 polarization state of the blue component of second color light 451 is reflected once by

cach reflective polarizer 190, 190°. The single reflection is preferably a front surface
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pol ari zer 190, 190' cooperate to transmt one polarization state of |ight
through the third prismface 150 and the fourth prismface 160", and
recycl e twe 20tomspespol ari zation state of |ight, as descriPb@dSetwaedsere. | n
one enbodi nent described below, the retarder 220 in color conbiner 500 is a
quarter-wave retarder orientated at approxi mately 45 degrees to 25the first
pol arization state 195. Accordi ng to anot her aspect, an optional
| ght turraBctigadros theddeavsyerasvieh resnkegommstentriona)l theanflesavp pekariged f or
each of t e and third light sources (540, 550, 560) as
descri bed1 erégeﬁéﬂbe%&%“%r%f erence to FIG 4, the disclosure of which
appl i es equal |1y oh6 apect, FBG. 3 3 aSlOpBcHRARES vidwhef i digical deaendonBfided b 4 d
| i ght sources (540, 550, 560) 30can be separate colored LED |ight sources
as descr 996 cembEeh&PS, WhishiflmsHonsia purrangs sidar weha pelopcqlnern PWBY
conbi ned tyt tl §ifhird
Ilgh‘Jf soulrllggé ﬁ%‘lﬂﬁsg %gggé%négt?qﬁ@ﬁszglggﬁg cd(’)rr%e %@gﬁggﬁg(ﬁ ig %t source
(not shovm&ondmlw o color tembingh400 of FIG. 4 haiF&Beelﬁa:bhlbﬁfedantblarﬁﬁgleol or |ight
541 will now be described with reference to FIG 5, where unpolarized first
col or ||g}mtawﬂlsakn% -t hleBCPRPigeH f?Oé?ccénPselS%dsWﬁth@aveéaghﬁ JogCeE 8% or
5light 5 pF I ght 545.
Unpol ari Az%éém‘% Fre Tlhé {h@@ﬁ%&lﬁ 8%)1%%%%@3%{#%%& %ﬁ@ i 1!élr‘?ls first
prl sm facsecdxﬁioand mtlﬁrddegﬁht SOlfer’ U0y £40, ee(n)la\tesmﬁhamu:zer SJtBQmoralatéaﬂﬁ split
p-pol arized first cqlor light 542 and s- poI arized first colar |ight
54310 P- pdllastiaiethe funcsion b thsrvaripgheonspenchty 9§ eQlog Pﬁralei@?f F90r Ltoloregompngty e
pol ari zer rized first
10col or I%Oéaﬁtdg%%%{atnﬁtg qgﬁleézt%lapg}a?% {)or 119 t&&f%hg?i# ects from
first refdobatzatien gt@ﬂea%z@spo]ssd)betmeélh thetdagonainfassadBetondfahé turtheprizalsar i zer

190', and exits through first prismface 130. S-polarized first color |ight
543 chandé% 113003 ynH1yyprisey lallol z 8ydgseghrd alspavhgee. | t passes through

quarter-wave rlﬁto%%;{ec@ dﬁxfiﬁir{%i%%&ld%ﬁé@tfv% RGO &@?%903%{‘ iplaat e of
circular polarization anges to p-polarized ftirst co |ght 545
as i pageégnériomulityguapticat filkayv mr@tmbiﬂum&ﬁpﬁrsﬁe;ﬂettma MZfer r[m col or

| ight 545 enters through first pris 30, p sses t hr ough second
reflecti vacl B@q yelayer @poseérpaogmafers&? RSl Sdconie dispg B BBESOLEDS as

p- pol ari fd<hS r tdps i ght 551
and a thf(?%o csiglbo%aﬁoe{nﬁ Seédt%q%%%l%%e pgggirz]&f‘lnd@ Zorﬁliu&% gﬁl%qa%g(:@ nt(:lcal to the
pat h of tmexmlatasiﬁrscmlﬂectnlelI@Mizﬁﬂw(ﬁe&odesdwﬂkd&ﬂmwherﬂhus unpol ari zed second

color light 551 exits_ fourth prismface pol ari zed second col or
Iight 555 and 4 Kit#gentakindispedbshvees aﬁ@éﬁ@%&@@@%’%%ﬂﬂfmﬂaptwq ght 552,

AHAA 88h°t Hink detg@bos2d, ighenaddr 60 bid firbiidsRbLERrkaRR 160" as
p p arl ed third color Tight 565 and third prismface 150 as p-pol ari zed

second cqlobarizer ¢, 156’2c00@5ﬂait®polt1ansmfbdnspclanzhtmnlsmte Of Igditt tisbdglf theithisecond
i ght source intercepts first reflective

50 enters first
pol ar i zerP"EE0IAcG ke 1 B v pify %Ci)é Fosle b PEITFRH S 88 9T and
s- pol ari zgfh $86eRYiLEP E@éwhérghin éﬁ%mﬂ%dﬂﬁérﬁrd'egc@fﬂ)eé 8eB80d QL@ der bRy 552
passes thr ough first reflective polarizer 190, and exits through third
pri sm f agela50mbscp SHbisar quredr-secoruthrda a:rrentantegimt app@xing08y goldagicze® second
col % i gtﬂé ﬁ?s%%olraﬁgalltfo%ts%até 'i%n first reflective polarizer 190,
According to another aspect, an optional light tunnel 430 or assemblies of lenses
(not shown) can be provided for each of the first, second, and third light sources (540,
550, 560) as described elsewhere with reference to FIG. 4, the disclosure of which applies
equally to FIG. 5. In some cases, the first, second, and third light sources (540, 550, 560)
30 can be separate colored LED light sources as described elsewhere, and can include either

separate (not shown) or combined light tunnel 430. In some cases, the first, second, and
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reflects fromsecond reflective polarizer 190", and exits through first
prismface 130. 5-polarized second color light 553 changes to circularly
pol ari zedwbi2giwoss®4 as it passes WD 2010/ 059684PCT/ US2@0%/us6en084498hr ough
quarter-wave retarder 220, reflects fromreflector 570, changing state of
circular polarization, and changes to p-pol arized second col or |ight 555 as
it passes through quarter-wave retarder 220. P-polarized second color |ight
555 ent ertBird hgbtwgnreﬁi% £540. p¥0, SAP X epanstan beppepseinedyraberdehs sevseri(nokf | ect i ve
pol ari zer n rough fourth prism5face 160" as p-pol arized
second c %&8 Suﬁ% hﬁéhéﬂ Unpol ari zed third color light 561 fromthird

l'i ght sour ce m Rt @ﬂeﬁﬁlfst Eslbr gt SA1 faale @0 32, debditbed Gai e fdrércs to FRG I %ct i ve
polarizer 190, and is split into_p-polarized third _color light 562 and

s-pol ar i 28epre Hppdarizer drsticolgrtighe®t @iy shird prswe fachil 5O ag pinetarized first S@l9r passes
h h f h third f
Lrouoh Pt U AERSRANAY P BBcRRFaRILES: Laugh ¢, pr s face

| i ght 563 r ef legiosarfz0 Mirdtico bt ligkf 34ackdri €irp dighr douede Sklgck,ntd’rﬁﬁfsepﬁlﬁnffatc@m
second refl ective polarizer 190", and exits through first prismface 130.

S pol ari zZi§: mkireptebisbreliertiym poBIes hith gad 1&&9%1%91})8#%%8%@ lpplghti ght 564
t t
as it pasggs hir tp%g‘a% @ﬁ?srttc&o Y& 4F aﬁﬁécﬁgﬁze%%ﬁst 8%]‘{%%&% ?}492‘ eéa%?ao ftg{o'blgﬁ? or

570, changing s cireut a po ari zed
third colfast deflgdiive pofariasr 190, pRbESEs thiongh ghirdoprant face W6 &s f-pbharidat iR20.
P-pol ari zed third col or Ilght 565 enters through first prismface 130,
pasyés tHPBHd% tetond reflective pol ari zer 190' and exits through fourth

prismface 160 R{i‘lﬁgg pf?rlss@édl F%hft Ehi {jeff'e%? nllh fﬁ@ %15@%@&? 196@8%6{%

first color lig : second s green
| i ght andrdmkednd odftactil¢ gdslhnﬁﬁjl%s amhg}atstthrdulgg Iﬁitrst pA@mcfach Y. tBpolhatised
enbodi nent, the first polarization state of | ue conpopent_ of third

col or | i gHt esdor ljght 393 ¢hanees tegirsnady aﬁhrlﬁ%h%féééﬂés ﬁd’la%ﬁeﬁ Z85ough qute of
the blue &M%ﬁ‘d} 296 r%&%@t&rﬁqg@&t&'ﬁht chr%ﬁ%'l %g%tarfee% c‘?fchfag R&Qﬁ%atl% Ql?cf;h of

the reflective po ari’zers he si e reflectioh is preferably a
frond surdhacges n@fﬂpetzmzeah fitst ootot HghtlddGens htq;aesres thrabgiciuareswalys rdtardon 220.
orientation of the 25ref|ective polarlzers 190, 190', as de cri

el sewher & -PPlAriEhErsteplordighf fad entersithrough Gr prismhdageni30apassest r%ﬁﬁ%f@éld( 540,
550, 560)reﬁé&1v@ PERIRLNER Ca‘ﬂh%&lté 1 gthBHMgnérﬂ?écesl%@V‘w Pél‘dﬁ?edaﬁrs@ whi te

| i ght. I'n"one aspect I's a vi ew sche C representation
of an optdotallight &4fent configured as a col or combi ner 600 that includes a

first PBS 100 and cond PBS 1 Col or . conpi ner 600 can be used with
a variety of |ﬂ5rﬁﬁw?@és%0n&§0@é3@ht %%0‘“@133@ EPer igne YRS SFN Mght rays
of ggch Hﬂbaﬁ't&ﬁéid%‘ﬁn@i“té tne ahrdm@ﬁfslt 5&1& li Ssame&r@e@aeo&ehwhqsl i ght

t
source 650, 660, 6/0 are shown In §1nore | ear | illustrate the
function umfpolaheed second color light 551 ex1ts fourth prism face 160 as p- polarlzed second

color light 555 and third prism face 150 as p-polarized second color light 552. Also,
unpolarized third color light 561 exits fourth prism face 160’ as p-polarized third color
light 565 and third prism face 150 as p-polarized second color light 562.

25 Unpolarized second color light 551 from second light source 550 enters first prism
face 130, intercepts first reflective polarizer 190, and is split into p-polarized second color
light 552 and s-polarized second color light 553. P-polarized second color light 552
passes through first reflective polarizer 190, and exits through third prism face 150 as p-
polarized second color light 552.

30 S-polarized second color light 553 reflects from first reflective polarizer 190,
reflects from second reflective polarizer 190°, and exits through first prism face 130. S-

polarized second color light 553 changes to circularly polarized light 554 as it passes

2.



WO 2010/ 059684PCT/ US2009/ 064931 vari ous conponents of col or conbi ner 600.
First PBS 100 and second PBS 100' include a first and second reflective
pol ari zerw02010/059634 al i gned to the first polarization sParasi@s/0eaBsposed
bet ween the di agonal faces of first and second prisns 110, 120 and 110',
120", as described el sewhere. In one enbodi ment, second prism 120" of
second PBS 100" and 5 second Brlsn1120 of first PBS 100 can be a unitary
opti cal dbmehen%ﬂe(rwvegmmy 2G5 gieftectssfrem peflestarvd 0 %@nglngeetes@fde@ubbunded
by secon 190, and
ourth priciie 8L R sRARERpedTEs kb Eloub Al S8S ¥ BR WERIaZ Ui engt

sel ecti vepuhitet-®avdkbirds 2d0s Pgﬁ:@ﬁ'lzfea@bdwdtchﬁﬂ fights3s SFHntfﬁfﬁTthfr@ng fir$Cprixin f i r st
PBS 100. A second and a thir el ength selective filter &620 630) is

di sposed fag¥ b n@sS@W@r@e&éﬁ@nﬁﬂfz@%tlfvaeelamw 1984, and euitdthprsh fowth pisge b of
t he glrsp&c ?Pagﬂﬁﬁgiggmgg¥&jfﬂgh@5 elective filters 610, 620, 630 can

be a color-s folc Sélected to transmt a first, second

and third wav dj@wetrfzea ﬂﬁﬁi dfde 1aght 66 D Rom thizd Pight dovede)s60anetry ifst pﬁst,m Gicher
wavel engt h spectrung of I n one aspect, the first and second

refl ect i v]éop@ffeé?fipﬁaﬁ@t t@@@ctlmlartzﬁhl%ﬁﬁd ilSSS@'hél%pgmhaﬂzed Hidrqolagyfight opt i cal
film I f

| ayer s di speeagég%é?ag% &Tngrﬁlted "‘I‘Qllérlrsl c or - @Bia}l& (lp@lgfad! ?qﬁhg 9?2 I?llt%eéréq@?&gﬂ
second r dik@efleatiwepoladizez B30, 4RDexitsnblougie shikl prand fagel S0 ol S-pokeidepthirdi nrat e
bot h second col or-selective dichroic filter 620 and third col or-sel ective
d|CH?0|C‘PFFt@P 880, as described el sewhere. A polarization rotating

refl ector Z? g@hﬁgedathﬂgg@gggﬂ i}é‘% e tsﬁt‘%Qmi fﬁstqjeﬁé’é?ﬁvgﬁﬂo%%@rc Irdefigissecond

prismface 1 ITst e po arization rot I"éct or
further dhnnsu&adrﬁkméb@pd&mxﬁﬂ@Odnﬁ@@ﬁ&dhhﬁ@hé@ﬂp&@mdhd:nﬂlShp6Mnﬁxﬂ40 and
br oadband m rror band mrror 640 and retarder 220 serve to

convert ﬁB!f‘éP‘iﬂ?é%lglﬁr?@ tcaeezgs &t cirquigity RedaizcAdisht 2k aspBRsipothraEdUgRSEcond
prism fa%av%‘}gml 892 Qﬂé c%ﬁo%?%ﬂ&?&vﬁbt ﬁﬂngggi{a'tez diA1aF %altaﬁzeitlo(ﬂhén(pa(:k

into first escri el sewhere arlzat on rotafing
ref lct orchengypnto pipothracd troaidodordight 6604s 16ﬁ£kse$thd31@h(qsadert\ammgtatdm 2P0.r st
prismface 130Q' L econd PBS 100'. The pol ariza %}on ot ati g fl ector

further doRpaiggkthid calog laletr%éfetea&%%%e gl tpaiﬁef’ e 130" and
b db 2
roa an%efel{dneﬂeé&@ oBrogdfRn n@ﬂe {tQ hr&%ﬁxng Se n@rf%% §9§1§?ﬁroug et

convert polarization Ptat és of’
pri sm f aabkird 88lor lightdb65edi r ect the converted 30pol ari zation state |ight back

R GER LR AR EIC Tt R e e
6203 630)11gh't En PR bt $ight 1 3 %‘é@nth nlgﬁﬂ. %cc@rdlﬁé"?o t'h?ste?ﬁ%%{mgn?tpthg Fstbe a
polarization state of the blue component of third color light 551 is transmitted once and
the second polarization state of the blue component of second color light 551 is reflected
once by each of the reflective polarizers 190, 190°. The single reflection is preferably a
front surface reflection from the blue layers, which results from orientation of the
25 reflective polarizers 190, 190°, as described elsewhere. In some cases, the first, second,
and third light sources (540, 550, 560) are a combined color light source (not shown), such
as a white light.
In one aspect, FIG. 6 is a top view schematic representation of an optical element
configured as a color combiner 600 that includes a first PBS 100 and a second PBS 100°.
30 Color combiner 600 can be used with a variety of light sources as described elsewhere.
The paths of light rays of each polarization emitted from a first, a second and a third light
source 650, 660, 670 are shown in FIG. 6, to more clearly illustrate the function of the
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WO 2010/ 059684PCT/ US2009/ 064931 unitary retarder 220 that spans first prism
face 130 of first PBS 100, and second prismface 140" of second PBS 100'.

I n sonme caeeasiv/@Issepar ate retarder 220 can be di sposed adjrasesmw/oemsh col or -
selective filter (610, 620, 630). The retarder 220, color-selective filter
(610, 620, 630), reflector (640, 680), and first and second reflective

pol ari zer 190, 190' 5cooperate to transmt one polarization state of |ight

t hr ough tWEorheqapienis f faleecarsingr6G0; st PBS IQB@H@MO@%BBSd@pi mepdedm face
160" of 0 P o recyene - r ' ] f 1ight,
as descrﬁﬁ%ﬁggﬁggﬁﬁéggqﬁV§%gﬁggé' gd%%gﬁpgggggﬁﬁﬁggﬁgéﬁéaﬁﬁgéé%g?%garder

220 i n caligos&Pbddwbar the digbsal Fady aF Fitst an@yRoh&pAsAEI 10QN2eahdl B, 810, as
approxi mately 45 degrees to the first polarization state 195 10According
t o anot hedesgdisd elsewhprcopi pehembedigrnt, sesapd prisrsd 20 ofssei B 40Gfandenses

tsh . ¢ . i i i ght
Sourson. catorBRiRE LB EAhS 2o BRI PloibiPold GPlompERRNRoPIRe RIS 9"
di scl osura agiristhasingahleisties ®aualcd by tsocdndGefl&ctive helapiasl 90f, fastireflsdtiveol or

light 651 will now be described with reference to FLG 6, 15where

unpol ar i Z@éerizey 520, @pd frurth pyism fgsa 1ejang third présnpfacedyPace 150 of first PBS
100 as p- pol afi LT l.or |4 D21 I . 16Q" cof
second Pas 100 T8 wavEfSbn RO Bha 1l SRS Pl In it BHLfEeg B8 0rC

first colfast PBYNO0.68%kedondrantl iartbird Wagdlengb ssleive Ttcp 62963 0)hs divpdselli r st
color-selective dichroic filter 610, aigrter-mave retarder 220, enters

firsd padeaipg thereergrorem fpe 440" wisespnd 4B 1089, Ench efvthe fEst seponkandgdhirdet i ve
o ; A . ) ‘ N <

0 o a1 Pl e Bty Rk 010/ @Po RPLAIUACI cRbuiOURickd (iR BRECBNT oo

t hr ough fto tahsmietlfest seeendaldathird evavd@fgthapekbtexi 68lightrsipcPB&ELeAd réfla@ugh

third prismface 150 as p-polarized first coJor light 652. S-polarized
first col®herwayktengthapperunacfdignt ol ancagpect.dhg Hest prbsesendiellsetve100, exits

25 first &Bﬁ%%{éolgghiwilﬁn %&ﬁg@%saoéﬂ Oulgﬁ&gdtﬂié%r of RENGEA. th?mgé reularly

pol ari ze 4 as it pa uarter-wave retarder 220,
reflect s dntedirhematitsardcoiverpplare401Yhankgdegblat ayersafisposedcprbrimapofiat i zat i on,

and changes to p-polarized first color |ight 655 as it passe rough
quarter-w&\f%-%@w%fsh@ .ﬂt%-%@aa%di%aldfrﬁ SHIVE BPBFIZET G0t H@?@Seéfa[bérs first

PBS 100 tihe | ol g : { I, ive
poIarizegg%%%?ﬁgigg?ﬂgwgé%%ggf%%gg%%%oﬁﬁ%%ﬁg d%@ﬁ??ﬁﬂ%?¥§ﬁ?P§@%5§% % enters
second PBSletO@ dithoauglerttBDy @b desérgrd febsecehd®0' , passes t hrough second

reflective polarizer 190", and exits second PBS 100! thraough first prism
face 130'. P-goPalfzuipnplatipg gfestor cpgREisiag s b&w&ﬁ mfraoréﬂﬁeﬁﬂléwﬁd

pol &4 i zedkakihghe MERMPRAE BAFGHT SRR %@6 ‘i“ﬁééolééﬁatﬁ)ﬁ rbtfamg%?&%éto} hrough

gquarter-wave retarder 220, reflects from broadband mrror 0 changi ng
st at e of foitheuwoawrised arctarddri2@ disphsaigeswean ssequl @rsnzfade 40 sid wohdiranti ght

R R TR S T A SO T
190", andi®@X|$ing e QMBI ED hARighsBERMPRism face 140, and redirect the converted
polarization state light back into first PBS 100, as described elsewhere.
25 A polarization rotating reflector comprising a broadband mirror 680 is disposed
facing the first prism face 130’ of second PBS 100°. The polarization rotating reflector
further comprises a retarder 220 disposed between first prism face 130° and broadband
mirror 680. Broadband mirror 680 and retarder 220 serve to convert polarization states of
light leaving second PBS 100’ through first prism face 130°, and redirect the converted
30 polarization state light back into second PBS 100, as described elsewhere.
A retarder 220 is disposed facing each of the first, second and third color-selective

filters (610, 620, 630). In some cases, as shown in FIG. 6, the retarder 220 can be a
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5second prismface 140'. S-polarized first color light 657 changes to
circularly polarized light 658 as it passes through quarter-wave retarder
220, reflwotgloiosessuei t her second col or-sel ective di chroiPCTftisSkaoen6B20 or
third color-selective dichroic filter 630 changing state of circular

pol ari zati on, becones p-polarized first color Iight 659 as it passes

t hrough quarter-wave retarder 220, enters second PBS 100" through second
pri sm f acd@itagoretardps 22@ shat opans by prisecaer] 301 fuet FR% 1 Yb [aad seweend poem fagend
exits se d ~ahARO i f ' J i first
col or 11 g abg oo Pas IR o @il LB BEFuct 3P0 AP oRRBRR baRE e

descri bed:avh télor-atRt@cRitdrgo H), 620,63 0Whame rétaRiel 220, zedr-seleanad ek 0610, 1 ght
661 exits third prismface 150 of first PBS 100 as p-pol ari zed second col or

li ght 66928nB® oigflesonitent§0cmdfger angpeennd gpideaimspalanzerd9O0pl905pol ari zed

secopnd co I . Unnol ar | i om
second | rgareradsP brafiBhons polari PR Al AL AESNN, APUA BB b O
filter 6ZQst RBSUO@IEnd Y Couret mistefac2260’ ehst@ns PE 000d, MEATedR tht beergh
second prismface 140", intercepts second reflective polarizer 190", and is

split intholpizapemstriesd light andessabastclsavdisre. dopng smbedisng dessabederlond col or
light 66 - i ' : h d
rof et wachis IR £ SERARG B0 R by RRARRRR BRCAAENDT PPLOTT

face 160'approximpolyads degekes & thedirstqloturizhii@hitated2s. S- pol ari zed second
color light 663 reflects fromsecond reflective polarizer 190", exits
secbhd PBS 100Accortipg tpramothes psnset. apoptienal highy tunngh 43¢ asassembligsfileses,

pol ari ze ' it - -

e et PbAha oA S blis0R s Sl QLA SIS 8L BURL (%6000

pol ari zat670nas dkevilgescldcovhprepwitiardfaencese G d4,abt disclbsigbvf Ghichappliés passes

t hrough quarter-wave retarder 220, enters second PBS 100" through first

pri sm f acdualBoto Flga8ses t hrough second reflective pol arizer 190, and exits

second PBS 100fhetﬂ%!ﬂ{)6‘194‘ﬁ%’9'&611gr01¥?%1%%§1 fvﬁﬁ?oév%@desé?ﬂa%&'vﬁfﬂ Ié?e‘ij%%%&ﬁfb%g' or

| ight 665 enters fTirst PBS rough tourth prismface 1 passe
t hr bigh fwhest uneflireet ifire cplilr diphz@1 kXS thiekpisn face 60 BBSrs1 0BS300 s prgh

second prismface 140, and changes to.circularly polariz |,ight 666 as it
passes tmOEaagﬁ3§aﬁP91@rlla€R@5ra@ g?%prm.faceﬁlgémféﬁf%}ﬁp?dﬁi?@%éapri ght 666
reflects Jjip e dgoor 640 changing state of circular polarization,
changes tﬂ(()o s%gﬁgﬁgggd %\0625%'10/ 059684 PCT/ US2009/ 064931 second col or |ight

667 as it pasdésgpoaldrizoddinstqukr light 65dVieom étrsdigbt soRR@, 6 50ntasses tHrougt fildBS 100

t hrough second prismface_ 140, reflects fromfirst reflective polarizer
190, and @arrsslertiysdiclsgy flins o fr BRER-PEYSICSATI)s Siers i3 PRS Bﬁ%f&mug d

second CohQfprishPfike $80 iﬁt@ffé@%%rét%ﬁé'c'ﬁ%gél%ﬁerpl@baéﬂdzi@g%'itiiﬂﬂat -]?&%iz%?i it
passes throupgh quarter-wave retarder 220, reflects frombfirs
col or - selfest dola lgghe hFDamal §-pdlhereddist wharghn 53t Bipelaakedfirsc adlar light 652

| ari zati on h
pota atpagse’s tl?rogéllg

SI‘SS‘[ %e?lective polarizer 190, and exits first PBS 100 through third prism

face 150 as p-polarized first color light 652.
S-polarized first color light 653 reflects from first reflective polarizer 190, exits

25 first PBS 100 through second prism face 140, changes to circularly polarized light 654 as
it passes through quarter-wave retarder 220, reflects from broadband mirror 640 changing
state of circular polarization, and changes to p-polarized first color light 655 as it passes
through quarter-wave retarder 220. P-polarized first color light 655 enters first PBS 100
through second prism face 140, passes through first reflective polarizer 190, exits first

30 PBS 100 through fourth prism face 160, enters second PBS 100’ through third prism face
150°, passes through second reflective polarizer 190°, and exits second PBS 100’ through

first prism face 130°. P-polarized first color light 655 changes to circularly polarized light

25-



p- pol ari zed second color light 669 as it passes through quarter-wave
retarder 220 and enters first PBS 100 through first prismface 130.

P- pol ari 2w0 208069684col or |ight 669 passes through first PCa&fUSe@iogs31

pol ari zer 190, and exits first PBS 100 through third prismface 150 as

p- pol ari zed second color |ight 669. 10The path of a third color light 671
wi Il now be described with reference to FIG 6, where unpol arized third

col or | i B agTtassesthyongh qenrisr-wene feigrden Y. efflepisiim ppedhad falﬁ%ﬁg‘rbol arl zed
third COlc%rn% gh%t 67f01r nlg é(ﬁ?trl%’z.}rgﬁr ht%ﬂ%ésatﬁ 8. %isaglze(? Ers%% 189 Hglﬁ%%%%%?t

p- pol ari ze oIt pr ecl a aths of

third colpagsek ltlgbﬁgtﬁcmar@ﬂdzaseﬁ@ﬂdexczmoéntbﬂsghéona@lss mmtﬂlgbug:mﬁm pﬁﬁfﬂﬁéd&el’ 600
are simlar, as seen in FIG 6. 15Unpolarized third col or 8ht 671 from

second | i1gRt: reidsiciEonpocondgsectiv pelagrer I90r.dnd 6Kisy se@@mchBS\l@ dihesgbi ¢
filter 630, 0uayf Ene%ﬁ%ﬁ%?l < t%ﬁ&&%ﬁ &% olo?gltgﬁé $?7Z§}%|8g9s th %ﬁc&gﬁ%p&%g&ﬂhan dis

second prrsm rcepts secon e polariz

split i nt1tghp658)h@lt pases thidupt q@@ﬂt@rwdweg’etar&?Zze,ndﬂecwﬁbmrdnhelcket:m(r ¢éblewol or
i ght 673. P-polarized third cal or ght 672 passes through second
refl ect i vélepdyadirbioe filtry620 95 &11@&0&@ sztr@@&%ﬁl@ Bsf“ﬂi@cﬁ%wha%ﬁa%stﬁf@mf th prism

face 1609‘:}11%&61?881%1 lo‘ﬁeﬁie % mB- S dk”'r Rbio ?ﬁéht 659 as it p%s&g i@{ghéﬁd third

col or ects econd Iec e polarizer exits
second PBaft®Owatduceuddt 200 Stterpkécomi PB(Sel 003 hroughhet@rispristn face ¢4b apdsyes
polarrzed light 674 as it passes through quarter-wave retarder 220,

refl®cts hr%lﬁ%l BreoRd BeilrgtinG Polarzasdh0 c RahEYilgceqnst BB 0Q thioy gl fous i piismy at i on,
changes Hg“pﬂﬂphgﬁé%ﬁgfé%hf B%Hémﬂ%ght 675 as it 25passes through

quarter-mave reta ers second PBS 100' through first prismface
130', passes tTHapwﬁmﬁw&maﬂimﬂéﬂM§ﬁ669w@bhawme@ma1&@dMnmndﬁﬁamb&)EEEond PBS

100 through third prismface pol ari zed. third col or ]%Qt 675
enters f it herpapebnizehrsagh C@lenlﬁgfﬁ 66# |e§wi rlgé@ﬂf@ofacepé&%fsﬁrﬁw oR0 #5 r st

reflecti ‘be%&%llf’erd' F&nd'Ror lgﬂ 8@95 f Rhrtf’ §§]s qgcet I@OHg&céﬁ&Pﬂg 186 %qu ace

140, and anges to circul y po arize 6 as I't passes hr ough

quatier - wnM&ubéBamﬂébomzﬁgMGkﬁcuIarIy polarlzed light 676 reflects from

br oadband mi rror ? hangi, ng s%ate of C|rcular olariz hlon changes to
log 63

s-pol ari zed t HiRRPIEEESpeqongPlog gt 1 fforp second lig trst‘?t}@?? Ppsss thigy
retarder 2204 SM& Peaarerr @%Pﬁsﬁﬂ%%z %@é%%;&%ﬁ’&ﬂ @rﬁ 9&%8%% hroggh

second prrsnrface ects fromtirst ctive polarizer
exits firlo’ mwcaﬂdmwhfafce 14, mtersasptsf menciﬁﬁlect&eqmlmzezé% timdld col or

i ght 677 changes to cjrcul 78 as it pass hr ough
quart er - by apffélredz%mf 1%%@@?? 8%? $Pp r&grea?n ki 0% Bnr of o
filser 6%1&%@%&6&%%@%?&“6& a§§ékﬁ{m&%l EbAPIRLive GRS 16, ARrR@kari zed

third color t passes thro quarter ve retarder 220 and
enters  second PBS 100’ through fourth prism face 160 as p-polarized second color light 662.

S-polarized second color light 663 reflects from second reflective polarizer 190°,

exits second PBS 100’ through first prism face 130°, changes to circularly polarized light
664 as it passes through quarter-wave retarder 220, reflects from broadband mirror 680

25 changing state of circular polarization, changes to p-polarized second color light 665 as it
passes through quarter-wave retarder 220, enters second PBS 100’ through first prism face
130°, passes through second reflective polarizer 190°, and exits second PBS 100’ through
third prism face 150°. P-polarized second color light 665 enters first PBS 100 through
fourth prism face 160, passes through first reflective polarizer 190, exits first PBS 100

30 through second prism face 140, and changes to circularly polarized light 666 as it passes
through quarter-wave retarder 220. Circularly polarized light 666 reflects from

broadband mirror 640 changing state of circular polarization, changes to s-polarized
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first PBS 100 through first prismface 130. P-polarized third color |ight
679 passes through first reflective polarizer 190, and exits first PBS 100
t hr ough twpnrdigmspesm f ace 150 as p-pol ari zed third col or PCIrgis2008/684931 n one
enbodi nent, first color light 651 is green |light, second color light 661 is
10bl ue light, and third color light 671 is red light. According to this
enbodi nment, first color- selective dichroic filter 610 is a red and bl ue

| i ght refsceqnd qadpraigdit 66 eesnt pasgef thrqugh siprtert wizy edpierrics £ 20 fonforetirst BBEJAB
o aelocti i . . . ; . q
Coue 1 o RSB LA ER PR oy AP R A oee g ) 5] Lo ="

filter 63BY s0GthRdupd famchriheRbe 3@ MS-porfizaridcomd eder lighd 6b7 ghingbs NsM tti ng
dichroic filter. According to this 15enbodi nent, the first polarization
state of qneulapypelasigedlghtedfes ifnagies thysush quartermant rateden 30 ecflcris diggh each

of ther ect iV 1 zer L t he. ar i ' state
of the bl SRR EARICR I Ribeind PR irSAERTPRLE SRhiRo

refl ecti yepglatizsd seesiil cb®it,lighD069 asTibpasstn@taigh ghheatwor rarder eb@uadbl y a
front surface reflection fromthe blue | ayers, which results from

ori ent at i Bferofirst RBS 180 twenghy Brsp prisipifacsrs01 Hepolargrgd seepnd galor Jighteep9

20el sewh i ! NN haown) can
al so be ﬁj;lajgseecszttheraughn{i%t %tho o(rilérg%ﬂ%?oﬁgl}la g%%st ﬁ]rls{r:lﬂ%ﬁll(s)b gggﬁo%}( Hr%gﬁtp ,§1 e

pol ar i zatth@nl 30adsgt-palgrizedfsbanidanladight 6&es a fourth col or-sel ective dichroic
filter that replaces the broadband mrror 640 described above, an optional

| gEQ ]E unnel , ﬁ{?cpaal olguihitd cplogehtser el nery b desaribed withegipspcsstorhlGa ’| t oh
25 i i rch: G50 I | ! .
Connel o a5tsre BEERASEMI RIOMiARR7) B mbdBandite EUrES PERLOPARL LT oM

FIG 6. Hholarizad datdeol@dighe 67Y endifonith prismffadd B0’ b€fdcond BBRI 10Ot as ;second and
third color |ights 651, 661, 67 and transmts fourth color [i not

Shown) I8 TSR 6730l K 08 dniechicg e dhaen presS B enlpb g a7 r
pri sm fag d%g&n(afcofdr rli%ht (%Bﬁhljo%ght%ggr E&JI{BI{HQTI &4d asrg‘sﬂﬁf:a‘i ajsfég?zr} %f F@‘:‘ gond PBS

100" in 30t p- pol ari-zati on state. n one aspect, Is atop
vi eW$ schemat i dUtipeyarersé hiad ¢cadmslight 6ahfropt decadd lethe smnte 60hpasgesrteebugh a col or

combi ner 700 that .includes a first PBS 100 and a second PBS 100'. WO
2010/ 0596@&%@4%5@%@0@6*6‘3@%@ fisy é}O’(98?‘?15?1“?1"&4%79"@“@525%é’nﬁ%%%?CWi“? PB& variety
of |ight u &1?&5} ' e J : ' y each
pol ari zatl?)gn{hgﬁfg[ht ad ro%%hgﬁ? 1 (r?lé(t% %&E@%Snegg%cﬁﬁhga%‘ggdé i gll]?@’s%%ﬁ)%e 740,
750, 760 sptieinghpypnlarimed=th@d célor tlighth@i2eandl segrldryzed Ithiud tolat keghtl6@3 f Bact i on of

t he various conpanents of or copbi ner 700. irst PBS 10 nd second PBS
100" i nclnpksizgd lm?ﬁoralrgélt @Bfwaesr Fqug ts?‘iPé‘g;S%dl:e&FliV%B?la@%,lgﬁg@nd81“itsgned to

theyd i r st pAlEPBS 290’ Mok ESirthIRisntHasP PEP ds REIMGERJ R Qi b73aces of
first andgesecondgpr(?sms0 %10, 1%‘15%3 110, S? 0', as descr?l%g%ﬁefsemhere. A
first, second Spolatinddrttirdaviel &pltG73geflacts from stedndarflaci®e pdROizer7I30°,i s

]9 : ?g? S eg é‘fégg itglel’]c H@] tﬂﬁﬁﬁ)ﬁo&% grhI f?rrsq gr?s%?fa]égqlw’?];hasn%gso t%dcirlzll? alrlg'l%gIla'rizeE(ijl ﬁthOf the

674 as it passes through quarter-wave retarder 220, reflects from broadband mirror 680
changing state of circular polarization, changes to p-polarized third color light 675 as it

25 passes through quarter-wave retarder 220, enters second PBS 100’ through first prism face
130°, passes through second reflective polarizer 190°, and exits second PBS 100’ through
third prism face 150°. P-polarized third color light 675 enters first PBS 100 through
fourth prism face 160, passes through first reflective polarizer 190, exits first PBS 100
through second prism face 140, and changes to circularly polarized light 676 as it passes

30 through quarter-wave retarder 220. Circularly polarized light 676 reflects from

broadband mirror 640 changing state of circular polarization, changes to s-polarized third

color light 677 as it passes through quarter-wave retarder 220, enters first PBS 100
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10wavel ength sel ective filters 710, 720, 730 can be a col or-selective
dichroic filter selected to transmt a first, second and third wavel ength
spect r umwD 2biogispe84r especti vely, and refl ect ot her wavelPremgishomwpesr uns of
light. In one aspect, the first and second reflective polarizers 190, 190
can conprise a polyneric nultilayer optical film In one enbodi nrent, second
reflective polarizer 190" includes blue |ayers disposed rOX|nate 15f|rst
second, dhipuehecend priom-facel i@ roflsctyifiont Brs¢ ratiertivy polryzeo 194, 20d ex@@ﬁrst and
first ref I i ng
opp05|te]§%§%%%§¥ %ﬁtﬁ%@n&%ﬁa;?gg?%ﬁ%HE&PﬁndZéggiﬁg g Sg§e
first, a ¢eoRAg pornidedligit 67@ ap ol jakdes alirbOgh §iRir@t-wage mziruaczzo)r refRORIFcE NG @
broadband mrror &;40 750, 790) is disposed facing the second and t he
first prifg qoirescheetiyve Cilsbméﬁ fibgGlpshappe stalg of sieulahpolynzagion shpagastace 130"
°f 5 CO” ﬁ(gz?née%%frd C&BP RGNt 6"7?2% it é‘s%Q ttﬂgh%ﬁ’ @&a?EeI QRvE Pettﬂhé&gztora%‘h REHOT

rises a retarder posed Detween thé respective prismface
and the bh@amm&mdbﬂt@u@mﬁmﬁmﬂadb@@d3m1Pq@k@m&ﬂﬂmﬁlﬁﬁnI@ﬁﬂGHﬂdm&gtarders 220
serve to convert polarization states of | | eaving and re-entering first

[
and secortbropgisfirgaetlertpe polaazeaégefqnﬁédlté fi ésgm@r 100 thuoygle thigk piisareface b))

col or-sel gct I 730), broadband mrrors (740, 750, 790),
and firsﬁ§§dgﬂgg%gd ﬁiaﬂg 1}t\ézgpolarlzer 190, 190" cooperate to transmt
one poIarizatuﬁ@nsbﬁmemﬁkntﬁ@h&okhmgmghﬂhbgm%ﬁmghhs@mha@bhanMﬂﬁD1sof

second PBS 100" and th ﬁflSﬁ] ace 150 of first PBS 100, and recycle t he
ot h&} poltdvs beht; %Iﬁ“éltf@lf‘élob gt s regddiehb sApqading & denrabedimenf, frpgcolor-

enbodi nerhtelegﬁec?l'cltﬂg Al Mo i €2 a'ilﬂtbﬂfeq ht ?&%cin{i%&:%s%eerg mhglﬁft‘%%go 01s a

guarter-wave re er orientate approxi mat e es tot first
pol ar i zatdidnostfatee, st&md dAQrZsfé]]eﬁﬁ@éS&GBr@RGﬂ/tdﬂ&O@Qd @&éﬁ)aﬂd red light Adleotigi ng to
anot her aspect, an optional |ight_tun 430 or assenbljies of | enses (not

shown) cadipluedighy Ira%amftmg %Ibrﬂlccﬁltemélrfl P?lgf-selgﬁa@rﬁdchéwa filtsr P30 1siagHue
sources 74 , Hese I f G 4, the
dlsclosure 5¥&gqghﬁ aSB I'es eq%gg%ﬁﬁggﬁﬁﬁggash 5 g&gagﬁaggﬁﬁkQﬂfit color

l'i ghf 76]envhdd[mmwhbéirgﬂ@slarlzhmd1 sttt bf thefbducesecend @ldtl Ight 861 whteamemittydol ari zed

first color ght 76 ts fourth prismface 160 of second PBS 100' as
p- pol ari zté’éPef ong em]hoqfx I C?\G‘zp%aefsm%f%q Ml thg seeopg goyrizatignsytatpps 100

as p- pol g, ué k&cdhd €QbP fl%ﬁt' @@Mtis (PRt edjgﬂﬁé I?V éa%ﬁq)f e e teGRL ‘BBlalnlet]Qtl 96 61

fromfirst T1ght source passes t roug
190°. The single reflection is preferably a front surface reﬂectlon from the blue layers,

which results from orientation of the reflective polarizers 190, 190°, as described
20 elsewhere.
In one embodiment, a fourth color light (not shown) can also be injected into the
color combiner 600. In this embodiment, the polarization rotating reflector comprises a
fourth color-selective dichroic filter that replaces the broadband mirror 640 described
above, an optional light tunnel, and a fourth light source arranged in a manner similar to
25 the first, second and third 650, 660, 670 light sources, optional light tunnels 430, and
color-sclective dichroic filters 610, 620, 630 shown in FIG. 6. Fourth color-selective
dichroic filter reflects first, second and third color lights 651, 661, 671, and transmits
fourth color light (not shown). In this embodiment, fourth color light also passes through
third prism face 150 of first PBS 100 and fourth prism face 160’ of second PBS 100’ in
30 the p-polarization state.
In one aspect, FIG. 7 is a top view schematic representations of an optical element

configured as a color combiner 700 that includes a first PBS 100 and a second PBS 100°.
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10col or-sel ective dichroic filter 710, quarter-wave retarder 220, enters
second PBS 100" through second prismface 140', intercepts second

refl ecti weopolozsbaser 190', and is split into p-pol ari ze@Cfriusgeoomedodr | i ght
762 and s-polarized first color light 763. P-polarized first color |ight
762 passes through second reflective polarizer 190', and exits second PBS
100" through fourth r| sm face 160" as olarized first color light 762.
15S- pol ar¢cgeﬁcorrmb1@<tr ©81cen be ilgqﬁitvvl?ls@vwéﬁfty eg tightfspwiees escdnseribadialssetieice

pol ari zerp 19 Qlthslﬂ?)h,gh§ ra?? &P &% far S%PC Otng Etgﬁﬁj ?fgﬁ{é é%h e&c?nt@ B T ?ﬁr Sugh

changes to I’C arl ze passes

quart er - augel7@0 am)e%()z% shéeh LEEIG 7 tombicl syl easiaihd ﬁﬁﬂd’ubﬁ bf #1120
changi ng the direction of circular oI arization, changes to p-polarized

first col'GFiops ¢HEPOPEHLs S colpr prpgliner cﬁa@hPaﬁdP@éndﬁ%oed PBSd08einchriga and

t P f f t
col o 1 gt e tiotddtedill BhAKOR Lot o ik bRC AT Ron B REGR £E5 "
second PRspbo&d bdtweau@b didgonal fides sififsaard dddnd peshel K, IR0 aiad PRB, 120, 4shr ough

fourth prismface 160, passes through first reflective pol ari zer 190 and
exits firdsscrpmd ehophelsr ough second prism face 140. P-polarized first col or

l'ight 765 chang t I t hr ough
quarter-wave reg}?StdS%r%%L&t%érié]faP ?%th??lgcnt] ?[{rlge g?o% b%%ldlg%fs?rg%rd 740
changi ng fatiag eheakecaidrrishafacd 04@rdfzedond PBSAIID’ c Ractgefkht €irss,-spcdralrdndehird i r st
color light 767 as_ it passes through quarter-wave ret arder 220. S- pol ari zed

firkQ comveiqngﬂltseirew%ﬁ%teﬁg 10,1204 7¥Ben s qq%?foi?bqetlseéehwlcpﬁitsrrﬁpkea@é 140,
reflects {f “a% rhit 5%% &Pért]&’tﬁlrﬁ%%l'eﬁ é?é? 6‘1*1& tfﬂegzp%éuf’&gh%ﬁ?%%&'{‘)ugh

first prism ace angestoc ari as it
passes tmﬂﬁmgifavqlmgﬂl@pemam ofdight. derond@2t, tha ﬁtsuhlafdeyombfeﬂecmed i ght 768
reflects fromsecand broadband mirror 750 changing state of circular

pol ar i zatNoR1ZepEnRg Y can FOmBIise 3 BAYMETiG slﬂﬂte@reépp\g gy fm7 dmong ¢ passes

t hr ough %3@ rst prism
face 130 H%lﬁgﬁ%g%%&%ﬂé%ﬁ[ Ué%gdgg/e F%%Qééc%%e;szﬁeqsﬁ?%r%ggﬁégf%? I ective
pol &5i z erﬁri@@ecoamchnéxhltct ccflo]r sdledfBS dibBifbit hittorsgihl @, 26,0730, |mmﬂra@eﬂék51@e as

p- pol ari ze flr t 769. The path of a second col or |ight
R R A ESAL I a;]atyarsrdé%peﬁ%%emg@pmsee Scongieflestiy pBladFszed
second cologgF i hds third prismface 150 of first PBS 100 as

5p- pol ari zggd aégg%trﬁlgzgé‘lsw ;éght 779 and fourth prismface 160" of second
PBS 100" as p-A fiodtar sczeatd, saedamldrcbpxtlamzaltuog Ind)taﬁﬂgreﬂbttommrhpthmngaqubroedbeanded

t hat the aths_of f (54 ht 761, second c ht 771 and third
col or {rop 8140 ﬁ?@@h) Bchigosed e dhe ssoorcimd by ﬁrﬂtawsmg cislinlitholri 7.
Unpsy ar ' Z5ich 159 966! aﬁ@ 'tl%rﬁ i fald lﬁg%ﬁséé‘cﬁﬁ'l%sl L @P SR Y./ EQciPasSes
t hrough 10second col or-se ectlve roic filter 720, quarter wave retarder
220, ent godarzetomht8BG reflector further comprises a retarder 220 dlsposed between the
respective prism face and the broadband mirror. Broadband mirrors 740, 750, 790 and
retarders 220 serve to convert polarization states of light leaving and re-entering first and
second PBS 100, 100°, as described elsewhere.
25 The retarder 220, color-selective filter (710, 720, 730), broadband mirrors (740,
750, 790), and first and second reflective polarizer 190, 190° cooperate to transmit one
polarization state of light through the fourth prism face 160’ of second PBS 100’ and third
prism face 150 of first PBS 100, and recycle the other polarization state of light, as
described elsewhere. In one embodiment described below, each retarder 220 in color

30 combiner 700 is a quarter-wave retarder orientated at approximately 45 degrees to the first

polarization state 195.
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100" through second prismface 140", intercepts second reflective polarizer
190', and is split into p-polarized second color light 772 and s-polarized
second coworologhds4773. P-pol ari zed second col or |ight PZZ/uysaesms49shr ough
second reflective polarizer 190", and exits second PBS 100" through fourth
prismface 160" as p-pol arized second color light 772. 15S-pol ari zed second
color light 773 reflects from second reflective polarizer 190", exits
second PBS 100‘\00@m1@&ghamithe§ 9smre1i snpptienal gl tunnoh 439 egass@mblilqs@j llepses

polar' 2o, SEGAR) AL BV B0 h A4S bt ARESSETd IaSHPl BHRGh s YRy agh et o der

220, refl roa band m rror angl n i'on of

circul ar ml @yde&aﬁbe@mlsemamh fdfer@nc&&b&HGZ$dh§&1@§16§hr6@f@fhlclhlagbhes775 as it
passes throu uarter-wave retarder 220, and enters 20second PBS 100

t hr ough ﬁﬂﬁ%gyﬁklghﬂface 130' . P-pol arized second col or |ight 775 passes
throygh secon ' [ ' r-ough

t hi rd prism fg%%%ffgb&td e Ee)oﬁéﬂfélﬁgt% ! é@@ng‘gg%téﬁ?%ﬁogﬁQ\?gluljrgggelgpcrg?%ﬁ(’?a@e 160,
passes t h;vlwy@hnﬁdlmztedrfﬁaitloemrﬂfgﬁt Tl dditls Z@urthRm aiael 166 df?seédnrdsHBSDBE) 100
through second prismface 1 ol arjzed second color light 775 changes

to ci rcultapelpriges st ooder lighg ﬁ@i amst gd rrismgagsey) affire g Jqub@Stpspolwaw
25retardqhm%%(nl begts fromfirst broadband mrror 740 changing state of
ar

circul ar I zat1 on, and changes to s-polarized second color |ight 777 as
it passes thr aw@mlmzad&‘ﬂtcmwﬁghméar&tﬁn iz QighSsapedecti0zackes eaomgh et or | i ght
777 enters first PBS 100 through second prismface 140, reflects fromfirst
ref 1@ct i v@lporketivedichrs ﬁlé%zﬂta qqaﬁéﬁ-W@B@s,rei%éert%Po@gﬁsﬁ?%ﬁi PBS W% f ace 130,

and chan ar h
quar t or - Ao uk sFieh iy e o h e Rep b Ol BB pbisRASSER, ALY, o1
second Dbrio@dbpeldriradrfimst col&@Uigh aﬁmmgs ﬁmlamsadcﬁrsmdi@ui@nt 76| Buponaitze dfirst
changes to p-polarized second col or ght 779 as it passes through

quar t er - veQls lest 5%1&88%2brouglhﬁ@r«)§drqﬂ£§ Tveppsarizsy 14, and exits second PBS 1007
2010/ 0596@ g@&&%&g@%@%@%@tm PRARrLL B &flbrslng 268 130, passes through

first ref Ive pol ari zer d exits |rst 100 through third prism
faces 150 as p-Ppdlarizaiefirssadariighe 36dreflecHiton? %@ond reflectividgolrdden 100°, exitshi r d

color light 78 be described with reference to F| G, 7, ere
unpol ari %@W@rﬁﬁ%ﬂl&ltgﬁo lilgﬁsﬁ P78 fese T tRRREES [ FIEGH AT lATEE i C%Fst PBS
100 as p I@Pgéﬁﬁé if ﬁgsséshﬂh &Igﬁ‘?]ggﬂ% AL rcofcgel}@?@ rEﬁéUﬁ Hoﬁrthﬁ‘ﬁrbf'cﬁﬁﬁa 60" of

second PB i'ght 78 Unpol ari zed
third colmtrori7§6 bha]&ing‘ tha dirtdtioncbficirgiibr sdanizadoi, 8:01am3e$ -potercrad firdthi r d

color-selectiyv jchroic filter 730, quarter- retarder 220, S
second Pés? dig! t? wbﬂa%%ﬂéhwgbﬂi@?ﬁrf%é rgtagsicr 3591@@11@% fssseg(atdol%ﬁé] 16
refjgcti %ﬁro‘&gh ?iﬁtéﬁﬁm]fg&} 302N oﬁr&@!i Fﬁfst \]:ﬁl'o‘f‘hghtpmlécﬂa?sfe's %lﬁfguéﬂ‘éewnd?o' or

light 782 an | ari zed th|r col or P-pol arized third col or
| i ght 782eﬂa33e$obhzauﬁm Sﬁdm&donéPB@dwOv&n@qmahndpnmﬁgﬂkliﬂhdn&xsﬁstsecond

s g g 100 I;lgg ?H(gtrlllrgu%ﬂrftogﬁfﬁglssnrln fa]:cgcl%o 1p6agsesa[}?rogélg)8{rsﬂrel egtqvet Iglollarlr(gze%?b(? ra ' ght

exits first PBS 100 through second prism face 140. P-polarized first color light 765
changes to circularly polarized light 766 as it passes through quarter-wave retarder 220,

25 reflects from first broadband mirror 740 changing state of circular polarization, and
changes to s-polarized first color light 767 as it passes through quarter-wave retarder 220.
S-polarized first color light 767 enters first PBS 100 through second prism face 140,
reflects from first reflective polarizer 190, exits first PBS 100 through first prism face 130,
and changes to circularly polarized light 768 as it passes through quarter-wave retarder

30 220. Circularly polarized light 768 reflects from second broadband mirror 750 changing
state of circular polarization, changes to p-polarized first color light 769 as it passes

through quarter-wave retarder 220, enters first PBS 100 through first prism face 130,
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S-polarized third color light 783 reflects fromsecond refl ective pol ari zer
190', exits second PBS 100" through first prismface 130', changes to

ci rcul ar wol2aroasee4t hi rd 15col or light 784 as it passesPCHusagi/064931
guarter-wave retarder 220, reflects fromthird broadband mrror 790
changing the direction of circular polarization, changes to p-pol arized
third color light 785 as it passes through quarter-wave retarder 220, and
ent ers sdwswd tippsin ot raflsetbiegreldrizes 1 9¢ rang gxitselest BBH 100 prpeghathird @gismhi r d

color 1li v/ a t u reflective polarizer 190", exits
second P%% elbﬁasﬁqr?l?%%gﬁedt rlgtr%?oﬁrﬁ}%gl?n?&ace 20150, gnt ers first PBS 100

t hrough fourt MrHrgagiof Ageoddébloags §31 il avgbefdes@ibed efithaefcrate ROFHE.I zer
190, and exits first PBS 100 through second prismface 140. P-pol arized
third collemheregmipolagized sreapd solpplight/dicatts fhirddrispy el 10 oftftrs 490 py
asses t r- . ecis Lkt nhr Qadband
il o T T

s- pol ari zethrtzed seboadlcolor lipt727 87wHbEbd dpppasaesththiho pgihs a0ars eslor Rghtwave
retarder 220. S-polarized third color light 787 enters first PBS 100

t hrough s&dotgopst rade kightd 71 and tm@rqomlghg Fonthrquedcolascpabiney 60GyKkar i zer
190, exit I PBS hrough first prismface 130, and changes to

ci rcul ar|53n%%‘?§§r?e§gﬁq}lﬁgrﬁ 788gas it pagses t hr ough quarter-vvavg retarder
220. G rcul ar lynpoddrged 3ednt icglot 1igk87 T effdre sécondl light a0 pagad thaowkhm rror
750 changi ng state of circul ar_pol arization, changes to p-polarized third

;:o| Wi gﬁﬁ@onﬂs@loasse@ml‘ge dighrorshilier 730 gtiaggapens shude 728 %nt%rérse@zé,PBe?lt ers
( bE 70 . : ' N .
bol ar i zor Woprodliciieihd drici £t 1 G erte hooRFRIESNFHAME: 10 Bhnd 81 SOt Ve

p- pol ar i zptt inko p-pomelat sdcomhtoldB@ght W2 20d §HORAGEHRCINIISROO0BLHI GFD.3 - In
one enbodinment, first color Iight 761 is green |light, second color I|ight
771 i s bing&rizegpgcond salof Hehtd 72diagtes thrgpgh segand wilegyy el nodpstzer K ol ¥t o

t hi s enbaqgj e - i {>chr.oj 41 i.S: and

bl ue |i g%? &é@ﬁ%scé?(%gﬁraoﬁgﬁ gdr“é@fljrﬁf‘% atggtl ?ban%rh? ?ﬂalfr%éd I (E:%I?d(]:}%é&?ll tt Z?ﬁ second
col bF - sel ect i pdliadhsdaiccorfd ddi@rligh? 073 sflactgfeensannd refldctiveghilarizt 1€t | ng
Sand blue Light transmtting dichroic filter; third color-selective

di chr oi ¢ oith Pesond BB 100 hspkd ﬁarﬁﬁprg%@ﬁe |1§% nthangey RACRGT BAATIFLPeresht
transmttd i 1 Ct £ I.r i | e . first

pol ari zatdiog% lg?gm@%sﬁ f {J%gésgtphog@gg@%%é Q%%\{egﬁﬁaﬁegﬁ?@?% I's %rpz;ltrl]ﬁs]% tted twce
t hr ough ttheadbecdmirroeTd0ahbngieg pal drcctien ofl@fulapdlatizktem, thengugte f-he fir st
reflective rizer 190;. second pol ari zation state of ng bl ue second

| h
col or |igwéa%% S?C@niié?h%&gltétﬁf@séﬁ@éseaﬁhrea%mqwef%vg é%fﬁari PR trs
pol &G i zergd ) I"B’Sjléd‘%rfoiugﬁ Firdt @kﬁ%éevlgopoigﬁ%ia%ﬁgd 428nd I&% g%mgﬁ Ipaﬁsfeg ection

fromeach reflective polarizer Is preferably a front sur ef F'ection

from t he thtongh kaped s¢flashivepolresul108’, ExitnscoondPB & DO nthofugh tierd efdne &tceve

pol ari zers 190, 190 escribed el se re._ln one, as ,, FLG. 8 is a
top view lzehé’ﬁje?f*‘i ey Blagzlggmrav%ﬁu&ﬁ PERAMJRES L %ﬁsawélrﬂu%%ﬁﬁfﬂéwsd as a
col or corpjnetr BRP ahatitd fisl Pﬁ'@% %@gfﬁ%é&g%rgfﬁ@ f.et h 86t bYIRLLS BARE

adj acent ‘the third prismface 1 Col or conbi ner 800 can be
used wi t loborighi €1ychahgésitglvircglatly pelsriasd lugd 776 bed pesssethineugh, quiitter-pavds of

lig rays, o h polatizatiqn state emtited froma first and a second
o soureBiosgal. g arendieofdens iy U ARk SHEATeRRT ot rate e
functi on (RfiarfABoY, ahll @RS OIPOPARL S dhcdifll @lordPY Tvess i2PRAQ: thFRgh 100

includes a reflective polarizer 190 aligned to the first polarization state
195, di sppegc-weraveemddri?80dSamwdaraded semad color fightst77ametrs 6o RBSPODs s 110,

120, as descrjbed el sewhere  Reflecting.pri 120" .redi ts.a ion of
the I | ghtiEED FrgnPBAdte 0. OsEr isdanbt Limerero e 3Ryt SRYERS 20
i ncl udes foofthiduph FsMpFidagackoB0, ad ealgdth *Meularly polarized light 778 as it passes
30 through quarter-wave retarder 220. Circularly polarized light 778 reflects from second
broadband mirror 750 changing state of circular polarization, changes to p-polarized

second color light 779 as it passes through quarter-wave retarder 220, enters first PBS 100
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face 160" having a 90 degree angle between them and diagonal prismface
havi ng a 25broadband m rror 840. Broadband mrror 840 can also be a

pel licl e,weizmdmpesto the pellicle reflective polarizer asTdss@wiobedl

el sewhere, and reflecting prism 120" is not needed. In one enbodi nent,
reflecting prism 120" and second prism 120 can be a unitary optical
conponent (not shown), such as a prism having three sides bounded by

br oadbandhigugh §st@mem faest 1 30 passes fgmugh|ﬁz@rfeflwvanalaﬂmrr1&0aw Fiitg fstpr i sm

faces 15(13le thro%%ﬁ‘ t{l]lr(li fttlsrﬁl?gcesl%ﬁ%nﬂ GPCEV gg&gggﬁglgfﬁél%t\éﬁgf ilter 810, 820

are di sposed tacin rst prism irst and second

wavel engt h- selmtpaweoﬁaﬂhharosl&h@ht BAOvitlaidwobe deseab& whikkdeichstetodiIGhT 0i C
filter selected to transmt a first and second maveleé&;h 3$ectrun1mo

2010/ 05968 id toshodar light (78 §xits thid paism;faed 150 ofiustRiS HeQ asgr-her
wav el engtﬂ&laﬁ%ﬂﬂlﬂi‘@ol&? l%lghlt 9%@ alrd ﬁkuﬁﬂgngﬁggft yféot’ B?s{c‘c’s{l& BRS 1Y O&’?ﬂﬁg{]'t ,Zer 190

can conprise a ayer n one e
refIectlw%kﬁﬁhaﬂuﬂﬁmﬂ&ﬂgﬁmmgiudes que | ayers dlsposed proxi mate first and
second color-selective dichroic filters 810, 820, as described el sewhere.

5A pol ari zat i ddnnodarized Hyrd exlordighy /8 & Sapythyd H@hfasqusﬁeméﬁeﬁfhwwh B5d s
di d 1 t
| sposed faging finey; §ﬁ%ﬁc“ﬁlte?f7'36qua?t%ﬁw%éQ{ngrrggfﬁgzgﬁ%ﬁssponagJ@ o’oal I on

rotati ng re |'ect or urt COI’TpI’ Ses a re ween second

pri sm f aakroli4l sevadd lph@mcfb@nlmm mtreﬁ;repﬁfs@conarreﬂaim&s @olatik¢roro08a0d angplit et ar der
220 serve to convert pol ari zation states of |ight IeaV|ng3the PBS 100

thrfigh deegneelprresihirdecelorhght A dand egporasized flh@ ©inight 633 1pelesizsdat i on
state "qgi%?@i% 7%2&3'3?565@1?0\2# ecSRl rg?éft{degﬁ%gl%éfs@gg,o ey axits set nE{ B8

retarder selective 1ol e roadband nlrrors
(840, 850)00athdowgkf ﬂoenh pMﬁn[fﬁﬁealﬂ)Z ek pIlarcd perdadadort [gzhit r8hsnit one
pol ari zati on state of hroqgg the fourth and sixth prismfaces 160,

160', and recyPelafipd ta{rgéialobag%& deflests Womseoqud teflepsive pkrigersiddiped
el sewher eeé(btsgec%ﬁg PO HFr&E fé}%ﬂslﬁ?fiacqu@wch gsi‘torc%afa??&aﬁg&i t’thlS col or

conbi ner IS a quarter- arder oriénta at approxi mately 45
degi®es tooldrhight 784545 1ppdsa¢s thatulgb uatatveavkIbtardac 220, defigtd oranloikher aspect,

an optional |ight tun 430 or senblies of |epses.(not shomm) can be
provi ded r%l bang pirger ¢ echﬁvglgg thBreS BB AT PO B s CRTESS

descri be I ’
describeﬂ)%hﬁﬁ&@ﬁ(g?gﬁggﬂﬁaggaﬁép%BE%%ﬁ%é&’ %%t%g$%§§%£¥P?gfm?% | i ght
861 exit scéaudrRBS P00’ shnohigle &rst plsragaqe- 30 .aPipphizEd thetd otcxhjrdrght Vzgmas&as and

Sour ce B8] SwoRd gl PSR IDCs ekt Brord pe 106 Thioweh g PIVE ezl or -
sel ggti ve sgt chrpl ﬁrsf PBSQE)O #Bu I?fbhﬂh%n?ﬁsfaé@%ot Pés@&’&ﬂﬂrcfd h$stREf&mvEace 130,
intercepts r'efl ective polarize % I's spl Into 5 pofarlzed first
col or |i givlarB621¥hdnd exol fasi RiBS 100 through second prism face 140. P-polarized third

color light 785 changes to circularly polarized light 786 as it passes through quarter-wave

retarder 220, reflects from first broadband mirror 740 changing state of circular

polarization, and changes to s-polarized third color light 787 as it passes through quarter-

25 wave retarder 220. S-polarized third color light 787 enters first PBS 100 through second
prism face 140, reflects from first reflective polarizer 190, exits first PBS 100 through first
prism face 130, and changes to circularly polarized light 788 as it passes through quarter-
wave retarder 220. Circularly polarized light 788 reflects from second broadband mirror
750 changing state of circular polarization, changes to p-polarized third color light 789 as

30 it passes through quarter-wave retarder 220, enters first PBS 100 through first prism face
130, passes through first reflective polarizer 190, and exits first PBS 100 through third

prism face 150 as p-polarized third color light 789.
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25first color light 863. P-polarized first color |light 862 passes through
reflective polarizer 190, exits PBS 100 through third prismface 150,
enters raevbDeoto/osgespri sm 120° through fifth prismface 1B0T/USe@PloeBs from
broadband mrror 840, and exits reflecting prism 120" through sixth prism
face 160" as p-polarized first color light 862. S-polarized first col or
|ight 863 reflects fromreflective polarizer 190, exits PBS 30 100 through
second pri sm flacac smbodigeat. dhsireglos light ¢ lris gresnilighp stend eler lighht71864 as it
passes thpou r - r.der AQre ) zede] | 864
reflects h?h?eo%‘?%lg‘cfhg% 88\[%1}[ﬁ%%%gégf%déééggji&‘%o@y g? (éh% %%@%@r ﬁ%slt %ﬁ)r-
pol ar i zatseRBtivadidhohafige s 10 @s Prdind hilzelibhV\E fROARY HaPe8&PIdH U0 64931
first color Ii%_g{e 865 as it passes throu uarter-wave retarder_ 220.

r T

h
P- pol ar i zbehreicrdtersgfed qolgiticloggwe éiﬁh@é%f?lm%%!@@a greep aphresldiedheeflseiingn f ace

140, < pass ck . f 1 aLl . i 100
through oot DA ARG E RS i BB S aR: Aol IR I bR e e
pat h of andeeandighotddicctingdrd Bd light thdnsmixinpaictiese fiitbedAvedrbinged érience to
FIG 8, where unpol arized second color light 871 exits fourth prismface

160 as p-Podimonidthe ey malassptinm syt Rt thgpdic sgaepdsqolemlight 7 Shisitewamited'  as
p-polar| 2GR SRERNA tRNdnd leABLiE Potarizer 190" YRRRLRE HFEELISAE ORY rGRALe | | ONt
I g co ec

871 from secon ght ‘source passes throu Seco or-se ive
di chroi ¢ foldrizer 188 6he @odiet 5ol HB&tbA Gtatdufakigblut isé@hd Rolos Miphteisa id 8dlected
10i ntercepts_refl ective polarjzer . is split int - pol ari zed second

90 d

col &% | i gee By sachrf the srspag r@@eﬁ@eé%we?g% Ang thgrﬁrstg?f}@%wg pelesrezZd8- second
o 1 cone s . '

col or 'gﬁ{e 8 %e fé?l%%t?o}cfer%%g?mre&l%éﬂu% dl%‘?zep&ﬁéfeﬁﬂy J‘ﬁrgrﬁtoﬁ}(f;a%egreﬁgﬁlof]n??t )

t hrough thir rrsm enters reflecting pri'sm roug

prism f adeord 2@ hlue Byt Bich rexuth froaddrasnchtion rof dre 18A&stivampdlaexedsd 90.ef40ect i ng
prism 120" through sixth prismface 160" as p-pol arized second color |ight
862. 15S-38reribsdalsewbeRd color 1ight 873 reflects fromreflective

pol ar i zer 1901, L, RBRIG0;LLANAN SREANI: REISINAGE Ay RAdIGhaRgeS to

circularly polarizea lig It passes rough quarter-wave retarder
22015 G r cwvhfighyd poh asloz eembingh®008H4t inedfiict BBS 1 00raint oadlzatie prisnt ©20°850,

changing state of circula | arization, and changes to p-polarized second
color |?gﬂ41a0817t§ﬁ%§midtprﬁals @5?%91?%@1@36@% cqmbaST D-aade usepwit 2pol ari zed

d 2Q,.¢ ! i f 140,
secon Ovaﬁgiggc{af Aig;hﬂwur&ﬁs g%tcﬁ%éd BBRHQ0 The é{%%%ﬁ?ggl‘ri]’g&s Rfbadp T ace

passes unc rough r ective polarize exits PBS 100
t hr ough frolartzatigr ststchatel 6 aafspanpal secombligls scwnd 86@ISGH atd ghotvn87 5.

In one enhodinment, fjrst color |ight 861 is green |ight an econd .col or
ight 872 10s Sniagedie ey iffusteagsdbg RGO BF A Er R APRERRY O salgrcombiner

col 8 - sel@pt ippR AGHEIRLG d Ichb&lvebbrizr PoPalRed Adle @ﬂré%e#)ciﬁ%ﬁz%ﬁon gagent a)

light reflecting and green light transmtting dichroic ter; second
col or - sel 186t digposdd bbtmae thei didgomaBaCesi o fastguind eecdnid ginksms 1 0,el@0i sdeacribedagent a

l'igh Ltti ichroic f] . A i I S .enbod] , the fi
ooty i n TSR TE T 56 b et G Bebe o GrE P RO, s T
transm t tRde i Che@Nbrel RENSEGRNH AP AP idddR 'ﬁf@ltlﬁ‘{sﬁl %Ee 5@, fkie,iaMPOnent

of second color light 871 is reflected once by the 30 reflective polarizer
190. The fsénifi0é hpehi e ODidegree sngle dfvyeablthena ahd dmgosal pranefacelidverg 4 on from

Lo, 1 e 1 &yBr sy (0ol SRl 10 MK IR Ohahle SShbegtYgaRgart zer
reflective polarizer as described elsewhere, and reflecting prism 120’ is not needed. In
one embodiment, reflecting prism 120’ and second prism 120 can be a unitary optical
component (not shown), such as a prism having three sides bounded by broadband mirror
840, reflective polarizer 190 and third and sixth prism faces 150, 160°.
30 A first and second wavelength-selective filter 810, 820 are disposed facing the first
prism face 130. Each of the first and second wavelength-selective filters 810, 820 can be a

color-selective dichroic filter selected to transmit a first and second wavelength spectrum
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WO 2010/ 059684PCT/ US2009/ 064931 In one aspect, FIG 9 is a top view
schematic representation of an optical elenent configured as a col or

conbi ner WOQotdabesincl udes a first PBS 100 and a secondPPB®S2@0/06496DI| or
conbi ner 900 can be used with a variety of |ight sources as descri bed

el sewhere. The paths of light rays of each polarization emtted froma
first, a second and a third |ight 5source 940, 960, 970 are shown in FIG
9, to norad lighbagspgctivelyugnd enflect aiberrwaretangth soecttures efdighouln ensmsperérthe of
col or conmhjner. . Fl rsit R ' 1idacl first and
second rgfg' bgcg Vleigﬁﬁ%galrgi%zcgg%igéggel g&ygﬂ%ﬁgnﬂ% ﬂ? t\fertjoﬁgcﬁliﬂrfhglt Li%gflgri zation
state 19%mubdapaseclbaivwgerizbel M agodal blhargsrseispbbddsirotinthtsBsond pri sms
110, 120 and 110', 120', as described el sewhere. 10A first wavel ength

sel ect i vesesqndicoforgelpeiive dickigissiliers 810, 1g0+ asedes@tsAglssrngin f ace 140 of first

PBS 100. A sec . i: I sel i i r . is

di sp%sed faci n%Bglﬁng%}O%g%&'B[{lg &m %120528%%51%%1@ %g%agéﬁrﬁ%@?fgg%gdg%%d of the
first, sebecngdttendcddd prismweavel 4nef PBS ¢0@CThy/polhitizdtion $otAdf rePl2Oor ABthecan be a
color-selective dichroic filter selected to transmt a first, second and

third waonasige? Kisder23dimopaddretveqnessprid pripg) {ace adandbroadhand spifRer

wavel engtdxns b . 0.1 I f.acl h of

the -t rott o erodMiT g 4 g ol & B30 Ry Sk Fa P L SRARE R ARHE" |

sonme casdsavigsths PBAN1 00nthfdugh s€&ontl peismeth@y HI, aZPfediradt thecamvened ary ret ar der

220 t hat spans, for exan& e, the first prismface 130" of second PBS 100'.
ekl { tackdetarthep

In e atigh gétﬁéigﬁ BS 380 casslepraibgd slsewBercadj acent each
col or-sel ecti Jrblaf & 22 ,(c%i!oqzse@@{i%eocﬂé%égq ﬁl(‘geé 68 lcdd &) Br AP Lmirfd?® Cf Irst

and second reflective polarizers nprrse a polymeri
mul ti | aygB4@@S0radd deflbetivelpolavizer EXtbadpomtd to thacoindne pdlagedtionstqpobilighzer
190" includes blue | ayers disposed proximte the second, and third

col or - seltBrough thefounh andsixih prispsfacenl0, dalhy andyisaydls thsothes ppEizatiod 8¢ ar i zer
190 i ncl | i f achng. 25 i St- ] . . !
I nc Lbcoi*?l ShP ayﬁeécﬁlégde %s%}rlgegﬁﬁdone%ﬁ{b%gng%ft géﬁ%}lbg@tabw,sgicﬁ%th%’d%r 92(?{%.{ o1 c

filter 910, "as descri ere. olarization rotating reflector
conpf i si nglaa combacth 86@ism quacter-820c esarderspratted Aapmoxinkeclgdd akdreps iosm f ace
140" of secqnd PBS 100'. The_ pol arization rotating reflector further

conpri sestﬁ%g%?%aé%ﬂ%ﬁtﬁil%?Jog%fd)r%g&%@}Pﬂw@%‘@&&H@pg?l?aiiﬁgl;fa%neﬁgo and

the br Oa%*?%ﬁ'é%n{ﬁh"eg Of ten &% ?ﬁ&%ﬁw?ma?g%\@?ﬁéé’d ﬁ)?gacrhgc;f’aﬂléjﬁfst %?(Pseégﬁd/ ﬁ%ﬁto

convert polarization 30states o eavi ng and re-entering second PBS
100', as sdescs Bkd76) selsbaibed clsewhereThe retarder 220, col or-sel ective

fil 910, 920, 930), .b dband mrr. 950, fir, d
rlefltg::ti(ve pmﬁ}qug}olagfér,sgg @“l?élﬁggﬁ’v;ﬁréo‘fv etdteg“rr‘]i H@%@%@i}%ggﬁﬁgi%n state
WO 2910/ Qﬁ%@@ﬂf@g&%&% /c%%%i%ﬂn &1 dxig *?&ﬁ%&%&?ﬁfe& h&o B%@Bi%ggéd fm face 160

of second PBS 1 and fourth“prismface 1 I rst and recycle

t he ot hercopwllaht Gt amdrsisth @tiemdacd i6ghus pasladiesdt firdeooeligewodre. I n one
enbodi ment descri bed bel oy, each retarder, 220 jn col onbjner 900 is a
Uar ter -wave. MamAREE: OGP SO e Hiplsteoiree bt yefetiafmush B oo 15 r o
pol ari zatd.Rrivd GbRrofPlter ¥A9 Cf At PBSI@0ARNBLIL irR PREA FaccAB 00RO |1 ght
tunnel 430 or assenblies of |enses
reflective polarizer 190, and is split into p-polarized first color light 862 and s-polarized
25 first color light 863. P-polarized first color light 862 passes through reflective polarizer
190, exits PBS 100 through third prism face 150, enters reflecting prism 120’ through fifth
prism face 150°, reflects from broadband mirror 840, and exits reflecting prism 120’
through sixth prism face 160’ as p-polarized first color light 862.
S-polarized first color light 863 reflects from reflective polarizer 190, exits PBS
30 100 through second prism face 140, and changes to circularly polarized light 864 as it
passes through quarter-wave retarder 220. Circularly polarized light 864 reflects from

broadband mirror 850, changing state of circular polarization, and changes to p-polarized

-34-



(not shown) can be provided for each of the first, second and third |ight
sources 940, 960, 970, as described el sewhere with reference to FIG 4, the
di scl osurwoabiwvispesh applies equally to FIG 9. Col or comrbiraseoc906498urt her

i ncludes a hal f-wave retarder 225 di sposed between 10the first and the
second PBS 100, 100'. Half-wave retarder 225 cooperates with first and
second poI arizer 190, 190' to convert the polarization state of |ight

passi ng tIHFOWT light 86hes it passesibronh anereravavetrcrpder 329 nBelajizad g gelees t o

the first T { l'i ght 941
wll now 1@?%@%%@%@% V\ﬁoath%uf%g?eecr?ggp Ié{f;%\ P@ B%ﬁ(%ées %C&%uﬁsne?é}?rl&zl d first
col or |i gbfle®42 pekkizer FoOUERdextsiPBY foCHErolgh fairtt prissi fA2B$60 QR pasolarized

15pol arized first color light 942 and fourth prismface 160' of second PBS
100' as pirsiyolelighed6F.i rst col or 1ight 948. Unpol ari zed first col or

lig 941 fro S ective
di cﬂé oic fil t?ﬁeéifgi OM&%%(?QO\L/@\C/ h?g'?%ar \gi%hi gcriféx}1 |rtrefsf&lsggo EL%
through skeoie mpb&mzécamoﬁéeolot hgleoe m;ﬁs fdu[‘thtprl@ﬁlffh&fllﬂ()/@ Ppedlatizeder 190,
and is split into golarl zed 20 first col or ght 942 and s-pol arized

first colsefond qgiar hxh 87 papdpixth présn face 460 caémopoliﬂil@dtsem@ Plesdest ¥R ough
first reflect 'tyrgqo%& Al !hd %?Br LiEKY 7|§If{rdnrft§ §%cggﬁﬁgﬁps%u¥égggg%sse9 é&p%hpf I'sm

face 160 as p-polarize |rs IFarize

col or | i ghtorfddldrefelcetivsdithoi ﬂilltefrﬁzo;r@ftére@BS\/le)Oplmﬂoagh fiest pli fag@Xiz0s first
PBS 100 through first prismface 130, passes through half- wave r et arder

chahyi ng 19@0255 Tpibective ﬁe@ﬂmrr@f) %illélsplllmg‘ﬁtp Marlzeéin%CMC@ﬂog light ganeBs 100
through tf i ) sses

thr ough SauRH SRRt tal 8% DS AR GALR s A i BT Sho
first pr |rsﬂedtﬁze@o]h3ﬁer 19©hemgeEBS mmﬁhrmlghahlrcppﬂlﬁnifmdsbj @hdrs 8flecsg it passes
t hrough quarter-wave retard flects fromeither secaond or third

col or - el A" direnghofigh Pflﬁmé?cedﬁ@ rgfé@tscﬁﬁ%m@irwbtﬂ%m&m%@p I St ci rcul ar
pol ari zat LQLhtiy %%9151%012%9%5‘\5?1 s?xtﬁgh i 16’0‘ B ORIQEd bdd H& C(%Phgﬁttg%FI oht

passi ng through quarter-wave ret Iar| zed |rst co
ent&F s second PRHadB&d sctdrdotoddr 1fghe 873 mﬂesmfn‘ommﬂlaaﬁ)ve, palaideet®® ckitoRBSecond

fl I h 4 f d
\rme) 28({5} 3@@3@@3@%@5@ egfreéwil%%pmp é@ggges téﬁﬁcgs%%@%lwﬂ%ﬁ@e%ﬁ%a%a% Oer 5%32
tard | | d
retarder #%%Fltﬁ%gﬁ fqﬂgftérqx/éﬁ}e Jgfgh%; 259 éfrhg%gy{o mecﬁr@ % Feg*rél:fé‘rfro‘ﬁ? ari ze

| i ght 94 ect rom broa mrror angl rection of
ci rcul ar hoddband atiireny50b elcoges, sertpof arquiqubofalruzsmomahd)chdnlggdﬂtb Pdd@aaddder

passi ng through arter-wave retarder 220, enters d 10 t hr ough
second priFd il Thints anghpaes i GRS EHE F@rdE LI VB gﬂﬂé?(? 5EPI4 90",

andy@xi { SR Rls RS 0¥Bs! {I0qHeReh OUbh pRLH SR OCHARD &ﬁar%e@%r@f\}\%}ged
first color Iight % th of a second co or Uilght 96 now
be descrwbﬁettmq)blaneére]l‘)@nmai dmtslPlBSl(E),thmtmgheEourﬂqmsm faxed6® ns pipoloked | i ght

961 exits fourt ace 160 of first PBS 100 as p-pol arized second
col or Ilggﬁfo%?oéﬁ@h?%th prismface 160" of second PBS 100' as p-

In one embodiment, first color light 861 is green light and second color light 871 is
magenta light. According to this embodiment, first color-selective dichroic filter 810 is a
25 red and blue (i.e., magenta) light reflecting and green light transmitting dichroic filter;
second color-selective dichroic filter 820 is a green light reflecting and magenta light
transmitting dichroic filter. According to this embodiment, the first polarization state of
the blue component of second color light 871 is transmitted twice and the second
polarization state of the blue component of second color light 871 is reflected once by the
30 reflective polarizer 190. The single reflection is preferably a front surface reflection from
the blue layers, which results from orientation of the reflective polarizer 190, as described

elsewhere.
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10pol ari zed second color light 968. It will be appreciated that the paths
of second color light 961 and third color light 971 through col or conbi ner
900 are swoi2bavo59@s seen in FIG 9. Unpol ari zed secorus2@0/061931 i ght
961 from second |ight source 960 passes through second col or-sel ective
dichroic filter 920, quarter-wave retarder 220, enters second PBS 100
through first prismface 130', intercepts second reflective polarlzer 190",
and is spli t ﬂspﬁ@ 8snsch 1 Gr 9 pedo sontrhewhios rapreyrtatEpofancprsicglsllement ed
second coI h d $ot hrough
second rép Fge5 g?@FF@%bB%g%khﬁgqn g&%g%%%ﬁﬁgéébqggi %ﬁégggﬁgthrd prism
face 150 Col@ﬂmgﬂﬁert%)ossaﬂbé asddzeith 5 eeend o€ Diiarsolidcghis @RS RY dldewdasSes

t hrough hal f-wave retarder 225, enters first PBS 100 through first prism
face 130, hegrthscfdight @i of eash pplarivetian qyeitted frap & Brst, aggeondrimdenthrd light st PBS
100 ¢ hro d r t 963

pa ss%s thgrggﬁ%%%’ﬁ%pf 9?)6 %}%\g}é&?@ r@gr 3)21818116(63({1&%@ ud 0 é(;‘i%re %@ Cglro n 0¥ ari zed

li ght 964var1be§ J:(ﬁﬁ}icﬁlefltfs @fMcdlof sdmlclﬁbmoos dliscPB8 & 0diaadscbad PBIStIO0’ Bﬂ:ﬁlde hangi ng
the direction of circular polarizatio asses through quarter-wave

ret ar der frsandmgcasdastiecdivepplsriaer P 1 %Qs jgecdiglthe first Qﬁlﬁﬂ%@n sptpbiari zed
d 6 140,
sasses ¢ Rigiosd ftvedPe BbBAR fiisk BF REnd Heoh SRAUETLFET NP EMIGER, O

t hr ough h&ﬂﬂﬂhdmkﬁ&ﬁb&ace 160 as p- polarized second color |ight 965.
S-pol ari zed second col or ght 966 reflects fromsecond reflectiyve

pol &t i zer 190' I&t.wage@ag:taﬁelem film 919 by Gerpred Bctirdhp pcend pasma fagoh40
passes t e i zed
passes. SRR oF AR RELONPAA0.ANANI0 i G oM T gRphanl 2o
circul ar fpmhgthezt‘atsu @ism fmasw@’ dfhémmglPBﬂJHT(I’EEaWaMéthé @« desnd22d thindngi ng to
p- pol ari zed second, cal or, 968, and enters second PBS. 100" through

second pr&mingtechestve ﬁb@rﬁgll 0r920e B Seradisar Q?é‘?roﬁequl@% fichege Blersslectedr ough

second Q) 959684, 220 4 & £ e 1499 d exits
second PB% 1%% r%uﬁ@é%urtﬁ%%g%é%% %é 8 1%1 plg%ﬂae?ﬁgee} dg%fﬁ% col or

l'i ghf 9683therwaveleiﬁgtﬁ spadttunef ofdighhi rd col or |i ght 971 will now be descri bed

with reference to FlI 9, where unpol ari

ed third color light 971 exits
fourth prism Fasdargnl2is dispetedppaing gehaal the 5@56?%%@1 ﬂtlﬁ? FUOTEI9ISHVE | ght

975 a”f'i I; ! Q@SBI IRTHERCEn 188 Qs 38 SR FBSGL90the@8taRicr P &l 7&f second

col or
unitary retarder 220 that spans, for example, the first prism face 130’ of second PBS 100°.

In some cases, a separate retarder 220 can be disposed adjacent each color-selective filter
20 (910, 920, 930).

In one aspect, the first and second reflective polarizers 190, 190’ can comprise a
polymeric multilayer optical film. In one embodiment, second reflective polarizer 190’
includes blue layers disposed proximate the second, and third color-selective dichroic
filters (920, 930), and first reflective polarizer 190 includes blue layers disposed facing

25 first color-selective dichroic filter 910, as described elsewhere.

A polarization rotating reflector comprising a broadband mirror 950 is disposed
facing the second prism face 140’ of second PBS 100°. The polarization rotating reflector
further comprises a retarder 220 disposed between the second prism face 140’ and the
broadband mirror. Broadband mirrors 950 and retarder 220 serve to convert polarization

30 states of light leaving and re-entering second PBS 100°, as described elsewhere.
The retarder 220, color-selective filter (910, 920, 930), broadband mirror 950, and

first and second reflective polarizer 190, 190° cooperate to transmit one polarization state
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Unpol ari zed third color light 971 fromthird Iight source 970 passes
through third color-selective dichroic filter 930, quarter-wave retarder
220, ent ewe 20069684PBS 100" through first prismface 130CT/US2a00060pt S
second reflective polarizer 190", and is split into 10p-polarized third
color light 972 and s-polarized third color light 976. P-polarized third
color light 972 passes through second reflective polarizer 190", exits

second PBSligbpthreughdhgyfoutthiprigmppes K o sccoad PBS AN gedsfourh prigmifagd 18d t hi r d
lor Ii i h | f.- ) first
b 100 GRS TodpnEREEAR MALRYIRIIBD LR rFERE i eofibe flofeR ' 1S

pol ar i zernb96 emdbdin®xt §&clibédbel BT at B Eotirde020Phin $68 B6MPinks 907 B @t ubAS:-
15S-pol arized third color |ight 973 passes through quarter-wave retarder

220, charitpss re@rder peentated gbanproximgtaly ghecaes to therfirsnalanizagm plafeskdS.

col of-selectiv [ i [ ) \: ! I i ar
polaéization,‘ﬁ%%gggég%%%ﬁgﬁgﬁﬁﬁgégPﬁagggh&%?%@%%gkgg%&%%gb@%égkégg

p- pol ar i Zaek shbiviylcaobaorolidgd forQ4sh ofthp GikAf dez@tll 4nfdi thidd tightasoutdegh40,9606, ent er s
first PBS 100 through second prismface 140, passes through first

refl ecti V& Ope#i deserzled clgwhergrwitprdernes tpiFIGt 4.pRsdisgosyra pbw§ichfappkiesh pri sm
face 160 - bzed third color light 975. S-polarized third

col or Iiéﬁﬁdgﬁgﬁﬁgi ects fromsecond reflective polarizer 190", exits
second PBS 10Qoloh¢odnighers®0dmdhdprinindcs adalflwde refaddes 285 tUhpoitdbetumnt er - wave
retarder 220Q chan%%ng to circular polarized Iight 977, reflects. from

br ollibandhedirst ard BseCeamd Adth PG R8O di HadEpirphredrden 228 soaperpiss with Astiagd,

passes thr r r .2k i = i ird
Cor or 11 RrUiGhe B Pan, 0N ol Bt R R G TR heBAPLEOASE b 00
P- pol ar i zedist bricttaedlaospproxghiatcdy 85 pagsao tin sgpolsemond staef 198ct | ve

pol arizer 190', and exits second PBS 100" through fourth prismface 160" as

p-pol ari zed t hiecPadivpior first eier lehg 941 wilbneweissiserrhsd evitherefesenc it RIC . Sour ce
940 emt i , - Lient } i and
third coﬁg%%??§%¥&§%3;%%%%ggq§§{?Qém??gﬂ%ﬁ”%%%ggﬁgggé?%ﬁﬁﬁgggég %&Pnent,
firsi colpmlaried Getticvlor Hplh¥aiand fourtlepriod fick 468’ sfadcanicPRS 180’ las ght

reflecting and green |light transmtting dichroic filter; second
coIor-seHE@FP@%%&ﬁGHW6P8'#H@ter 920 is a green WO

2911 55584 ERIOB O e A S O L 09 A0c, Py

transmtting di ective dic ter 930 is
a bl ue andlgrselentivd diblrorcefiltee Ot D ngpastadwaedratarght220r enemifirstiPBp Hl0cthramigh

filter. According to this enbodinent, the p-polarization state of the blue
color Ii gﬁﬁ@owdrm%?rs%&%ﬁ@qﬂiﬂawmé Stveefiasbe pelafizer 19 1dd SRIiR@ PrPRIBRA t he
second 1 alAELdMENPNRLIFERo kLI HANDIANGR YRS OMOBIHDE filst Sdiof Rliioabi ve

pol ari zer 190; the s-polarization state t he ue color li1ght“from second
| i ght souyrmses #60ugtsfirsefdflect edbadarceer bY0,tehes 8¢ BB 1108 fthreogh foairthgirami faer 190

and once fromthe fir reflecti pol arizer 190. The reflections are
preferapﬂfoésff ?“?ﬂiiﬁéBLFgghg%ﬁion fromthe blue layers, which results
from ori ent at i B, @fizdd Vs &fibaFdH 983 RAREIFRRE Sirst 8icct90poladsr 466 iidbed
el sewhere. 10l n one enbodi nent, a fourth color [i1ght (‘hot shown) can al so
be i nj ectfest RBE d0Q theough first prism face 130, passes through half-wave retarder changing to
25 p-polarized first color light 944, and enters second PBS 100’ through third prism face 150.
P-polarized first color light 944 passes through second reflective polarizer 190°, exits
second PBS 190’ through first prism face 130°, changes to circular polarized light 945 as
it passes through quarter-wave retarder 220, reflects from either second or third color-
selective dichroic filter 920, 930 changing the direction of circular polarization, and
30 becomes s-polarized first color light 946 after passing through quarter-wave retarder 220.
S-polarized first color light enters second PBS 100’ through first prism face 130°, reflects

from second reflective polarizer 190°, passes through second prism face 140’ of second
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col or conbiner 900. In this enbodi nent, the polarization rotating reflector
conprises a fourth color-selective dichroic filter that replaces the
br oadbandwoiznronso@30 descri bed above, an optional |i ght PClnrsedo9/oessdl a
fourth light source arranged in a manner simlar to the first, second and
third (940, 960, 970) light sources, optional l|ight tunnels 430, and
15col or-sel ective dichroic filters (910, 920, 930) shown in FIG 9. Fourth
col or - sel REEY 1 Q. #damesesis¢hiough evarteetiage refamlpr 530, changsedosgulenpolarizsd] or
lights (94 . OF nd  tr ] r | i.ah ho . In
this enbaiheht, Craitie BBRg eI *aru WG R Y ha st oi Syt L0,
160 of fidigttiGBS diftdlaapolatioatidnd) bfonfmpt Rl izbE Girst@blos eighnesRBkr pEing n t he
p-pol arization state. 20l n one aspect, FIG 10 is a top view schematic
r epr esenttBioush apartarvaystptarder 282G gBisEs ceord BR3P 400 dhrongh seeond pommifacr 1000
t hat: i nclyde 0 ' It 3 ety of
| gh% soullré@é}a%se Egﬁeg‘%@} eggpde]%g 8& ere m?{Fﬁ%P%gt %?neg gf?%ﬁ? Pygylgb Oo¥h\f§aﬁa%hh
pol ar i zatfoatth gtigh €acenic0t e&ob-polarival fidst Sdlor lghgo¢ond, and a third l[ight source
(1050, 1060, 1070) are shown in FIG 10, to nore cl earlef1 illustrate the

T

0, :
function of thEcwath efiasseoandemipiialiiPsl viill sew e dessiivied avithrofnencpisFipo
i ncl udes ! I . i . i { J state
195, i spoeey pEfRLRePRLTENEE L3R Tk RGN pRulmiRe ISRdr B0 PR KR LR, O
120, as de$aiitestoat selohdpler.965 and fouktt prissi fasav 6 asfgttonsleiB 00 ashi | ter 1010
i s disposed facing the second prismface 140, and a second and a third

wavt] engtielard seqopd celor fight g dt wi blarprpreciatpdhakibg prthe ohsregnd ralof fighit
prismfa . 3 i C : i d: ective
Pl tors Croran yogToRhah L ieb e R RAbin DL SANEKCLERS I

sel ected to trdmsiartzed sédons tcoloa ligktcwndromsetoad tight duva\vsh pagich tispagtt r um of
| ight, respectively, and reflect other WD 2010/059684PCT/ US2009/ 064931
wavel engtReAWelorpiviecre dickric filis 3Aedussistreye fardereleentery scpidBS er 100
can conpriose I k tkd-a L i : 3 odli :
reflecti vlé)% pE) %%%z%%%%] fgr%: Ilgdt)jégﬁ rfs%gg %eg?llé(% Fséﬂg??é\ﬁéoﬁsb é%nz%F gg(?rr%%(gl‘g? fﬂ}ltst ,
secbthd, anw p-poladzaeioleosnds@ll@dighy 26 archy-polaritddl seesml doldd1ight 2@R20R- 1030), as
descri bed el sewhere. 5A retarder 220 is disposed facing each qof the first,
second afHER d°GBH P9 Lg@q%wésaeﬁ Frravgh segen ,eg'i@}?@,po 595 19 n°dBne cases,
as shown | I ) - ar n L g hat
spans, f 0S 'regbe@alr%§ %(?b ttﬁlgﬁ?]irl fﬂ{éntq1 %ﬁ?&%ﬁ?éﬁ‘g (ilgdglggsf t’d][ﬁ i éog{ryzlgggé%g.%lloﬁ %g%%re
cases, a ¥épaitgiasseseiranglehalR@ve etarber 2915s pross dirstd] B 80t theaugh first prism

color-selectjve fjlter 010,_.1Q20, .1030), 10A pol arization rotating
ref | ect orfacom® ricsty f@%#&%&%&ﬁavmlwe@a%nﬁsexa% §%g§§ lﬁaéhrﬁag he third

prisgn f acs%c&ﬁg;rﬁh B@@l@%-ylﬁﬁz@@é&&ﬁ&@élbﬂ%ﬁt %@Bhé@gs {h%dg%%%exf-w&&eher
conprises a retarder 220 di sposed between third prismface 150 and

br oadband-etarder 320, hddzcs By oadibampelarized bght1®B40redledts fenafide cola2felsaivee t o
convert pplarizati states of |ight |l.eavin he PBS 100 throuygh third
prism f adlichigs Tiigs 8o &%ﬁn.g@@ttﬁ? fse Qi RE F LB A Aot oot BEP I Gt  back
into the PRI {1QQcr 850 gﬁ?ﬁécb%gy%;o?a@%@ K&ond color li%—me)@getl)%cqa@{zea%gcond
color-selective dichroic filter (1010, 1020, 1030), broadband mrror 1040
and r ef | eotanhghp®baertare first B Scld¥pbroagk stawnt pamsrfate 40 posestbgoghlfirst

pol ?g ! Zatrleﬁgctive polarizer 190, and exits first PBS 100 through fourth prism face 160 as p-

polarized second color light 965.

S-polarized second color light 966 reflects from second reflective polarizer 190°,
exits second PBS 100’ through second prism face 140°, passes through quarter-wave
retarder 220 changing to circular polarized light 967, reflects from broadband mirror 950

30 changing the direction of circular polarization, passes through quarter-wave retarder 220
changing to p-polarized second color light 968, and enters second PBS 100’ through

second prism face 140°. P-polarized second color light 968 passes through second
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states of light through the fourth prismfaces 160 as a conbined |light, as
descri bed el sewhere. In one enbodi nent descri bed bel ow, each retarder 220
i n col or worthiom=p681000 20i s a quarter-wave retarder ori eaTaiSe@IAt4931
approximately 45 degrees to the first polarization state 195. According to
anot her aspect, an optional light tunnel 430 or assenblies of |enses (not
shown) can be provided for each of the first, second, and third |ight

sour ces (refetive poRozer1(PP0)and gxityizesend BBY 180 stdypehdouritherigafase dp0zasfi-r st
color 1li : i escribed with reference to FIG 2510, where
unpol ari 332}1 rzfg?é?c\ggglcglpg)wgtgﬁ&105l exits fourth prismface 160 as

p- pol ari zed fiTHetpa@ObRY third@blor ighO ANl IsnoRebaddseabed With tefeieh&s tolHIghY, 1057.
First light source 1050 injects unpolarized first color |light 1051 through
first col'reresnrpalanagd trdenleq light Pt exitsiipugh arsmdacer kedraf fustd Bt W asar 220,

enters P i fa 40, b refl ective

ol a1 zor oL LA RRE 7 R LoD, SRS BeCrqd BEREPEESIB0, 51 Tos2 and
s- pol ar i zZethrfzed sécondlolor ligtt781053. P-pol ari zed first color |ight 1052
passes through reflective polarizer 1 and exits PBS 100 through fourth

. . 90, and :
pri smface 16079!35iz86 third cader light 871 Eemghir jlight sopeas D 70\apses through'third
2010/ 059 - ' hr lpi@h 053
refl ect 360?) ?dg%g{ree e%? é@%@g a9r3 P’z%urart%égl%églgﬁ't%g&gég %%ﬁtg %@%ﬂgf@ f %Orogt prism
face 130,thaagh €ianges hea @O Gulcddchis spadndrrededivt ipghtiz&0B89’ asdiid sphasges
t hrough quarter-wave retarder 220. G rcul arl olarized light 1054 is
r ef 1&ct ed-Polamzedi thisé poloplighid 78 rand ninolprized Brirdseolerdight 8761 Rhplorized thirder
(1020, 10 1 i i . -ar i aat Lon, nges to
b pol ar i 2o ieLIRGAGsThBEy CcpRE kb pARAL 155, LA sl FREHET
retarder tRiddgh Bripoprasim ged 1507 shanged rs-polgivicd 10ibbceot kglg IPBSs tQAsschr ough
first prismface 130, passes unchanfged througﬁh ref|ective polarizer 190,

exi ts PBSTPYEh DR BRYR rethider by PRk e RE 400 Brenedrimgasm Giceil pburtizaty
pol ari zedy |4, &réf?eigv??‘?ol %izé]?_ggg,eaﬁldtemtgpgs?t i a];ObGEflfoW?lY e ogérll gﬁ%grfa&%ﬂ.

Crcularly polarize g Isre rom broadb mrror 1040,
chain®i ng Speluezal thtd colok EghtPyB3arubzatliromgh @haategeavagairiet 220selpabeytozed fir st

color light 1057 as jt sses_throu uarter-wave retarder 0, enters PBS

100 t hr ogrg%ueéﬁp?laﬂﬁ*i lé%%é‘iéeﬂ%% 8?1%& raeolorelsRY S FiEbOrG fﬁﬁséh?%’é?g 190,

and exit . i a 1 = i irst color
ShERRHIA of Iafr%g[}bpd}?#a Ol?h,ﬁiaks%gntﬁrﬁ 8%10@1% ef‘%a@e %?Arg%ﬂ %%%ﬁnﬁ

i ght 1057. second ight 10 now be
descri bedeopmts p-pblarientiirti @olelr Gghtl%/H0,P-pdler s dithipd calot held Sécateds it or | i ght

and - pol 279 SulenaeRaglgim igh T Dapes roveh Tungslarivs Q8 it il 681 or
1 ghy 106 ,E%‘P%‘Scﬂi@%ﬂoiugﬂi? FOI&H’ILHI{S%I 106 @6(P§§1§-§§BI§H?$&)&HQB cBRE gk 975,

col or-sel ective dichroic ter 1020, enters 00 through first prism
face 130, i nt &5-pelptisedrteirt eclor lightgoarilaty frafGecanddeflsctivpipplarizat 907,

- pol ari n I light 1 n
p-potart Ze?(gcs Eeecggd gBCSOI 08[ thlrlowx(l:]ght secé)nfiizplr?srﬁj face 140°, passes through quarter-wave

retarder 220 changing to circular polarized light 977, reflects from broadband mirror 950

changing the direction of circular polarization, passes through quarter-wave retarder 220
25 changing to p-polarized third color light 978, and enters second PBS 100’ through second

prism face 140°. P-polarized third color light 978 passes through second reflective

polarizer 190°, and exits second PBS 100’ through fourth prism face 160’ as p-polarized

third color light 978.

In one embodiment, first light source 940 emits green light, second light source

30 960 emits blue light, and third color light source 970 is red light. According to this

embodiment, first color-selective dichroic filter 910 is a red and blue light reflecting and

green light transmitting dichroic filter; second color-selective dichroic filter 920 is a green
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20 s-pol arized second color light 1063. P-polarized second color |ight 1062
passes through reflective polarizer 190, exits PBS 100 through third prism
face 150,wohargssesto circul ar polarized |ight 1066 as i PCpass@s/064y8DUgh
guarter-wave retarder 220, changes direction of circular polarization as it
reflects from broadband mrror 1040, and becones s-pol arized second col or

| ight 1067 as it passes through quarter-wave retarder 220. S-polarized
25second aaeires lightgpficctiog ané htugdighpegsmuting idirjh fitter; thirgealeimalestize 150,

reflects Jl&%é%rfﬁ{elr 6% {svh 1R L 1%81{ hél% é%tlgg %ﬁ%%e% 1% tr%gs%utttﬂlgéH%Pf ourth

prismface as s- olarlze econ ari zed

second cdaile. |A(g:bfd1ﬂé)ﬁ)3thfs%frﬂtﬂdirﬁeﬂt rtﬁérpr@idrﬁ@ﬁd)n/ﬁat@@mfd wes col@blighe fiohs PBS
100 t hrough second prismface 140, and changes to circularly po %arlzed
|i ght 106%&cens! lamit sousees2elsis tranyniid due tipusinipe seend refdctivo polaarerd0ar | y

pol ] ' Zedand'o%@é th%&f%i t[l% Hs?%ffelc{&e ;ga {11'1%@? t1 9§ cﬂlg - pgﬁg&g‘[ﬁén s?atgl f Hl %Ih?e { IIA ter

1010, changi ng ari za p- po At zed

second cdight froimgetordkdOgEht 3surté 9GRS S efcdtdir @ity fby qhwebeﬂid Mwnreqioadrdef 190A0
2010/059684PCT/U82009/064931 220. P-polarized _second col or ght 1065
enters PBSdPOee fAMGhY RIS sxfstvppelarer 48@ E@Geﬂ%@gé@remﬁ%ﬁ%@h@eﬁ ORr ough

reflectivg,gol dr%h'e@t?orn dfi‘c%ﬁ’thea&ﬁl %ﬁ{:}s BE@? e]]sﬁﬂs hjafrh&ﬂ{ﬂtaftf&yhtf'&l eh?&HJeace 160

as p- polarlze second col or e pa l'i ght
1071 wil Ipoﬂmmzefsa%esmlis&tésmﬁehemf;vﬁélence to FIG 510, where unpol arized
first color ght 1071 exits fourth prismface 160 of first PBS 100 as
p-pHl ari zed tHPIO&e gpbadimeng ﬁtfowvsolamglg(wsaw%@ntaﬁom ipisetse mtpdf  1077.

It wil %lcﬂ%{ﬁﬁleﬂbﬁﬁ ﬁhtﬁ{s e%%dﬂﬁ%d?sth%ilggg&{bﬁ 6k 1% réﬂe%trc gﬁse%d third

col or light rough col or conbi ner are si as seen in FlIG
10. Unpolfauitiz eslot-kdledive dicbiroit ifigphi thaOréplatesaire bivadbandi rgirtor 960keerib®F¥0 passes
t hr ough 10th|rd cal or-selective dichroic filter 1030, enters PBS 100

t hrough fa0P¥% aﬁ EpEenal ight tyapel, Maefroeabthg ht sopres @rapgedhis| adpsE SIBT tand i s

Split e ﬁrpsP aidzid (hidd [FhgC8h@D7) ‘?%hhts s, %ﬁrﬂéﬂ@mﬁéﬁ%@ﬁ@ col or

l'i ght 107 ari ze asses t hrough r ective
pol &%i z erco]lcﬁ&,eleeuvd: diclBis ﬂlﬁﬁs (91()09@) 980N shdwarih b6 f A cBoutthidola@hategase t 0

circul ar olarl ed |jght_ 1076 thr h rter-wave retarder
220, chawg@gow. wetstls ﬁtS&rStiﬁf‘@P?‘iEﬂ“L‘ihl 369 .hgg (OB 9813471V emf dEpsmy om

br oadban C Z66k+ 7 as it
passes tﬂ}g%% aéhggﬁg?mﬁggggféﬁgﬁﬁ ﬁmgghﬁ%g-poﬂggygg’ h|r63Iaésg thr ght
1077 ent dosrtiPBSsi @3:ct 160 ofi dinst PEISr 1) Opnid Sourttapesnd Hee lﬁé’fcbfesed:(mdeBﬁrﬂ(DOéfih ective

pol ari zer 190, and.exits PBS 100 through fourth prismface 160 as
S- polarlfgﬂpﬂﬁi QR e i ght 1077. 20S-pol arized third color |ight 1073

refpgcts frompeghl %ﬁ;e'ct/ ®10°1 P 'azt§15 V&%Ch%ﬁﬁ&@ﬁé&ﬂtatlon of an optical element

configured as a color combiner 1000 that includes a PBS 100. Color combiner 1000 can
be used with a variety of light sources as described elsewhere. The paths of light rays of
cach polarization state emitted from a first, a second, and a third light source (1050, 1060,
1070) are shown in FIG. 10, to more clearly illustrate the function of the various
25 components of color combiner 1000. PBS 100 includes a reflective polarizer 190 aligned
to the first polarization state 195, disposed between the diagonal faces of first and second
prisms 110, 120, as described elsewhere.
A first wavelength-selective filter 1010 is disposed facing the second prism face
140, and a second and a third wavelength-selective filter 1020, 1030 are disposed facing
30 the first prism face 130. Each of the first, second, and third wavelength-selective filters
(1010, 1020, 1030) can be a color-selective dichroic filter selected to transmit a first, a

second, and a third wavelength spectrum of light, respectively, and reflect other
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100 t hrough second prismface 140, and changes to circularly polarized
light 1074 as it passes through quarter-wave retarder 220. Crcularly

pol ari zedwbi2gtwo546344 refl ects fromfirst col or-sel ecti vecaiusheooiocs98il t er
1010, changing state of circular polarization, and changes to p-polarized
third color Iight 1075 as it passes through quarter-wave retarder 25220.
P-pol arized third color light 1075 enters PBS 100 t hrough second prismface
140, pas svéasvetﬂngﬁlaﬁ@g@wmwﬁﬁ&jﬂh }ne@neeaépaec\v,eth@tﬂf@reilmolqwr A0 garesanEIsPBS 100

through f d%%écﬁ%uﬁlfl ye? &ICJQFPIIH?'SIIP f%tﬁgltt Ir%h (Sjtlv%%l a,[lrlzell 95611%1%?

I n one e&b |rs I'S gree secon

l'i ght 106lud By&k d&pbicdiproxiaiack fifdt, l’s@bdﬁw ad thir@ b@loﬂ-@d_léctivé dicdoik ifitbts.
According to this enbodi ment first 30col or-selective dichroic filter 1010

is a red(éﬂH)Bp@%]@ﬁobanﬁﬁgbﬁﬁ%ﬁethght reflecting and green Iight
trangmtting g&?&%r(a 1922;](? 1std?s seﬁ%aﬁ'éjea?c | rtﬁeZﬁ%s?%%%o\ﬁﬁ aﬂh(&m ocfmf éell cfile 1020

is a green an ect| ng transm ChI’O 1 C

filter; oflerd fono, IC()QDOI(BO) V‘lﬁ %ﬂﬂﬂa@é&%ﬁ&ﬁ@ﬁl@ﬂ@om @M&ldaeae@ﬁm bea
dlchr0|c filter 1030 is a green and bl ue Iug reflectlngkand red |ight
t ransni ttqnﬁgry@re@meéﬂéoﬁhaﬁ srans, g exmenlpghe Br ﬁtl&mé%?@dépﬁé st PBYel G0; (gt

pol ari zatg, ratte?teeteghéf%2§%319pg dﬁgl)%fi a9t e%%ﬁ%o&{;%setl{ i g%?‘lt&%ed T ce

and the secon po a I'zation state o ue secon r 61l is
reflected10v9,de2ty0Bde refl ective polarizer 190. The first 5reflection is

preferably a front surface reflection fromthe blue |ayers, which results
frohd ori ent at idROBFIZatind rpkfing &sflogtor seMAFsing p bwdba%ma'égclpf‘%éﬂdlén%@mer e.

[n_one aspaGl ioFh G pfimirdcdt SO PASCHIOS SRR ol GPIERRNLBRLRR @fipgn opti cal

el enent contrgure RS™a "¢ol or co I ner I nc es a 0. Col or
conbi ner cbmsew\rdmduszad dt\ﬁpbkbddoeﬂ\aédnahyd@flsmlfgd‘etISQled&ﬁ@adbSndimﬁwn bed
el sewhere. The pat hs, of rays of l0each pol ari zation state enit

froma fikoép, Béoaéiéé%ﬂnrr%r 49 apg, rqt%r Fli Fhserwyp @@n\(eitlmamf!m Staﬂsé;lg@r e
shown in 1&{& 1PBtsold@;[% gh%fdo%né étlggta%dtr%ﬁ P{ﬁ%tcb BB%Z i OUS

conmponents of- color co I nc es a re Ve pol ari zer
19013I|gnﬁdethﬂhekﬁumﬁmlﬁﬁiaM)aaﬂmmnb&iasawmﬁé di sposed betmeen t he

di | f f f d d 0 d | sewh
I5ATirst, a SetantRd 8 cohmacaaval BgrLa i bl 18?‘2305 4 1120,
1130) ar onglonoRGthd ABLOR LR Ko lohsfd B5ndR, ER o naf n{lia':u%h

second, hird wavel ength-sel ective ters can be a
col or - selsttts ozfehgtlt thhoughcthé fdutrﬁrprfsei facetseldSOta@ atcoarbsmeidtlight, fas ldsstcnbed s econd and

athird elengt m of ht, respectivel nd refl ec
wavel engﬁéﬁs &@@traﬁgg %Pél gt dqsmeé%vbé@fh rettﬂﬁfégr 1B eploy g0ty una% (}0& 190
can@0Conpy iga&@- vPaRJeXf@E%fde? ofttthtell 3YEHrORbhER) 45 bddRheshd 1R EHALHERL -

reflective polarlzer
state 195. Accordlng to another aspect, an optional light tunnel 430 or assemblies of

lenses (not shown) can be provided for each of the first, second, and third light sources
(1050, 1060, 1070), as described elsewhere.

The path of a first color light 1051 will now be described with reference to FIG.

25 10, where unpolarized first color light 1051 exits fourth prism face 160 as p-polarized first
color light 1052 and s-polarized first color light 1057.

First light source 1050 injects unpolarized first color light 1051 through first color-
selective dichroic filter 1010 and quarter-wave retarder 220, enters PBS 100 through
second prism face 140, intercepts reflective polarizer 190, and is split into p-polarized first

30 color light 1052 and s-polarized first color light 1053. P-polarized first color light 1052
passes through reflective polarizer 190, and exits PBS 100 through fourth prism face 160
as p-polarized first color light 1052.
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i ncl udes blue | ayers di sposed proximate first, second, and third

col or-sel ective dichroic filters (1110, 1120, 1130), as descri bed

el sewher ew0 2010/059684r et ar der 220 i s di sposed faci ng eachPofi/ush@9ofs49st ,
second and third color-selective filters (1110, 1120, 1130). In sone cases,
as shown in FIG 11, the retarder 220 can be a 25unitary retarder 220 that
spans, for exanple, the first prismface 130 of first PBS 100. In sone

cases, a separupelafizaddfingisoloigzhe A0S hesflgets fogewllaeienorizentd. cxits PBS
col or - sel 1%%t hro%glg hrstt %Flsrg]f}c]eg]b %%?n hragiééféoté 1! Z{&ulari}ig@aﬁg&gllrél& %E)SAP 5 i potating

reflector co osed facing the

second aqﬁssr,ebl thfbu@h lqamérae@ve(r&tamer 12@) Cirt@aie pblameddlighdf oleﬁ rdfd&tedThe
30po|ar|zat|on rotating reflector further caonprises a retarder 220 di sposed

bet ween tfFum edkgeeeandeor phirdsenloazedecting dishepagi Beid 1A2¢.r1820). Bhanginsashdc ff r r or
1140, 1150800 0EhA AR i IRZNN0LIRINBARIL USRIRLORAIIL iGRASENRT O |

convert p arl I'on st a eavi n

conver t edppatewbzatctadder0at e- ﬂdlagbzfed iagtkcolontight 105 5RBGrSIPBS 168 tidesdr filded
el sewhere. The retarder 220, color-selective dichroic filter (1110,

1120, 1130M Bee hibaascninghgpeqdtivmygh taflgiive pelarizesfl PRty EBSoI0Qthmgeh 190
cooper at qhﬁ&)})ﬁgrﬁ ?d@ltsot c%fa gé%%@ Lyl b %%e%tlidgg@ééééas dsse% g&%hthfough

the fourt ISmfaceé 1 |ne escrl ere

one eﬁbodjuﬁﬂat-wdﬁﬁlfétardi@d2beC@\Nulaﬁlg(pblalheécahglﬁrlogaﬁ)s tefleetod fomagoiibasd 1100 is
a quarter-wave retarder orientated at approximately 45 degrees to the first
pol &} i zatmigier d P44, eharging sate of gireyak Epl%@flﬁ’érCha%%é@gamé%S@B%W%ﬁrSF i ght

t | 4 h of
tunel S BERERLT TRl hEIFRa ARauRE S RERINK fafutalgeech ©
descri bedhed pawhdae. 1 50heflpet Iﬁroﬁf reﬁleétmesliolamleot% lagdh txilsIFAS W0 thran(gh[ be

described with reference to unpol ari zed first color |ight
1161 eX|t§u$%ﬂﬁﬂﬂﬁﬁﬁﬂ§9@ﬁ§@@bﬁégi5§“60$6P§mﬂ9éa first color light 1165 and

oL o Iy P AL el i (4 M oo st ot

of second col or Ilg t 1 r t hroug
conbd ner ml%el&nmpdzﬁﬂlze’d éeaond aﬂoslegm 1061 &tifs. folrth pfan fided 68 ak g-polarbeévi ty,

only the path of t ol or ht rough col or conbiner 1100 is
des>c/r| bed‘gf}@} lor hr:g%t 1(%5 an s-polarlze secondl cojfo l?ght 18

Unpolarized second color light 1061 from second light source 1060 passes through
second color-selective dichroic filter 1020, enters PBS 100 through first prism face 130,
intercepts reflective polarizer 190, and is split into p-polarized second color light 1062 and
20 s-polarized second color light 1063. P-polarized second color light 1062 passes through
reflective polarizer 190, exits PBS 100 through third prism face 150, changes to circular
polarized light 1066 as it passes through quarter-wave retarder 220, changes direction of
circular polarization as it reflects from broadband mirror 1040, and becomes s-polarized
second color light 1067 as it passes through quarter-wave retarder 220. S-polarized
25 second color light 1067 enters PBS 100 through third prism face 150, reflects from
reflective polarizer 190, and exits PBS 100 through fourth prism face 160 as s-polarized
second color light 1067.
S-polarized second color light 1063 reflects from reflective polarizer 190, exits
PBS 100 through second prism face 140, and changes to circularly polarized light 1064 as
30 it passes through quarter-wave retarder 220. Circularly polarized light 1064 reflects from
first color-selective dichroic filter 1010, changing state of circular polarization, and

changes to p-polarized second color light 1065 as it passes through quarter-wave retarder
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Unpol ari zed first color light 1161 fromfirst |ight source 1160 passes
through first color-selective dichroic filter 1110, enters PBS 100 through
first priwon2beusIeB30, intercepts reflective polarizer 190T/uspa9i06493pl it
into p-polarized first color light 1162 and s-polarized 20 first col or
light 1163. P-polarized first color light 1162 passes through reflective

polarizer 190, exits PBS 100 through third prismface 150, changes to
circul ar 38! é’rw@r@zemsgmndlcpm light | 65&@5@5@@8%6@@@&@%@@1pwéacrséfla,rder
220, ch f t f
br oadbandaars o pE ey Tty BpoRRL S 1oL SPaS 10BN Bl o
passes t r3doface U6) dp- pmﬁged@b@m@nora@t 1§30l ari zed first coI or light
1167 enters 25PBS 100 t hrough thi rd7pr| smface 150, reflects from
reflective poIH}elPZ‘élPOflaQ@“d&ﬁlﬂ)rélghtt]so prglroy bedaoseabedswidh facrersedmbiGce 160

I fi l'i ght
163 Fof | S Bk STt Bt (B g A0TL exivyfpurZpRE Hos 3P s T PEI Rl oma

prism faqﬁpdléﬁzedahdd chlanfgis 11005 ahd spbhkikzyd hivdabioréight 1@t 1dd88bas it passes
t hrough quarter-wave retarder 220. Crcularly polarized light 1164 reflects

f r om 30brapaEpsERe thitrthe pathy ghscoencheripiléghs f 8¢ bansk thad celor lightd)7a thiongh on, and
changes t o, 65 as it passes through
guarter- V(\g.)\llog CfBe g{%gg@o %8 lagogfsgsr ?Iglenﬁt I %ét color light 1165 enters PBS

100 through sdémpudarprei shird ader lﬂg41®;lOphﬁsmshmdlh@ﬁ@&&etlbf/@p@@e%ough

2010/ 059684PCT/ US2009/ 064931 refl ective pal ari zer and exi ts PBS 100
t hr figh fBd tswobﬁ?l%qﬂ%ﬂéfél@eéi t55 1 930 etaysi PR 149 ﬁhgqugédir%frmsmgﬁ%e

In one e ool I or

| ght - 1270 PR Aot hE RblaFZeon LAAK sl ol Fpclb iR b ior FERONG il
Accor di ng- poiarﬁjedshledm@di lmgntlmj i Pgblabeed ﬂnrd&@llc&dighvmm Iﬁahsesltlcroﬁgﬂ t er 1110

is a red apd blue (i etaillght reflecting and%ﬁeenll
transni ttrp%ctw@ma&%r 100y eeps PR Y hdToush hird prige {454 S8 P%?SGOPFP‘%IéTr 1120

i .S a gr egﬂ) dﬁ&gd fij ﬁ't 073% 1 éfctgge@?ﬁﬂoﬂ% @%?tg?é&’é?e két%&ri é)agﬁdﬂgg &ﬁj&tlgh Bbr oi C

filter; col or-sel ective ter is~a green and bl ue
i ghf refdiealar pglaamhomad il iefjfadts fromrtgoadbnd ehigoic40i and bdcomes s-polaared ng to

this enbodj ment, the first polarization state of the bl e Osecond, col or
i ght 116%%1 golof HghirhOr'y é%ilttp\ﬂfsééthéﬂ‘bght%@“%’é%ﬁf‘dr%ﬂ%rrzlB arggediirgt t he

bl ue SeC%;a?orqghr ﬁ&faérs PB8Y 00 %h ﬁg @%lsgnr WaEE1 8 ¢ %ﬂb%tsrﬁérﬁ&iécﬁse pol ari zer

190. The firs ' ection I's prefe ont surface reflection fromthe
bl ue | ayqrod;a,rimhlﬁéih anésxitst BBS i @irthosughrbertth pnsmffadeHé0 e slpebirized thil catdrz er

190, as i ?]gr ed el sewhere. In one enbodinent, a fourth color |ight (not
shown) cat$ 199 be injected into the 15col or conbl ner 1100. In this

enbggli ment, ong,the, ROhAE! 'cél%} !@ﬁ‘ttlro% %f‘lé&% Fr@rﬁ'r@f‘?éc%ég&l@ﬁ?ér'l@@sex%mrt h

col or - sel ecti ve d| chroic fil hat replaces the broadband mrror 1140,
1150 descliti0bkeugibsacend ansmpfaaeolﬁal ard ghhgdsuoretyladypolarifaiuiightt 1074t it sour ce

arranged in a nner simlar to th i st, second d.th 116 1170,
1180) |.gmtsse§&ga Qgh qU STy %Wareﬁar%ﬁ& u H@rlgﬁwg@aﬂ l%lhﬁf ge%'ﬁ ?ﬁ

di chroi c g éo%ﬁse(e%ﬁé@dlcﬁr%?@ﬁlt&%% HRAYA kRt fGircdthr p@ Qi R0 dhd
color-selective dichroic filter ref 1ects irst, secon% and third col or

| i ght s (Jchaﬁ)ges1d@@ola1m8®)hlrdamdbrtlr@n$®ﬁﬁtzss if wsdzsrthm(ugbquam@mav(enctarc?@hom) I n
t h|

160 chgg Ijé%arﬁs: t 1rd co |019 lrlght lg% el?flerssq)ééaf(% t%rougil 9orllldfp?1%rrnttgcé) H sm face

passes unchanged through reflective polarizer 190, and exits PBS 100 through fourth
prism face 160 as p-polarized third color light 1075.
In one embodiment, first color light 1051 is green light, second color light 1061 is
blue light, and third color light 1071 is red light. According to this embodiment, first
30 color-selective dichroic filter 1010 is a red and blue (i.e., magenta) light reflecting and
green light transmitting dichroic filter; second color-selective dichroic filter 1020 is a

green and red light reflecting and blue light transmitting dichroic filter; and third color-
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In one aspect, FIG 12 is a top view schematic representation of an opti cal
el ement configured as a col or conbiner 1200 that includes a PBS 100. Col or

conbi ner WOQ0100&m6825be used with a variety of |ight sourceaSasmdesari bed

el sewhere. The paths of light rays of each polarization state emtted from
a first, a second, and a third |light source (1250, 1260, 1270) are shown in
FIG 12, to nore clearly illustrate the function of the various conponents

of col or S@bﬁwqﬁ@ph@m@lte@@@ isoogieere psdidge Hehtapfletingywad pesl light sapsmidimeal | gned
to the fifst R4 {%“ 2aL 00 1n Stg?gflﬁf%%%dmgé Rﬁé??sbgglta}/}?zﬁ{&n RIS 8'%@93[{1%' faces of

first an secon 0 rls escr where I st

wavel engtdaesrl @dri ligﬁt fod1tigtradshli®ed Swidt an® R Acadidgotitizatihestaefof @t blve
pol ari zer 190 and facing the first and second prismface (130 140), and a

second arfgcandqelqrdighp! 1@#@@9@9@@/@@@6@6@@4@9@%@9@%n@hﬁh 56| ecti ve
filter 1%%Hecn%ﬁ§§)pr%&? dﬂ%%%@?&&%ﬁ r&?ect]&ggpgﬂpé 'Blu%ﬁé;f @é&%?ﬁ%%gts h of

the Tirst, second, engt rve fi

1230) Camrhﬁtaﬁoﬁ @fﬂfe-rsﬁécﬁlﬁé ipyRrid¢rclPpacddirditodrel seheat ed t o transnit a
first, a second, and a third wavel ength spectrumof |ig respectlvely
and reflect otlR@NCaRREE! EHat H ispden vigisschemaiq @ﬁfeseﬂtﬁlm aﬁﬂﬂéé& clgnpeat

refl ectly 1'11%5'&1;? 1%? &Heﬁﬂ%rthﬁ?n&uciieg&yﬁﬁs" 160 ”ﬂ?‘&lg Eerol%bgﬂﬁ film

In one enbo nent Ive polarizer i ncl udes ayers I sposed

pr oxi mat ecfsed withal V@hﬁ@/&lf&tght sirebs abhdedceibéd Elb@rhet@10he pe&h@l@ﬂcghlt Bsd of
el sewhere. A retarder 220 js disposed facing each of .the second and third

col B - selcaeh polarizgtionestase %@é@é froppafiyst, 4 speeprheng adued light sawsanl ol HG, 12,
the ret arﬂ%bﬁ%@h@%{g pﬂotrﬁér%tcﬁegggﬁ%gﬁ{e thé Runchah oPRBRSriodLr exanpl e,

the fourth prism firs I'n some cases, a separate
retarder cZﬂQ)oﬁarts bﬁccdd)tsqmﬂcﬁﬁhrad packBS l6adirlwds arreeltiec polezdr 190eatighdd? 20,
1230) . Eolarlzatlon rotating reflector conprising.a broadband

mirror 129¢hs ErsyipelsEigaiprrsiais AgP 1hwoshsivesHy the dagaa faces obfirspp! $500d The

pol ari zatj.Qms9bafdongs s&kLi6 ag\g d her 15conprises a retarder 220 di sposed
bet ween écogdp?%sn1 acell 0 5% Eroadband mrror 1240. Broadband mrror

12405 and ret arAlﬁrst,?aZ@:cSM wel atmlrdomwetehgmede&rctlzaﬁltar(l$1(atlé30 of13D) ght | eavi ng
po ar | 2at g el GBS BEER SR Id0; ReTPBEhE . Seobaes e Srkabere. The
retarder s%i%gtelvé:ﬁllt&ﬁ (ﬁqb?ﬁio\,/?lfrb)ccgﬁ Bé & chok-tsaEctfvje%}&Iroﬂ:%ﬁ@r s&g&&) to br oadband
transmit a first, a second, and a third wavelength spectrum of light, respectively, and
reflect other wavelength spectrums of light. In one aspect, the reflective polarizer 190 can
20 comprise a polymeric multilayer optical film. In one embodiment, reflective polarizer 190
includes blue layers disposed proximate first, second, and third color-selective dichroic
filters (1110, 1120, 1130), as described elsewhere.
A retarder 220 is disposed facing each of the first, second and third color-selective
filters (1110, 1120, 1130). In some cases, as shown in FIG. 11, the retarder 220 can be a
25 unitary retarder 220 that spans, for example, the first prism face 130 of first PBS 100. In
some cases, a separate retarder 220 can be disposed adjacent each color-selective filter
(1110, 1120, 1130).
A polarization rotating reflector comprising a broadband mirror 1140, 1150 is
disposed facing the second and third prism face (140, 150), respectively, of PBS 100. The
30 polarization rotating reflector further comprises a retarder 220 disposed between the

respective prism face and broadband mirror. Broadband mirror 1140, 1150 and retarders
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20m rror 1240 and reflective polarizer 190 cooperate to transmt two

ort hogonal pol arization states of [ight through the third prismface 150 as
a conbi newol2ogitsoesas descri bed el sewhere. I n one enbodi memuUSd@O6498Ed

bel ow, each retarder 220 in color conbiner 1200 is a quarter-wave retarder
orientated at approximately 45 degrees to the first polarization state 195.
Accordin 0 anot her aspect, an optional light tunnel 430 or assenblies of
25| enses %@Hd?fVS’H@(AmVeétai}ﬁ?l?’é@ab‘Plb%tW@éﬁf fight leayete the PBRel 00; sk redisecé dhied, and

third 1i %%%V&?e 12%%%1;5 aﬁttejléglggac%%ﬁ Q))the ﬁég%g%{s &% %1b§d%?s\t@h filk: The

pat h of I TSt o now escri R Feference to

FI G 12, wher erhmmkwf Qzedotdrrsatecmi dichroicdfilter 12HID, €X2(, 9 184), bdag@dngm f ace
150 as p-polarized first ‘col or i ght 1252 and s-polarlzed first color Iight

1257. 30rpyey (] §49ni 1 xhuandaciontige ipﬁiaélé@rsl%waepﬁaﬁez@&wﬂs%EW%qﬂmgomlg ht 1251
| nt os PBS pf]oﬁ’a[‘%%zw&fg% Lfﬂgﬁt Rl SSSmHU 9488k CB@B@%Q ggt ¢l ective

di chroic ercepts re ive polarlzer I's split

i nt o p- palecatrited@dlseivhsie. b eﬂlb@iiﬁleﬂﬁ&gcr&iﬁd eigwalcath ZeatddM20 in color
2010/ 059684PCT/ US2009/ 064931 first color light 1253. P-polarized first
col or |i giembinesd 1%sswaﬁﬁ?wa@%reﬂ%ﬂw&ﬂepwdpﬁé|aaprp§1ématq_1965 deageetoithe PBS 100

t hrough f g{ﬁrohar alclgrq%tfa%c @51%}%0% ITrn élgfgs%]@&' 51?6 ﬁ?llap]{igﬂt Itlgﬂlte 1‘3%?@1’

S-pol ari ze Irs Fom Pe ve po arizer 190,
passes t hisaumghlick of B:hs@C(h@lfshSQh)?Gdnl beepravidbd foreadh oftthe fits? 1Rcorrix alidth@S 100

through second prismface 5 and changes to circularly polarized Iight
12540 as |ltghb§f§’§%f‘§ { Hi%d g0 dllg@)t é@d%‘a‘%‘@eq ¥AWE: 220. Circularly pol arl zed

light 1254 is pff aﬁf:&eefjﬁlfs{Q r%{i! I‘Qxﬂi‘h& S d%?cff%}pd GRANGf. Océhﬁ“

circular polarization, and c 0 p-po arlzed Irst co ' 1255 as
it passesllt iwhemgimpqlaﬁlzécbﬁrsv\auer ]Ii@tt&ﬂdEEm&ZtBurt]E’ppSlhéﬂideZlﬂSﬂ ab IpFlﬁilar&!Bﬂ(ﬁilfstl i ght

1255 enters PBS 100 throu h. second [)I’I sm f ace passes unchanged t hrough
first col®frdighbétqiandson %rr?re&fklsstfcr) &ighty bify. émﬂfﬂaﬁf ywEssiared et BFipsds 190,

exits PBﬁafle?%ﬁP%%ngf Pluzrlta'ﬁdl?ﬁlkééel{)] t:!t%)]! t ?&%h%?d}gﬁﬁlbh{%rgmd: arly

pol ari ze as It passes t g quart wave retar
G r tul ar Isymjpal, ay sezedh Fi(@Htl. F3béheisaks ef brecitye dnfyrthopeathtofiehe Setariok lqghtt hird

pol ar i zathi6h Mok GUG saiper 300 SyBR RSB o1 col of ©ight 1257 as it
pacscs, Lt oL 1 RS Ll e ok g 100 auamdur !
t hr ough tdolaréeleciisnditimoe 1560 14$0,npos RBBE 264 thirbugt fisopasm facgHB0,lidteYcepts
reflective polarizer 190, and is split into p-polarized first color light 1162 and s-polarized
20 first color light 1163. P-polarized first color light 1162 passes through reflective polarizer
190, exits PBS 100 through third prism face 150, changes to circular polarized light 1166
as it passes through quarter-wave retarder 220, changes direction of circular polarization
as it reflects from broadband mirror 1140, and becomes s-polarized first color light 1167
as it passes through quarter-wave retarder 220. S-polarized first color light 1167 enters
25 PBS 100 through third prism face 150, reflects from reflective polarizer 190, and exits
PBS 100 through fourth prism face 160 as s-polarized first color light 1167.
S-polarized first color light 1163 reflects from reflective polarizer 190, exits PBS
100 through second prism face 140, and changes to circularly polarized light 1164 as it
passes through quarter-wave retarder 220. Circularly polarized light 1164 reflects from
30 broadband mirror 1150, changing state of circular polarization, and changes to p-polarized
first color light 1165 as it passes through quarter-wave retarder 220. P-polarized first
color light 1165 enters PBS 100 through second prism face 140, passes unchanged through
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The path of a second color light 1261 will now be described with reference
to FIG 12, where unpol ari zed second color light 1261 exits third prism
face 150 wochavges4as unpol ari zed second col or |ight 12@CT/USRo0wiob493be
appreci ated that the paths of second color 20light 1261 and third col or

i ght 1271 through col or conbi ner 1200 are simlar, as seen in FIG 12. For
the sake of brevity, only the path of the second coI or (();ht 1261 t hrough
col or corBilersive pobOZersl Weand ¢Xb‘éd’B§e1 Qghrough fourthpyising fice éa gepoatiried or
l'ight 12 | i ght source 1260 passes through second

col or - seleﬁeTS {Ogéplfﬁ%?ﬁ% c filter 1220, enters PBS 100 through fourth prism
face 160, 25and onbtebeeipicat, feftlcotdrilight Pi@ids pren litR0sccbhe clophflarliizedk st at e
of second color light 1261 is reflected fromreflective polarizer 190 and

exits PB@M@@%&%@J@W £oloF Helyrlil§ nis f@éélghESGACCPFan@mp@lSe?ﬁm@é‘éfn@&taﬁ@t of second
coloy 1li S t t f reflects
f ronjlr fi rg:':&iog(])ﬁ% %%t-l{éez 1éltlizlt%pcvfgl]te&ir lgg(g %Slhe{(’:t%? %Pg 'bﬁ{efgg hl\é erR 1 hgéeg{eﬂﬂw? arnéiugh

refl ecti ugeqolight trZﬁS’mltt&{g(iilehfbicSﬁl%Bsse&&Qi ddwmwatlb@dlrcﬁrom fisen1flaoes 450. Thus,
it is seen that both s- - polarization states of the second col or

li ght 12@[6%@11@6%@@9@6%@@9@ hh{eﬂghf Hrpsinipingghshreje diltesgnd third colot-py gne
enbodi ne i 1261
is green lec{]4{5§ @Qlﬂ 96‘? alé%l g ]fdﬁ%kéijﬁg]!ltsrg?ée m?%gﬁ?&“ (t:glia %dﬁlgt % this
enbodi rrel’tilchrf)lcl‘fﬂter coicmbrds@ teahis\eﬁlbddﬁﬂmrn@ithe fitsk pelarid2ibil stede af thedlwend green
l'ight reflecti n(I:j and blue light transmtting dichroic filter; second

col &7 - selseeandveldilight bl &l i itllafl@ill“f(i pice §méﬂx§|sa@n§rmlar@aﬂ@} statstof fherblact i ng
and gree t g:pg: o} | ective

di chroi chgfe &} ter 13{%%@? |msélalls g%leeg]heagﬁ yfthé eqfeﬁtl 1 %Qg% ?%g gﬁédﬁ}%gd | i ght
transm t trefigetidh dhpretfeealily bifemnt sur'fagbtrefmaum ﬁsm the aluedhyasrs, Whidit resdtstfiom ng

system can, be energ\ezed sequent. al | as descri bed in co-pendi ng Published
U.S. Pat ehtentagipn of ieirgtheatiye pelarizgogossadrsoted phwadsicdi ng to one aspect, the

time sequence phgnsYRERAMUNE &G0l Boldr ﬁ%@@ﬁ&?sﬁé&vﬁﬁ ralsr elﬁ EﬂeM‘?ntb@i?eg' ng

device in a projection systemthat rec es a co I ne out put from
t helXol orcolargbmba@niyil 0. nig thm&hﬁ)ndmikmc,mndlth&gpdlmmen m;tanmg neﬂbctterst I me

sequence is repeated at rate tha st enou t hat _an appearance of
flickeri rf@rr@mf%f%@béa lorrglgetty 1%1%10 i thahee g@ﬁﬁ%ﬁ*@%@ﬂé@% mﬁ%@f 1&2
artifact av0| ded.
FIG 13 i 1§gg§?cgtﬁg§9ﬂé&%r%]{§&%i)ggph%oo tB[ %l an&H elgggg?l#éee C |ght

combi ni ngn&mt emilh8@2he 'ﬁltﬁe deborekanclahod (1l6§ht 1700 rb80)ilight snpscteemp.h’éﬁﬂ provi des
i ght - out it el ds bl o e AigoRdiiry pdad il LOMIHEE THER (oot pat
at syt DUtFJu?tQ'CQIBr L3R4 RaBSHESi AL YL cld 5 second and third color lights (1160,
1170, 1180), and transmits fourth color light (not shown). In this embodiment, fourth
color light also passes through fourth prism face 160 of first PBS 100.
In one aspect, FIG. 12 is a top view schematic representation of an optical element
configured as a color combiner 1200 that includes a PBS 100. Color combiner 1200 can
25 be used with a variety of light sources as described elsewhere. The paths of light rays of
cach polarization state emitted from a first, a second, and a third light source (1250, 1260,
1270) are shown in FIG. 12, to more clearly illustrate the function of the various
components of color combiner 1200. PBS 100 includes a reflective polarizer 190 aligned
to the first polarization state 195, disposed between the diagonal faces of first and second
30 prisms 110, 120, as described elsewhere.
A first wavelength-selective filter 1210 is disposed adjacent the reflective polarizer

190 and facing the first and second prism face (130, 140), and a second and a third
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20engi ne optics 1306 to projector optics 1308. The |ight engine
optics 1306 conprise |lenses 1322, 1324 and a reflector 1326. The projector
optics 1380 20wmmspisge a | ens 1328, a PBS 1330 and proj ecPComSk@nses31332.
One or nore of the projection |Ienses 1332 can be novable relative to the
PBS 1330 to provide focus adjustnent for a projected i mage 1312. A
reflective imaging device 1310 nodul ates 25t he pol ari zation state of the
i ght i n whelgediwiacsre Gpei 620, E80digdisperediferieghthctfquids priswe face 4R passi ng

t hrough t P 0 i . I 1,Q0..J i HDEB to

pr oduce J%%hSggféﬁﬁéﬁggﬁ%§%h¥@%g%a%g§g§§%§?&3F$§§?¥h%g%g%?s’cthP%@mio t he
refl ecti vecoléragldigveeiheee ARG cRbEd t@trhhs@ifit a SedrLRSold3 dd a 348 and 1320 to
synchroni ze the operation of the reflective inmaging device 1310 with

sequenci rtpvsiengiespestyhn of Heliteespergyely, alrgflegi@thes »avelgugth spesérugspéct , a
fi ' t ' i ght . i i ' ted
by choh TR PTG el LR ol Lo

| i ght outdptitalcfilm. e oheeybdbdichdagedfldcavepslatiadr 100 miilinds bh0ydrhidgpesadout put
region 1304. The_second WD 2010/ 059684PCT/ US2009/ 064931 portion of the
conbi ned Nrp¥jAtatccigt gplorwedsptive dichepig filter 12 10 odsatesedhedichehsg- r ef | ection from

for exanple: a Rl >R HRHb&A hYfie PRAJFHEE oot LRI hAGLbIE LR and the
{ i1 Tus 1% 'n F@g %% ﬁ t

| i ke. The arrangenen rate I'S exenplary, an he |i ght
conbi ni ndilsystlens, i3o%| bsethcaaseshss shoed inFIG. I, Aerrc@rdyr €20 canbsy shieds as
wel | . Accordin% to one alternative S5aspect, a transm ssive inmaging device
canlbe ude@rder 220 thapgpags.drnerample dle sl prismgaccol Qorof| firgiRBS Kb i isFCsy st em

as descridhed é‘?é})\éﬁaté’fe?ﬂtf&ez?oacaﬁ BE %Rg&ld%%a%@ieeté‘ ?cgl -%é%ctivé“ﬁ‘ftgféﬁ%_&@m has

hi gh efficienhcy because polarization prop I'on pol ari zed
| i ght and280ansm ssion for P-polarized light) of a polarizing beamsplitter
with reflective polarizer filmhave |ow sensitivity for a w de range 10of

angl es of i ncidi@pREZYoNIBBS reflegior comprping 8 haradbend miFari 13A0 sotipRMiEht s can
o o] SOUTY . b . |
e use fgw gﬁé%éé%&gdrlsh{'ﬁké oAy Of Pﬁé‘?odé'o?ﬁ% %E&i&lohgﬁtﬁtlﬁg%q%ﬁagg&hbpe col or

conbi ner. ertain degree o tion, ere w
si g f i cawinprisgid rekaadae 0aksposdddictslcan debondagrisat faoe 140 aetl eloadband méfoecti vity

as a function of angle.of incidence 0l), loss of TIR or .increas
eva_nesc_enl_t24§o&5%d§@§ wqurdggﬁa_fl@rqtﬁég%ﬁ SCENTAP SPTHERIREIIBR PP S80etn
15di scri %Médﬂ)l@ PR (fd’tﬂf‘otufbﬁ @edoﬂd?ﬁgml??é Jh4'0[‘ aﬁd‘t%dﬂé&%ﬁé’éon%ﬁ&dhos ure,

| as [ig )

pol ari zing beamsplitters functio t pipes to keep t contai ned
by total pokrented stateflightbidcknntoahadPBBl166sadicemribed thewhigh. desi red surf aces.

Al t hough th toi ti been d ib L1 h t
or o er P cmboUTEHIET HbroRbrSeGRa Bars s (b 0 W10, 120G P dgnta
Changes MaioP S RRAR feflel e BoRRRRF APl Rpkrald bAMImATRG LIS, AALARORP! T T

and scope of the i1 nvention. S otherw se | ndicated, nunber s
expr essi rtptéseattlighethsoughshe tmmlyntssy faan d5 piyscaabingt bgler asidescriedd i n t he

specification and cl ai re to be understood as bejng nodified b e term
Bbout .+ SReRdt oy P BEE hPC 0D R RBRE S0y SPiRe HaRERt LD
par amet er;§ , $84rtdrQldN brdeP6rib RACIAN HHrSERGIL £2ULRE 30 thAt kg gbai M8 are
25appr oxi mations that can vary dependi ng upon the desired properties sought
to be obts&itedé?. According to another aspect, an optional light tunnel 430 or assemblies of
25 lenses (not shown) can be provided for each of the first, second, and third light sources
(1250, 1260, 1270), as described elsewhere.
The path of a first color light 1251 will now be described with reference to FIG.
12, where unpolarized first color light 1251 exits third prism face 150 as p-polarized first
color light 1252 and s-polarized first color light 1257.
30 First light source 1250 injects unpolarized first color light 1251 into PBS 100

through first prism face 130, through first color-selective dichroic filter 1210, intercepts

reflective polarizer 190, and is split into p-polarized first color light 1252 and s-polarized
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by those skilled in the art utilizing the teachings disclosed herein.

Al'l references and publications cited herein are expressly incorporated
herei n bywoehsrisnsse in their entirety into this di scl oseceuseooompto3to the
extent they may directly contradict this disclosure. Although specific
enbodi nents have been illustrated and 30descri bed herein, it wll be
appreci ated by those of ordinary skill in the art that a variety of

al t er nat dirafrolarlioht L2 34l Repelariags fiveenler light 42 Sapasrs thigwsh reflectve polprizdie
f
specific 1"9'6*)8 é“g %ssf&"{’ﬂro%%ﬁfgu%pg s%le%cé“‘léms“ﬁp @gg%&egﬂ?%&é@%hﬁﬁg%wpe

of the presé osure 'catt on i's
adapt ati ons ors yelaiiadd scaddr lidhe 1 PRIt fiorbedictmrifpl 4z £ UNE passber ei n.

Therefore is intended that this disclosure be limted only by the

cl ai s arfhmﬂlﬁlé ﬁé‘aﬁakawS@lﬁ@tsvetdﬁ@}r@@fﬁlteV\bwbf@vt&)%@%é%tmltmgm%g facphat i s
I d

chaued 1y oo Ll B RATRESELNO el bt RlpEnRRlest Ve,

| i ght bea;maﬂmr pe(deﬁudﬂaﬂy polatibel light 9054 Bipuflcded fra@droalbsetmittor 1240,
color-selective dichroic filter having a second input surface, disposed to

transnit CHaREBYHEL quﬁpulﬁém%ﬁ@@ﬁlﬁar@idcc@%gestt@pméaﬂ@é@ﬁrﬁﬂ cplaplightsi@pp ase; a
first refyj %& %ﬁ%o%ghgﬁé&&rwﬂe%&% P'zﬁ(? P%BI%E&&PE{SE P&oif féé}ﬁtlz'sﬁ glkrsg8M and

t he 10seco am at an an pr oxi mat e egr ees;
100 through second prism face 140, passes unchanged through first color-selective

10 dichroic filter 1210 and reflective polarizer 190, exits PBS 100 through fourth prism face
160, and changes to circularly polarized light 1256 as it passes through quarter-wave
retarder 220. Circularly polarized light 1256 is reflected from either second or third color-
selective dichroic filter (1220, 1230), changing state of circular polarization, changes
again to s-polarized first color light 1257 as it passes through quarter-wave retarder 220,

15 enters PBS 100 through fourth prism face 160, reflects from reflective polarizer 190, and
exits PBS 100 through third prism face 150 as s-polarized first color light 1257.

The path of a second color light 1261 will now be described with reference to FIG.
12, where unpolarized second color light 1261 exits third prism face 150 unchanged as
unpolarized second color light 1261. It will be appreciated that the paths of second color

20 light 1261 and third color light 1271 through color combiner 1200 are similar, as seen in
FIG. 12. For the sake of brevity, only the path of the second color light 1261 through
color combiner 1200 is described below.

Unpolarized second color light 1261 from second light source 1260 passes through
second color-selective dichroic filter 1220, enters PBS 100 through fourth prism face 160,

25 and intercepts reflective polarizer 190. The s-polarized state of second color light 1261 is
reflected from reflective polarizer 190 and exits PBS 100 through third prism face 150.
The p-polarized state of second color light 1261 is transmitted through reflective polarizer
190, reflects from first color-selective dichroic filter 1210, passes again through reflective
polarizer, and exits PBS 100 through third prism face 150. Thus, it is seen that both s- and

30 p- polarization states of the second color light 1261 exits PBS 100 through the third prism
face 150.
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a second reflective polarizer disposed to intercept a second pol arization
state of the first and second light beamreflected fromthe first

refl ecti weopolozsbeser, at an angl e of approxi mately 45 degrasg009a6493t st
retarder disposed between the first color-selective dichroic filter and
15the first reflective polarizer; a second retarder di sposed between the
second col or-selective dichroic filter and the first reflective polarizer;
a reflector dilapsseambedimenatiirg colosdighiblipdlis blyctight, seqond eplor lighi i6dépt s t he

seren. | LTINS HONRILA L0030 FIBA 8,80 SRPLAILI St eg, omn

athird re e Wween the seco arizer "and the
ref | ect orgolomsercetive dibkrofd filgdr 1amolisseeandd gefch ¢ighi Nedlc@ilgaand Abuslight he
reflector, and the retarders are disposed to

convert dravspsHag pisheic HHen sarond seler-seleative dpabreie Silten hiROsia @ bl 4nidgpd beam

rospati vy AL AR L0 RhRE Bk IR RS AGRBREo S REET™ o o

the firstdiclirbie fiee0D3) isangednhedtbhig licht @ fiocteg sSndired 1ghtthisarigtingelichreier . 30
WO 2010/ 059684PCT/ US2009/ 064931 3. The optical elenment of claiml, wherein
the firstfilidight beam conprises a first color unpolarized light and the

secone, L1 oht et GOt g5 SAFERd Rl PLMIREL AR i ferent < han
described in co-pending Published U.S. Patent Application No. US 2008/0285129.

10 According to one aspect, the time sequence is synchronized with a transmissive or
reflective imaging device in a projection system that receives a combined light output
from the color light combining system. According to one aspect, the time sequence is
repeated at rate that is fast enough so that an appearance of flickering of projected image
is avoided, and appearances of motion artifacts such as color break up in a projected video

15 image are avoided.

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

20 engine optics 1306 to projector optics 1308.

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

25 the polarization state of the light in the projector optics, so that the intensity of the light
passing through the PBS 1330 and into the projection lens will be modulated to produce
the projected image 1312. A control circuit 1314 is coupled to the reflective imaging
device 1310 and to light sources 1316, 1318 and 1320 to synchronize the operation of the
reflective imaging device 1310 with sequencing of the light sources 1316, 1318 and 1320.

30 In one aspect, a first portion of the combined light at output region 1304 is directed
through the projector optics 1308, and a second portion of the combined light output can
be recycled back into color combiner 1302 through output region 1304. The second
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a first reflective polarizer disposed to intercept a first |ight beam and a
second |ight beam at an angle of approximately 45 degrees; a second

refl ecti weopolozspeser di sposed to intercept a second pol acrasteonessnat e of
the first and the second light beamreflected fromthe first 10reflective
pol ari zer, at an angle of approximately 45 degrees; a reflector disposed so

that a line normal to the reflector intercepts the second reflective

pol ar i zerPogtionsef thegerabiged Hplyrean ibragried beckimgy eder cogpfner by reflection from, a
retarder bet wee h f and the
15ref|ecﬁ§%&B@ﬁ§$e]ﬁH¥ﬁ §¥§1§#é dﬁgéégnaﬁ&&ngéﬁfégf%éﬁg?u?g?s t he

ref | ect orarraapéméhellusehRddeFIGr B dicsgasled,, bad ¢emear &orﬂblﬁmg@pﬁeml arization
state of the first and the second |ight beaminto a first polarization
state of diffdosed can bapwdiwith %tb@rdﬁalepﬁl@hftysmraﬁ welle dgerdingdp pne slgernafiveThe
optigal ¢ t. of prst light beam conprises a first
coI0$ unpoﬁ%???é sp&kﬁ?qhé%mﬁqg€§%§%%%3W%Sht beam conpri ses a second col or
unpol ari zed | igdtbordin@to dfiteaspgat,i Callordighiesrhbiaingalystcn «4,debdHtebaboxaonpri si ng a
third Iight beam capable of 25intercepting the first reflective polarizer

at an andireduses agprosqlamtvily) agpded h@é‘éstemm? e cffedency pegausnpoladedion
reflectiy %Ige(?héas O('r%fge]rcﬁon Fe. (ﬁtﬂll (Eitl t?r?c{]ﬁar{s Rt ﬁgf oldHZ8d ﬁgﬁtggfg dto

convert a SEcon arlzatl I'rst, secon nd the third
| i ght begsharidiigobcant dplister with aasﬂezaw polasicatfémafave o $dnkisitvity féren wricamege and
the third |ight beans, respectively. 307. An optical elenent, conprising: a

firdd coldrnsles ebinpidens QfﬁPB‘iCE light. Mﬂltwaak %hraatfan COMIORERTH o4 Pg e to

di sposed ; t input
surface: N6 TarBhbish ekt 588} LR RE RIRCLAM! Afmbifer PRUCME 4 Choi o
filter haerthig dgseododlintpuh, therefetde stinsfrasekghtdodsesassodidtedwstacond | i ght
beam perpendi.cul ar to the second input surface;, a first reflectjve

pol ar i zervagrdppekdichrgic rﬁﬂ@ﬁ’@éﬁﬁsﬁﬁ@loﬁli%@f angle At insidspeci D resssEddBrmd | i ght
beam at %Hcr@%h%vﬁfes@eﬂ% R&kﬁstﬁé? ﬂl%gﬁﬁe Cii/@r RerRRE pbefiLgfhi ve pol arizer

di sposed to I ntercept nltte I rst
15 discrimination and functlon in the PBS. In the present disclosure, polarizing beam

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

Although the present invention has been described with reference to preferred
embodiments, workers skilled in the art will recognize that changes may be made in form

20 and detail without departing from the spirit and scope of the invention.

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

25 approximations that can vary depending upon the desired properties sought to be obtained
by those skilled in the art utilizing the teachings disclosed herein.

All references and publications cited herein are expressly incorporated herein by
reference in their entirety into this disclosure, except to the extent they may directly
contradict this disclosure. Although specific embodiments have been illustrated and

30 described herein, it will be appreciated by those of ordinary skill in the art that a variety of
alternate and/or equivalent implementations can be substituted for the specific

embodiments shown and described without departing from the scope of the present
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second light beans fromthe first reflective polarizer at an angle of
approxi mately 45 degrees; a first reflector disposed so
that a |iwe 2novoseds4t o the first reflector intercepts 10Phe/useemies9ef| ective
pol ari zer at an angle of approximtely 45 degrees; a second reflector

di sposed so that a line normal to the second reflector intercepts the
second reflective polarizer at an angle of approximately 45 degrees; 15a
first andlislesgeonthiy enpicaiéon igilkipededdo keyauaan ad4nsationg ot vindiogeeothd col or -
selective_di.ghroic filter 3l ar fir .efd i

ol ari zor PR CRbEac Rl Sl RREL YRt GRS WG A IEM Bre 11 v
ref | ect orlinifsll ddhg bf tHeSdlaifBfah@ €fid a@ivatnay thaebf. and t he second refl ector and
t he second 20refl ective polarizer, respectively, wherein the first and
second reflective polarizers, the first and second reflectors, and the
retarders are disposed to convert a second polarization state of the first
and the second light beaminto a first polarization state of the first and
second |ight beans, respectively. 25 8. An optical elenent, conprising: a
first color-selective dichroic filter having a first input surface,

di sposed to transmt a first |ight beam perpendicular to the first

i nput surface; a second color-selective dichroic filter having a second

i nput surface, 30disposed to transmt a second |ight beam perpendicular to
t he second input surface; WD 2010/ 059684PCT/ US2009/ 064931 a first
reflective polarizer disposed to intercept the first |ight beamat an angle
of approximately 45 degrees; a second reflective polarizer disposed to

i ntercept the second |ight beam at
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an angl e of approximately 45 degrees; 5a first reflector disposed so that a
line normal to the first reflector intercepts the first reflective

pol ari zerwetzoswnsgasgl e of approxi mately 45 degrees; a seecmiSc@bloemBor

di sposed so that a line normal to the second reflector intercepts the
second reflective polarizer at an angle of 10approximtely 45 degrees; a
first and a second retarder disposed between the first and second

col or - sel Whatiigglagmedisoi ¢ filters, respectively, and the first reflective
pol ari zer; a fourth, and a fifth retarder disposed between the first
reflector and the 15first reflective polarizer, and the second refl ector
and t he siecondasd epti@ctlem@nipobdpiigieg:, respectively, wherein the first and
second reflective polarizers, the first _and second reflectors, and the
retarders are di sposi¥dt ¢docssineaive dighene Bler hsgingrd Brst PRt wirfaee diposaddor i r st
and t he second |ight be [ k i-Zat | first
and iecond | i ght beans,qﬂ%@%&%ﬁ?@éﬁ%ﬁ%S%gﬁg&%%¢?@%+BgP%ﬁ§%ﬁu%#y% g?h17 or
claim8, further cangetomi ddor-ldctive dichaliofitata@tilg av@cehdcinpad stirfhed,t er havi ng
a third input surface, djisposed to transmt a third |ight beam

per pendi cul ar to the thidigpopefpigtirapsmifersgeend lighy beane petpandigtlartgdhe di sposed
between the third col or- 1 {chroic filter and the second reflective
pol ari zer, wherein the f%%%?ﬁghﬁ%gggﬁﬂd reflective polarizers, the first
and second ref| ect arfirst @fidctiviegol @izar digpssedteintirsdpo sedikoligho byan tind@theecond
30 polarization state of the first, the second, and the third |ight beam
int&a first polarizati ofcddiedt Beanp plgans angly of apreoxgaetslydtS dasiectne third

l'i ght beans, respect

dME Vreflective polarizer disposed to intercept a second polarization
state of the first and second light beam reflected from the first
reflective polarizer, at an angle of approximately 45 degrees;
a first retarder disposed between the first color-selective dichroic filter and
15 the first reflective polarizer;
a second retarder disposed between the second color-selective dichroic
filter and the first reflective polarizer;
a reflector disposed so that a line normal to the reflector intercepts the
second reflective polarizer at an angle of approximately 45 degrees;
20 and
a third retarder disposed between the second reflective polarizer and the
reflector,
wherein the first and second reflective polarizers, the reflector, and the
retarders are disposed to convert a second polarization state of the
25 first and second light beam into a first polarization state of the first

and second light beams, respectively.
2. The optical element of claim 1, wherein at least two of the first, the second, and the

third retarders are a unitary retarder.

30
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WO 2010/ 059684PCT/ US2009/ 064931 10. The optical elenent of claim9, wherein
at least two of the first, the second, and the third retarders are a
unitary rwoantés9esdll. The optical el enent of claim9, wrerAiSaowioe49Bir st

| i ght beam conprises a first color unpolarized light, the second |ight beam
conprises a second col or unpolarized light, and the third |ight beam
conprises a third color unpolarized light. 12. An optical elenent,

conpri si ng: 106w aptigddemens @f Flaghd . whermingbe feshdiskihcam qompaises ¢ §st elput

face; \a Plafistd il | ar,] ' i he, mnpol ari zed
e e LS L Bl SRR AS DR 7

egrees; a or

di sposed diffefch@thattel firet dotsrimboludizddigpgttl rst refl ector intercepts the first
reflective polarizer at an angle of approxi mately 45 15degrees; a second
reflective polarizer disposed at an angle of approximately 90 degrees to

t he gi rstyref I%%f%ﬁc%l g]g}n%{lg ég]raplgﬂn side opposite the first reflector; a
ird reflector ]

second and a t sposed so that a line normal to each

20i ntercepts the secfimtrefleétiveqiolarepdispdscd & inddrcdd a &ingllghobeaappidoxi mat el y
45 degrees; and a first, a second, and a third retarder di sposed adj acent
each of the first, secorf§cemdighhpeam plemn aelcoriepprasspeiely4pedsgreasher ein t he

first and second ref .eGl] XBcARI Y ABES iRl REintEL Pt 48R pSlarization

state of the first and the second light beam reflected from the first
10 reflective polarizer, at an angle of approximately 45 degrees;

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

a retarder disposed between the second reflective polarizer and the

15 reflector,

wherein the first and second reflective polarizers, the reflector, and the
retarder are disposed to convert a second polarization state of the
first and the second light beam into a first polarization state of the
first and the second light beams, respectively.

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

unpolarized light and the second light beam comprises a second color unpolarized light.

6. The optical element of claim 4, further comprising a third light beam capable of
25 intercepting the first reflective polarizer at an angle of approximately 45 degrees, wherein

the first and second reflective polarizers, the reflector, and the retarder are disposed to

convert a second polarization state of the first, the second, and the third light beams into a

first polarization state of the first, the second, and the third light beams, respectively.

30 7. An optical element, comprising:
a first color-selective dichroic filter having a first input surface, disposed to

transmit a first light beam perpendicular to the first input surface;

-53-



25di sposed to convert a second polarization state of the unpolarized |ight
beaminto a first polarization state of the unpolarized |light beam 13. The
optical evermemyoseds4cl ai m 12, wherein the unpol arized | i ghtr/use@iocapri ses
30white light. 14. An optical elenent, conprising: WO

2010/ 059684PCT/ US2009/ 064931 a first col or-selective dichroic filter having
a first input surface, disposed to ~transmt a first light beam

per pendi cul ar to t Hesepprdtolomislactise dichrose fillerduymgd scevnst gl ssefeese di chroi c

filter having a second i r . di [ \: ond |ight
beam per pendi cul ar to tﬁgﬂﬁé%ﬁ%ﬁgﬁﬁﬁgﬁgeéﬁﬁﬁﬁﬁg?&gﬁP??§§h§£%ﬂ§§@?Ve

pol ari zer disposed to intesmiepputtsiefadd;rst and the second |ight beam at an
angl e of approxinmately 45 degrees; a first reflector disposed so that a

line nornal to the Fiistielleathyeaofasrzer disegsed i wtareppt thorfyst light bearp pydthe

pol agizer at an angle of approxi 45 10 , S eflective
polgiizer di sposed at aﬁeanglgﬁ%E&%%%%g%?ﬁ%?gﬁgﬁggﬁggglé@gﬁggm he first

refl ective pol ari zerscotndreslectteqppriit dispdsed to msdredpeh ln@asmitted first anda second
and a third reflector disposed so that a line normal to each 15intercepts
the second reflective porcednddight heanmiremghefist reslsptivwaakaizsr gt @snglegifees;

and a first, a second, aa?g aih g5 gl der di sposed adjacent each of the
iRibsho Sl

first, second and third spectively,
a first reflector disposed so that a line normal to the first reflector intercepts

10 the first reflective polarizer at an angle of approximately 45
degrees;

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

15 a first and a second retarder disposed between the first and second color-
selective dichroic filters, respectively, and the first reflective
polarizer;

a fourth, and a fifth retarder disposed between the first reflector and the
first reflective polarizer, and the second reflector and the second

20 reflective polarizer, respectively,

wherein the first and second reflective polarizers, the first and second
reflectors, and the retarders are disposed to convert a second
polarization state of the first and the second light beam into a first

polarization state of the first and second light beams, respectively.

25
8. An optical element, comprising:
a first color-selective dichroic filter having a first input surface, disposed to
transmit a first light beam perpendicular to the first input surface;
a second color-selective dichroic filter having a second input surface,
30 disposed to transmit a second light beam perpendicular to the

second input surface;
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wherein the first and second reflective polarizers and the retarders are 20
di sposed to convert a second pol arization state of the first and the second
| i ght beawoi2ntomsg6sfii r st pol ari zation state of the firstpPamaseéve/osHsond

| i ght beam respectively. 15.The optical elenment of claim214, further
conprising: 25a third color-selective dichroic filter having a third input

surface, disposed to transmt a third |ight beam perpendicular to the third
i nput surface, wherddist tefectivierpplariggeidispesed & medreept thofersigligha bpatsptan t he

first and second reflector b r.der re di sposed to convert a
second 30 pol arization sat?lngeoq%gpl{oﬁgn%tlgl&gts,qﬁgﬁeg9’5econd, and the third Iight

beaminto a first polcasidztle@ieSloddrcodispdied td nSdreept R sse@tht Bedin hihe
third light beans, respectively. W 2010/ 059684PCT/ US2009/ 064931 16. An
optical element, conpri sinfgglepfapprinayplyASseres:i ve dichroic filter having

o TSt LIPA st Ay 1h5R0P Al 001 BOBINbe ol B A RSy

dichroic filter having ahseéeoadlcctipipolstifch acen arglspRppebximatelypdism t a
second |ight beam perpendi cular to the second input surface; a first
reflective polarizer di <If65§8% to intercept the first |ight beamand the

second |ight beam gt . i X i st
reflector di sposedaassgggh%{%ﬁggtﬂo{l%&%gé %thqféﬁb%%éﬁa?gtg{hr%e%ogég %}&Hﬂ ersects
the first reflective poliatktepts thd saaondregleetivaf podpidcxi aibdngle/of45 degr ees;

a second reflective polarizer disposed to intercept a transmtted first and

secthd | i ght beam from taReropipaely 4y degeessve pol ari zer at an angle of .
15approxi mately 45 degr 668, 3o fldtel M‘@rvcﬁ prog"e%c?t;e%ée SPRS Gfld RELHE SRk e first
tth d refired g afirs

refl ective polarizer an e secon Ive polari zer, t
and a second quart er - wawelecgtadidieoidilspaseghcbidtae @nd thuefiki reftctard t he
second col or-selective dichroic filters, respectively, and the first
20ref l ective pol ari zer; 1€,

a fourth, and a fifth retarder disposed between the first reflector and the
15 first reflective polarizer, and the second reflector and the second
reflective polarizer, respectively,
wherein the first and second reflective polarizers, the first and second
reflectors, and the retarders are disposed to convert a second
polarization state of the first and the second light beam into a first

20 polarization state of the first and second light beams, respectively.

9. The optical element of claim 7 or claim 8, further comprising;:
a third color-selective dichroic filter having a third input surface, disposed
to transmit a third light beam perpendicular to the third input
25 surface; and
a third retarder disposed between the third color-selective dichroic filter
and the second reflective polarizer,
wherein the first and second reflective polarizers, the first and second
reflectors, and the retarders are disposed to convert a second
30 polarization state of the first, the second, and the third light beam
into a first polarization state of the first, the second, and the third

light beams, respectively.
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a fourth quarter-wave retarder between the reflector and the first
reflective polarizer, wherein the first and second refl ective polarizers,
the refl ewbapwy/0so68d t he retarders are di sposed to convePCTAISS@OOMD31

pol ari zation state of the 25first and the second Iight beaminto a first

pol ari zation state of the first and the second |ight beans, respectively.
17. The optical elenent of claim 16, further conprising: athird

col or-selective dichroic filter having a third input surface, disposed 30to

i h d
W 5010/ PRosa e aRaTLE ST O LA 1L NS e DRKcCBINE |8 B 2"

bet ween uh@dtamﬂasgﬁi@ﬁma@yaﬁ@ﬁy@ dlchr0|c filter and the second reflectlve
pol ari zer; wherein the first and second reflective polarizers, the
reflectors, and the retarders are di sposed to convert a second polarization

state of the ation
stati ofjphe ?ﬁ#:iﬁm%%con gﬂyﬁ@ %ﬂ?khﬁpégﬂﬁ ,{Q%gﬁgg%#§§% ﬁﬁ%g61?
optical elnpoRfited Ggiptht sedmgd lighf beagt co@xqirtsés sedooad cyler thitarided lifghi wed havi ng
a first input surface, disposed to 10transmt a first |ight beam

per pendi O Hrirdglgght heam porgprises giikird colpmenpolaizedlighid col or - sel ecti ve di chroic
filter having a second input surface, disposed to transmt a second |ight

beam perpendi cul ar to the second i nput surface;
12. An optical element, comprising:

10 an unpolarized light beam perpendicular to a first input surface;

a first reflective polarizer disposed to intercept the unpolarized light beam
at an angle of approximately 45 degrees;

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

15 degrees;

a second reflective polarizer disposed at an angle of approximately 90
degrees to the first reflective polarizer on a side opposite the first
reflector;

a second and a third reflector disposed so that a line normal to each

20 intercepts the second reflective polarizer at an angle of
approximately 45 degrees; and

a first, a second, and a third retarder disposed adjacent each of the first,
second and third reflectors, respectively,

wherein the first and second reflective polarizers and the retarders are

25 disposed to convert a second polarization state of the unpolarized

light beam into a first polarization state of the unpolarized light

beam.
13.  The optical element of claim 12, wherein the unpolarized light beam comprises
30 white light.
14. An optical element, comprising:
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a first reflective polarizer disposed to intercept the first |ight beam at
an 15angl e of approximately 45 degrees; a first reflector disposed so that
a |ine nowvoabiovisodshe first reflector intersects the fir®CTSkO6499E

pol ari zer at an angle of approximtely 45 degrees; a
second reflective polarizer disposed to intercept the second |ight beam at
20an angl e of approximtely 45 degrees; a half-wave retarder disposed
between the first réfiseeloipselqsgvagicheic fHer hanmegeldishiappiefurides.idispoprsitar i zer ;

3, Lirst and a second uaLiepANS. () BASDALRRERECRL BRI G F ot and

i
CCu -
t he second col or-sel ective o] respective e first

25reflective pol arizgtonddlorascla@tn Bichtbid fiRerharitg & Rtaidiaputatfaegn the
reflector and the first reflective polarizer, wherein the first and second
reflective polarizers, tdwoped odeangmif a sgerpdtlpght begm perperdigiiar Witkposed t o
convert a second polari ' f the 30first and the second |ight
bean’élai nto a first polar fsg‘ga n:agﬁsﬁst?sg %&Of the first and the second I|ight

beans, respectivel ya fidGecP0d0/cGRBOB4PGEHIISE ROMLEHD Bk firdCandEhesaaphd tght
el enent of claim 16, further conprising: a third color-selective dichroic
filter having a third i rffisa® aappagle of prypyawérly 5 degiRemit a third |ight

beam per pendi cul ar L Ld . ; ?‘p i -ave
retarder disposed be vé%ﬁle%tﬁ%&?ﬁs?@ﬁ%%@ﬁé fhgée:ﬁ%c |1 \goeagi%ﬂrr%ﬁ%cwﬁ?%g{epﬁd t he
first reflective pol ari zk¢ firsoheTeetive pdigridar bsdn aipte sfapprukimedelyets i ve

pol ari zers, the reflectors, and the retarders are disposed to convert a

secbhd pol arization stat®gEesit he first, second and third |ight beaminto a

first polarization stale r%heétP% &%@JAZ&S&%Q(%%Q% %%oé%ij%xuﬂl%g& Reans,

respectively. 20. e optica enent aim alm wherei n at
| east two of the quart erdegseeetd tht dirdecfecave polarizaron a edaspesise tht 52g. The
optical elenent of clai n;elgcté)rr; claim 18, wherein the hal f-wave retarder is
a second and a third reflector disposed so that a line normal to each
15 intercepts the second reflective polarizer at an angle of
approximately 45 degrees; and
a first, a second, and a third retarder disposed adjacent each of the first,
second and third reflectors, respectively,
wherein the first and second reflective polarizers and the retarders are
20 disposed to convert a second polarization state of the first and the

second light beam into a first polarization state of the first and the

second light beam, respectively.

15. The optical element of claim 14, further comprising:

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

wherein the first and second reflective polarizers, the first and second
reflectors and the retarders are disposed to convert a second

30 polarization state of the first, the second, and the third light beam
into a first polarization state of the first, the second, and the third

light beams, respectively.
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di sposed to intercept the first light beamin an approxi mately
perpendi cul ar direction. 22. The optical elenent of claim 16 or claim18,
wher ei n esiohlologhis4beam conpri ses a different col or |i grRCT/UBR00286498n
optical elenment, conprising: a first color-selective dichroic filter having
a first input surface, disposed to transmt a first |ight beam
perpendi cular to the first input surface; a second color-selective dichroic
filter having a second input surface, 25disposed to transmt a second |ight

bean1perpgﬁdig%%ggg%?e%ﬂ%n?g&8$g$#%put surface; a reflective polari zer,

di sposed t0 in I'rs ht beam and the second |ight beam at an

angl e of approxi matefingt dfbord@ceies dicardi¢ fikér Haefgectinf inglis@eRes dipotdiab a
line normal to the first reflector intercepts 30the reflective polarizer at
an angl e of approxi mat elt{anamitadypidight beara parpeedigilacto the Spbiwyt pefagen t he

reflgtor and the refl aeklve. ROLALL ARk V0. AM0HISAGRARGTLHSR09 064931

wherein the refl ective polarizer, rétarder are

di sposed to convert a sefigdedol tambnata setorsitlithe bedm bopeiidicdhr tanke second
light beaminto a first polarization state of the first and second |ight
beans, respectively. 5 28CorHdnpHsiEa¢e: el enent of clai m 23, wherein the

second, o 22t o, gl gl g4 Bkoalld Bt SBEONEld Al PRI €53,
the second |ight beam r ebt@aitig:ht beuwim at seaghdoffapbtaadhaely 45 degrees;
10 a first reflector disposed so that a line normal to the first reflector intersects
the first reflective polarizer at an angle of approximately 45
degrees;
a second reflective polarizer disposed to intercept a transmitted first and
second light beam from the first reflective polarizer at an angle of
15 approximately 45 degrees;
a half-wave retarder disposed between the first reflective polarizer and the
second reflective polarizer;
a first and a second quarter-wave retarder disposed between the first and
the second color-selective dichroic filters, respectively, and the first
20 reflective polarizer; and
a fourth quarter-wave retarder between the reflector and the first reflective
polarizer,
wherein the first and second reflective polarizers, the reflectors, and the
retarders are disposed to convert a second polarization state of the
25 first and the second light beam into a first polarization state of the

first and the second light beams, respectively.

17. The optical element of claim 16, further comprising:
a third color-selective dichroic filter having a third input surface, disposed
30 to transmit a third light beam perpendicular to the third input

surface; and
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1025. The optical elenment of claim23, wherein the first |ight beam
conprises a first color unpolarized light and the second |ight beam

conpri seswa 28065084 col or unpol ari zed |ight different frecTiuseooRiosss1 col or
unpol ari zed light. 26.The optical elenment of claim23, further conprising a
first and second prism 15form ng a pol arizing beamsplitter (PBS), the
first and second dichroic filters disposed adjacent a first face of the
first prism the fiathirdgppitarwvalicdplardes disppwd detvegndecibid cplpssclgetivche fir st
prism and wherein the r td M rizer | 1 on a first diagonal
of the PBS. 2027.The op#ﬁ@%ﬁ&épﬁﬁ%ﬁ?hgﬁe%ﬁ%ﬂﬁﬁﬁ%fg&ﬁ%ﬁ%ﬁn t he second

reflector is di sposgitréin tie SREDscdbapRAtiviegotarbrsathi eflebtdds,i sntthe28. An
optical element, conprising; a first color-selective dichroic filter having
a first input surface, dr@plsseycdisposditagamyort asceppdpolpiigiion saimef the

di cul to the fi ' f: ; | ar.-sel ' i.chroi
i1 LEr havi ng a second i st Rt pAL AR BeaRRATE R cBlu R RARC 0D ©
a

beam per pendi cul ar to t Hastsesond ahdhid 15:he bades, respectively.
reflective polarizer, disposed to intercept the first |ight beam and the
30second |ight beam at an angl e of approxi mately 45 degrees; WO

2010/059@%4PCD%#§&9Q?Qggé%%%nﬂpﬁﬁf.t and a second retarder di sposed between
or-se

the first and € second c - ctive dichroic filter and the reflective
pol ari zer, respectiafisycolér-fdldcsive dehtodefiner ldivaigastdt Bput dudfacd disgppecdnor mal
tothe first reflector intercepts .5 the reflective polarizer at _an angle
of Hpproximately 45 degriE@smitafystlight Gpam pewendigepr @ity BEEHPYEIUWESH t he

reflective polarizer angd L -§e?efch%;Hﬁlfll’soé%\ggéfq{agintgmes&&{d 1?15151.] Nffaff larizer,

the reflector and the retarders are
disposed to transmit a second light beam perpendicular to the

second input surface;
a first reflective polarizer disposed to intercept the first light beam at an
15 angle of approximately 45 degrees;
a first reflector disposed so that a line normal to the first reflector intersects
the first reflective polarizer at an angle of approximately 45
degrees;
a second reflective polarizer disposed to intercept the second light beam at
20 an angle of approximately 45 degrees;
a half-wave retarder disposed between the first reflective polarizer and the
second reflective polarizer;
a first and a second quarter-wave retarder disposed between the first and
the second color-selective dichroic filters, respectively, and the first
25 reflective polarizer; and
a fourth quarter-wave retarder between the reflector and the first reflective
polarizer,
wherein the first and second reflective polarizers, the reflectors, and the
retarders are disposed to convert a second polarization state of the
30 first and the second light beam into a first polarization state of the

first and the second light beams, respectively.
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to conbine the first and the second |ight beans into a conbined unpol arized
| ight beam 10 29. The optical elenent of claim28, further conprising: a
third colwo-2esmlsedsuve di chroic filter having a third i npat/useecdacs31

di sposed to transmt a third |ight beam perpendicular to the third input
surface; and 15a third retarder disposed between the third col or-sel ective
dichroic filter and the reflective polarizer, wherein the reflective

pol ari zerl9. t hélheetntisaltcdemeniaf elaan f 6+ firthercommsismigs posed to conbi ne t he

first, the second, at'@ﬁrdtcgf%{ Isgl tgvel dl&g&tc%%%%wr&% g[BPcf) agutns%gfayé]% 8§edzed

i ght beam 20 30. el ene Pedst two

of the first, the seconde traﬁﬁnf& hehitdligid beehgerhdicalatotht Mitdinputr et ar der .
31. The optlcal el enent of claim 28 or claim?29, further conprising: 25a
second refl ector dlsposéﬁfﬁﬁfﬁﬁ%t a line normal to the second refl ector

|t egcepts e ref] Sl Y8 RLRLASh AL (R ANGLE 0L AR PHIRLELYAS

degrees; and a fift osed ective arlzer and
t he second reflector. 3th38mfﬂ&r@@iﬂ&&hﬁ&bﬂﬁﬁﬁbpoﬁﬁﬂ@fISIng WD

2010/ 059684PCT/ US2009/ 064931 a first col or-selective dichroic filter having
a first input surf d’&l@l‘@lgﬂ]@%@@é%{lq gscond reflective polarizers, the reflectors, and the

retarders are disposed to convert a second polarization state of the

first, second and third light beam into a first polarization state of the

10 first, second and third light beams, respectively.

20.  The optical element of claim 16 or claim 18, wherein at least two of the quarter-

wave retarders are unitary retarders.

15 21. The optical element of claim 16 or claim 18, wherein the half-wave retarder is

disposed to intercept the first light beam in an approximately perpendicular direction.

22. The optical element of claim 16 or claim 18, wherein each light beam comprises a
different color light.
20
23. An optical element, comprising:
a first color-selective dichroic filter having a first input surface, disposed to
transmit a first light beam perpendicular to the first input surface;
a second color-selective dichroic filter having a second input surface,
25 disposed to transmit a second light beam perpendicular to the
second input surface;
a reflective polarizer, disposed to intercept the first light beam and the
second light beam at an angle of approximately 45 degrees;
a first reflector disposed so that a line normal to the first reflector intercepts
30 the reflective polarizer at an angle of approximately 45 degrees; and

a retarder disposed between the reflector and the reflective polarizer,
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transmt a first |ight beam perpendicular to the first input surface; a
reflective polarizer, disposed to intercept the first |ight beamat an
angl e of wpporoispmstiel y 45 degrees; 5a second col or - sel ePCIruS2@00493i
filter having a second input surface di sposed adjacent to the reflective
pol ari zer, and opposite the first color-selective dichroic filter, the
second col or-selective dichroic filter disposed to transmt a second |ight

bean _ ~ wherein the reflegftvernolaizgi thafiispistleetop endeharetander fra st
col or-sel ective di chroi ¢{joLL{el, AR %9&&§ 8@{)llaﬁgétio\{lesteﬂgloftrhleZf?gt;ana reflector
o th fector S the

di sposed so that a |ine norima ere Intercep

reflective polarizer at satordnghebedm ape b Gxitpalaeizxtictbstate oF eRSirstand a second
retarder disposed between the reflective polarizer and the reflector,

15wherei n the refl ecti vescpilddight bpams, lspe@Mebet or and the retarders are
dispfsed to conbine the first and the second Iight beaminto a conbi ned
unpol ari zed |ight beam 33. The optical elenent of claim32, further

conpri si rgk.  20Ehetdpiticsl ct@h@it of elae LB wehdtighhi®ictoid pblerizdtiavistage ¢f thlified i nput
surface, disposed to transmt a third Ii?ht beam perpendi cular. to the third

i nput  surdgéls soppret bght bep refiqotselieomn ke Pt wflester. andtha spralanizgo sigtref | ght
peam al_ af. AROLS] Blc BRRLIIEhITLE Yortbor GRH £Cond Pttt L Lher whereln fhe

reflective polarizer, ctor e retarders are disposed to
conbine the first, the second, and the third |ight beaminto a conbined

unpol ari zed lifﬂ% beam 34. The-ogtical_elenent-of claim 33, wherein the
fir&l and>he thsianticplelemend pbclaine 248, whipinthg {jrst behirhgam comprises a first

color unpolarized light and the second light beam comprises a second color unpolarized

light different from the first color unpolarized light.

26.  The optical element of claim 23, further comprising a first and second prism
15 forming a polarizing beam splitter (PBS), the first and second dichroic filters disposed
adjacent a first face of the first prism, the first mirror disposed adjacent a second face of

the first prism, and wherein the reflective polarizer is disposed on a first diagonal of the

PBS.

20 27.  The optical element of claim 26, wherein the second reflector is disposed on a

second diagonal face of a third prism.

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

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

a reflective polarizer, disposed to intercept the first light beam and the

30 second light beam at an angle of approximately 45 degrees;
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WO 2010/ 059684PCT/ US2009/ 064931 35. The optical elenent of claim33, wherein
the first light beam conprises a first color unpolarized light, the second
| i ght beawOcommspeses a second col or unpol ari zed |ight, aoa/ush@owkiosd |i ght

beam conprises a third color unpolarized |light. 536. The optical elenent of

any of clains 1, 4, 7, 8, 12, 14, 16, 18, 23, 28, or 32, wherein each

refl ector conprises a broadband mrror. 37. The optical el enment of any of

claims 1, 4, 7, 8, afrstayaseondpiargg diggscdhretgoen thpdirsiand dwerconst | ecti ve

pol ari zer is aligned to Oﬂg kmﬁé @9&% H%ﬁ;%ﬁ@ 1%h&ﬁ%%3mﬁ@%h retarder

10conpri ses a quarter-wave retar der all éiy 45 degree
angle to the first polanhqﬁkmﬂﬂystate 38. The optlcal el enent of any
of clainms 1, 4, 7, 12, 14, 16, 18, 23, 28, or 32, wherein each |ight
beam conpri ses comﬁefﬁrgblﬁﬁe@m disnesed emthat ¢ fae npraad to the firggeflomer 1istoept

el enpnt of cl aim 28 of haldfe (HLANSL ORI S ioifnl ok O gcond

prismformng a polar|2|ng eam rein e re SetiVe

pol ari zer is di sposefdufh réadder $ibpadedenatbn eifc rbﬂ@:t1|9B§ola2iQer od.thdhrelcopt,i cal
el enent of any of clains 1, 4, 7, 8 12 14, 16, 18, or further

conpri si ng: whareip dhe ihactyeqoRsivar thq shceter Mdge éetfﬂl’ld?@ta“i)@iﬁ%ﬁsp% ng
beam splitter (PBS), wh g r, posed on
a first diagonal 25o0f tﬁé% |r§$qﬁ% S§%ﬁgﬁg %%%pg&hpgagﬁféﬁrt(§%€%§%1fornlng
a second PBS, wherein thﬁmsbﬁﬂaﬂh@ﬁmbaﬁtlve pol ari zer is disposed on a
second di agonal of the second PBS. 3041. The optical elenent of any of
clai®s 1, 4, 7, 8, 12, 14, 16, 18, 23, 28, or 32, wherein each reflective

pol ari zeryoCopfi|SHFicl AAhIEE LGtk kA% LonfRisingal T1lm
a third color-selective dichroic filter having a third input surface, disposed
to transmit a third light beam perpendicular to the third input
surface; and
15 a third retarder disposed between the third color-selective dichroic filter
and the reflective polarizer,
wherein the reflective polarizer, the reflector and the retarder are disposed
to combine the first, the second, and the third light beam into a
combined unpolarized light beam.
20
30. The optical element of claim 29, wherein at least two of the first, the second, and

the third retarders are a unitary retarder.

31. The optical element of claim 28 or claim 29, further comprising:

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

a fifth retarder disposed between the reflective polarizer and the second
reflector.

30

32. An optical element, comprising:
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WO 2010/ 059684PCT/ US2009/ 064931  42. A col or conbi ner conprising the
el enrent of any of clains 1, 4, 7, 8, 12, 14, 16, 18, 23, 28,
32. 43.wWO0 200dis3gstay system conpri sing an i magi ng panelPCTArsdoowloe4980l or

opti cal

conbi ner

10

15

20

25

30

of claim

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

a reflective polarizer, disposed to intercept the first light beam at an angle
of approximately 45 degrees;

a second color-selective dichroic filter having a second input surface
disposed adjacent to the reflective polarizer, and opposite the first
color-selective dichroic filter, the second color-selective dichroic
filter disposed to transmit a second light beam;

a first retarder disposed between the first color-selective dichroic filter and
the reflective polarizer;

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

a second retarder disposed between the reflective polarizer and the
reflector,

wherein the reflective polarizer, the reflector and the retarders are disposed
to combine the first and the second light beam into a combined

unpolarized light beam.

33.  The optical element of claim 32, further comprising:

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

surface,

wherein the reflective polarizer intercepts the second light beam at an angle

of approximately 45 degrees, and
further wherein the reflective polarizer, the reflector and the retarders are
disposed to combine the first, the second, and the third light beam

into a combined unpolarized light beam.

34, The optical element of claim 33, wherein the first and the third retarders are a

unitary retarder.
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35.  The optical element of claim 33, wherein the first light beam comprises a first

color unpolarized light, the second light beam comprises a second color unpolarized light,

and the third light beam comprises a third color unpolarized light.

36. The optical element of any of claims 1, 4, 7, §, 12, 14, 16, 18, 23, 28, or 32,

wherein each reflector comprises a broadband mirror.

37. The optical element of any of claims 1, 4, 7, §, 12, 14, 16, 18, 23, 28, or 32,
wherein each reflective polarizer is aligned to the first polarization state and each retarder
comprises a quarter-wave retarder aligned at an approximately 45 degree angle to the first

polarization state.

38. The optical element of any of claims 1, 4, 7, §, 12, 14, 16, 18, 23, 28, or 32,

wherein each light beam comprises convergent or divergent light rays.

39.  The optical element of claim 28 or claim 32, further comprising:
a first and a second prism forming a polarizing beam splitter (PBS),
wherein the reflective polarizer is disposed on a first diagonal of the

PBS.

40. The optical element of any of claims 1, 4, 7, 8, 12, 14, 16, 18, or 23, further
comprising:

a first and a second prism forming a first polarizing beam splitter (PBS),
wherein the first reflective polarizer is disposed on a first diagonal
of the first PBS; and

a third and a fourth prism forming a second PBS, wherein the second
reflective polarizer is disposed on a second diagonal of the second

PBS.

41]. The optical element of any of claims 1, 4, 7, §, 12, 14, 16, 18, 23, 28, or 32,

wherein each reflective polarizer comprises a polymeric multilayer optical film.
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42.

A color combiner comprising the optical element of any of claims 1, 4, 7, 8, 12, 14,

16, 18, 23, 28, or 32.

43.
42.

A display system comprising an imaging panel, and the color combiner of claim
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