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Background Projection systems used for projecting an image on a screen can use multiple color 5light
sources, su¥Oa1y9%Mitting diodes (LED's), with different colors to geneREd/HHeMemeatation light.
Several optical elements arc disposed between the LED's and the image display unit to combine and
transfer the light from the LED's to the image display unit. The image display unit can use various

methods to impose an impge AR FAHGGN-@ ORGIRIEINE EPASS RIS BINFRAY USe polarization, as

with transmissive or reflective 10liquid crystal displays. Still other projection systems used for
projecting an image on a screen can use white light configured to imagewise reflect from a digital
micro-mirror array, such as the array used in Texas Jpstipgents' Digital Light Processor (DLP)
displays. In the DLP display, individual mirrors within the digital micro-mirror array represent individual
pixels 150f the profseieetionaystcmslisishjopixest estingnainaned whien grecoorraspemdimigpisiadess tilted so
that igcident;ight 5 ditecied 709 he drplasied ARUTRIAS, AifREIRG.ARIanYbesLelRged wihin the
optical path IS timed to the reflection of light from the digital micro-mirror array, so-that the reflected
white light islfilteresiion tiglje cianeralalpticdrebaporiding thstsqoibstwrige digikd Yicrodthiromageay is
then switch next i ] t recess ' id rate that
the entire p?i)%ég% Té[[ltsetél@%qgégg%#ﬁg%gﬁ%%i%%tsﬁﬁu%n%nfa%éb; gﬁﬂ@%ﬁgﬁ‘d‘%ﬁm&%ﬁhﬁﬁ?g projection
system reqUitesifiegedpigkiatedt amaysomponentsthadidh taposesultiinagesonaiberlgihe Pbeojector. image

brightness i ' r er of. ojection system. The byi 50f colar light sources
and the effigfé%r%@gﬁ Ec%o:\lflfaé{%% ?ﬁi&m@ﬁﬂ%y#og%gggﬁéﬁghé%%Eﬁ\%%%%%%sevheg f%ﬁ&éég}] m age
displdy unitladuadfectsbrighsplgs. As the size of modern

Still other projection systems used for projecting an image on a screen can use

white light configured to imagewise reflect from a digital micro-mirror array, such as the

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

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

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

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

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

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

by light sources.



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 pNjfeéfdp8§%&m. There is a need for a light 30combining systemRAEESHBIHEEThultiple
color lights with increased efficiency to provide a light output with an adequate level of brightness
without excessive power consumption by light sources. WO 2010/059684PCT/US2009/064931
Summary Generally, the present description relates to optical elements, color combiners using the
optical elements, and image projectors using the color combiners. In one aspect, 5the present
disclosure provides an optical dement that inclucBYHIFREY color-selective dichroic filter having a first

input surface, dispesediiaiansiita fiskighiheam aesmeisupsin e ishinndirae and a

second color-selective dichroic filter having a second input surface disposed to transmit a second light
beam perpétidicig evtinel skapeidinpid surgsdaoRiseosptivadlmselarfeplingielubleans fisBeskflective

polarier dispo ‘?&LéﬁtJa‘?é@f%ﬁ%%ﬁ&ﬁcfgssﬁﬂ%&i@&%&ﬁ%ﬂt%ﬁﬁﬁ‘&%QiQ h-heamalanapgle of

approximately 45 degrees, and a second reflective polarizer disposed to intercept a second
polarizationdehteistitherfiariaad Sesondutghireardispfiecddd frormmife fistt dedlddiraemolarizer, at an

angle of ap@%%@ﬂ&‘i Yaf* ‘?ﬁ@fﬁ?@inﬁﬁ?s@ﬁﬂ%@'a‘ﬁl‘r‘ﬁ”s%%ﬁﬁ'té%&@&ﬁé@ﬁ%%%tﬁc%sﬁf{%ﬁ{g% igposed

between the first color-selective dichroic filter and the first reflective polarizer, 15and a second retarder
disposed beteerd thisswdind doipessdlbrtivesdichrciecfiltddightiterntipstpefidictilar potheizesomhe optical

element st fyiher. cludan 2 grleciandisprsedpniRia Inkaormalio e elieriatinercepts the

second reflective polarizer at an angle of approximately egrees, an retar isposed
betwéen thengesentitheffestilighydleaimemdrbictheconfldigbt badremianthediesfanpsscontthefléctive

Frstand AT eLracrld A Ne BB ARERRCH R ST 1 St e atere ol e
respectivelyoflthydirsnott ecaspelcghtie presdlctid dlosu tbepiiostidgicat sl pp bombir rthan gheludes the
ol clemgl SIS S, R AAFER P I A ey e
optical elembspdkat ethusbaglze first color-selective dichroic filter and the first reflective polarizer,
15 and a second retarder disposed between the second color-selective dichroic filter and the
first reflective polarizer. The optical element still further includes a reflector disposed so
that a line normal to the reflector intercepts the second reflective polarizer at an angle of
approximately 45 degrees, and a third retarder disposed between the second reflective
polarizer and the reflector; wherein the first and second reflective polarizers, the reflector,
20 and the retarders are disposed to convert a second polarization state of the first and 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.
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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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 WA WEsSirst and the second light beam reflected from the fiR§§¥afhagtivaoddiarizer, at an
angle of approximately 45 degrees. The optical element 30further includes a reflector disposed so that
a line normal to the reflector intercepts the second reflective polarizer at an angle of approximately 45

degrees, a”é%&)ﬁﬁt?éﬂ@étﬁiéF%%?ﬁ@z@&%f?&%ﬂ%@téﬁ%%%@ﬂ&‘é}h’& RRIFRADth B RiEcREowerein
the first and WO 2010/059684PCT/US2009/064931 second reflective polarizers, the reflector, and the

retarder areP@igpasbenstesfdhedisicontirorarordibaythearafinie fifssbprlateatieadiiqightiseam into
a first polarigafion sigtes0l dhe ficat 9@&1&&%&%%9&%&@“1@9@@3&(1@&%5@8&'bﬁe'?rxgéxﬁfaf?ébl%@a%oe% the

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

the 59reserﬁf9i§él@ﬁs@1 ﬁ@larcﬁﬂa@s'r@rdiwlaxﬁbmrhétﬁatimbm@wn Imzefi ﬁg%‘é?feﬂsaﬁ@fatﬁ@ color
combjner. ... WL ¥eh00IA! ASRGRL NG PRSI ASHRRUIR RIRYGR S ARNICH S 'GMGAL Hggincludes a

first color-selective dichroic filter having a firSt input surface, disposed to transmit a first light beam
perpendiculeed®iis first input surface and a second color- 10selective dichroic filter having a second

input surface, diSpﬁ§§9_tt(918“cﬁQ§Q§Bf 'e%éﬁ?ﬁg%%,%%%%%%@g@ﬂ%u%%ﬁ&q Seeend dngut surface. The

optical element furthér includes atirst re rizer dispose ercept the first light beam and
the second iightdrsanfiest anlemnstcoi eppidninafdtyrdB degrebisstanpus wetonddisfessil/e polarizer
disposed to| t itted fir i ir lective polarizer at
15an angle to }%%ﬁr(%xﬁrn%?e%%%%géﬁgg %%ﬁgrgﬁgtéllgeﬁﬁzﬁrﬁ;%@uﬁ é%l ?n%%uggégié}%? reflector
dispbsed sothatiadidehmormaltts bawifisst sefleadonmiesedpes thsifirstd efleativepelacixarddight angle of
approximatgly, 5 degregs and & aecand iefigcion isposeo nal 8 ine namRLIR e geqond reflector
intercepts the seco reflective polarizer at @n angle of approglmate yrﬂ degrees.n'?2 e optical element

still further ificitidekatifnspalad zesdopnst2 Goatarderptibedsst] hhtbeem tivel finstsenohsdegirid

color-select'B/ee dicigroi% I{‘il}ers res ectiw%%/g Qg%the first rgflective olﬁri er: an afou(ggl arl? a fifth
ctor an

retarder dispo%rélcf chween ﬂ%!ea st refle dthe Tirst retlective 6% aeﬁzlg?,pa?n%nt e seeond reflector

and the secendtretigutvepolarizal frespedtvedydiighbtdicathe fliost drdfssicmiidaefie phileipalatizers, the
first and second Lolleetors and g . éa Qerresés?rﬁi}?ei%"%f’c%? ettPe C%ﬁ"etrii@?%?eorr}dé%? Alzaiiop 25state of
the Tﬁg;t anda{he econ%pﬁ)g%}flglea Into a%II'St [0]0) aI'IZg Ion state O} %he Irs andﬂ
reflector disposed so that a line normal to the first reflector intercepts the first reflective
polarizer at an angle of approximately 45 degrees and a second reflector disposed so that a
line normal to the second reflector intercepts the second reflective polarizer at an angle of
approximately 45 degrees. The optical element still further includes a first and a second
20 retarder disposed between the first and second color-selective dichroic filters, respectively,
and the first reflective polarizer; and a fourth, and a 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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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 syst®f? 2948/138f§des an imaging panel and the color combiner. 301rP{d{ERe &4 ect, the
present disclosure provides an optical dement 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 colge-WP @AHYRIARF 4RGSO ABARIhPRECHMB AICNIR G JHGH PAYNG /A RERN Input

surface, disposed to transmit a second light beam perpendicular to the second input surface. The

optical elenfstfiermiic]de dbfrseqendiime poTkseer dieppted tomeycBptherafirstdegiit beam at an
angle of appioximaleik 4 pslegreedispnska fecraddaiactns RYRgSHiaRasad 1o dptercept the

5second light beam at an angle of approximately 45 degrees. The optical element still further includes
a first reflectopeisposisty <6 wearechnander asapte 1l dirdyeardetoeiivnaspekstenatirsepethective polarizer

at angngle ol aRRINAIEN A% desices: AN sesandelegiordisnasstien thahgngnommal to the

second reflector intercepts the second reflective polarizer at an angle of approximately 45 degrees.
The optical 8ighenndlodes dtbieiciiedtatalsadhet smthat sdovneprataltethgisisgiged dséaween the first and

second colar- g, di T , j the fi ' izer, fourth and a
fifth retarde%hé%gé%%gl gg\%&%@%&ﬁ%&@é@%ﬁﬁ%ﬁ%@g I%?sf{tg féf{glcflltﬁ?\% oﬁ?giz% rFe 93%3 %Igé? second
reflector andetnndecterdaedisptved poldriterlinespaonldly tholseceirdtied fetaranttsepridiaeflective
polarizers, the first ors, rs are [ ed-to nd
polarization%%ét%ag?&%ﬁﬁgﬁ gﬁa t ég %e{%%ﬁcgfi%gﬁe%ﬁeﬁéﬁﬁ%agegiiﬁs%t%gggg § atcijg}rlles%%% %ﬁ‘tet%e %ﬁgt and
secdfd Iighs@&m‘él,ers’spbmtwgﬁrm yet anothed axpestr; d&@%@kéﬂwmlﬁﬁﬁ@pmdid@@adco!or
combiner thapnclufles e epiicaldement. inyet Analnen asReel MERiERel iselosiepiay(des a
display system that includes an imaging pane and the color comeblner. 561N yet another aspect, the
present discliodaréfproviaesati sppoticd beterrmnthth fitshoifidets aand tipofarizexflighy bpalariperpendicular

to a first input syrface, and a first reflective polarizer disposed.to intercept the unpolari d{i ht beam
vt Lok s R e M b R e
so that a linendowvaidodfiecfinst peflectorsirtter Geptantth scfirstd efféatives poldrize ras@erangie 250f

approximaten &2 JeQ eSS RBAI ShRs e RRaZer AIRPRRE 4 AR 209 gt 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.

20 In yet another aspect, the present disclosure provides an optical element that
includes an unpolarized light beam perpendicular to a first input surface, and a first
reflective polarizer disposed to intercept the unpolarized light beam at an angle of
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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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 WiP2AHNOWOEbproximately 45 degrees. The optical element still PGEHEY2NEI0CHIS 1 first, a
second, and a third retarder disposed 30adjacent each of the first, second and third reflectors,
respectively; wherein the first and second reflective polarizers and the retarders are disposed to

convert a seeapfl RElAYZALRR SR Of EH%%@E&J@&%@M@%@G@{&M%@%H%@%%an state of the
unpolarized light WO 2010/059684PCT/US2009/064931 beam. In yet another aspect, the present

disclosure prslides heemsicebphtsimart tHatiplchuatstsensptichs ersssandisalgatramsevidoaspect, the
present disq%%{? B@é@ﬂ?ﬁa@iﬂﬁﬁm ﬁ%@iﬂﬁiﬁ@f%ﬁﬁ%@bm@%ﬁﬁ&el and the color combiner.

In yet another aspect, the present disclosure provides an optical element'th'at 5includes a first
color-selective dichroietfinstindsreel.fifs Mpiens dirstasusidposatssenrapidenlcdcrirstlidist beam

perpendiculay 1p e, sl DRI L3RG AiRRRAD %ﬁ@ﬁq{ﬁﬁlgﬁt%‘sﬂ%ﬁf’%ﬂﬁ% AVIRG.4 gecond input

surface, disposed to transmit a second light beam perpendicular to the second input surface, and a

first ref!ecti\iéapsimtizéir@ﬁémdiéédam Irﬁt_m@ytit:m&?é fnéhaﬁ@sthépyé@urfaqm htsbeen @al_ah@kgl@V@f
approwmat%%ﬁ%ig qﬁ{&%mg_al&%eﬂa%ﬁﬁmﬁmcfy r&%‘%{o%@ lﬂﬁﬁ%r?s&ﬁ%%&%@%ﬁ}&’hgﬁ RRgRO so thata

line normal to the first reflector intercepts the first reflective polarizer at an angle of approximately 45
degrees, a setpmdiciacty/dpetanneintivposdecat and arfgik ufllssproxpniareis ddspespdss to the first
reflective palari ide site ' r ird ref r gisposed so
nat a ine e L el 45
degides. Thebptlcdtwlerhéntlstilifiahides inGhstieglactivstlispescdno hatd dnhindmathtdeéhdisposed

adjacent ea&'h‘é’ét%'}ed{%%?ﬁ?s%%%é?s@ R LeNlegtons. resReehivRI P hsrein tne et %Qgréeesc%”d .
reflective polarizers and the retarders are ohsp%se o converta secand po arization state of the first
and the secsrvdiidhtflresive ipodasfinstdisplard ation stgte of ahpriixstardiytié degenas thght Berstm,
respectively, {p et aneihier 20aspagh (e RiesA! AISdoUe provides..calor eomblnel f1ancludes
the optical element. R yet1 another aspepé%, the present disclosure prowé)es a display system that
includes andmspayied) oahel ahddheronlbtocervibimérceptsthy st emsthell @speqipthezpresentadigielosure

provides an opiel SEMENY YPRIDFutenR st er amRIRiHp AP AISLNPHRG 8 fggigput surface,

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
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. In yet another

20 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.

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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25transmit 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 inpVOLAAYESMWAH a first reflective polarizer disposed to intercept thBGRItSYHY/ st and the
second light beam at an angle of approximately 45 degrees. The optical dement further includes a first
reflector disposed so that a line 30normal to the first reflector intersects the first reflective polarizer at

an angle Ofﬁﬁég%%&aﬁﬂé{ FRACURRS B ARG RIS VG SRl 2T IPRERIIB NP RE A diansmitted

first and second light beam from the first reflective polarizer at an angle of approximately WO

2010/05968%PaT/ (3800001 pekazEi ST he gitiss] slnamatiihvavdeetashidedisposicmnpatspsendhe first
reflective polarizer. and.thesecoadsfiactiue bolarizenT hronticalsleme st Justhesingbides a first

and a second quarter-wave retarder disposed between the first and the second color-selective dichroic
filters, respdttivslycanngtivelYiranfethedirse isBRatixerpalaezsptidaiccdetirahelsan i thiék Bikpides a fourth

qUa”§r'WaV1‘?1€ﬁt@J9§%&ﬁ%"&ﬁ&%&‘?\i&ﬁﬂg%?Jr&&%@%%@ﬂﬁ@@@ﬁ@é’%@ﬁlﬂ@ﬁgﬁﬁéﬁ%f?é&i%e first and

second reflective polarizers, the reflectors, and the retarders are disposed to convert a second
polarizationpstiatazer, v diesn ariftre sakerndtig e lbessiveinedeaizingy, ttaniecionsstatbthe the first and the

second 'igh}&%@}%’ﬁz{g?ﬁé’e‘%ﬂo' XELAAUGHA ‘Faﬁﬁz&%%x?5‘?&8'&%%%%?%‘58&%%"&%8&9 color

combiner that 10incluc e optical element. In yet another aspect, the present disclosure provides a
display systbghthatimoiteleditn pelayiigipaseiandthiidictlontdmibitend lighhbgetsnother aspect, the

present dis Vi ' ent that incl ' -selegti i icfilter having
R et Lt T e .
secdfid colongeitastithe 0pdichrbiontiher nayéh greibetosnt ttpht suekzoe diidoosechtotidersmit a second
light beam pgrpendicular econd in urfa nd.a first reflective polarizer disposed to
intercept th?ﬁ&%ﬁé%#ggéf%%ﬁgﬁnug%g?g gﬁ%%%ﬁo&?%%t%?ﬁ }ﬁf §Igor%0eos&fjil11g%ptical element further
includes a first reflbctot dispbseaspecthticatirsemchintdd tartp dirstaedie ofvrcrltelgactd the first reflective

polarizer at an,angle af approximately 45 degrees, a second 20reflective polarizer disposed to
et e R B T A AR, Yermrcer
disposed betarsentthéifatstigbflbctiveppglandeniantttie Sestanduefletine petacize coldreselptioat element

stil futher ingiuces s and, 2 second guarterwave etardey dispose betweg theyfist and the
second color-selective dIC?]I’OI% %ﬁers, resgBec IVGP ) an&%e Irst retlective polarizer, andaa fourth
perpendicular to the second input surface, and a first reflective polarizer disposed to
intercept the first light beam at an angle of approximately 45 degrees. The optical element
further includes 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
20 reflective polarizer disposed to intercept the second light beam at an angle of
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.



25quarter-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 WA WRsSirst and the second light beam into a first polarizatiBA I EHYst and the
second light beams, respectively. In yet another aspect, the present disclosure provides a color
combiner that includes the optical dement. 30In yet another aspect, the present disclosure provides a

display system thaj 1R AE%%SE%@&%@EM%!@&%%S@[&Q%YOM{Qa_l element that
2010/059684PCT/US2009/06493 In yet another aspect, the present disclosure provides an

optical elem@gkugrst nbrstiealer fededbredidicuavatgidrrorarmbr Havmg arrfescirisnesgefsee, disposed
to transmit g firstliphrhaammeRandicyiaie e draldneut splesara serond colrselertivg dichroic

filter having a second input'surface, disposed to transmit a second light beam 5 perpendicular to the
second inputicuiigicEtanbeaipsiieseikan d diany svridiep deeoseditpdreapnihe sheanihHebekasnand the

second light,Beamyql ap %‘@J@s%E&P&’{RﬁH‘&fHQ’cé%%ﬂ&’grx%‘?l%cﬁ@@ﬁ%‘i’&ir‘%%r‘?'cﬁ%%@é&‘i%%}@%‘ﬂdes a first

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

angle of ap[ﬁb@)ﬂ_fﬁhf@brt%3@1@@lﬂéetb,eéﬂ@b_adféi@r‘db@eﬁsﬁdge@lﬁ&wﬁwpthéim@btéﬁah‘ﬁlmfé-reflective
polarizer, whgreintha 1 LeeSive RIlRiERL i ?éf'i@%t%?tﬁ’fs%%ggdt FR HeL A5 HIFRESRY to convert

a second polarization state of the first and second light beam into a first polarization state of the first
and secondflightdisstns irsspemstivedyteltegtiv anotercisp eotang s picammioiseliody A dgrgviges a color
combiner inginelugeg. e gRtcRL slemanhd ek analRerAseREk he RiseRL disglskig provides a
display system that includes an imaging panel and the color 15combiner. In'yet another aspect, the
preskht discifesntevpnviidésanhedisatdllententativhthiecitatdsrafir dispoitnd deleetiverdiciemindfilter having
a first input Syrfacedispanest ipARPINA Uit ANhReam RRMPeRFIENAL b e Istingyp surface, a
second color-selective dichroic filter having a sec Input surface, disposed to transmit a second light
beam 20pefpshaiciiecdodthghsdeont inppesuridye landtaneflertaspquo| drizpresdispbsedsaréntercept the
first light beam and the second light beam at an angle, of approximately 45 degrees. The optical
eloment orti L PR 4 L BB e R b SEcone
color-selectiwesdichisiddites prd tthes reflisptizespstierizbat reshdetivelymagingt pafidctod disposed so that a
line pé)rmal Eo r'%l e nférst reflector intercepts the reflective 25polarizer at an angle of approximately 45
degrees; and 3 fourth retarder disposed between the reflective polarizer and the reflector, wherein the
reflective polarizerliihetrefietbiorapccththegtarsdetslandtodispgsedidescomipitientéctirshtathdt the second

e o e LR AT IS S iy oo
disclosure 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
20 perpendicular to the second input surface, and a 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 and a second retarder disposed between the
first and the second color-selective dichroic filter and the reflective polarizer, respectively;
a first reflector disposed so that a line normal to the first reflector intercepts the reflective
25 polarizer at an angle of approximately 45 degrees; and a fourth 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 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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30provides 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 W@ M368Urface, disposed to WO 2010/059684PCT/US200R(06UeR89%(Pa#S it a first
light beam perpendicular to the first input surface, and a reflective polarizer, disposed to intercept the
first light beam at an angle of approximately 45 degrees. The optical element further includes a second

color-selectiyg, dichrpie- e MBUNG ARRaRRIPY SHASEiRFRQERE RJIakENIIANG Leflective

polarizer, and opposite 5the first color-selective dichroic filter, the second color-selective dichroic filter

disposed toneHteit diseaseAddighensenintherfistdighidaanté ah sagte rhepnreridesly fist retarder
disposed bepwegn the,firsh ¢olPEsalsHiNgHIchFRIG dltel and ihe SReRING RO HARS: Arigflector

disposed so that a line normal to the reflector intercepts the reflective polarizer at an angle of
approximatdgV iR dagread, iapet auséssitisnasad adidispo se thp sefleetiv throlgtedlestidopistaizer and the

reflecfor, W'%ﬁé%ﬁ?sl'&%l%‘?r}k%‘f@é‘c?v_@%%ﬂ?&% Hg&{%ﬂ@%@%r?ﬂ&%fb‘?- Ef@éﬂ@é%%ﬁ&@ﬁ%?ﬁi&%&%@m”e the

first and the second light beam into a combined unpolarized light beam. In yet another aspect, the
present disdlesemrutprosidad hebdloraombireentiatliskiogas 1he bpthsalinrdudent fsyeetaritsther aspect,

the presentﬂ?éd?@&ﬁ%tW@e‘ﬂQﬁé Hr&i%i@’-sﬁ]&f@éﬁ% HRhIBRYARS QHdﬁﬂ%%’i‘%&%‘i&&Qﬂ%&e Lolor

combiner. 15These and other aspects of the present application will be apparent from the detailed

description thﬂQW.OllrdiﬁpO@véﬁQ ﬁh@%hg?,@f@lﬂb@ﬁé@&ﬁh@@ﬂiﬁtﬁ@ﬁp@ L‘i@@:@ﬂ@@ti}@c@@bﬁﬁmaﬁons on
the C'a'meda%“ﬂ%%t &%ﬁffoﬂ@f&%ﬁqﬁ%gpéﬁt%@?ds%féﬂﬁg SQlehePy:ihe aitgched claims, as may be
tion. 20Brief De gs

amended during prose cription of the Drawin hroughout the specification
refelénce israfiedevontbrupenddbcdictivirigs, whiseem like reflecamceolarnsralb dediga@malidghslements,

and Whereirllr:etla?l{r e'rls ia?rg (ﬁ%gg)ee(f: {iov o\rllil%\ﬁlleo Ihae %%‘PE'%H‘ gleb ?é%@nﬁﬁ%ﬂéiﬁrbeam 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
provides a display system that includes an imaging panel and the color combiner.
15 These and other aspects of the present application will be apparent from the
detailed description below. In no event, however, should the above summaries be
construed as limitations on the claimed subject matter, which subject matter is defined

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;



FIG. 2 is a perspective view of a polarizing beam splitter with a quarter-wave 25retarder; FIG. 3 is a
top schematic view of a polarizing beam splitter with polished faces; WO
2010/05968WPCTIVE26/8¥9/064931 FIG. 4 is a top schematic view of a coloPEAMBABY 40315 is a top
schematic view of a color combiner; FIG. 6 is a top schematic view of a color combiner; FIG. 7 is a top
schematic view of a color combiner; 5 FIG. 8 is a top schematic view of a color combiner; FIG. 9 is a

top schematic vievy.0f 4GRIQESPERRINGS Rl 01§ EoiBP rhmatic view of a color combiner; FIG. 11 is

a top schematic view of a color combiner; FIG. 12 is a top schematic view of a color combiner; and
10FIG. 13 is a schEMmticivieionidgrsieetsew of Trelegeradmanot necessarily to scale. Like

numbers used in thgdigyres {Sﬁ%ﬁfé&ﬁﬁ&gm%}%&dﬂgéﬂ‘fﬁﬁﬁ{eﬂt will be understood that the use of a

number to refer to a component in a given figure is not intended to limit the component in another
figure 15labeled wkHihé isanteprighebertiDeriied DederigaiBviner;The optical elements described

hereig can be configgred.ag féﬂ%ff&ﬁh‘?{@%%ﬁ%&%o@%‘?ﬁ@ﬁt wavelength spectrum lights and

produce a combined light output that 20includes the different wavelength spectrum lights. In one
aspect, the receivddfightisripion whemapeleidyed! andloieanhibitied light output is polarized in a

desired state. In Oﬁc?,r'fB%’ﬁgpkch%%?iﬁ%%!&bb%%@l&*ﬂ%&ﬂ esired polarization state are recycled

and rotated to the desired polarization state, Improving the light utilization efficiency. In one aspect, the
received light inputdi@rd Liifpolarnzebismadohesormbinelgtighmbungut is also 25unpolarized. The

combined light Ca’lr?é.31E?%%%&Orﬁ‘aﬁ%&?m&%géhgé‘élﬂ}a&to rises more than one wavelength
ined lig

spectrum of light. The com t can be a time sequenced olitput of each of the received lights. In
one Hbpect, each dflthel ditferenhemeatalengthodpapeicablight 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

bue ight. For 30piRorgs,f e A sRaLen RS PR nSRIGK IRLY N WRYRENgHh gpectrum
like components. However, it will be understood that the use of a number to refer to a
component in a given figure is not intended to limit the component in another figure

15 labeled with the same number.

Detailed Description
The optical elements described herein can be configured as color combiners that

receive different wavelength spectrum lights and produce a combined light output that

20 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.



arc 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 WO
2010/05968WPCTINE26899/064931 “wavelength spectrum light" refers to bdia VisHBM%HdBinher
wavelength spectrums of light including, for example, infrared light. Also for the purposes of the
description provided herein, the term "aligned to a desired polarization state" is intended to associate

the align me%%éﬁ%%ﬁrﬁ@eﬂﬁﬁfm@%%@k@ G818 ARFERERORERSN %%&%éig?‘iiglﬁt passes

through the optical e nt, i.e., a desired polarization state such as s-polarization, p-polarization,
right-circulaisbidigationciefeliecinfiafssl dighation, or the like. In one embodiment described herein

with reference to the Figras, Al RIS rIRMERLHEN 3R RelRHZes Algpedip- g kgt golarization

state means the orientation of the polarizer that passes the p-polarization 10state of light, and reflects
or absorbs #rsisetppldpeitinzation Staiiqhderit casectils Siqdiarnene Aistrepst fighiolar to be

undesstood dit the alarizet catiiosisad el getkiorat de peglerization siais,abliont, and reflect
or absorb the p-polarization state of light, if desired. Also for the purposes of the description provided
herein, the ®ametading aréfersdpeBoretivie ietatstkpeseeripaienpepeadiation inghfrom the

surface of ”&ﬁ&lﬁ?‘?&%@&%ﬁ, "1‘5?@8?83}5%%%‘1@%18@!%9 %%VHEQ.dg%“%% (DS R0G: AIRMAL One

element facing another element can include the dements disposed adjacent each other. One element
facing anottherdemehtrifetiveedriel tiiddighecsiaments skeglaratetisbghopticsderihert alifiged tayhe

mpotarized O s B e e e S B T S e BRI i
by oHe or et reffleghity epbtaflgetsorasorting ¢cane kpobutiationtsts dribthdstmelevhaseolor light
oroduces a B R g e e e, rour
or more 25receivethcolpolighstaresercioShiihheoddifigitopatandatierpfeaaszgnlankizaton and p-
light, if desired.
Also for the purposes of the description provided herein, the term “facing” refers to
15 one clement disposed so that a perpendicular line from the surface of the element follows
an optical path that is also perpendicular to the other element. One element facing another
element can include the elements disposed adjacent each other. One element facing
another element further includes the elements separated by optics so that a light ray
perpendicular to one element is also perpendicular to the other element.
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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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 aspeMOtAHUPIReE! dement comprises a reflective polarizer 30 positidfetlER UL 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, aISB}HH%{EBPEEE%HQ%O\MQZ@PMQQ9%&5’1@&&%&9&’9@‘&9&%&Q@i&e%%&cﬁﬁgu'ar

polarizer such as a cholesteric liquid crystal polarizer. According to 6ne embodiment, a mulfilayer
optical film poRiiezanbadimend, grafdfiby Feapdtlcibo aakazm Qﬁﬂﬂlé’?érléfﬁfﬁiwﬁﬁ?iflﬁéﬁaﬁzers can
include diff gﬁ}d@ckets of layers that 5serve to interact with different wavelength ranges of light. For
example, a unitary multilayer optical film polarizer can include several packets of layers through the

film thickness, eacN pHékeeieritedinnveha diffctentnohids| dHirreranpecksty’ @élék’ﬁtﬁf thght to reflect
one polarizafipn. $iatGa9d msc'ﬂfe%ﬁt%‘é&@ﬁ@ﬂ 7300 Siaiehin PHE-25RGE, A milipyer optical film

can have a first packet of layers adjacent a first surface of the film 10that interacts with, for example,

blue coloreduighlages optiusiuBlpelerizer seeariudacksrisl Iaﬂféq@&héﬂaméwhtgwhﬁhmﬁl@mmple
green colorgd light(l-€,. "QEESM?&%E%{Q%%%% t&l@%&%ﬁ‘?&ﬁ%’fg ﬁrfafi‘é’éa(% %ﬁ'tj%ace of the

film that interacts with, for example red colored light (i.e. a "red layers") Typ paration
between layefsit ohe pblam@tg@rwta@ Mhmlrethmh%mé@mtmmsmgtwmmmm &he "red

ayers, n LgofienJa INEEEFIANS ShorEr e eneran e melonaibs ooy

Polymeric mu t| ayer o iim polarizers can e particu efred reflective polarizers t
includle pacKetsiofciibetdayighsfas @@Q@}Dibeblhabm/ler@ft@’htﬁh@ hvg‘ﬂén@mlfg\y”\)da\@mgtm@fehght such

o b ok SRS e AP o U e s
addition, thehatpesloft el aptesacharenf hiseeond surface of the ﬁlrn that interacts with, for
example, red colored light (i.e. a “red layers”). Typically, the separation between layers in
the “blue layers” is much smaller than the separation between layers in the “red layers”, in
15 order to interact with the shorter (and higher energy) blue wavelengths of light.

Polymeric multilayer optical film polarizers can be particularly preferred reflective
polarizers that can include packets of film layers as described above. Often, the higher
energy wavelengths of light, such as blue light, can adversely affect the aging stability of
the film, and at least for this reason it is preferable to minimize the number of interactions

20 of blue light with the reflective polarizer. In addition, the nature of the interaction of blue
light with the film affects the severity of the adverse aging. Transmission of blue light
through the film is generally less detrimental to the film than reflection of blue light
entering from the “blue layers” (i.e. thin layers) side. Also, reflection of blue light
entering the film from the “blue layers™ side is less detrimental to the film than reflection

25 of blue light entering from the “red layers” (i.e., thick 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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light with the film affects the severity of the adverse aging. Transmission of blue light through the film is
generally less detrimental to the film than reflection of blue light entering from the "Hue layers” (i.e. thin
layers) side WQS9198f8eton of blue light entering the film from the "blue lay8fsI/EREIY 63 Hetrimental
to the film than reflection 250f blue light entering from the "red layers” (i.e., thick layers) side. The
reflective polarizer can be disposed between the diagonal faces of two prisms, or it can be a

free-standing #ilm; SU G35 A REIHCIR s 18 2ADE-H BARHI e S N E. CRIGALRIGIREAL it utlizatian

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

beam splitté (EBSYcrstaNd BaitbeiRoneasdrns i the syne ravakag v giepel8akatiould
otherwise bgjogt fram e epicalpall] farLhaarasskoAIntemalBalesinndd k%)tﬂm%&gx% Striis;? faces

and rejoin the optical path. For at least this reason, the following description is directed

elements wheising thoBBS/osdagemCiitRya0bo/osaost hehétticenponed asiayéhdiBposenl between
the dipgonalifasesqf liygp[igﬂyﬂémlagg\fﬁyg& it is to be understood that the PBS can function in the

same manner when used as a pellicle. In one aspect, all of the external faces of the PBS prisms are
highly polished so fireolidingdateringstisstPRS ¢laaetiysdectinR fiamisusapnesldiginlosttantained within

the PBS a”ﬂi?ﬁ?&é‘_ﬁ"‘%ﬁ &%fﬂ?dbé@%mﬂgesgﬂﬁ%%ngm }%‘9%%9 éQeR'ﬁ%%Qﬁ?ﬁﬂPé’ﬁ"&lﬁﬂQ&m flective

: 1 : ) [
filters such as color-selective dichroic filters are placed’in the path of input light from each of the

different colgsretdighEsduetébe Eelon-ssflehbvsolarhsele ftitessdichesit diltsk soghav sitiomed lsghthat an input
light beam iptercepts the filier at near-normal inei inimize, sRlitting Of £+ - 10polarized
light, and aI{s% to mtltﬁquérreﬁéI cgrlor éﬁﬁ%ﬁa Eé%lﬁll o%%ge{bggl%%@eﬁct}ée %?&r@c%i{)te?s%qé ected to
transfhit lightotharied bahviavelbalgthte peicimmeafolloe shdftiogntaguefigin sdareeatid ¢ dildovlight having
a waveleng ectrum of at | e .0f the other input light sources. | me.embodiments, each of
the color-se leég\slés I%IEFOGIC |t§?as% %é% Etzllgci:lt%eh %}1 gn?ﬁ%ﬁ‘l%%?h%%%@nﬁg\%@ eané?tlﬁes?gén Pgr?%‘%% the
adjacent inpoulightasdurtkEcahght haelfiect ligvelragiho pevtavelehgttesptanteumh tbE allhef thpudther input
ight sourceg Jp one. aspect. £ach,of s calor-selectye dishiole fiters s aosiianed elatie g the
reflective pofgrlzer SO fshantﬁe near-norma mbuﬁg% Gam 10 the surface of éach color-selective
dichroic filteointarsettl ghehmofieg tive pyelangtdr sieaimint eftbptadrglenoinpppi@titsatehe Amdegrees. By
normal to the surf f a color-selective dichroic filter i ant a line 2 ing perpendicular to the
Surhte the T TR AR g ey QAL e e AT QM S B0 cegrees
from normabhspegiretetabfithieseinascrbout 4G dedgddefsaspneitinatd nebre etobbdirfénrtithe intercept

O e 0 R RO TSI PO G SR Fom 0
dichroic filter intersects the reflective polarizer at an intercept angle of approximately 45
degrees. By normal to the surface of a color-selective dichroic filter is meant a line

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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25In 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 poM A8t by passing through the retarder twice. In one enBSSUIPENO/8o#8%arder 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 30filter and a retarder before entering the PBS prism face.

Light having,an 4ndesiedipRaHaRioR SR8 dSrnHes RERRSHPG- S QLR %hh?@%?té%ﬁ@”d retarder
twice, before WO 2010/059684PCT/US2009/064931 and after reflection from at least a second

color-selectifsigémeie fisorcHakging to the desired polarization state.  In one embodiment, the
retarder is placed bgiweem QAL thisciva dIAhppic gL dRd g EiisrivR aRlaalolhe particular

combination of color-selective dichroic 5filters, retarders, and source orientation all cooperate to

enable a snfﬁtl@r?liiﬁd_l?@ t@&ﬁ@éﬁ,mﬁé@rglgﬁfemmmm@hﬁ@m pdeleraselsiet cofBirE, efficiently
produces C%Qf@,%tﬁ?&%&&%&@ﬂ!&%@f&é&?@ Ao fArHed ragaﬁslwygn?a@&%m@ Gt is a

guarter-wave retarder aligned at approximately 45 degrees to a polarization state of the reflective

polarizer. InopHeabmipodirhtat; wecalipnigyrcdan @)é@@ﬂﬁ%&)ﬁ@@&ﬁ%@@%& profvas ﬁ@@@imgdieg_rees;
from 43 to “IY%HFgf Gt O%E?%éﬁtﬁ)ﬁosé?é g@%?ﬁﬁéqﬁi%ﬂc% #g@ﬂ%eﬁ%’tﬁ?&&%e& r(fﬂl%tll\_/\%]a%larlzer.

In one aspect, the first light comprises an unpofa ue light, the second color light comprises
an unpolarizedrgesat diegt 2trippiexthiatcbotbr degreevmprisderamtimpsikici oé dhertflgetivand the color

light bi [ i lue.lj ' | iteylight. |
o combing PSS RSIALITL D AL S e SR s o
an urpolariziedrgeseiidigHi3andt thée graes cot drdigHidcd mpisk d enagn po lapicke d zeabligitafaatitbiee color

light combir}%hg triggingﬁl;ll%grred, green and blue light to produce a time sequenced polarized red,

green and blue |ght.1fn one aspect, each of the first, second and third color lights are disposed 20in
separate light sourbesn¢rngoththedspeco|onbightivampnseohthentivles mol biuighghisthe second
color light comprises an unpolarized green light and the third color light comprises an
unpolarized red light, and the color light combiner combines the red light, blue light and
15 green light to produce polarized white light. In one aspect, the first color light comprises
an unpolarized blue light, the second color light comprises an unpolarized green light and
the third color light comprises an unpolarized red light, and the color light combiner
combines the red, green and blue light to produce a time sequenced polarized red, green
and blue light. In one aspect, each of the first, second and third color lights are disposed
20 in separate light sources. In another aspect, more than one of the three color lights is
combined into 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
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combined into one of the sources. In yet another aspect, more than three color lights arc combined in
the optical element to produce a combined light. According to one aspect, the reflective polarizing
film comprisWO® a4HMMBder optical film. In one embodiment, the PBS prod ReYBSAPEPO6#ABIned light
output that 25includes 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 colqoligith H It SABAHNGH: Gk AHNRL GANRR:RASSEd ShreHehidLaigiaplective stacked

retardation filter that selectively changes the polarization of the second color light as the second color
light passesRebegfarasdhtarodlals poleriseddighidBpmderedrénrneration filters are available from, for

example, ColorLinl¢ jng; ROYIder iR E0R AISL Prasices BSEsmah CAMBIRad Jight ALl fha includes

the first, second and third color lights combined'to have the same polarization (e.g. s-polarization). The

second WOW%@QSW@SQ@OQW@@I @Wﬁfﬁﬁﬁé&@m@@tﬁ@ﬁé@ﬁﬂ’ﬁﬁ fitdinbinkason of
transmissive,of [SIGGHYE HiSRiRYBEERANGTR RS MedulaitiRalaripeck Ualt i Rroducsarrimage. The

light beam includes light rays that can be collimated, convergent, or divergent when it enters the PBS.

Convergento(_fradméﬁgbmqibﬁB&ﬂ@Fihg nhéSPBSQ:amab@ I@ﬁilétﬁﬁm@ﬁﬁ}%t&m@l&bé’ﬁ@méh@s of the
PBS. To aV9§§“EHa‘9E§§%*IR"j Tp%%e%f‘erH?cﬁﬁ@&t‘?ﬁn%ﬂi%ﬁ'f&ﬂt@ﬁﬁgf!hFé %ﬁﬁfas% hgpolished to enable

total internal reflection (TTIR) within the PBS. Enabling TIR improves the utilization of light entering the
PBS, so thatuhsbetanliinill afl bfthghightemetiyRBE PBEmAthings cdrigglos sngliscidadtiresied to exit

the PBS thrgl%glkhtg%hggé'E?glgqg%%l%g?ﬁ@glarization component of each color light can pass through to

a polarization rotating reflector. The polarization rotating reflector deflects the propagation direction of
the li§ht and altersAtm aggtitudeoofpdrepoddidachionleo ighowenisisd¢éhenginty af thiatizetend
orientation of & el isPased, e, ROl aion efaling seleston The polaizalien piating
reflector can include a wavelengtﬁr)'u-se}ectlve mirror; such as a color- %ge? ctive dichroic ftilter, and a
retarder. Thégeétghtiendaltepychidmaamytabsitiegeldativionswchpasantsedghtinduay efrdtatspe, a

quarter-wave (rietard%t.and fthe IJ;ke In emboaim Hés g?scri d herein ggﬁreectis ar}tl%sdvantage to using a

a T1C 10N a retarder dis %se 1n. ariz4ation ro F%n% d)f
guarter-wave retarder and an associated dichroic reflector. Linearly polarized light I1s changed to

circularly pglatizemdtightastinpas8estdhmnghcdudoartesvaiauethesatevalignedt atuah angl®boi45 to the

aXiSl%f light selective dichroic filter, and a retarder. The retarder can provide any desired retardation,

such as an eighth-wave retarder, a quarter-wave retarder, and the like. In embodiments

described herein, there is an advantage to using a quarter-wave retarder and an associated

dichroic reflector. Linearly polarized light is changed to circularly polarized light as it

passes through a quarter-wave retarder aligned at an angle of 45° to the axis of light

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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20polarization. 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. I'VEH2RIEENMSarly polarized light is changed to a polarization st&ETHa2MNP8 een
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 25combiner. Polarization rotating reflectors

generally compriserg colars3alantve fCBIRICR AN IRIRIERE TG RORIMREREPsRREer and

color-selective dichroic filter relative to the adjacent light source is dependent on the desired path of

each of the PHAEAZARS &iﬁﬁé@fﬁeﬂé{t&ﬁcﬁéﬁ%@rs@ﬂaﬁé@@Wﬁéwwr@@@ﬁ@ﬁd@g@%ghﬁ gures. In
one aspect, {16 FRflGHEve RAIANZRT can BE R AteHIAL POINIARR $iah R _EhPLERIREGdHd qystal

polarizer. 30According to this aspect, polarization rotating reflectors can comprise color-selective
dichroic filte¥8 Wit ot sfjeakdendratcbiaerireirsl \wboodoxodos8aroT/0f3hopoEyesd in thehe

components, gf the.onfical elsmantinchuiog: RSB HNe ABIRIRETS rariErIaya retarders,

minors, filters or other components can be bonded together by a Suitable optical adhesive. The optical

adhesive ué@dwibsm&gh@mﬁgbﬂémum@@mmb@dwn@m @fldefﬁactlﬁrfé%%@ﬂﬁhﬁdémém&al to the
index of refractig '%Eﬂ%ﬂ%@‘faﬂ%%%%ﬁ%ﬂ g&%‘%ﬁ%ﬁ%}'gSﬂ%ﬁgﬁ%%%w&rﬁﬁ%}ﬂ@t is fully bonded

together offers aavantages including alignm / during assembly, handling and use. In some
embodiments)tpdindijacenprisneptan iserhpeiakad coyetherpasing the aptisaddtinésivediacenime
embodimen SN nitary. ig I componen ?351' ol £ ttig§ fithe tw ial ent prisms; e.g.,
suchasas ésie %ié}gg’uslea&pr%?nsvﬁ/%%h %}C%%porgﬁ%s ?ﬁ?épt%gogﬁwoefoé%?gclg%? tr%g\ﬁogular prisms, as
desdfibed efsavhergiangulhesmivodindesits eseibeticabove can be more readily understood by

reference to the Figures and their, 0 ing description, which follow: El IS a perspective
View of a PBS. PEL TO0 e e € B o O SRR oy
prisms 110 thed’ i2@cPrishtht i icolndesyive dasdritblaicestidlh fd8Byand a first and second prism face

130, 140 having algﬁ}aln%lg Bee}%ggtri]ve view of a PBS. PBS 100 includes a reflective polarizer 190

disposed between the diagonal faces of prisms 110 and 120. Prism 110 includes two end

15 faces 175, 185, and a first and second prism face 130, 140 having a 90° angle between
them. Prism 120 includes two end faces 170, 180, and a third and fourth prism face 150,
160 having a 90° angle between them. The first prism face 130 is parallel to the third
prism face 150, and the second prism face 140 is parallel to the fourth prism face 160.
The identification of the four prism faces shown in FIG 1 with a “first”, “second”, “third”

20 and “fourth” serves only to clarify the description of PBS 100 in the discussion that
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

-15-



them. Prism 120 includes two end faces 170, 180, and a third and fourth prism face 150, 160 having a
900 angle between them. The first prism face 130 is parallel to the third prism face 150, and the
second prisM@28a0{M06%t parallel to the fourth prism face 160. The identificR§IAUSRME 4B brism faces
shown in FIG 1 with a "first”", "second", "third" 20and "fourth” serves only to clarify the description of
PBS 100 in the discussion that follows. First reflective polarizer 190 can be a Cartesian reflective

polarizer or.g,ne-aHSsIAN RfSaYE MeldrreiriMion GAeAIaMRIL G YaPelatizegan include
multilayer inorganic films such as those produced by sequential deposition of inorganic dielectrics,

such as a MNEfBOpoTEY &P SASOSFRSSIdIs Hafl de woehpdfidhirerh s ¢ pafarlZaidRi825state, and
includes both Wif%f@aﬂgﬁi&%@e@ﬁ@e%m&émﬂ&Biléyﬁfee&{kcgbfw&assﬁﬁﬁe@%}mg&med by

extrusion and subsequent stretching of a multilayer polymeric laminate. Tn one embodiment, reflective

polarizer 19@9@%?@1@@%@1@%&%@&&@%@@%@@&2 @élﬁn@ﬁ@ arwrm%@r@rtﬁaﬁm@mfe 195, and
perpendiculgrlod $ReANG ARl IARHPRAREHRIGiR f%%ﬁ @m@feﬂweﬁﬂetba&g%ﬂ%r&ﬁ@en state 195

can be the s-polarization 30state, and the second polarization state 196 can be the p-polarization
state. In anowleriesn bbdirsermomprifiest pelamzatonudtdarcr9picesd Binikapopolarisetionlétplie, and the

second WQ%%Q%@@%@@&E@M&{Q%ﬁ%ﬁ’."dﬁ&@@*h‘i@lg&ﬁﬁ‘é #0580 H%%é;ﬂ@&@g lon state.

As shown in , rst polarization state 195 is perpendicular to each of the e 170, 175,
180, 185. of heattesiaticeiédiih puldrighcfiivimavidasshio pbhizify badidasglitetieatdibn ability to
pass input light s imat c.diverge . f central light
beam axis, V%Ehgﬁ\,é%}ggfg?ﬁ@gﬁgﬁﬂ}{gﬁ&% %ﬁ%ce ngﬁﬂg\/e%%gfa?gt\eﬁ?) | m&églrﬁ@cezdsnﬁﬁwr(%%'gp E{)% ymeric
multiyer optEa), filvh treaze shrdrised niulBplentyérd OPdidfsumiorsr ggelymeric material. Use of dielectric
films can have the nia f low attenuation of light and high efficiency.in passing li The
multilayer optical fﬁn%é%ﬁgc%%% |§8tlggly}%‘évrﬂzp%laI%‘%éﬁ%}ﬁ??a% %T%%%L% ygéetagi%%?e%cn Séd in U.S.
Patent 105,8625¢d An(Somzambadlinomits.S Rateart 8F 2 1086 (B remrbnesed ab. kal@hs a perspective

view of the alignment of a gquarter-wave reta to.a PBS, as used.in iments.
Quarter e e R T R A S R AR R TR R Pt e
system 200an¢ lsedes B BMO0 eandd fidst Ama stoowdveristasid1 IR Ansl digthsédqubatentvbe éirgtarder

220 s disposed adiaceiy the At RN 1A Fob30: BLleaiVe. PO BIZEL AP el SXMPE: @
Cartesian ré)ﬁegtllve polarizer
film aligned to first polarization state 195. Quarter-wave retarder 220 includes a quarter-
wave polarization state 295 that can be aligned at 45° to first polarization state 195.
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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film aligned to first polarization state 195. Quarter-wave retarder 220 includes a quarter- wave
polarization state 295 that can be aligned at 45 to first polarization state 195. Although FIG 2 shows
polarization WM WIEMdned at 45 to first polarization state 195 in a clockviS&/Hye¥E+BBlarization
state 295 can instead be aligned at 45 to first 20polarization state 195 in a counterclockwise direction.
In some embodiments, quarter- wave polarization state 295 can be aligned at any degree orientation

to first polarizafiQn RIRIE +Por iR! SHBMMIELATARQ BB GoYMRLGIRGEMRSIURSHBNIRIAN AR

clockwise direction. It can be advantageous to orient the retarder at apgroxmately +/- 45 as described,

since circul@iPsrhfassd thehoresides R e ahlbansy hrarazs dvidgin palisked 7938r809h Bhquarter-wave

retarder so ARSI AN SIAIE, RIGL AR HAIANS RLANAURTBY FRIAIREIS 3y resultn
s-polarized light not being fully transformed to p-polarized light, and p-polarized light not being fully

transformedter sspedarizaditighidgat reftaction frofhdhprimitsors) eesliiog TiRedipcedeetiigiency of the
optical elements described elsewhere in this description. 30FIG 3 shows a top view of a path of light

rays within #tH&sedrpsised e dfdngeis ove lambsaitie ighhdimadesudonalighird BRS #0rth prism

faces 130, %élﬁotlé&nﬁﬁ@eefam%ascé&@a@a%%% RRlizhe SdRnaliaiRERsAsRPEing to another
WO 2010/059684PCT/US2009/064931 embodiment, all of the external faces of the PBS 100

(including eflty¢aeey; Adlatibiomabiglidlisranddde petishet KRS FIvBligUengHeissinthin
polished PBg 3001cL0esratisngtextesrhsriaqss afh 1 aeniack V%EB&H%&&?@NMM@H&E@GX of

refraction that is less than the index of refraction "n 2" of prisms 110 and 120. TIR improves light

Sutilization iiapofidhe @B O pahdudeiplvaennsaafitetions crtd ihloayetishiey s EiRoyism
10 face 150.

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

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

15 polished PBS 300, that intersect reflective polarizer 190 at different angles of incidence
before exiting through third prism face 150. Light rays “AB” and “AD” also both undergo
TIR at prism faces 160 and 140, respectively, before exiting. It is to be understood that

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

end faces of polished PBS 300. In one embodiment, reflective polarizer 190 is selected to
20 efficiently split light of different polarizations over a wide range of angles of incidence. A
polymeric multilayer optical film is particularly well suited for splitting light over a wide
range of angles of incidence. Other reflective polarizers including MacNeille polarizers
and wire-grid polarizers can be used, but are less efficient at splitting the polarized light.
A MacNeille polarizer does not efficiently transmit light at angles of incidence that differ
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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is not collimated along a central axis, i.e. the incoming light is either convergent or divergent. At least
some light is trapped in polished PBS 300 by total internal reflections until it leaves through third prism
face 150. INV¥OAH ¥8EWE4 substantially all of the light is trapped in polished PEBEB300BY@HRA internal
reflections until it leaves through third prism 10face 150. As shown in FIG 3, light rays Lo enter first
prism face 130 within a range of angles 01. Light rays L1 within polished PBS 300 propagate within a

range of angleaif seh bt iR sRNGoB AYed Al RriRMRGRRMAQGRANIIhRigd faces

(not shown). Light rays C" and "AD" represent three of the many paths of light through
15polished PBSIZg0stiapRehELe fogbetivelpomadam. o av drfersheelagrss wiohéenbidipafore

exiting throyglh il BURMN SRR 0L SBRALAR PR IRRIASe oungpiga TLR at prism faces

160 and 140, respectively, before exiting. Itis to be understood that ranges of angles 01 and 02 can
be a cone of angle¥ swertapeetiddfiorsitanoalsirbrhicatatie epd fdcasopfipdiidlia®BS 300. In one

embaglimen. ey, POINAEL RIS SSHREIEH 19-AAedebsDl ek Al RpIAgFatons over

a wide range of angles of incidence. A polymeric multilayer optical film is particularly well suited for
splitting lighteleercamharerdifedt bhyghed vitheideney, dihghtrediseayaspisismitad dhevbig MacNeille

polarizers a*i‘ﬂe"ﬁéﬁi%ﬁl&%'?f& ISEeaMAS LS HBHLHS a5k FIGRLAE UG 4 _@R&"@%ﬁed light. A
MacNeille polarizer doeshot €fficiently transmit light at angles of incidence that differ 25substantially
from the desiymicarigie, 40RieteishypicallV s degrawsasltel pdiaszatidhsblactive slitiacaronpnormal to
e s Ahie ek GllemhaRl O RPEaed bataNg  Mighiellpaalpregogan be Tmited
to incidence angles below about 6 or 7 degrees from the normal, since significant retlection of the
p-pdlérizatiehgadete dre dustipeltsaaionatgts Higldispasud bigmificathadingonissiareo b E{potandation
state can a'§é\l’c81?&$r' %‘39%',“&@%6&6%‘9\%%& eﬁ‘so%hefigcﬁse%‘ﬁ‘drﬁﬂgcﬁ)ﬁ’? RRUOg ?Jﬁ%ﬁ?{‘vc ofa
MacNeille polarizet. Efficient splitting of polarized light Using a wire-grid polarizer typically WO
2010/0596 APEiFAY $2009106DB1the duivgsodariaatigaptattjd 0 ndopessitibetf the thirdsygamdlefficiency
drops when_a wiresgri o(fllrizer is immer, ina.higher index medium. A wiresgrid pplarizer used for
Splting POl 1Rt E A oat oy S T S Do B
disposed adjacent prism face 140°, and a retarder 220 is disposed between the reflector
15 460 and the reflective polarizer 190°.
A first and second wavelength-selective filter 410, 420 are disposed facing the first
prism face 130. Each of the first and second wavelength-selective filters 410, 420 can be a
color-selective dichroic filter selected to transmit a first and second wavelength spectrum
of light, respectively, and reflect other wavelength spectrums of light. In one aspect, the
20 reflective polarizer 190 can comprise a polymeric multilayer optical film. In one
embodiment, reflective polarizer 190 includes blue layers disposed proximate first and
second color-selective dichroic filters 410, 420, as described elsewhere.
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

-18-



In one aspect, FIG. 4 is a top view schematic view of an optical element 5configured as a color
combiner 400 that includes a first PBS 100 and a second PBS 100'. Color combiner 400 can be used
with a varie®y @21iHI¥8tces as described elsewhere. The paths of light raf§ 5isae49{864asization state
emitted from a first and a second light source 440, 450 are shown in FIG. 4, to more clearly illustrate
the function of the various components of color combiner 400. First PBS 100 includes a reflective

polarizer 19&8—&1@@%?%&&% fhe UeghRelarizad Ht%%ﬁé&ﬁoﬁ%ﬁ@%%ﬁﬂ%%ﬂb@p@@&?Q?lvﬂf@l(l\'es of first

and second prisms , 120, as described elsewhere. Second PBS 10 ludes a reflective polarizer

190" alignedidtaEifiedoporane splbinstian abigkfishiede dupaahicon thbayrgfsriahtascyorisidahd second
prisms 110',1 40k, 35,483 R H &l3eyharss Ay &liactei AoR s &Bﬁ&&%&%@@ﬂ%ﬁﬁé‘b&rﬁ%&%e 140', and a

retarder 220 is disposed between thé reflector 15460 and the reflective polarizer 190". A first and
second wawddeeithg el srive fiftdetaile of achrepalsjsvond Fedihg e fikstipHdmthacst ¥8dl f@ech of the

first afp(_j Se%ﬁﬂ@ﬂﬁ%ﬁ%&&?ﬂﬁg@ﬂ@ﬂtﬁ%ﬂ%&@&Wa%@cﬁ@%?ﬁﬁk%ﬁ%\ﬁ? dichroic filter selected to

transmit a first and second wavelength spectrum of light, respectively, and reflect other wavelength

spectrums of light. At Qné%bé@f%gﬂh'éOQQneﬂémWé)wﬂahz_@rQ‘Qde@aﬁ tdomptng prtdwwéfmlﬁ_ﬂmltilay_er
optical film. ﬂﬁs‘?ﬂ‘?a@%@ hagim Sﬂﬁ)r 6?%‘??39’90%3{&%6?& neludes Bﬁ%@%&?ﬂ%ﬁ%@ﬁﬁﬂg‘ ate first

and second.color-se e'ctlve'dlc oic |Ipers 410, 420, as descrlbed elsewhere. A retarder 220 is
disposed fatiats@somdbrhutfiret eondbieebhghtslvipytiesttiverdishtoiofitassctt.GadiR b giThsovecarders

220, color-sgjggti [ i fil 410 . clive . j 90, 1 f| 60
cooperate e S B A e IR BRTRIERD, S Qi AL ISR 160y
of thidfirst apeiusedondhRB §{aB0laso0diodsspergivedyl BRG (EBYER theuadrenpoladistitioh gtate of light,

as described,claeulicie, 1016 6f

dimen rp low, each retarder, 220 in color combiner 400
IS a quarter-wave retarder orient r%%?g%sgg%gﬁ%t%ﬁ/gﬁgg ergxr%?(leos,%:loa ﬁ'}gels ﬁ‘fls{thsag {)g%fggetion state 195.
According toaivother aspettan. optigtablightsturghe tiBC by kesemiliéb gftlerisgstoretusbiolvm) can be

gg’l\g;joe 5d 9?8%? E();PF ﬁ%}ég%‘é%%@? ggesl%ggﬂgr l(il% Qér%)eu({ ,CFO% g’)f' eprhﬁll% Pint %u\é\{ghed U.S. Patent
Application No. US 2008/0285129, the disclosure of which is herein included in its

15 entirety.

The path of a first color light 441 will now be described with reference to FIG. 4,
where unpolarized first color light 441 exits third prism face 150 of first PBS 100 as p-
polarized first color light 442 and fourth prism face 160’ of second PBS 10’ as p-polarized
first color light 445.

20 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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provide spacing that separates the light sources from the polarizing beam splitter, as well as provide
for some collimation of light. Light tunnels could have straight or curved sides, or they could be
replaced by¥A293085e8 . Different approaches may be preferred dependiR§TBHSSpEYMd%Getails of
each application, and those with skill in the art will face 5no difficulty in selecting the optimal approach
for a specific application. An optional integrator (not shown) can be provided at the output (third

and fourth peism.facesohrd43QQ0A1 CRIBICOBiRF ﬁ%ugﬁ AORAIPLSAMRINesslesgrRed herein, to

increase uniformity of combined light outputs. According one aspect each light source (440, 450)

comprises oistsngrsrEipherpliteiriyy siprlas71eE9Q). apdiaifs feensdtidce0ain1ond feedhsuch as
lasers, Iasek'ggﬁqe&qu@nég b%@lérfﬁ%&@?s?lo%qlgﬂ{‘ﬁ@“d state light sources such as ultra high

pressure (UHP), halogen or xenon lamps with appropriate collectors or reflectors. Light sources, light

tunnels, lenses, anbhiigritimégraenad.edal lishhé>d rad moinadiss hedturthaicBrssreibeol For example,
in Publisheq, U.g. R %ﬁ%ﬁlﬁ%&?@é&%d\'&ﬁ%@ﬁoﬁ P%§§§~ﬁﬁr&% Q&?%‘B@Wﬁﬁﬁﬁ%‘f@ﬁshﬁf@%'”ClUded

in its 15entiréty. The path of a first color light 441 will now be described with reference to FIG. 4,

where unpoapesizidseenod lkghedighe4its andprtnpiisoefaso l60fict eR®d 8834 Wpasdarized first

color light 46313%5%@&1@@ 502 of second PBS 10" as p-polarized first color light 445. 20First
light source 440 injects unpolarized first color light 441 through first color- selective dichroic filter 410,

quarter-wave retarUeleaozediw®ﬂdst¢kB$ialﬂGiﬂirﬁ@ghSﬁmnidrl'ghtfauemQmﬁtsqe@ibctive
polarizer 190, and 13 +§>§ %i@&?@e%?éﬁ%‘éq ‘cr?tzf‘z‘?)' %vg'f'gt '?ﬁ'(?eeqlférr%t Rl HQ?A'?’

P-polarized first colo t 442 passes through ref ctive polarizer O exits first P S 100 through
thirdl Prism fleeugbUiss pmsszwarlﬁ@d ifitstasplertifjttadopolari pHifrized lﬁmlttoiﬁp light 443 reflects

from reflectiye Rplalizer n%oc tﬁ h?li %&Qgpéi‘ei?zﬁi‘s%%&&'gﬁnZegg%‘%‘é i‘at%r%éecond PBS

100 througiﬁ)?irst prism ace 1 &nd teflects from reflective pola Iarized first color light
443 then em@emtonld)ﬂ%tm@ phsstegﬂlmegbndflzﬁummerim &9 ehdegits Iﬁmstﬁ’BﬁdiW polarized
30light 444 S |t Se throu er- Wav > feta der 220. Cir ly polarized light 444 reflects from
reflector 460, gﬁilrliﬁg s %%rlifzg?t riza o% S%Crioél%}:icigi?woég %(g %é%olarized first color light 445 as
it passes through (ﬂjﬁ(ﬂﬁﬁxﬁ\@crethdrddo@ﬁ@hﬂ@biaﬂzed from reflective polarizer 190, exits first

15 PBS 100 through second prism face 140, enters second PBS 100’ through first prism face
130, and reflects from reflective polarizer 190°. S-polarized second color light 453 then
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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WO 2010/059684PCT/US2009/064931 first color light 445 enters second PBS 100' through second
prism face 140', passes unchanged through reflective polarizer 190", and exits second PBS 100
through fouN¥PRMMPFAEE 160’ as p-polarized first color light 445. The path BCI/ESPeHIdY light 451
will now be described with reference to FIG. 54, where unpolarized second color light 451 exits third
prism face 150 of first PBS 100 as p-polarized second color light 452 and fourth prism face 160" of

second PBS Uik RapldiiandSacend crlor laidm ordRRalaisef secaadicolasightA51 from

second light source 450 passes through second color-selective dichroic filter 420, quarter-wave
retarder 220 98ntsrdefigstr@ gseadasthrough first prism face 130, intercepts reflective polarizer 190,

andis split into p- polarizdsecpnd salor lghtdrzand snplayzed rappdaeipr i dRd £ -polarized

second color light 452 passes through reflective polarizer 190, and exits first PBS 100 through third

prism face I‘S@ﬁ@%ﬂbiﬂa? 20 _%&%@@étmwhtm@@pﬁmﬂ%@ se el cenoitligen #¥Bsherets from
reflecive polapzgr 494, PSR BR A% HEOLER sa%Nd PSR PSR SrAgand PBS 100

through first prism face 130', and reflects from reflective polarizér 190'. S-polarized second color light

453 then exitseet8RS PBE 20ewlorreoghiserdpll griska fadeivbeemeperangbinto eivtlarly polarized
et 460 e o g B R ot color o
455 as it paés%gimglghmﬁeiﬂhm%@ﬁ@htzm Gf-qaglam@d@ém@dtt@ fight mﬁ_&émer's second
exta second DR L e M 1 one
embldtimentilfissetolor fightivaloiieeridightampbsectsd color tighb Bt 1O R5FElgentmligt
gt refiocting i e T e S Fcer 420 i &
green Iight ngfleﬁﬂm@oarwamdgéntbsbgmdl’mtmmiﬂ@ dieboroid ﬁdtt@ﬁ @f@lﬂidl@ltd f_histbmlbsldﬁment, the
fs"sctoﬁfga“za(tf%ﬁ%e) LGRS 5AEPPNGnt of sERNd FALNINEASL Is transmitted once and the
In one aspect, the first and second reflective polarizers 190, 190’ can comprise a
15 polymeric multilayer optical film. In one embodiment, first reflective polarizer 190
includes blue layers disposed proximate the first, the second, and the third light sources
(540, 550, 560), and second reflective polarizer 190’ includes blue layers disposed
proximate first reflective polarizer 190°, as described elsewhere.
A retarder 220 is disposed between a reflector 570 and the second reflective
20 polarizer 190°. The retarder 220, the reflector 570, and first and second reflective
polarizer 190, 190’ cooperate to transmit one polarization state of light through the third
prism face 150 and the fourth prism face 160°, and recycle the other polarization state of
light, as described elsewhere. In one embodiment described below, the retarder 220 in
color combiner 500 is a quarter-wave retarder orientated at approximately 45 degrees to
25 the first 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, 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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30polarization state of the blue component of second color light 451 is reflected once by each
reflective polarizer 190, 190'. The single reflection is preferably a front surface WO
2010/05968WPCTIVE26/899/064931 reflection from the blue layers, which re8¢listpapdedhtation of the
reflective polarizer 190, as described elsewhere. In one aspect, FIG. 5 is a top schematic view of
an optical element configured as a color combiner 500, which functions in a manner similar to the color

combiner 4%1%‘9%}% SIEIGs30!3 50569y 0 TESEARRLNIIDRIBARE EAE 1KY § Rl Eag fisst PBS 100

and the second PBS 100’ of color combiner 400 of FIG. 4 have been combined into a single unitary
prism 110". helseonsbiner SdutedigiBe used with a variety of light sources as described elsewhere.

The paths of light rays APk ANREFRIORAMIeR fiomAUr sk aA8SPRELAB A 1t iefe) spurce (540,

550, 560) arc shown in FIG. 5, to more clearly 10illustrate the function of the various components of

color combiWélﬁsU@.lI@tﬂtiiZ%ﬁiﬁtrﬁ@ﬂ@d@lﬁéﬂlh%i@ ﬁh*sttdams@e@@sdief?émmelpﬁr@dz‘érrs‘(fgbzrlgo')
aligngd to tﬁ%ﬁ'{%ﬁ%‘ﬁ&'@&mﬁ,@%ﬁ 321 8iPPRSeI Nenves R ilie sligasial Jases of second and fourth

prisms (120, 120" and unitary prism 110", as described elsewhere. In"one aspect, the first and second

reflective polarizerS/nouangod st eolophiget a4lshomfietidight ayes Bistieatcfiirirshrosedasbodiment,
first reflectivg, polarizer 1R NEIHARTRIYS AYSLS G5 PAREH BERKINAIS_Hafa IRty R S&GOPH.AN the third
light sources (540, 55(5), 560%@, aLrt% seco%wd reflective ﬁﬁgnzgr 190’ |ﬁ§%de§qmayers déposed
proximate fib$Erefidstiviquaiedifest LoBr igldedsribRdelwareddiest sotetdrgelr PRstiisposndibetween a
g&e gteogoi Zﬁ@g g%%%t%ecﬁgﬁﬁ%gﬁ FHY AR AR IOl BB HSIRHIEL 728N SSTiESIY £4P: and first
10 color light 542.
S-polarized first color light 543 reflects from first reflective polarizer 190, reflects
from second reflective polarizer 190°, and exits through first prism face 130. S-polarized
first color light 543 changes to circularly polarized light 544 as it passes through quarter-
wave retarder 220, reflects from reflector 570, changing state of circular polarization, and
15 changes to p-polarized first color light 545 as it passes through quarter-wave retarder 220.
P-polarized first color light 545 enters through first prism face 130, passes through second
reflective polarizer 190°, and exits through fourth prism face 160’ as p-polarized first
color light 545.
The paths of a second color light 551 and a third color light 561 can be seen in
20 FIG. 5 to be identical to the path of the first color light 541 described above. Thus,
unpolarized second color light 551 exits fourth prism face 160’ as p-polarized 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
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polarizer 190, 190' cooperate to transmit one polarization state of light through the third prism face 150
and the fourth prism face 160", and recycle the other polarization state of light, as described
elsewhere. WMQAIEAPGHiment described below, the retarder 220 in color cBATIHEASOB834
guarter-wave retarder orientated at approximately 45 degrees to 25the first polarization state 195.
According to another aspect, an optional light tunnel 430 or assemblies of lenses (not shown) can be

provided forygachih (BRI HaneraRtcrR TN IabERANTCeR (RF 37850 20 P Heseihedigisewhere

with reference to FIG. 4, the disclosure of which applies equally to FIG. S. In some cases, the first,

second, and@hiFiEiBeR.sBIt€BaNG#00 P5p0 sEEy BeReanbeoteipazhte SdRrEPREES liyfitusBurces as
described elﬁﬁwgﬁ%@l‘étﬁﬁ&ﬁrﬁb‘d9-‘5@'[‘«3{2%9%%&%@l%?ﬂgﬂf@s@re%‘?m&%%é@%&PBH%%O- In

some cases, the first, second, and third light sources (540, 550, 560) can instead be a combined color

light sourcefasetiSRonaspes tictoeghaseonne tflnctive polrsiegakOor andrestitolbroight founthmisow be

descrbed \A{j‘xiger%q,e&c}g_ 815111%@3%&%%&%;)9@{{% first color light 541 exits third prism face 150 as
p-polarized first color 5light 542 and fourth prism face 160" as p-polarized first color light 545.

Unpolarized first C&I@pﬁ@lﬁi@@lhlirérﬁoﬂ'rpgtliﬁjﬁﬁééLff@é_l?shindelriﬁé_@(ﬂm%f@hﬁmé ﬁ@pm@ré@@ﬁs first
reflective pojggzer 190, amdis SRULIRIO RiRalarzed, s %’éﬁﬁl‘%ﬂ& 4%0%@&981?&'5{?@5 ifghyolor light

543. P-polarized first color light 542 passes through first reflective 6ar|;er 190, and exits'through
third prism f3ze ah80-a lerprsidtired dirsr 1gbo 126 igRtsdarized tigrg ollar diglir§62 ornstig Hirsughreflects

from first reflective polari 90, 1 1s,frQ d [eflectiy lari ' and-exits, through first
prism face 158? §-&%a@rlézé%ﬁ#rs%coﬁ)bﬁﬁgﬁt%%iﬁ@%es 1[08 i)lrcsﬁlfgﬁyc/% pﬁ%r#fﬁjq%%t 56284 a%zl{t passes
throligh quarederlighe Yelarder 220, reflects from reflector 570, changing state of circular polarization,
and 15changes to -palarized first color light 545 as.i rough quarter-waveJetarger, 220.
P-polarized first co?oﬁi%ﬁtz %ﬂhgﬁtg?so%rhlg utgt?w% wget%ger?gfn%?a%e% {%g?%cstgéeslot qragluzg%ﬁ ide%(?ﬁ grcetﬁective
polarizer 19figrandeerids thotigh polmtizgrish)’ fand ¢60 Hs p:plolarst ed dinsfacol b3 ligBtisriddde paths of
a second cqlor light 551 third color light 561 can .be seen in 20FIG. 5 to be identical to the path
ot the frst oS Ea o Lt Sy e el A P S S B G s
face 160" aspypoledrdmt 22¢0omrd anbolrdghteSs6tantl/thict prgsng face d60mslprpolarizetoseeodd color

o SE2 AshRenase i R 6 S 0 a6 A 5 Rt 0 <o
P-polarized third color light 565 enters through first prism face 130, passes through
second reflective polarizer 190°, and exits through fourth prism face 160’ as p-polarized
third color light 565.

In one embodiment, first color light 541 is red light, second color light 551 is green
20 light and third color light 561 is magenta light. According to this embodiment, the first
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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25Unpolarized 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 ¥R a3Aa/8816%4ight 553. P-polarized second color light 552 pass@§HESAIArdPIEflective
polarizer 190, and exits through third prism face 150 asp-polarized second color light 552.
30S-polarized second color light 553 reflects from first reflective polarizer 190, reflects from second

reflective palarigee dafpaadi S ¥ SPESRTIRE BISMHRSEPE1 SuRAIRIESH SRR foee ik gl £53
changes to circularly polarized light 554 as it passes WO 2010/059684PCT/US2009/064931 through

quarter-wavidrsearhiggoond refetis felietdder B0 abisapdind e dtsorirtariopsiatzd%on, and
changes to grpQlarizedwesPd Gole5 ANt OR 25 L PARFES SR HILRUAIGE TIRHEI BB des 2205

P-polarized second color light 555 enters through first prism face 130, passes through second

reflective pcsia?czé?eﬂg@,_ewharex&g qnm@@hq@i@mtpﬁ@fﬁﬁ@f@é@mé@%%swaﬁifaﬁs}é&nwtolor light
595. 5 Unpolariz 6 JAIrd 6P %dé%tq_éf g ﬂﬂﬂ&&%ﬁ&?@&%ﬁﬁéﬁt“t&%&t%ﬂﬁ%ff%ﬁ&@o’

intercepts first reflective polarizer 190, and is split into p-polarized third color light 562 and s-polarized
third color lighe BeSTFpGRgiteectbiddsdetondethbBeocpadseBatiivaghlfirscrefitiiespetddedy< 90, and

exis hrougfled o5 (AGEIHAIHEPAATFE LI AORIAIESSR,  S-polaized tird color ligh

563 reflects from first reflective polarizer 190, reflects from'second reflective polarizer 190', and exits
through first prism fafest 80veepgthriztadtini dibotdr Nghtba® sidaages theictilariyp siand hght 564

polarsation o TS B G et b ISR v
retatdler 22(a@ngdlariseditiipdisolGrdight B8 ssemrd BB UGA firkphisftiadest3Gcpadsad thisligh
S5, In o S YT EA e e T L B e ane
third color lightr&@nik an@ige sdighandcbodling tdethithespdstuion et ghie fagteptializativhreflie of the
blue compongnt of tird eplor it 251,15 NSy ance uldhe second polaiization state of the
blue component o secoﬁgpc Iorﬂgﬁ%g S réﬁmecltle ncé%y each of the re(?l)ec ive polarizers 190,
190'. The sipgleizftedtionlisPrefe @ishpastraniduniace neflédticm nomaih@lbluénlayers, which results
fron’l § rienta‘et}g O%EI’HIG%‘[, first reflective polarizer 190 includes blue layers disposed proximate first
color-selective dichroic filter 610, and second reflective polarizer 190° includes blue
layers disposed proximate both second color-selective dichroic filter 620 and third color-
selective dichroic filter 630, as described elsewhere.
A polarization rotating reflector comprising a broadband mirror 640 is disposed
20 facing the second prism face 140 of first PBS 100. The polarization rotating reflector
further comprises a retarder 220 disposed between second prism face 140 and broadband
mirror 640. Broadband mirror 640 and retarder 220 serve to convert polarization states of
light leaving first PBS 100 through second prism 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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25reflective 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 aspeWMOREY/E% top view schematic representation of an optical eRGHEH200%fieAdddd as a
color combiner 600 that includes a first PBS 100 and a second PBS 100'. 30Color combiner 600 can
be used with a variety of light sources as described elsewhere. The paths of light rays of each

polarization grilted-fron 2 itsh & SEaNE-andi ey SPHICEPERO1 66 4nl LRI R FIG. 6,
to more clearly illustrate the function of the WO 2010/059684PCT/US2009/064931 various

componentd H cHfiseeBiaBiREr 100, FirsPRSsR0astsaeTR PRS2 20 gambdisrefadedisgesécond
reflective pcé@éi%@&l&%’-%eie%%%"@R&d(éqGb@z@(%ﬁ%!%%ﬂ%ﬁd@!%@%%%%&%@@%ﬁElsﬁ*%f;‘ diagonal

faces of first and second prisms 110, 120 and 110', 120", as described elsewhere. In one embodiment,

second prisf? Q.20 Of eeftaster KEE. £60) s 5%@914@%?%&1@@@6%mlmrﬂ@@,cb‘?@be a unitary
opticg| compoRent (00 AWM UG, AsiZRHR TR PG B RIR SRAHRY T)giQX RREON sflective

polarizer 190', tirst reflective polarizer 190, and fourth prism face 160' and third prism face 150. A

first wavelefigsh RidfetO0aritdrsonid apodeectaoth@iivechnt BBSM (candoeydesthrBBeroo. A

second and 3 (i wvalanai siealue (B 400 BRI isposai dfiacind e Reenahprism face
140" of second PBS 100'. Each of the first, second and third wavelength selective filters 610, 620, 630

can be a cotqﬂse%&tﬂ@e Z_ﬁ@hmlﬂn@pséimmﬂaﬁgﬁﬂ?a\ﬁm@ wersted Qn_iﬂiltmd gvavelength .
spectrum ofa&ggf?ééﬁ/%pegggs}e%gs@%% gg?%%&-l(ggpr?&\g@ﬁigﬁ%gtgq@g'gryms of light. In one aspect, the first

and second z comprise a polymeric multilayer optical film. In one
15eidbodiment, firgtaeftdotiytopolattize nsi@otind vgesisilibgdbt/emmdididsathprorihasefitsnses

oroximate D S e B R o 050, o
described efséwinredesaibalardixatinrre otatingfeedientdée EdthphishegladooadbeimemeitrapBus is disposed
equally to FIG. 6.
The path of a first color light 651 will now be described with reference to FIG. 6,
15 where unpolarized first color light 651 exits third prism face 150 of first PBS 100 as p-
polarized first color light 652 and fourth prism face 160’ of second PBS 100’ as p-
polarized first color light 659.
Unpolarized first color light 651 from first light source 650 passes through first
color-selective dichroic filter 610, quarter-wave retarder 220, enters first PBS 100 through
20 first prism face 130, intercepts first reflective polarizer 190, and is split into p-polarized
first color light 652 and s-polarized first color light 653. P-polarized first color light 652
passes through first reflective 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-



20facing the second prism face 140 of first PBS 100. The polarization rotating reflector further
comprises a retarder 220 disposed between second prism face 140 and broadband mirror 640.
Broadband MPrH1848%6%d retarder 220 serve to convert polarization statesPSfTi§R208% 083 first PBS
100 through second prism face 140, and redirect the converted polarization state light back into first
PBS 100, as described elsewhere. 25A polarization rotating reflector comprising a broadband mirror

680 is dispasepllagip Qsé@?tf%hglﬁ A faravhI0 ref.2850nh RBR-LAG  LNE-pRlBHZ BRI reflector

further comprises a retarder 220 disposed between first prism face 130' and broadband mirror 680.

Broadband ehﬁ?@iwaé%afr@f&ra@rméwéfmwl@@ﬂ%ﬁpm&wf‘&fgﬁa@é%mgjﬁtﬁé&@m@ second
PBS 100't *15.59 ugh dirshBASLfAGeRY r R tpdF6CLihe CQRYRE PR SABEMATHAAGD ghhack into

second PBS 100, as descrlbed elsewhere. A retarder 220 is disposed facing each of the first, second

and third cold@serftanse firey sq@1d, sHocBBOpolarssmEBagenl astshecpndPBS1 ) tHsqeghrder 220
canbe a WQc@Q&B@é%@c%Pl%/ US 2000 AL &&Bﬁ[}l’gﬁ‘?%‘?%h%?&y%@tcﬁ%&%@rﬁ&l%ﬂ%@aface 130

of first PBS 100, and second prism face 140" of second In"'some cases, a separate retarder
220 can be ldgépééédlsmja@@ﬁﬁ darehgloimarsatediee filted 613, aelcas o misetherangend 2olor-

color-selectiyg iy (ﬁ&lﬂo@@ﬁlt?ﬁ@)o GIBHET &‘f’”iose@% v@ﬁ%ﬁ?&%ﬁﬂ%ﬁ%@'&ﬂ Bl S%%Yﬁeoé?fa”zer 190,

190" 5cooperate to transmit one polarization state of light through the third prisntface 150 of first PBS
100 and thecfowtdy pakwizidsm 1B whissepetrPBYE fiod'celnd kel 6fd treliophsscptharizgtion state of light,

as desaribeq slsaale 1,805 embosment deserbed oo SACL IEINHALAZQ. cplorgombiner 600

is a quarter-wave retarder orientated at approximate egreesto t rst rization state 195.
10AtGordinghtougiothemassdet;tane pplionat Ilgﬂf teimeh ek%@eo@mtgsr&ﬂﬁ@s thtdmghésl(ﬁbtpstsown) can
be prowdedf [ f the first cih ht sources 650, 660, 670, as described elsewhere
with referencg tgiﬁG% Olar ISC c?ﬁugﬁzag%fjw % %%:)%Iles equally to FIG. 6. The path of a first color light
651 will now be de‘ﬁhnbedlwfth sefendruedaiol i5l® 66] will now be described with reference to FIG.

6, where unpolarized second color light 661 exits third prism face 150 of first PBS 100 as
p-polarized second color light 669 and fourth prism face 160’ of second PBS 100’ as p-
15 polarized second color light 662.
Unpolarized second color light 661 from second light source 660 passes through
second color-selective dichroic filter 620, quarter-wave retarder 220, enters second PBS
100’ through second prism face 140’, intercepts second reflective polarizer 190°, and is
split into p-polarized second color light 662 and s-polarized second color light 663. P-
20 polarized second color light 662 passes through second reflective polarizer 190°, and exits
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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15where unpolarized first color light 651 exits third prism face 150 of first PBS 100 as polarized first
first color light 652 and fourth prism face 160" of second PBS 100' asp-polarized first color light 659.
Unpolarized¥fistd8i6¥8ht 651 from first light source 650 passes through fiP§{EERAEHIeER e dichroic
filter 610, quarter-wave retarder 220, enters first PBS 100 through 20 first prism face 130, intercepts
first reflective polarizer 190, and is split into p-polarized first color light 652 and s-polarized first color

light 653. P%@@f&l&q&fﬁgﬁp&ﬁlkmg S RaEPes AN RUAR L eflactive Priatizer A0 PR xS first
PBS 100 through third prism face 150 as p-polarized first color light 652. S-polarized first color light

653 reflectsthiongfirgcestibptive pesarl 28 ndGctsdterpdifstafipstivopodarsisgh Xbcodeprisfirface 140,
changes to siseulauyReltzaR{IgRLETERS PSRN I SHAESGV MG FRIALHEh R0 reflects from

broadband mirror 640 changing state of circular polarization, and changes to p-polarized first color

light 655 asdtrpaleskespipsizgH bgkirtdtwalierpesapdbroped quapistarzed figrdaiselgaiBst diemars first

PBS 300 thiguol, #GCNdRUS 0 RS AR AR ER Y QUL IS FaaHY S ol AGH 1RnE ¥t first 30
PBS 100 through fourth prism face 160, enters second PBS 100’ through third prism face 150", passes

through secoielpetredtins Qi bl o ehasakisssecdnaur B gurgor tiveygdhtfiidethatdce 130'.

P-polarized J - t%tr.g%ll%{ ]l}%@[ ARPih %e@rgf)pq{rsqﬂ @@g P%"?‘VF’- glgﬁ%d\@legond color light 669
2010/059684PCT/US2009/064931 856 as'it passes through quarter-wave retarder 220, reflects from

broadband frisses dBouchaiiy g et opelrcakir 9Olaichtiots, Grramdss h@@p@@m‘é@fﬁ@ﬁmlor light 657
elocis o e T B Second PaS 100" trouigh Seecond priom face
140'1&B-polarized fifdequitr dighti6a7cohemgay (0 tivollady poldrsatblid 668 tsdngatssesthbough
color-select B S B e st colo
light 659 aspibjaassdstthrbe)brdightté7heanvkretdndeTst? 6centeds sesmndABES 100° hrpugh second
e e 0 AR QU ST TSRO W RSN,
661 will novatksdesadibelbmittht éfelr dmoagb EdEr 6ombiake GOpetasmedsceosatcaldriigHht.661 exits
thirq prism face 150 of it BB 400,45 R 8575 SeSRu PRI 801 S8 A Ry Rifsm face 160
of sedond PBS 100" 58 p-
third color-selective dichroic filter 630, quarter-wave retarder 220, enters second PBS
100’ through second prism face 140’, intercepts second reflective polarizer 190°, and is
split into p-polarized third color light 672 and s-polarized third color light 673. P-
polarized third color light 672 passes through second reflective polarizer 190°, and exits
20 second PBS 100’ through fourth prism face 160’ as p-polarized third color light 672.
S-polarized third color light 673 reflects from second reflective polarizer 190°,
exits second PBS 100’ through first prism face 130°, changes to circularly polarized light
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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15polarized second color light 662. Unpolarized second color light 661 from second light source
660 passes through second color-selective dichroic filter 620, quarter-wave retarder 220, enters
second PBIVIDY PSS second prism face 140, intercepts second reflecRée AS122864930", and is
split into p-polarized second color light 662 and s-polarized second color light 663. P- 20polarized
second color light 662 passes through second reflective polarizer 190", and exits second PBS 100’

through fougi RIIseCRGHR HENARB:AAG B SE AARL HRIALNYBE 8B 6o arizc PHRUAG SRCARY color light

663 reflects from second reflective polarizer 190", exits second PBS 100' through first prism face 130',

changes to Bifsul&fytsensi Bestiphsadacad ilhashedatized rrdwatasrligbl 7k ehrdee 20, reflects from
broadband mirrqr §8Q AzRhanaing §Riesqt 5%&%@fh98ﬁ%ﬂ4ﬁﬁ%r%&%§a¥ﬁ&mafm%md color

light 665 as it passés through quarter-wave retarder 220, enters second PBS 100' through first prism
face 130", phsge9wiroalghtsecdsbreed 8dtprd Horhdrgmeotate af @sdrasaedtidz s, thengesoiegh third
prismsface 4af Ripiaizad e s olralL 0 .aRIBES IRLRBSHON gy iz face 160,
passes through first reflective polarizer 190, exits first PBS 100 30through second prism face 140, and

changes to BBty 9018HeeehifHt Ge6raddcphssed thobuitpedthardegolvaeshe i ors3R0. Circularly

polarized _"QLM% E‘Eﬁ?ﬁ%ﬁé&%% anvantbpisror &40 ﬁ?&%ﬁiC?gl6@%&8&@“&&1&%&‘&%@9%OChangeS
to s-polarized 2010/059684PCT/US2009/064931 second color light’667 as it passes through

quarter-wav gm@éz@tmiehgelgqﬁghp@sloo through second prism face 140, reflects from first
o 667 enanges b Sre e B e e a0,
refledls fronblBfirgbblardsdliedtoedodithoc/filie r&l Dattadginer ditegacothaircuibe giolamiz dtistodranges to
o0 v T e e L B A A e
polarizer 19dichrdoeiXitsrfisst MBS A00 ttleatiyh dhitd@risiiciag20150 g polhrizblighe coficttolor light
el L T e R
and green light reflecting and red light transmitting dichroic filter. According to this
15 embodiment, the first polarization state of the blue second color light 661 is transmitted
twice through each of the reflective polarizers 190, 190°, and the second polarization state
of the blue second color light 661 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 reflective polarizers 190, 190°, as described
20 clsewhere.
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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polarized third color light 679 and fourth prism face 160" of second PBS 100' as p-polarized third color
light 675. It will be appreciated that the paths of third color light 671 and second color light 661 through
color combiN BU0/83¥&milar, as seen in FIG. 6. 15Unpolarized third coloP§gHb8200%sd?Hecond light
source 670 passes through third color-selective dichroic filter 630, quarter-wave retarder 220, enters
second PBS 100' through second prism face 140", intercepts second reflective polarizer 190, and is

splitinto P'%%F&%ﬁ%@rcﬂi@f&ﬁ%ﬁ%@@&ﬁ}?%ﬁ@%@f@m COUPELION! 842riBeR iRk fd third color

light 672 passes through second reflective polarizer 190, and exits 20second PBS 100" through fourth
prism face 18® paslspblighieaynpticasiopighiesren emittd Siemzebrhitiscemd rist stereeghts from

second reflegfiye.Patgrizar 186, @XIRIESANA GBS bOR-HBraugl, itai AT Iase L0 Ghages to

circularly polarized light 674 as it passes through quarter-wave retarder 220, reflects from broadband

mirror 680 cHélNyineestamafisiot grRiepetanrtiagon0ehLiigeBRe éQﬂﬁadﬁédoﬂdrH%IUPQfgﬁtﬂWE as it
25pagses thElIgR AURURE WAKE I SldsIeE 290 ﬁi}tﬁjé’%?fg%ﬁ 5 HIY fRiguonifrstiktisrgdace 130',

passes through second reflective polarizer 190°, and exits second PBS 100’ through third prism face
150'. P-polatizeesediigtooion tethd BZenehfeessiesime sntiogapnd wgismsuly pthatddd 460 2pagses
through ﬁrsh%%@ﬁﬁ@éf%l@&k?}{g@f 190, exits first PBS 100 through second prism face 140, and changes
to circularly polarized light 676 as it passes 30through quarter-wave retarder 220. Circularly polarized
light 676 reflects fronfitstosasbandndirhoide4y cleagtinglsetites dilsirdlIBy PolarFatiohispbsadges to

s-polarized third color. light Sdt r rtarswave ret 0 rs first PBS 100
O 201010 B e o R A I U, e
polalzer 198 aeeidnexitsdiestiP8&ItE007tHotYh Tidét qmidim farsdor30]cStyoldridedi tHiltccotbrdietht 677

st solor s B A L B L S evized.
third color ligthtc6 ¥Sred db passestiiurosighlaghdrtér-ovavespetarderf20aaddeentel seflective

polarizers 190, 190’ can comprise a polymeric multilayer optical film. In one

embodiment, second reflective polarizer 190° includes blue layers disposed proximate

15 first, second, and third color-selective dichroic filters (710, 720, 730), and first reflective
polarizer 190 includes blue layers disposed facing opposite second reflective polarizer
190°, as described elsewhere.

A first, a second, and a third polarization rotating reflector comprising a broadband
mirror (740, 750, 790) is disposed facing the second and the first prism face 140, 130 of

20 first PBS 100, and the first prism face 130’ of second PBS 100, respectively. Each
polarization rotating reflector further comprises a retarder 220 disposed 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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first PBS 100 through first prism face 130. P-polarized third color light 679 passes through first
reflective polarizer 190, and exits first PBS 100 through third prism face 150 as p-polarized third color
light 679. InWReEMBIERhent, first color light 651 is green light, second coldtdiEEBE/9¢40blue light,
and third color light 671 is red light. According to this embodiment, first color- selective dichroic filter
610 is a red and blue light reflecting and green light transmitting dichroic filter; second color-selective

dichroic filter 620 i3 g graai3 andRALaRbEelaqtiBRd AR HeHArase TITRG MO fUiREs third

color-selective dichroic filter 630 is a blue and green light reflecting and red light transmitting dichroic

filter. Accoréieg Yoo ¢xehaivitas fonsapsepthadizaticecenstanst thisdighiseesers Cbridht 661 is
transmitted §ice LArQugh-aa45 ghilte FalieRivERAI3638E. 190100 AR IBE SRcaNg pRlarization state

of the blue second color light 661 is reflected once by each of the reflective polarizers 190, 190'. The
single reflectitalis rdtEraBly a front surface reflection from the blue layers, which results from

orientation of the refleclive PRIAHEEES AO%A0%% 135 HGRATRE QRIS IBRIE e forclR OREEGEIDRCImENt, @

fourth color light (not shown) can also be injected into the color combiner 600. In this embodiment, the

polarizationwd_mﬁ n@pemm@} ﬁm&mﬁ%é@f&@&%@i@@é@m@ dichriie ’fm@egmdreaﬁd@é)’the _
broadband j&&ﬁ@%ﬁ%ﬁﬁé%ﬂ%ﬁ?%z%&ﬁﬂ%‘ ilghttunpal, ad.a @gtpomtg_gg{ggzgganged In a

manner similar to 25the first, second and third 650, 660, 670 light sources, optional’light tunnels 430,
and color-séiesttdgdodibhbitofiiters 610, 620, 630 shown in FIG. 6. Fourth color-selective dichroic filter

reflects first, secor‘tgln%%galtggg ﬁ?é% #%lljﬁg@l{)]76@%n(?%%ﬁa}!gql{rs%qﬂgl%@@%%g%g{;ﬁ%?sﬁlrgpt shown). In

this embodiment, fourth color light also passes throug prism face 00 and fourth
prisif}face retvmidedorddrBS 0D Bheuprpotarizatiofustatd20, enteoreaaddBF100’7 is a top

afret PBS T o g L e e S B R T B Shner 700
can be usedniith-polanizty dDfsigoiadigheitdsadd sepiedzelt énthendorTighpatds BfiglhtiradSiosteach
o S A L AR O RS,
and secondtRB&eh Gouiticutenaf&firdbah cdispguia rafiethre@oldiizier 7620, 190" aligned to the first
pOIafiDZ ation state -%blarized first color light 763 reflects from second reflective polarizer 190°, exits
second PBS 100’ through first prism face 130°, changes to circular polarized first color
light 764 as it passes through quarter-wave retarder 220, reflects from third broadband
mirror 790 changing the direction of circular polarization, changes to p-polarized first
color light 765 as it passes through quarter-wave retarder 220, and enters second PBS 100’

20 through first prism face 130°. P-polarized first color light 765 passes through second
reflective polarizer 190°, exits second PBS 100’ through third prism face 150°, enters first
PBS 100 through fourth prism face 160, passes through first reflective polarizer 190, and
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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disposed between the diagonal faces of first and second prisms 110, 120 and 110, 120', as described
elsewhere. A first, second and third wavelength selective filter 710, 720, 730 is disposed facing the
second prisM@282006%f second PBS 100'. Each of the first, second and tRfd/U8%8Y8MAth selective
filters 710, 720, 730 can be a color-selective dichroic filter selected to transmit a first, second and third
wavelength spectrum of light, respectively, and reflect other wavelength spectrums of light. In one

aspect, the st andSeEAMJGLACIME PURNERESI B0 Pk £aR CPPIISHRRAYNIRaE-Myiliayver optical

film. In one embodiment, second reflective polarizer 190" includes blue layers disposed proximate
15first, secdaer &plahindPelidraseiasticeleliditldid Gikers (710, 720, 730), and first reflective polarizer

190 includes blue lpyers (igpaseddasindRaRasie FEaAN e alive RRlpIZR LR%.RE Reprebed

elsewhere. A first, a second, and a third polarization rotating reflector comprising a broadband

minor (740,hsd}erggpmm@p@éé@:mémglméigb%ﬁhm thiédﬁi_agitsmi@méé% qu@,sn_gb%ﬁ 90Mmest PBS
100, and the tirst RSN AGR: 3960l SREPMS LB Rod B prRAPELIV RN GRS ARIAsEIRR 19afing reflector

further comprises a retarder 220 disposed between the respective prism face and the broadband

mirror. Broaﬁﬁalﬁéﬁd?mgd?@()wﬁ@bﬁwaﬁﬁwétémws@@@tgéﬁh@_ttﬁl@@nﬁémbﬁr&ﬁmﬁ@mtes of light
leaving andfgreﬁ%g Inp-iist andseeond AR ‘J:é)l r %%Qt’f?l ‘?ﬁ%‘%fgﬂ‘é%(%'ls@%ﬁ{%r %ﬁgq?eretarder 220,

color-selective Ti r (710, 720, 730), broadband mirrors (740, 75 and first and second reflective
polarizer 199MiBO; sosgsaratd Ho transmit one polarization state of light through the fourth prism face

160' of d PBS 100! thi [ ' larizati
St of T, 2 oA e T L o N Sek e heiov LA AT RER30 m coor

30cadfhbiners7ddikcalquaciectivavbotatdrdeltarieitatear wr-approxitactel2 26, deigressctmth@Bfrst
polarization i) I%h%gl?g'h second prism face 140°, intercepts second reflective polarizer 190°, and is
split into p-polarized second color light 772 and s-polarized second color light 773. P-
polarized second color light 772 passes through second reflective polarizer 190°, and exits
second PBS 100’ through fourth prism face 160 as p-polarized second color light 772.
15 S-polarized second color light 773 reflects from second reflective polarizer 190°,
exits second PBS 100’ through first prism face 130°, changes to circular polarized second
color light 774 as it passes through quarter-wave retarder 220, reflects from third
broadband mirror 790 changing the direction of circular polarization, changes to p-
polarized second color light 775 as it passes through quarter-wave retarder 220, and enters
20 second PBS 100’ through first prism face 130°. P-polarized second color light 775 passes
through second reflective polarizer 190°, exits second PBS 100’ through third prism face
150°, enters first PBS 100 through fourth prism face 160, passes through first reflective
polarizer 190, and exits first PBS 100 through second prism face 140. P-polarized second
color light 775 changes to circularly polarized light 776 as it passes through quarter-wave
25 retarder 220, reflects from first broadband mirror 740 changing state of circular
polarization, and changes to s-polarized second color light 777 as it passes through
quarter-wave retarder 220. S-polarized second color light 777 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 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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WO 2010/059684PCT/US2009/064931 According to another aspect, an optional light tunnel 430 or
assemblies of lenses (not shown) can be provided for each of the first, second and third light sources
740, 750, 78003818@58¢fded elsewhere with reference to FIG. 4, the disclosPd/&Saripo4iRdlies
equally to FIG. 7. 5The path of a first color light 761 will now be described with reference to FIG. 7,
where unpolarized first color light 761 exits fourth prism face 160’ of second PBS 100’ as p-polarized

first color light R #idt BHCLRLSE RES AR, YLD lQ@e@ﬁ&'_[?Qi%‘ﬂ%&dlﬁb?taﬁa'eﬁéi'éyh}slﬁg

Unpolarized first color light 761 from first light soufce 760 passes through first 10color-selective

dichroic filte?B3.0 08 ubseahvidne feisre &o2ad Octsteraddadsedispesdiggomistigh/8econd prism face MO,
intercepts second @I@ﬁé%%?@ﬁﬁiﬁ%&_gpiﬁﬂ%ﬁ SAl 10 PRRsizRd {irsh coforlighty Brpnd

s-polarized first color light 763. P-polarizedfirst color light 762 passes through second reflective

polarizer 190heiadunatsrseacoidr Pedo1 bighthdLighi ot prism faee PO BHErp-BBIArI 28csist color light

762, 355-olariped it Qlon g7 SR elle e iopksRoRd releatve.onlApASr 10, exits second PBS

100" through first prism face 130", changes to circular polarized first color light 764 as it passes through

quarter-waveotatizedethzd@otefibety fi&n third broadband mirror 790 changing the direction of circular

polarization, Cha”ﬁ?&g‘cﬂd&’i@é’d@ﬂ&ﬂ%i@1?@#??@9'?%0719%%iﬁ%ﬂ%%‘?ﬁc@% ‘%ﬁ"&%&‘%@’tﬁi&%mrder

220, and enters second PBS 100" 20through first prism face 130". P-pol Irst color light 765
passes throcglhrsesderity eaticbtive PbtaTadr 400 cexitevsactmdePEX) 100 thpoceidtRBS ph8m face 150,

enters first B t r , uoh first. ive nolarjzer 190, and
e frer PEIOLSE B R R e S T R R R
circdlarly poktazeddighegtbthiad doperssglst (Hidagh sinaleredahe deelaidrgh? (825 flodasi from first
broadband mirrpr 740, changi ate,of circular pglarization, and.ch S to s-polarized fi olor light
vl g S S RS e RO e el Sl
100 throughl 8éttmdygtisfoufticeristo faefl@ oy feorp-fiodametid thive potarlzgrt 180, exits first PBS 100

droush st o SRR S B s e
changing exits second PBS 100’ through first prism face 130°, changes to circular polarized third

15 color light 784 as it passes through quarter-wave retarder 220, reflects from third
broadband mirror 790 changing the direction of circular polarization, changes to p-
polarized third color light 785 as it passes through quarter-wave retarder 220, and enters
second PBS 100’ through first prism face 130°. P-polarized third color light 785 passes
through second reflective polarizer 190°, exits second PBS 100’ through third prism face

20 150°, enters first PBS 100 through fourth prism face 160, passes through first reflective
polarizer 190, and exits first PBS 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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state of circular polarization, changes to p-polarized first color light 769 as it passes through
guarter-wave retarder 220, enters first PBS 100 through first prism face 130, WO
2010/05968WPCTIVE26/8¥9/064931 passes through first reflective polarizer P63/ E808/Med% st PBS 100
through third prism face 150 as p-polarized first color light 769. The path of a second color light
771 will now be described with reference to FIG. 7, where unpolarized second color light 771 exits

third prism face 150 gf, irghBE RO, 28 PRIRYHiARY SLEANELOIRMIARES{P gk Ity prigm face 160

of second PBS 100" asp- polarized second color light 7721t will be appreciated that the paths of first

color light 7@&1@&%@@&&4@9&07%%imq‘rdeé’dltgﬂlngms@mdeg I eTaPeE MBI DEnkrE similar,
as seen in KlG. 4. Uppalaiizadsecand soler ighti04difiameaeeqnd eﬁﬁf‘éx%%ﬂrﬁghzag&ﬁﬁ%gmmwh

10second color-selective dichroic filter 720, quarter-wave retarder 220, enters second PBS 100’

through secéisbrpieshiteacecaost, q@hﬁr@@b@lgé@@@m@ﬂ@kﬁmé%d&mgé@@%ldaﬁ@ ligkipiedleetng polarized
second colqp| JQI!%ZT?glﬁ'}ijaﬁsi}ﬁlﬁﬂg%ﬂcﬁ?&fa"fﬁt%?'%ll@ Bb16f 3 RePRIAHRSILSEFARA LAIGL It 72

passes through second reflective polarizer 190", and exits second PBS 100" through fourth prism face

160" as p-pakdizesséebherBofmighdnred. 1@&@@Iﬁﬁﬁéﬂ&é@b@%ﬁlﬁm|gﬁW¢@M§Iél:thl$rom second
reflective palay 157od‘3 o tﬁé'fﬁﬁ%ﬁﬁ'{ng@o% 100- Uirpuali st Rsisndrgs %ﬁ%ﬁh@%ﬁ%ﬁ?&%’&cu'ar

polarized seco olor’light 774 as 1t passes through quarter-wave retarder 220, reflects from third
broadband m{wgﬁmg@glhﬁl@mﬂdefﬁimmefammuIbﬁ()p@llaﬁlt‘am@rthmmgéls topysblegired second

color gt 7463 L PARSSRLLOUID AUANSENPAR ELRIHEE 2RO ARG ARPaCoNC RAR QO hrough

first prism face 13 rlze 75 passes throu sec ref ective polarizer
1901 @xits smiatyl%m mﬁchdrst@ugﬁl @ﬁk@pv@nol‘awenwﬂ enddghs ﬁi@t REBIScl®0 pltangtr fdkth prism

face 160, pagseaiivend (s iseliaRgtrer 130 a0 XIS LRS00 rauah pespnd prism
rly po '9

face 140. P-polari d secon for Ilg es to CII‘C arize 6 as It passes

through qummwl@m&jwlﬂﬂmmﬂ@cfmﬁmnmbmaﬂmmﬂnmmc palmhandity $8ke of

circular as described elsewhere.

In one aspect, FIG. 8 is a top view schematic representation of an optical element

15 configured as a color combiner 800 that includes a PBS 100 and a reflecting prism 120’
adjacent the third prism face 150 of PBS 100. Color combiner 800 can be used with a
variety of light sources as described elsewhere. The paths of light rays of each
polarization state emitted from a first and a second light source 860, 870 are shown in
FIG. 8, to more clearly illustrate the function of the various components of color combiner

20 800. 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. Reflecting prism 120’ redirects a portion of the light exiting PBS 100, as
described elsewhere. Reflecting prism 120” includes fifth prism face 150°, sixth prism
face 160’ having a 90 degree angle between them, and diagonal prism face having a

25 broadband mirror 840. Broadband mirror 840 can also be a pellicle, similar to the pellicle
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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polarization, and changes to s-polarized second color light 777 as it passes through quarter-wave
retarder 220. S-polarized second color light 777 enters first PBS 100 through second prism face 140,
reflects fronMPQ01EMEBeRA polarizer 190, exits first PBS 100 through first prR/IEBEM#64%Ad changes
to circularly polarized light 778 as it passes 30through quarter-wave retarder 220. Circularly polarized
light 778 reflects from second broadband mirror 750 changing state of circular polarization, changes to

p-polarized seopd cQ HQQLlqugd%ﬂeQ%ﬁ%? HHOU S SSREFMAY B £ ﬁ?ﬂd%%%%a%ﬁ%%fstﬂéﬁ PBS
100 WO 2010/059684PCT/US2009/064931 through first prism face 130, passes through first

reflective pdRitesdive 90l el frecrBE 00 RalymyreHiral blaget pitkcalsoms BLesRarized second
color light 7290 4in]di PARAQFR Prg-colordiphi iRt volleow s 91@1?_85 YU sRIeIsPERdo FIG. 7,

where unpolarized third color light 781 exits third prism face 150 of first PBS 100 as p- 5polarized third
color light 78@eiticRlarthovstveratdrpsolideset bhd PB 8s1vocHbpd plskayked.third color light 782.

Unpojarized third cglge ight d81, Lomybirch ot sauise A0 nassanuanoan 1 colagelecive

dichroic filter 730, quarter-wave retarder 220, enters second PBS 100" through second prism face 140,

intercepts s&@ﬂﬂ&@ff@_@ﬂﬂé pﬁmif@eﬂgj@ ,Oél’li’@& H¥it ibﬁmlp%@méﬁmr@ﬂmﬁﬁgﬁlm and
s-polarized %%g)rﬁd%g A Q%Z%ﬁ)‘ﬁ%@&%ﬂ?ﬁ@%@@o QLN {84 RRFSE% YHe B%ﬁﬁﬁ%&ﬁ?&ed've

polarizer 190’ exits second PBS 100" through fourth prism face 160" as p-polarized third color light

782.  S-FolriBedadliracolordight Y 8irefiecte Refhssacoiwrreltettivel polatices2 86" oékightsecond
fvough U e S L RSP the crection of
circu@r polm@aﬁmimhaa@é@mmmqmﬂﬁd&_ﬁr d@dﬂ%éﬁ@ﬂsﬁﬁmh@% through quarter-wave
765 passes (U aeL ey by b S (878, 5ol SR o face
20150', entékd6ir§6 PBBLOM tatoegivfourtn PHEnodacata0, tpasses chequddrfrgioe fectioé light
through the fourth and sixth prism faces 160, 160°, and recycle the other polarization state
of light, as described elsewhere. In one embodiment described below, each retarder 220 in
15 color combiner 800 is a quarter-wave retarder orientated at approximately 45 degrees to
the first polarization state 195. According to another aspect, an optional light tunnel 430
or assemblies of lenses (not shown) can be provided for each of the first and second light
sources 860, 870, as described elsewhere.
The path of a first color light 861 will now be described with reference to FIG. §,
20 where unpolarized first color light 861 exits fourth prism face 160 as p-polarized first
color light 865 and sixth prism face 160’ as p-polarized first color light 862.
First light source 860 injects unpolarized first color light 861 through first color-
selective dichroic filter 810, enters PBS 100 through first prism face 130, intercepts
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
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polarizer 190, and exits first PBS 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 broadbd¥@ 189986 changing state of circular polarization, and chan@€36S3089Ra3& 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 108, thruahilista4siv 1R300 30¢1F Siavelictiarly potarzed iahtd #8asdigasses

through quarter-wave retarder 220. Circularly polarized light 788 reflects from second broadband

mirror 750 dHERJf%) Btiets BBSIrUdhomehiseisid prsmdacctdd9. ity sadhangedBFdigh 789 as 30it
passes thropgh. QUAIRITWMBNE rebasarez A9 PRYAORLES TRt hroHeh drsarisi [36R4 A passes

through first reflective polarizer 190, and exits first PBS 100 through third prism face 150 as
p-polarized fhiiccelsiohEih8F89. WO 2010/059684PCT/US2009/064931  In one embodiment, first

color ight 761 s 0rger IaNbSeGRRAColRs ARl P is s o endt Riad Aalae St 3% iesd liht.

According to this embodiment, first color-selective dichroic filter 710 is a red and blue light reflecting

and green |_i§m«h@mmﬂa@wémmﬁm@gé«gbﬁ§7d9%itséq§amer@mqﬁqﬁ@_m@gw@?&a@@@en and red
lont reflectiog.sandul Ak s nRmiag dishrele e Ui salarssgleciiim digfaa iiierr 30 s a blue

and green light reflectingan red light tra smitting dichroic filter. According to this embodiment, the
first polarization statepotatiect|sreeedsaldcbiit Kyt iseeaddighteduwic8 Hhmassts theosgbond

reflective pqlarizer - ica throt first ' ' ' rization
state of the%%%%e%gﬁrdgé](g%{%% ltg%l%%iﬂc?sﬁ }{egﬁeggtr@dé 1%(f%%cr?(:ée% k?y% ?aﬁl(ﬁ?[cl) ﬂ?gipﬁgﬁgﬁ%%e@g@e polarizer
190'Hhd thelfitsicrptientilesipotariter 290 90hendimgie refidetiopoimmmed schaed| eetivd ipbl &T2emid
preferably a front surface reflection.fr e plue layers, which results fr rientaion of the reflective
polarizers 150 100 e G LD e N BT SR
representatichlafton pplicekce [E e 5B Rfiglr @l thotd posmbbacerl§00ctiatsinefledasg PBS 100

and a reflectin ism 120" adj nt the third. prsm_fac 0 of PBS 100. Colo mbiper.800 can be
Coed wih ah LR 20 e B B B R A e I R rvaton
state emittectfrernng firstrarl@ @& feooghl Sight posmc 8600878 arpdhovad vedois. @ loo hphtesclearly

illustrate the functign of the yarious,compon f color combiner 20800. PBS includ
rofiokive polariror L0 A S T R R 8 o2t RO AT R P EHERRS e
of first and dé6ahebpgbrsdikDpia0, fascdddcrbé dlelsgwsherardigftbctiopyrishti diaB Tédiécts a portion

e S SRR SR A B R e
25broadbarigtonden BArrBir 840 belnh gk otaBA0f care dlagpbrazpediclensichiapte tine-pelticted
second color light 875 as it passes through quarter-wave retarder 220. P-polarized second
20 color light 875 enters PBS 100 through second prism face 140, passes unchanged through
reflective polarizer 190, and exits PBS 100 through fourth prism face 160 as p-polarized
second color light 875.
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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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), sucN@3HWHA¥having three sides bounded by broadband mirror $40/¥SANMY I larizer 190
and third and sixth prism faces 150, 160'. 30A 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 colomsglechve.dichraiofiler Spleried idanz i ltitadd sy elsngih spectrum
WO 2010/059684PCT/US2009/064931 of light, resg;ictlvel , and reflect other wavelength spectrums

of light. In ofRNESPER 2the saie cavb PR frome HisBRSpUN)rmedia sacomdyEopial film. In
one embodimgat. JeilEcHYe fRlaAR! J20 idesRIHe/ANeHe disRased Resximaie lEsind second

color-selective dichroic filters 810, 820, as described elsewhere. 5A polarization rotating reflector

comprising El@r@.&%a}fdiﬁhﬁféymmhm@bﬁéﬂtmm@t@ m%lpﬁsﬁrﬁﬁﬁ@édlmﬁ@ftm%l@@. The
polarizationgataling Ut LN GAMREIEEE reiaifel R ISRASEAPRNVRRARRSEORE PrISM face

140 and broadband mirror 850. Broadband mirror 850 and retafder 220 serve to convert polarization

states of |igﬁ@1téwmg_rme@3ts gmlwr@ggﬁigétaﬂa- ﬁiﬁﬁﬁ&@e@ﬁ@pﬁﬁd%ﬁir@@ﬂtﬂx@%éﬂ@@d@@
10p0'a“zat'ﬁm%ﬁs'&t;ﬁ@?@ﬂfe'm@é 8@&%&3@, %(fj%?g%%?%eﬂﬁgﬁ%‘?ﬁlaﬁza-mﬁ (glarglge 220,

color-selective dichroic filter (810, 820), broadband mirr 840, 850) and reflective polariZzer 190
cooperate tditpassthhedwecpdheridiationasfatsodfifit third weotitepfdtmih 1d Ad 1SiRttndridiey 14283, 260, 160,
and recycle IR ization state of light, as described elsewhere. In one embodiment described
below, each&%%ta@(?egrez%%&%% color combiner 800 is a quarter-wave retarder orientated at
appidximately 45 dedirstwavdisedihstpedtiviediiton Sidhes 1dPoswtirdingths semind prspdetcaltOptional
light tunnel 4 lies of lenses.(nqgt.shown be provi for,sach,af the first and second
ot sourceS 8L0L B0, et B S B e e L e
described withingférefics toifGags 200WhdrecmpblB s édfirsEediorlihhtfB6] exisdandithprism face 160

as p-polarized first cglor Jight 865 and, s} rigap face 160 as p-palarized first color light 862. First
|Ight Source\’é%\é?lsengc S€ &tl e?ﬁtg%(b?a(tg?g 5% C 8eb a Cco %I%S%?C%lo\ieor_lcflrow ?%RGI' &160%6(?

INjects unpolarized first ¢olor light 861 through fir
to transmit a first, second and third wavelength spectrum of light, respectively, and reflect
15 other wavelength spectrums of light.

A retarder 220 is disposed facing each of the first, second and third color-selective
filters (910, 920, 930). In some cases, as shown in FIG. 9, the retarder 220 can be a
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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selective dichroic filter 810, enters PBS 100 through first prism face 130, intercepts reflective polarizer
190, and is split into p-polarized first color light 862 and s-polarized 25first color light 863. P-polarized
first color lighOsB204886%L through reflective polarizer 190, exits PBS 100 tRGUYRAMPOHI3M 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 ot SeREeaB Hareaiy ermalerizen a0 F i BRS040 dwauahsprondmgace 140

and changes to circularly polarized light 864 as it passes through quarter-wave retarder 220. Circularly

polarized lightfasuiBfcle. o erpelapbmathsiry ghationasiymel dtahs o desenibepslsewheisn, and
changes to f;RQlaLzed MO PAIUARIORAEE LR 2AQHACARPT, Tibrolondiaht 869 1@% Lpagses

through quarter-wave retarder 220. P-polarized first color light 865 enters PBS 100 through second
prism face M0/ patydsr ritiiargedttaporgimeirhedserasizta thodirahppaiss FEStaB0lHrough fourth

prismface 160 as Rpolotizet sy halo ot 865,008 neth ahataend salaniaht 87 Ll now be

described with reference to FIG. 8, where unpolarized second color light 871 exits fourth prism face

160 as p-pcﬂa@izﬁé@‘é’@&@h@ Q@)lﬁ@ﬁ@?ﬂéf%?mmh ff@iﬁsrﬁeﬁm@ asd thisdligbtaareet$880n208olor light
872.  Ungalarzad saeondicalarighlfr L fom S6650 ."Q,hﬁlﬁ%ggﬁ)fﬁng %ﬁ?&%eﬁ;ﬁ'@ second

color-selective dichroic filter 820, enters PBS 100 through first prism face 130, 10intercepts reflective
polarizer 190wl ie B iHto p-polarized second color light 872 and s-polarized second color light

873, P-polarized seeqid cplgl 00T ARSSAR MQudN (eleciive polarizes 100, QX5 RS 100 through

third prism face 150, enters retlecting prism 120" through fifth prism face 120, reflects from broadband
mirrd® 840, trediestitndethectiagnoriSid 120, tHidugHakiepeisetafdee226 @ amp ¢raper avite dirse sodd color

light 862. 153- [ S d.eploy light 873 reflects from reflecti larizer exits PBS 100
through sech LB L e e S B B B0 MR i
guarter-wave atsardem226d @irppiartynpotdyi ZSdikgtes 7el theflRctisprbmZstwaditatad Pirror 850, changing

state of circular polarization, and chan -polarized secqnd color light 875 as | es through
guarter-wave retarlglé? Bi!tgl .ﬁ&fa%}igoelélr i@%ﬁgtn%@dv (I:E(lJII%JOr igs%t 1egr? ers égéiﬁbc?érgc))%%gi gécond
prism face Mirpaspetunchaingeo lihrbphtOrEfledtivépolapzemfads 46@ eExitsHABE 100 dsnpugh fourth

prisrina.face ]p% a?i%égf%%l? Eioz og ﬁgl?to@&%%lc?rfol%t 18)171§1’n face 160’ of second PBS 100’ as p-
polarized first color light 948.

Unpolarized first color light 941 from first light source 940 passes through first
color-selective dichroic filter 910, quarter-wave retarder 220, enters first PBS 100 through
second prism face 140, intercepts first reflective polarizer 190, and is split into p-polarized

20 first color light 942 and s-polarized first color light 943. P-polarized first color light 942
passes through first reflective polarizer 190, exits first PBS 100 through fourth prism face
160 as p-polarized first color light 942.

S-polarized first color light 943 reflects from first reflective polarizer 190, exits

first PBS 100 through 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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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 25red and blue (i.e., magenta)
light reflectiNgPadMfl&E e Hight transmitting dichroic filter; second color-sele XVEHIEAISISHHEr 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 polgszatign Stale pilae t'ﬂ%%%ﬁf’ RCRANRLSRERAG coler digh ﬁé%d%(?é!ﬁ&ﬁ d19ACE Y the 30

reflective polarizer 190. The sm%g reflection is preferably a front surfacé reflectlon rom the blue

layers, whichefe4is frarpubtiamakiebfighe Y1l seficepbrir Aepadiond sraeee BB dcBpNetie WO
20L0/05968ARETAY SPOPSUORTRR: i, EASREE IR, 5 A oA SCHRIALE seRsggentation o

an optical element configured as a color combin 0 that includes a first PBS 100 and a Second PBS
100'". Color 8unihatater cavbectrdaniif. svarietsconiddi? Sd0Cebrashesscapd dasselikere. The

pathssof ity pleaghnalrdzalion eitRd o drsboR sroond andéntVisdialis apurss 940. 960

970 are shown in FIG. 9, to more clearly illustrate the function of the various components of color
combiner 9G0urBtiFB$:¢00M dseroRiiPRSIToC ke light 4% st and second reflective polarizer 190,

190" aligned to theﬂ{é ﬁlaorfza%%&?&act&%ﬁfgh%@f’%ﬁﬁ 98@’@{8&*&%&8%99%?&%&%&8rﬁf@”d second

prisms 110, 120 and 110, 120', as descri elsewhere. 10A first wavelength selective filter 910 is
disposed fa@inglme wepaatizeddmsfacdot 4glfFrbrrBSath pisacted brfticd fhivdBavEIerigth-selective

fiter 920, 930,J5 SROSSELAGNAE 1t AUPH[REA30 ALSEATE PRSP ERsh gl e frst

second and Wave engt sele 920, 930 can e a col roic filter
seletfed to nelasmd acfirstd sebonazhn@cthirtt wel biermttesipectthat ticligiihsrebgesotidety | ardgzheflect

i oo B B B B 81 526 can e
a unitary retarder 22@pthatizphsesofol edanipgbt #6e firsnmisomddeghi 301w S6OqrideBBroogh In some
cases, a separalg L3iar Al A0 AURG I IRRASE S A IARIL AN SRl R UG 3005 920, 930).
100’ through first prism face 130, intercepts second reflective polarizer 190°, and is split
15 into p-polarized second color light 962 and s-polarized second color light 966. P-
polarized second color light 962 passes through second reflective polarizer 190°, exits
second PBS 100’ through third prism face 150°, changes to s-polarized second color light
963 as it passes through half-wave retarder 225, enters first PBS 100 through first prism
face 130, reflects from first reflective polarizer 190, and exits first PBS 100 through
20 second prism face 140. S-polarized second color light 963 passes through quarter-wave
retarder 220, changes to circular polarized light 964, reflects from first color-selective
dichroic filter 910 changing the direction of circular polarization, passes through quarter-
wave retarder 220 and becomes p-polarized second color light 965. P-polarized second
color light 965 enters first PBS 100 through second prism face 140, passes through first
25 reflective 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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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 tHEG2EOAFIeR4d third color-selective dichroic filters (920, 930), aR€@ il 3¥Mdetd&l polarizer
190 includes blue layers disposed facing 25first color-selective dichroic filter 910, as described
elsewhere. A polarization rotating reflector comprising a broadband mirror 950 is disposed facing

the second piRMiACFIAL.LT198c0NMH RER 1Q%¥nd bﬁ@‘?@éiztﬁﬁj&i%hofé’ﬁm d%ﬁ@ﬁflf%ef ifghescpmprises a
retarder 220 disposed between the second prism face 140" and the broadband mirror. Broadband
mirrors 950 Rerad rgepborterlighb¥Snvert polarization 30states of light leaving and re-entering

second PBS 100/, i‘ﬁedﬁﬁﬁrﬂf%dﬂﬁﬁleé’&ﬂﬁfﬁéht 97INGIEIRNS: 2R e 0L SRISCIMRNEL(PHA; §20, 930),

broadband mirror 950, and first and second reflective polarizer 190, 190' cooperate to transmit one

polarizationvsk&te mlmW@%BWC@MOmM@ﬁ@hf&ﬁﬁd@@iﬁfﬁ@ﬁbﬁﬂﬁ PIRes faxce 160" of
secord PB A0, apehipb el &Y IRiR: 195§ Qréfﬁof@ﬁrfﬂﬁ?rﬁﬁsfé'cgol’@”%f SQYGA PssofheT pojarization state of

light, as described elsewhere. In"one embodiment described below, each retarder 220 in color
combiner 900lkrizagusmaendyaler léghtddB orientated at approximately 45 degrees to the first

polarization state 195, JA\¢eof ﬂ%ﬁg%’%%@ﬂr ﬁpﬁ%%ﬁ“@ﬁ?ﬁ#ﬁm ﬁé}éasotﬁ)lroﬁ femplies of

lenses (not shown) can be provided for each of the first, sec ght sources 940, 960, 970,
as describecoddseslaerie aibhioiereheeXraGark e digslosige230whithsaysplied BBSalllio FIG. 9.

cotond PBo TOLE 100 AR e BT S Dap e i e e ek afor 180, 190 o
convért the polelkiratdnhstdien birllgght 9d2sing skrolagirdd tnd isokis b ghriéhiatdti ] apprd timétely 45
with referenta o L 32 hass (oar et FIREY B R o0 SO AL PRSI o et pes
100 as p- 18polagizddriistisol tadighi®4changkfcorsipplismethtierd 601 of kglvdhtd RBS kB88¢as p-
polarized ﬁrﬁ%rggzlg%rIlliglfq-tv?a%%'retarder 225, enters first PBS 100 through first prism face 130, reflects
from first reflective polarizer 190, and exits first PBS 100 through second prism face 140.
15 S-polarized third color light 973 passes through quarter-wave retarder 220, changes to
circular polarized light 974, reflects from first color-selective dichroic filter 910 changing
the direction of circular polarization, passes through quarter-wave retarder 220 and
becomes p-polarized third color light 975. P-polarized third color light 975 enters first
PBS 100 through second prism face 140, passes through first reflective polarizer 190, and
20 exits first PBS 100 through fourth prism face 160 as p-polarized third color light 975.
S-polarized third color light 976 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 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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Unpolarized first color light 941 from first light source 940 passes through first color-selective dichroic
filter 910, quarter-wave retarder 220, enters first PBS 100 through second prism face 140, intercepts
first reflectiW@aHdA2EPBY0, and is split into p-polarized 20 first color light 9#L HN§28903e493td first
color light 943. P-polarized first color light 942 passes through first reflective polarizer 190, exits first
PBS 100 through fourth prism face 160 as p-polarized first color light 942. S-polarized first color

light 943 refé%atﬁeﬁ@fghﬁ%h%%ﬂﬁg%%%fi@{t 190 SIS RBR HOQheHk Rk pEsMm dace 130,

passes through half-wave retarder changing to 25p-polarized first color light 944, and enters second

PBS 100' thistigpieHiterp A3t sacel usmdeprsmatigbbraficton pndredlghh ssssmitirea dirkedond
reflective palgrizer 90 &XISSECORAIRR IR0 HY pUMfirst RSt face 3R nehangiasin sisghlar

polarized light 945 as it passes through quarter-wave retarder 220, reflects from either second or third
color-selectigsadiéhight Fter 0200 o30skhaMddd thee divenedrils wieenrbryibsietivaneolariaad! 90’ becomes

s-polarized Qﬁﬁ%ﬁf&'@%ﬂl@ﬁ% A0:aISr RATING BBRYIR AR WA ISIAG A0 o PROIANZ EFI St color

B
light enters second PBS T00' through first prism face 130", reflects from second reflective polarizer

190", passebightdigh ssseoddiphisiouleed?4A ¢ rﬁfk@tt@hqnwbyzbqwg@%m@iw@ﬁwméa@é; PBS
100", and p%ﬁﬁ%ﬁ&ﬁ‘dﬁhﬂgﬁ?s%'&'é’ﬁ%gﬁJggaJﬂﬁ&&sz&hﬁ{&%@e%SH%@r P&‘&B‘?féﬁa'%ﬁ@“ Circular

polarized light 947 reflects from broadband mirror 950, changing the diregtion of Circular polarization,

becomes p-pufacyeeflfestosoltmidght DU tiverpaduiyresndiadroguernientatiane fébertdle2os enters
second Png &Q%Zg?éq%h PQsd%Eicgrri% 8%?Sg\;7€1lfgepasses through second reflective polarizer 190,

and exits secon S 100" through fourth prism face 160' as p-polarized first color light 948. The
pathl8f a second cbiemkgimBslimgiitheobehdedoribetit it sbfevencentelfi B¢ jedtedentmpuolarized first

color light 961 exits fourth prism f 1 £ first PBS 100.as p-polarized second color light 965 and
fourth prism IS Oy S s S e o e ST BE R
appreciatedfthaththel pashk of sedwhdoofotdighaOeblace thirdroakdraighndvdr #rodghcobkst combiner

900 are simjlar, 8s 36 ILIE? nne ARS'21ZEG SEaand, color hght 967, fTom secand;ligh source 960
passes throug% Second color- élleéltlve dlcgmmc Hiter bgj]é quarter-wave retar 220, en%%rs second
PBS 100" thiteuyisfisstpnidamébderd 39406 TR ehondurefieaiptepalfighe ntdols 430, isngblit 15into
p-pollglrized & g(r)-rgglgc%% l(ii%q{rgpczfﬁltrégs %-9%[%5& %? &Cﬁlr]o%vﬁollﬁ) nghbg ?%ilﬁfl color-selective
dichroic filter reflects first, second and third color lights (941, 961, 971), and transmits
fourth color light (not shown). In this embodiment, fourth color light also passes through
fourth prism face 160 of first PBS 100 and fourth prism face 160’ of second PBS 100’ in
the p-polarization state.
20 In one aspect, FIG. 10 is a top view schematic representation 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

-40-



polarized second color light 962 passes through second reflective polarizer 190, exits second PBS
100" through third prism face 150, changes to s-polarized second color light 963 as it passes through
half-wave ré¥Rd8t36&Nters first PBS 100 through first prism face 130, refleEERHFridBleflective
polarizer 190, and exits first PBS 100 through 20second prism face 140. S-polarized second color light
963 passes through quarter-wave retarder 220, changes to circular polarized light 964, reflects from

first CO'OV'S%‘%EY&%E%%%%?{ Hifrhanoig %ﬁ&l{%ﬁ@?&@tﬁ%?ﬁ%ﬂ?&?fi 9tian. RARRGR through

quarter-wave retar 0 and becomes p-polarized second color light 965. P-polarized second color

light 965 enpolgmestoBEtiaretapigh BEeokd Prisembadmard, alsssyenlagrcirsOBdfdetive
polarizer 190}, andl exitg; ISt LB BRrarendourth Riismiface heasRvPalarzsd sreend color light

965. S-polarized second color light 966 reflects from second reflective polarizer 190', exits second

PBS 100 thﬂﬁﬂgﬂa %@%ﬁbrﬂ@%ﬁk% F&@é@@@'?b@%@%hrqugh quarter-wave retarder 220 changing to
circular polarized 'LQ'}Et?@Jerrﬁlﬁ?§%f§83§éﬁr?&%?§99cﬂ‘érf ﬁ{egﬁ%t?’g%%@&il?@ e ipGio Rfcitcular

polarization, passes through quarter-wave retarder 220 changing to p-polarized second color light 968,

and enters $8tsontl PHS HAE, tHdgHssemed présnsabewt 0. I(pol Brithed et 2o kanligght 968
passes thf%%?f?&%%é@&%?é@é@@%P&IAH%%&%@fﬁ@fﬁ%{ ellectvg RofRLizerd 980 apg exits

second PBS 100" through fourth prism face 160" as p-polari econd color light 968. The path of
a third colomstigie @Beswilberratser dentrited withbefosperssl wlRiGnigash epdonnplokitized!teird color light
971 exits fotjfm(g)riﬁﬁ%‘aﬁ%& 0 of first PBS 100 as p- 5polarized third color light 975 and fourth prism
face 160' of 'second PBS 100" asp- polarized second color light 978. Unpolarized third color light
971 ffom third lightspaloezeiionpatsersthnideghr thimdeoimesebaetideadit moiorfil 40080l ispearér-wave

retarder 22%89%1?&%% ”P‘%'rispn??acleo?sg‘é?ﬁ% 655 PRI AGA ARG INGHGRPISRerR I Agliective
polarizer 190', afid is split into
comprises a retarder 220 disposed between third prism face 150 and broadband mirror
1040. Broadband mirror 1040 and retarder 220 serve to convert polarization states of light
leaving the PBS 100 through third prism face 150, and redirect the converted polarization
15 state light back into the PBS 100, as described elsewhere.

The retarder 220, color-selective dichroic filter (1010, 1020, 1030), broadband
mirror 1040 and reflective polarizer 190 cooperate to transmit two orthogonal polarization
states of light through the fourth prism faces 160 as a combined light, as described
elsewhere. In one embodiment described below, each retarder 220 in color combiner 1000

20 1S a quarter-wave retarder orientated at approximately 45 degrees to the first polarization
state 195. According to another aspect, an optional light tunnel 430 or assemblies of
lenses (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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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 PBS 100' through third prism face 150/,
changes to ¥RAGMANSHird color light 973 as it passes through half-wave re¢3dSRW2A6ER ks first
PBS 100 through first prism face 130, reflects from first reflective polarizer 190, and exits first PBS 100
through second prism face 140. 15S-polarized third color light 973 passes through quarter-wave

retarder 220, changes,1a-ClLaUial RBIBHAEH: kY ehcERllRtIR AR B! FOlat:Re!po v HICPEAC filter 910

changing the direction of circular polarization, passes through quarter-wave retarder 220 and becomes

p-polarized tAPdheershigrt orsmHaase|Aidctndihdrestsiightors epedis sdtizRg Axbaniough second
prism face }oﬁgségaﬁﬁ%ﬁéﬂ%%ﬁ%\r@ﬂ&ﬁ}ﬁ’& 995’.“@ﬁ%&%ﬁy%@aﬁ@@d‘if@ﬁf%gﬁﬁ 1R trpugh fourth

prism face 160 as p-polarized third color light 975. = S-polarized third Color light 976 reflects from
second refldeQivecpbtarigenber thikitseleesstr @RS diobraisbligh(3828nH0gAsmbkEEABatpaEses

through cUaSEERYGRAIRS! 320 ANGIG 1D ANCHAANATESToht 6% 1Rerta o ypapband

mirror 950 changing the direction of circular polarization, passes through quarter-wave retarder 220

25changingderpgsokanzedtaniet é8br gl o788 ddngtaelerdisbtdheSreB ST G $hioR ghrasgtvhitsbrism

face 140'. P= i} thir lor i legti ' ©and exits
ceoond B B B R s R g

embodimenithifidspiisfhtfaoeildd 91l ehaing et tigivr st adzegHigo Uitk 30 96pResaitthiughight, and
third color li [ To]g) j thi ' i [= ' ichroic filter
910 is 2 ec L S e e Bl e octve
dicht8ic filtem9 2@ i04 G rdemgvOs R01 0f0526 84 PO ZSRO0 91GeL93 agantteedimtizedduting and blue

light transmit ichroicfilter. third color-selective dichroig filter [ I ng.green light reflecting
and red Tgh s AT R L e 2, SR SRR Gt e
blue color lightdnonsmdeond Iy e Bectsdaods teldctrams mittett¢wl O thnd gt s B Seldhthrefigctive

polarizer 199’ 5and once throygh the first reflective polarize ; the s-polarization state of the blue
color light frgonl'llrgle%%% f%het gé:)tgarltszes 58 rl}sz?effgétecg %ﬁgg}gy{ e second reflective polarizer 190" and
once from the first Thfigetivehokedged t8r TigbtrEiectiolsavebsrdéscabbdavitbnt fuelasatodil€ction from

the blue ayegs, which fesuls T QIAUBHoR AT 06s PLER S AR ARSI 209390 p 3 ssatioed
second color light 1065, and s-polarized second color light 1067.
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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10In one embodiment, a fourth color light (not shown) can also be injected into the color combiner 900.
In this embodiment, the polarization rotating reflector comprises a fourth color-selective dichroic filter
that replace¥ the'HeaH¥dnd minor 950 described above, an optional light tRé& Tl SBAP/AFA3Ith light
source arranged in a manner similar to the first, second and third (940, 960, 970) light sources,
optional light tunnels 430, and 15color-selective dichroic filters (910, 920, 930) shown in FIG. 9. Fourth

color-selective, diplyoig fAtarsiRURatS ISt SRCANTS LB A HABIRAORLoRE priSib b ANdfransmits

fourth color light (not shown). In this embodiment, fourth color light also passes through fourth prism

face 160 of MistPBhomehehfoughisflestivaqw reecoi 28corber B0 49 theopghdiawiztion state.
20In one aspg&h FlG138 is -@Haﬂ@%%@%ﬂ%@‘foﬁ?ﬁ%%@ﬁon 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 descriﬁ@@?@%@\ﬁﬁér@irﬂh@mth%héflQ@’ﬁtwélww @&&?%ﬁb@éﬁiﬁhfgfaﬁ@éﬁfmgbqr_om a first,
a secpnd, ajpgl %H%FQJ%HJ&M&%&%%A%Q’1%39?%&35‘? ithH5e 180t0r RANEPERAYY ystrate

the function of the various 25 components 6f color combiner 1000. PBS 100 includes a reflective

polarizer 1%@@@@&&&%@9@ é@@riﬂb&%mﬁt&@l@‘ﬁﬂ,ediﬁﬁﬁi_é@ll@feﬁ&b‘el‘pﬂ?e dﬁa@i&dm faces of first
and Seconda?{??é%%%&@h&%ﬂe?ﬁtﬂ??ﬁ?QQ&%@ lé“'oqf{n?éﬁt 103 fhﬂ&sﬁl\f‘fﬁ\é%lﬁ?%‘gh’?? t%‘?ofﬂ%% 10101s
cing t a secon e e

disposed fa e second prism face 140, and ¢ and a third wavefength-selective filter 1020,
1030 are dispbzawfavimy 300efir siprismafasse BOFKadW of the first, second, and third

wavelength-selective filters 1 lQr- ive di ic filt cted to
transmit a first, a slteﬁggﬁﬁ%éé%%]i r‘J:é2 53%\1/%%3%%?5%2%%ﬁagg%%ﬁﬁr%%p@ﬁv@%%nﬁrre‘%zlct other WO
2010059684 ¢ Tolos30RTIE40G Irava fidientifls setirs Ri3Sot 0ig trongbner stapaet thes reflbctive
polarizer 190 can compyise a meric gaultilayer gptical film. In.one embodiment. .r ive polarizer
00 maudon e T AL P RO 00 e B oy B R A R S NG o
(1010, 102G-10i30)cdstdabcoilve dighs dWherd -pil amtaddbrrd 20 lisr dishioBEL fpcisgy daohghf the first,
second and third,color-selective filter 0, 1030). In somg cases, as shown in FIG, 10, the
etandor 23t S o R B e, A WS et P
100. In sompotases| bgbeparatesretpaskes 220 qanduertisposed adjdee?l @ athngiodisedaonve filter

(101, 1020, A A R 2 A S A G IR SR S RIS IS B0 1R RRBG MIrRE A0S disposed
third color light 1077 as it passes through quarter-wave retarder 220. S-polarized third
color light 1077 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 third color
light 1077.

20 S-polarized third color light 1073 reflects from reflective polarizer 190, exits PBS
100 through second prism face 140, and changes to circularly polarized light 1074 as it
passes through quarter-wave retarder 220. Circularly polarized light 1074 reflects from
first color-selective dichroic filter 1010, changing state of circular polarization, and
changes to p-polarized third color light 1075 as it passes through quarter-wave retarder

25 220. P-polarized third color light 1075 enters PBS 100 through second prism face 140,
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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facing the third prism face 150 of PBS 100. The polarization rotating reflector further comprises a
retarder 220 disposed between third prism face 150 and broadband mirror 1040. Broadband mirror
1040 and reYP PP &drve to convert polarization states of light leaving tHRCPES29@PeHPéLigh third
prism face 150, and redirect the converted polarization 15state light back into the PBS 100, as
described elsewhere. The retarder 220, color-selective dichroic filter (1010, 1020, 1030),

broadband qirrgs AOAEANK FRlecityR ROlABRH 1AG GRANFIAISIRLANSTIY hup IQ%;R e9aGAkpRlarization

states of light through the fourth prism faces 160 as a combined light, as described elsewhere. In one

embodimentigBEUABBEheld LA fotdvdshpdinet|shefrbrediriatop o ibettiudave retarder
orientated %@Bﬂ&%f@?@ﬂt‘%@ﬁﬁrﬁgﬁs%%% L POl FRIRERR IR LR AT Atstingr i 2pRiber aspect,

an optional light tunnel 430 or assemblies of lenses (not shown) can be provided for each of the first,

second, an@W&IWYMEéQthﬂPQ@,tmbyéhﬁd@ﬁmwa RobEvrRe ﬂé’._o'-l'ﬁiilpﬁﬂﬁtof a first color
light 3051 willpap,hedgsedasd ‘é’ﬁbﬁ?%&?&%%ﬂ&'t%n?@&g’ Hhere Yapelatas il fRIakHght 1051

exits fourth prism face 160 as p-polarized first color light 1052 and s-polarized first color light 1057.
First light souteetatgBooinjeetsilegivianetuitiest 08ies litpseribsi alsepdgrefirst color-selective dichroic

filter 1010 and q“afﬁec{"é’@é’ge_éﬁtﬁf%‘?ﬁ¥¥9a‘? SRE @&&QQtité‘{%brﬁ%Q%ﬁ?ﬁ%doﬁ’gﬁ'Bp@&ﬁ diefdhercepts

reflective polarizer 190, and is split into p-polarized first 30 color light 1052 and s-polarized first color
light 1053. Ropdigviedd:first@olordighint0%200bsemnthudesyh RBifetie polerigemboer 4hdlesxins PBS 100

201010596 AP A Do do T RO e Hal il
poIaH)zer_ 19Gchxitd PBS1000tthecmyt it Stprisniifstce &@_Oné;@dhethgé_di'ght_mmwl il)_@(i)aﬂiiéﬂ, light
cither second S S Bl G oA rrar a0y B Ol e
polarizationcemdattatyesctdq-poidnzed] fiGl. cBIRS [IAtinds8cas itafesses totatigtr dO6rbmweve
e R A e S R P Pl
to circularly polerszed Jitk, ko5 msi fiedadsoshitough quarter-wave retarder 220. Circularly polarized
Iight135056 s reflec'g%lfrg(f'),rg sberc(:)o% ba%'éda third wavelength-selective filter (1110, 1120, 1130) are
disposed facing the first prism face 130. Each of the first, second, and third wavelength-
selective filters (1110, 1120, 1130) can be a color-selective dichroic filter selected to
transmit a first, a second, and a third wavelength spectrum of light, respectively, and
reflect other wavelength spectrums of light. In one 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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10mirror 1040, changing state of circular polarization, changes again to s-polarized first color light
1057 as it passes through quarter-wave retarder 220, enters PBS 100 through third prism face 150,
reflects fronMef8E0pHarizer 190, and exits PBS 100 through fourth prisRCE&S2089044%931polarized
first color light 1057. The path of a second color light 1061 will now be described with reference
to FIG. 1510, where unpolarized second color light 1061 exits fourth prism face 160 as p-polarized

second colof gl 1060 AR RO 2R e poion gl h9GKe PRSURROAIZRAFEGaRM Color light

1061 from second light source 1060 passes through second color-selective dichroic filter 1020, enters

PBS 100 theouypriaspplisizatiaiesiao light hashigte e S JORrisedes oubethel sevepicinto p-polarized
second color light 96220420 sopelasized cecrnd feder Halt {06, F1eplariaes seeamsgelor light

1062 passes through reflective polarizer 190, exits PBS 100 through third prism face 150, changes to
circular polanizees liy 0086 Xs 4npaeleetitr vatileeral B cpener dstie densd, tetaeigeesditektion of

cireular polagiationas §1sHe emApachand MNYA04R AR begmes sRaiRized second color

light 1067 as it passes through quarter-wave retarder 220. S-polarized 25second color light 1067
enters PBSdaorihed edfie wietcprisranemiGbmetiatascitbed befloetivechorirder 290 impelexits PBS 100

through fo“@é’hﬁlﬁ {368 %s&c@%ﬁéﬂ%_@%?Q&S&P&Heﬁ?&?&di {&dimatel '@&?@& fegRNd color

light 1063 reflects from reflective polarizer 190, exits PBS 100 through second prism face 140, and
changes to Bistulalyipsianseddighi. 106doadi RO ipastesr tseggoateravhght tetmele3929. Circularly
polarized "%E&é%@ﬁerseéﬁ%ﬁ%gso oF rs%to%%l%ﬁ%eec %%9#9&‘?8%0 Qgﬁ%}ﬁﬁeoﬁ&?,%%&%ﬁ feif gircular
polarization, and changes to p-polarized second color light 1065 as it passes through quarter-wave
retat@er WHgh010/05963461C TI0G 2069)0 64981281 Hspatzized second color light 1065 enters PBS

100 through seco rism face 140 an through reflective polarizer d exits
PBS 100 through o R S B B R B S e
color light 107whitkeonpbeueastfibedoléthligfete At era Hiagrhngswhie dopelapizedafistdcoiot light

1071 exits fgolegp 1Pgﬁ%r?1%'§§n%16s‘?p%ﬁﬂ§§tecﬁ’ El%tjcco)?o?‘ ﬁght 1167. It will be appreciated that the paths
of second color light 1171 and third color light 1181 through color combiner 1100 are
15 similar, as seen in FIG. 11. For the sake of brevity, only the path of the first color light
1161 through color combiner 1100 is described below.

Unpolarized first color light 1161 from first light source 1160 passes through first
color-selective dichroic filter 1110, enters PBS 100 through first prism face 130, intercepts
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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p-polarized third color light 1075 and s-polarized third color light 1077. It will be appreciated that the
paths of second color light 1061 and third color light 1071 through color combiner 1000 are similar, as
seen in FIGV@2UHBNaFzed third color light 1071 from third light source 1070TI&398%/4ptdtlgh 10third
color-selective dichroic filter 1030, enters PBS 100 through first prism face 130, intercepts reflective
polarizer 190, and is split into p-polarized third color light 1072 and s-polarized third color light 1073.

P-polarized {#a €RLq5 Jighs 1068 PaRess APROEIRGHYE RRIANTRIIOREED BB A% Hguah third

prism face 150, char;ges to circular polarized light 1076 as it passes through quarter-wave retarder
220, changdssdiselaidiebt 1 8uircular polarization as it reflects from broadband mirror 1040, and

becomes s-polarizgd e SARtGNL HOToARIURATIR INLURIUAR ISRV 84 1A1 3291 S polarized

third color light 1077 enters PBS 10() through third prism face 150; reflects from reflective polarizer
190, and gi@t@@@tlca@dtmdgwlmdmhﬁohm faé@iiabﬂgs@@maﬂgé@l tﬂmﬁ@@bwln@m,mv.
20S-polarizeg) thivdi CalQe gl HR/RITETIPLES flMJIpleFiyGRplarzar A Bxits BRRHR0Myough
second prism face 140, and changes to circularly polarized light 1074 as it passes through

quarter-wave vendiekt traondiviog dishsotafilted skpend ploreftbeat veoht fireicdolisr- $&Mébth@ dichroic

filter 1010, | t ' izatl Pl irel .colQ)idight 1075 as
it passes trAg e e T he) Dagt A e Qe BS 1o

through secterpvied darseclidlosplskbss ambemeratittwolight reflective vuland éigho0arsdigiis PBS

color it 106 8 L gt S ed A T I0B e R A o e e Lo i red

or light 10 lue i color light 1071 is red
lightl Mccordivgtd ¢hiseingbb ik it Hnstdticd] triselendivecdietmadohliaizh0o0 iate reftiznblinue (i.e.,
magenta) light reflecting . reen light trapsmitti ichrgic filter: secon lorsselective dichroic filter
o e 2 o B R color. WO
2010/0596 84 R TS 2 090819 3 seitatifecdictieit dilt o0 8@ islacdagers,ani diueslidgistfrefecting and
red light transmi tlpi%glcf? 0|ce?llte{, Accordin i%(%h'ass gmboglrgeﬂtdvg grgrst polarization state of the blue

ot
second coloorrﬁegnh% s transmitted’ tow%léegn h&’sedon epoeiarlza ion state of the blue

In one embodiment, a fourth color light (not shown) can also be injected into the
15 color combiner 1100. In this embodiment, one the polarization rotating reflectors
comprises a fourth color-selective dichroic filter that replaces the broadband mirror 1140,
1150 described above, an optional light tunnel, and a fourth light source arranged in a
manner similar to the first, second and third (1160, 1170, 1180) light sources, optional
light tunnels 430, and color-selective dichroic filters (1110, 1120, 1130) shown in FIG. 11.
20 Fourth color-selective dichroic filter reflects first, 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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second color light 1061 is reflected twice by the reflective polarizer 190. The first 5reflection is
preferably a front surface reflection from the blue layers, which results from orientation of the reflective
polarizer 199 2#8MBed elsewhere. In one aspect, FIG. 11 is a top V& EERINEEHI31
representation of an optical element configured as a color combiner 1100 that includes a PBS 100.
Color combiner 1100 can be used with a variety of light sources as described elsewhere. The paths of

light rays of 1Qcagh, RRluzalieHate SBItedem@ JrRbArsGrEML ANGA Hhiteh igbt sayree (1160,

1170, 1180) are shown in FIG. 11, to more clearly illustrate the function of the various components of

color combifia¢h atherizs, somniipibthisdermsal veghoralicdiveddtanyiad Qo B0filst39d leaizBtion state
195, disposgd fistwerp e fiaganat iapss &lishapd SaEE ISR did hdQ @ gdescribed

elsewhere. 15A first, a second and a third wavelength-selective filter (1110, 1120, 1130) arc disposed
facing the fummi@rﬁ&aﬁ@qtsm@éml@t tﬁ@ﬁ@ﬁﬁ@@cmr@}mhthﬁm@ﬁ&h%@éﬂw fiters (1110,

112051130} 630 e acolqrsseiatiendieniaie il oiester 0 AAnSIit AliaL 2 seaRdupnd a third

wavelength spectrum of light, respectively, and reflect other wavelength spectrums of fight. In one

aspect, the efisetifignpolarirercndmdimcrodshstise popuizmelRd mglukspreplivairsidispesehe
embOd'me”ISVrJS? B&E&Vﬁrgpééf&eieile%?%Cd%‘?&?%ﬁela}’ff i %588&‘%%@&%’&%&@ rst, second, and third

color-selective dichroic filters (1110, 1120, 1130), as described elsewhere A retarder 220 is
disposed facing ea‘éshémmﬁaf ﬁ?ﬁlséwnabérfdcmg@mmf dulectorditnal shitd tolor-spctiv80). In some

cases, a5 SIMR 158133 9 SR AR0 e A PO PRY RS GAA Al e R xemple

the first prlsm some cases, a separate retar sed
adjadént eaxrhamm)ﬂ%@ I‘é@wpaﬁMefO(Ilqmn}lliZthe]fmenbl prlsrmfpgﬁta]rﬁihuf)ﬁrsé)ﬂ%lﬁﬁg vefldoterraomprising

a broadband i m|rr%ré %ngf L? a§ 8& 592364 faging & gcoe%fé ﬁ rJQei%rc‘%&%%%t(;A@dzeréo)

respectively, of P polarization rotat ng re &ctor further comprises a ret 220

disposed beltddden the respective prism face and broadband min-or. Broadband mirror 1140, 1150 and

retarders A polarization rotating reflector comprising a broadband mirror 1240 is disposed

facing the second prism face 140 of PBS 100. The polarization rotating reflector further

15 comprises a retarder 220 disposed between second prism face 140 and broadband mirror
1240. Broadband mirror 1240 and retarder 220 serve to convert polarization states of light
leaving the PBS 100 through second prism face 140, and redirect the converted
polarization state light back into the PBS 100, as described elsewhere.

The retarder 220, color-selective dichroic filter (1210, 1220, 1230), broadband

20 mirror 1240 and reflective polarizer 190 cooperate to transmit two orthogonal polarization
states of light through the third prism face 150 as a combined light, as described
elsewhere. In one embodiment described below, each retarder 220 in color combiner 1200
1S a quarter-wave retarder orientated at approximately 45 degrees to the first polarization
state 195. According to another aspect, an optional light tunnel 430 or assemblies of

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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WO 2010/059684PCT/US2009/064931 220 serve to convert polarization states of light leaving the
PBS 100, and redirect the converted polarization state light back into the PBS 100, as described
elsewhere. WO THE/M&8$der 220, color-selective dichroic filter (1110, 1120, RABE®S299846#3hd mirror
(1140, 1150), and reflective polarizer 190 cooperate to transmit two orthogonal 5polarization states of
light through the fourth prism face 160 as a combined light, as described elsewhere. In one

embodimentdesciihahelows epclbetaisken 220 R nlaf somEl-L IR isieaHedtRicwaNRisRlarder

orientated at approximately 45 degrees to the first polarization state 195. According to another aspect,

an optional li3f 20k ssita BB rl A94erapEbBr B RSB FvesHEs el B et dVited T legeH di2he first,
second, and third TOlght-SQHTERS (bH0icht 1953 189). R IR RIRRERISRIMIE/S- 1508 Rathof a first color

light 1161 will now be described with reférence to FIG. 11, where unpolarized first color light 1161 exits

fourth prismilferech dosasplosoieldedcitsheotefiight 2185 aite R3Sol AN A8ep fiebt sesrdigher 187 It will be
appregiated it e gl o SrRA BRI IBAAR Pl pelocignib Bl g olor combiner

1100 are 15similar, as seen in FIG. or the sake of brevity, only the path of the first color light 1161

through colagterstabidde ﬂml_@,r bemﬁb@ddﬂ&_b\‘wl 2_54 @F@ﬂﬁé@e@%@r@@@a%ﬁﬂﬂfﬁﬂﬁﬁn first light
source 116%1&%231% QUG L S’féﬁ%‘?fb%‘f%rfidcdﬂﬁlge@Egr&ﬁ%%%%%%%f) %‘?brlﬁghq]f%@gsﬁm prism

face 130, intercepts reflective polarizer 190, and is splitinto p-po first color light 1162 and
s-polarized RO 4ussisablopfipuanteawRygokirizisd 226t dbierliighed fiee pelssdghhidagenedie &t polarizer

190, exits P thra ' ism f h i i ight 1166 as it passes
through quaﬁ@r?}\%gbl rglég%ébrgéqug ?;{?aen%&esébﬁ?g%%g%@g? @%%Tglﬁy&gﬁgﬁ%&nﬁgéﬁﬁ%é@cts from
broddband dithori¢ fd@r dRdberbradecspotatirert fitd0c olots|ifBb 106 Thasughdesdl troudice

quarter-wave fetarder 220. S-polarized first colqr light 7 enters 25PBS 100 through third prism face
be d &j %Banﬁles‘?o rgula o?gir(féeg hé‘ﬁéé 18 1tﬁ%%8%t$rouﬁ;h £u£1r{e %av

1
150, reflects from reflective polarizer , and exi t our Ism face fGO as

s-polarized fistrdol@2igHtitadaly poBspoihlized st cotofliiglatl 1468 ¢aflectsdooraetiectivelpolarizer
190, ot PSR T e s T R 1t o
mirror 1150aghangingdtatecdffoist otdompothtizafidns ancheraniyesigb pupciariwede 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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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 WO
2010/05968WPCTIVE26/8¥9/064931 reflective polarizer 190, and exits PBS TIOHHRBMMO648#th prism
face 160 as p-polarized first color light 1165. In one embodiment, first color light 1161 is green
light, second color light 1171 is blue light, and third color light 1181 is red light. According to this
embodiment, first 3gojpr-saigciive fichraicAitenitid 5134 e angiue ey, JRoGRIR) gltigeflecting

and green light transmitting dichroic filter; second color-selective dichroic filter 1120 is a green and red

light reflectigtreihbi Bt angHtitehedptitiislf dhrdid sitlghand esiredtw de-Bercembedinepmbiéifiter 1130 is a
green and Qlyg lightt-tefleciipg:andiey Y9ih ﬁgaﬁwisﬂa%’%% 'ﬁtfvéﬁredﬁﬁ%%rtq&@ﬁ@ﬁ embodiment,

the first polarization state of the blue 10second color li is transmitted twice and the second

polari_zationtéﬁa_@élﬁ_fiﬂ&dbmé)é?eﬁlﬁﬂﬁ %@ﬂ@mdigﬁ]loﬂ@t??ﬁ%ﬂ@@téﬂ%ﬁi’é@f B%HéSréhé&i%dpr@rhrizer 190.
The fyst reflegtiqnas pieferapbal ﬂ%ﬁ%ﬁ?&ﬁi{&ﬁgaﬁ'&{}cf{@ﬁlﬁé}?ﬂ&%&?&%ﬁoﬂi@@&ﬁ@éu'ts from

orientation ofthe reflective pofarizer 190, as described elsewhere. In one embodiment, a fourth color
light (not shéiipeafiliisd 5@ isjecedrintlthina Beblae Bertibhend 100 ightthknamboditiehtrotne the
polarizationgptating reflectors comprises a fourth color-selective dichroic filter that replaces the
broadband mirror 1140, 1150 described above, an optional light tunnel, and a fourth light source
arranged in a manhéghsisailagaithe diter; kgltorrandmanhisgstemeanx7o1cr480Y hgiadinitasisoptional

light tunnels : color-selective dichrois filtgrs 148 q% by {AzlGg11. 20 Fourth
color-selectlcilgreégc fg%ggfé ?étére r%iﬁécts‘?ﬁrs%{% é‘fe)][g(')gn'dg ar?g[ m g%ﬂo%éﬁs %5166(;%1(11785 1%80), and
transfhits fohxtboediag iighn¢repstiothn titre thiguemisadismaehrdoinet valor lightsalssipasses through
fourth prism f 160 of first PBS 100, In.one aspect, FIG. 12 is a top.vie matic
represeniatS o ua Lot et R e SR b et o B B s 100,
Color combinemn 120 0oten! 25becnsed withyatvariehcaftligig sooncesmastddschimedaisendease. The paths

of light rays _of each polarization state emitted from a first, a second, and a third light saurce (1250,
1260, 170] Dtaraeas s B e S S R R R R L S

e'various coniponents of
color combirnarvoQl, PBS1ipGuActas e matiie etitrtégslarchersi@loaligeddup ithe firgepeidrizition state

195,1glisposed between ﬂae({jiagonal faces of first and second 30prisms 110, 120, as described
elsewhere, Mage arc 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 wavelength-selective filter 1210 is disposed adjacent the reflective polarizer 190 and facing the

first and se

2010/05968WPCTIVE26/8¥9/064931 wavelength-selective filter 1220, 1230 aP& HiEpHEEAGHShg the
fourth prism face 160. Each of the first, second, and third wavelength-selective filters (1210, 1220,

cond prism face (130, 140), and a second and a third WO

1230) can be a color-selective dichroic filter selected to transmit a first, a second, and a third

wavelength speei Rl US&M%%H‘?Q%V&JM’&%dﬁig&ﬁo%@%é%%%?QSM&%W&B@H&?&{D one

aspect, the reflective polarizer 190 can comprise a polymeric multilayer optical film. In one

embodimenforsfiaeile: gamrigerasdlestNRiRe Higer|asiicaisposed sriskithedikdirtheolor-selective

dichroic filteg, 1210, as dascribed slsawheta Avsiaider 220 iRdisnesshiacing Saghef the second and

third color-selective filters (1220, 1230). In some cases, as shown in FIG. 12 the retarder 220 can be

a unitary 10féxdlnsed 220 hpasepant) esharapiptaothey ftirhasriseH fAceordmstdiestcPBg QDI some
cases, a seggﬂgép 59&@@3&%%%(}9{3@3@&9&@&&1@@&% each color-selective filter (1220, 1230).
tating reflector comprising a broadband mirror 1240 is disposed facing the second prism
face 140 of PBS 18@cTifengdiasizatepeeotatatprdiditerbritiag s8sompaisescalbedaber220 disposed
between se s face ' . [ rder 220
ﬁ?&ﬁ@éﬁ‘ﬂh@e‘% o1oP otg?’i‘gﬁ { gD Hﬁg’{e&?ﬁ‘a% ﬁgﬁ%‘?ﬁé‘é’iﬂc‘}‘ ‘55‘8%&%}?&%&%@4 0. and
redirect the ponveitsdpbkotization Staedaliiad bebk intbttaesPBS d0brds pidaurigegiberiere. The

retarder 220, GQIOGRARGHVEHC QST

polarization ro

serve to co

polarizer 1

retarder 22

' 1 TO
to the first p&lgrlzatlon State

vert polarization states aving the PBS 100 through secon

Rﬂeoﬁgiﬂéb&ggﬁgﬁﬁa%%%&%

coope%ate to transmit two or?(ﬁtogo on states o rough t

Qi ERlenshima E‘%@f&% i%r%%%”?g]ﬁ‘{a‘é%&%%a{ B0 5‘11%%‘?9?

a
ing to @nother aspect, an optiona ttunnéuI 30 or

g

assemblies @fitain degree of collimation, there will be significant light losses associated with

15

20

25

30

variation of dichroic reflectivity as a function of angle of incidence (AOI), loss of TIR or
increased evanescent coupling to frustrate the TIR, and/or degraded polarization
discrimination and function in the PBS. In the present disclosure, polarizing beam
splitters function as light pipes to keep light contained by total internal reflection, and
released only through desired surfaces.

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

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

All references and publications cited herein are expressly incorporated herein by
reference in their entirety into this disclosure, except to the extent they may directly
contradict this disclosure. Although specific embodiments have been illustrated and
described herein, it will be appreciated by those of ordinary skill in the art that a variety of
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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25lenses (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'FOQVIWPSHMEdre unpolarized first color light 1251 exits third prisRCEHEE2EU0AEBLpolarized
first color light 1252 and s-polarized first color light 1257. 30First light source 1250 injects unpolarized
first color light 1251 into PBS 100 through first prism face 130, through first color-selective dichroic
fiter 1210, igiergepte IeiRciymRAlRAZRTAAIand isellie aipalasiees Vst ariat iphic1252 and
s-polarized WO 2010/059684PCT/US2009/064931 first color Ilght 1253. P-polarized first color light
1252 passe¥gsibggpsraes shiarvse hoosiand ksteéors 8 Booterasdghachitripeiepuade 160 as
p-polarized ffﬁ%{t&&)&ﬂ#}%?tﬂg%%lms a§m@g@&@ﬁgﬁ&g{9{ewht 1253 reflects from reflective polarizer
190, passes through first color-selective dichroic filter 1210, exits PBS 100 through second prism face
5140, and changes to circularly polarized light 1254 as it passes through quarter-wave retarder 220.
Circularly polarized light 1254 is reflected from broadband minor 1240, changing state of circular
polarization, and changes to p-polarized first color light 1255 as it passes through quarter-wave
retarder 220. P-polarized first color light 1255 enters PBS 100 through second prism face 140, passes
unchanged through first color-selective 10dichroic 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
guarter-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, 15enters 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.
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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 20light 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 thyguah selgnseimbiner 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, 25and intercepts reflective polarizer 190. The s-polarized state of second
color light 1261 is rafiesptiddreraniefieetvspaalagizer 190 and exits PBS 100 through third prism face 150.
The p-polarized state of second color light 1261 js transmitted.through reflective polagizer 190, reflects
from first color-selective dR-HFSHEHIRE: VB ALQIC AR PRINGIR L LRk ﬁcﬁfa"%?eﬁj,' RFEExits PBS 100
through third prism face 150. Thus,tibigssRenfthat igpthhsara pergend palarteaten siatgsuef the second color
light 1261 exits PBS 100 through the third prism face 150. In one embodiment, first color light 1251 is
blue light, second color light 12645 $feen light, and third color light 1271 is red light. According to this
embodiment, first color-selegitediihopisftdiveiéhivia fethans gigardphtieitctogaed blue light
transmitting dichroic filter; second color-selective dichroic&%{jer 1220 is a blue argi red 5light reflecting and
green light transmitting dichroic ftSPOSFUEHTA S8 AR é%ﬁ?ﬁ@?&?ﬂ@?ﬁcﬁg LW IEen and blue light
reflecting and red light transmittingadiain rapfiigrabéght sources in a color light combining system can be
energized sequentially, as descr

ibed in co-pending Published U.S. Patent Application No. US
2006/0265120. 10Acer ALY EHLEE RO HES Hsrancaziceon i ra R A R ssive or
reflective imaging device in a projectioi Ryrstbearihat ae ey ebapprokineddiy ibelegraesrom the color light

combining system. According to qne aspect i%L}f‘t;.time.se uence is repeated at rate that is fast enough so
that an appearance of fIicI?e#ﬁar@frﬁF%g&Ygdb 'ég ig'ﬁﬁ?ﬂ%&? %ﬁﬁ%’ﬁé‘ﬁﬂe%’%ﬁﬂﬁ?ﬁ'&ﬁ‘ artifacts such

as color break up in a projected \@@gsof the first and second light beam reflected from the first

reflective polarizer, at an angle of approximately 45 degrees;

afirst retarder disposed between the first color-selective dichroic filter and
the first reflective polarizer;

a second retarder disposed between the second col or-selective dichroic
filter and the first reflective polarizer;

areflector disposed so that aline normal to the reflector intercepts the
second reflective polarizer at an angle of approximately 45
degrees; and

athird 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
first and second light beam into afirst polarization state of the first

and second light beams, respectively.
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15image arc 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 20engine optics 1306 to projector optics 1308.

The light engine opfigsopfesl ersmierisedpnsesigg22, 1324 and a reflector 1326. The projector optics 1308
comprise a lens 1328, a PBS 1330 and pro'!ection lenses 1332. One or more of the projection lenses

1332 can be movable relaf{ESd €e® e Bp0Red 180 LaRi A ihii A Be¥Yi8ReR image 1312. A

reflective imaging device 1310 megdufrieigRIaapalaFizaiipe stagproki Rt umdbs dpjector optics, so
that the intensity of the light passin%thrqugrréthe_PBS_ 1330 and into theep%)'ée)ction lens will be modulated
to produce the projected ifmSTONBS RN RASERL R SPoRa Lo Bl RERTt RAFRRLAUEying device

1310 and to light sources 1316, Lgi8 cintelidddadsyieciaconts f jhepeaer asfnetitherrefieding imaging
device 1310 with sequencing of tk%? light sources 1316, 1318 and 1320. 30In one gg)ec.t, a first portion of
the combined light at output regidf ESBYE OURLEREPHFLAINGI ?985%@@?&&59 §%3nd a second

portion of the combined lighviefletipoit didgpdseores yeed haskionieaclehe s bine i hkP2episabgh output region
1304. The second WO 2010/059684PCT/UUS2009/ 6493§ﬁportion of the combined light can be recycled

back into color combiner by refleSiSH'rETHSFHYERQ AHBI9IE PLABRIRAHAIEN /R, a reflective LCD
and the like. The arrangement illgstjaigs and-1G. 13 is exemplary, and the light combining systems

disclosed can be used with other pragjection systems as well. According to one alternative 5aspect, a
transmissive imaging devi@é%ao{rc?%)é? 8§d béW%BFBﬁaB%%ﬁé?@%‘HB’&O{Pﬁ@HW ﬁé‘dt%Smbining system as

described above produces a threeftedasr (white) output. The system has high efficiency because

polarization properties (reflection for S-polarized light gnd transmission for P-polarized light) of a

polarizing beam splitter Wi@%ﬂ@éﬁ\?jﬁ Iﬁ?éﬁﬂ(ﬂqﬁﬂqv%:ﬁ% B%Iﬁgi%ﬁi?yt%rgf 8rré"ﬂ8é Oof angles of

incidence of source light. Additionetbaddisratiisposst posemiercarsdenidpd 0 zanipwsetedfithation of the

light from light sources in the colgr combiner. Withqut a certain d%e of collimation, there will be
(6%3% |

significant light losses associate ik Wgt%ﬁo \QHF PG %ngﬂﬁ%q%%?tgﬁl %f incidence
(AQI), loss of TIR or increased evarseane e stk ighfiveinaderspetiiRelgnd/or degraded polarization

15discrimination and function in the PBS. In the present disclosure, polarizing beam
3. The optical element of claim 2, further comprising a third light beam capabl e of
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 beamsinto a

first polarization state of the first, the second, and the third light beams, respectively.

4, An optical element, comprising:

afirst color-selective dichroic filter having afirst input surface, disposed
to transmit afirst light beam perpendicular to the first input
surface;

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

afirst reflective polarizer disposed to intercept the first light beam and the
second light beam at an angle of approximately 45 degrees;
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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 20and
detail without departing from the spirit and scope of the invention. Unless otherwise indicated, all

numbers expressing featugesisRg raietEHARIZRNYRsasR epRitiescpsat indhrrepanisicaiipn and claims
arc to be understood as being modified by the term 'about.” Accordingly, unless indicated to the contrary,

the numerical parameters set forfiAhE 9BFEG8MR PdRRH IR IR RIERG Bt 7 gl of

25approximations that can vary dgpgsidinaelpars deey@esired properties sought to be obtained by those
skilled in the art utilizing the_teachings disclosed herein. All references_andéjublications cited herein

arc expressly incorporate@®HEsEIRT IS FEIRRSET FRBH AR RPIME (R GLER S ECKcept to the extent
they may directly contradict this digetegstethéfihgieh piee bolamtedine atgkayepaenitisiated and

30described herein, it will be apprecjated by those of ordinary skill in the art that a variety of alternate
and/or equivalent implementation "B8substituted for the specific embodiments shown and described

without departing from thessgepadakihelrasigpisatiselonsra | ihaiscrpRlicatine dsciiie reesttor cover any
adaptations or variations of the SEPeCiﬂC en%l?odimeat(ﬁiiscusse herein. Thereglﬁf, it is intended that this
disclosure be limited only by the (ISP ERRHiRIERY SR8 i85 Hed is: 1.An optical

element, comprising: a first colorspplesinetdig®igefiiigishaving a first input surface, disposed to transmit a
first light beam perpendiculﬁr to th& first irr]ﬁj't surﬁac ;a E%ignd color-sglective dichrcéic filter having a
second input surface, disp% 5 B4R 'I?QH ﬂ\"f?&j\o@ﬁ 15%@?%9%%“ eCoda input
surface; selective dichroic filters, respectively, and the first reflective
polarizer;
afourth, and afifth 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 state of the first and the second light beam into afirst

polarization state of the first and second light beams, respectively.

5. An optical element, comprising:

afirst color-selective dichroic filter having afirst input surface, disposed
to transmit afirst light beam perpendicular to the first input
surface;

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

afirst reflective polarizer disposed to intercept the first light beam at an
angle of approximately 45 degrees,

a second reflective polarizer disposed to intercept the second light beam at

an angle of approximately 45 degrees,



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

first reflective polarizer; a sgrenffietasd erpisrasect Re e HHeRE O EperERieive dichroic filter and

the first reflective polarizer; a reflector disposed so that a line ngrmal to the reflector intercepts the second
reflective polarizer at an angle of 3i5FPeRiARIy S seHegive LAMIPS i ANl R~ MBIBLERE M ween the

second reflective polarizer and thes igdieter, wherein the first and second reflective polarizers, the
reflector, and the retarders are disposed to convert a second polarization state of the first and second

light beam into a first polafzatAPPSE e HISRSPd Y BERHATIER PR ARG SEREREIGCIY . An optical

element, comprising: a first reflegtiug qeplatize ssiong sertktn tporapia rshligitdepm and a second light
beam at an angle of approximately 45 degre econd reflective polarizer disposed to intercept a

es: a
second polarization state of the ffAePaY™ ge%‘f@rﬁﬁ beam reflected from the first reflective polarizer,
at an angle of approximatelyi b diegieassritl iefig et rditppaseoeandaati ling andaaidadtbel seflector

intercepts the second reflective polarizer at an angle of approximately 45 degrees; and a retarder
disposed between the second refiREFUY éﬁ?l&r kU Y X’\%%fbﬁf’?ﬁérﬁ?ﬁcﬂl‘(ﬁ second reflective
polarizers, the reflector, and the ggjie¥iiesare disposed to convert a second polarization state of the first
and the second light beam into a first paglarization state of the first an tfée second li %QE ams,
respectively. 3. The opticé‘l%fgﬁieﬂ?%?%\ﬁmeé?r%ﬁ@m%%qpﬁgmﬁeg it %Fﬁﬂ%&?ﬁ LEl'ﬁle of
intercepting the first reflective pofirsz esf Riceineng i 2érappdakisatehudefiraieasd Waeksionthe first and
second reflective polarizers, the r%ﬂector% ‘?@d the retarder are disposed to convert a second polarization

state of the first, the second, and" S At A AP AVE Wt polarization state of the first, the second,
and the third light beams, v@speetivelyirst 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 afirst
polarization state of the first and second light beams, respectively.

6. The optical element of claim 4 or claim 5, further comprising:

athird color-selective dichroic filter having athird input surface, disposed
to transmit athird light beam perpendicular to the third input
surface; and

athird 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
polarization state of thefirst, the second, and the third light beam
into afirst polarization state of the first, the second, and the third
light beams, respectively.

7. An optical element, comprising:

an unpolarized light beam perpendicular to afirst input surface;
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4. An optical element, comprising: a first color-selective dichroic filter having a first input surface, disposed
to transmit a first light beam perpendicular to the first input surface; a second color-selective dichroic filter
having a second input surface, disposed to transmit a second light beam perpendicular to the second
input surface; a first reflective polarizer disposed to intercept the first light beam and the second light
beam at an angle of approxfirately <8 iegsReen Gigsead tefiaeiveppilaiinpbiisRasrgHicoidercept a
transmitted first and second light beams trom the first reflective polarizer at an angle of approximately 45
degrees: a first reflector dispose@<¥'FH! & Hn@PREPHRAE YHEHEY RS Rector intercepts the first reflective

polarizer at an angle of apprpsimatetyof dideeaPss thaesnd reflesles disrnsetsectbat a line normal to the
second reflector intercepts the second reflective §{Jolarizer at an _arégle of approximately 45 degrees; a first
ai@e

and a second retarder disposed HERIREIFHRE HFs: Lelpieprl A AEAPRICHIRAE Yespectively,
and the first reflective polarizer; ajfgugheand a fifth retarder disposed between the first reflector and the
first reflective polarizer, and the second reflector. and the second reflective polarjzer, respectively, wherein
the first and second reflecfﬁ@cﬁaéfé YRR Zehgisee & r%?%?ﬁofﬂé'%@ﬁq{é'eéé are disposed to
convert a second polarization stajegpéd eofirs! fard itiRapeepd ddhéraspatité@ppistarplefiration state of
the first and second light beams, r I‘ls&%ect_ively. 5.An optical element, comprising: a first color-selective
dichroic filter having a first input SEf&¢8" disposed to transmit a first light beam perpendicular to the first

input surface; a second calgeastidctiveadiv o | Bier ikyioga seernd inpuisuiiies edthposed to transmit a
second light beam perpendicular.to the se(ié)nd ir(}ﬁa]t%ﬂlrface; a first reflective polarizer disposed to
s e

intercept the first light beam at aﬁ%ﬁ&%’%ﬁ ?)ﬁ% &' qdan flective polarizer
disposed to intercept the seconddighbkiemieigt4sdegaiesohiapproximately 45 degrees;

afirst, asecond, and athird retarder disposed 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 afirst polarization state of the unpolarized light

beam.

8. An optical element, comprising:

afirst color-selective dichroic filter having afirst input surface, disposed
to transmit afirst light beam perpendicular to the first input
surface;

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

afirst reflective polarizer disposed to intercept the first and the second
light beam at an angle of approximately 45 degrees;

afirst reflector disposed so that aline normal to the first reflector
intercepts the first reflective polarizer at an angle of approximately

45 degrees,
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a first reflector disposed so that a line normal to the first reflector intercepts 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; a first and a
second retarder disposed between the first and second color-selective dichroic filters, respectively, and

the first reflective polarizey gdonitPeffstdl veflfithartiardrpeizpeses Aejreas mpofiraiaefegtor and the first

reflective polarizer, and the second reflector and the second reflective polarizer, respectively, wherein the
first and second reflective polariZe Sl fitBEANE Leilerily PRRAHSR, AhaFHE Peradk e isposed to

convert a second polarization staigetdhe first and the second light beam into a first polarization state of
the first and second light beams, respectively. 6. The og;[ical element of claim 4 or claim 5, further

comprising: a third color-sBREGNE BhAdIL St REO SPRTHY SR IR &I PR RS X ERFD transmit a third
light beam perpendicular to the thitdritpts ierbacendndl ectiredhstarge figpasge sietween the third

color-selective dichroic filter and the second reflective polarizer, wherein the first and second reflective
polarizers, the first and second rHBERSIAHY RIS %re disposed to convert a second polarization

state of the first, the secongkj gnchdedhicahaki thirameiatoen dicpopalaiiration siatonitibe fist, the second,
and the third light beams, respectivelég 7. Aﬂaio ti%@I element, comprising: an unpolarized light beam
perpendicular to a first input surfEEE2 Y P LRUETRIRITNTIAOLed to intercept the unpolarized light

beam at an angle of appraxiiaaielhé$i eeareascarii stiieteetgiaiipessshaaribattarias aarmal to the first
reflector intercepts the first reflectjve polarizer at an angle of approximately 45 degrees; a second
reflective polarizer disposed at ad' 39:5:88}’8%’%3‘?8 n@@%@%@%ﬂé@é‘?ﬁﬁ%ﬂﬂ%&!@t Plarizer on a
side opposite the first reflector; assecant ghdeathiitdelbeigialiisRoten sartheft thdifiesnatoieo each

intercepts the second reflective polarizer at an angle of approximately 45 degrees; and a first, a second,
and a third retarder disposed adjﬁ%@ﬂ‘ﬁh@ﬁagm "ﬁﬂ}e‘égp ’d and third reflectors, respectively, wherein

the first and second reflective polarizers and the retarders are disposed to convert a second polarization
state of the Léppolar%eedog%réab zélrrnneln tgf% lf{ij{%t] Q,O#Srr{'ﬁgrtigg n%ﬁts?n%]? the unpolarized light beam.
athird color-selective dichroic filter having athird input surface, disposed
to transmit athird light beam perpendicular to the third input
surface,
wherein the first and second reflective polarizers, the first and second
reflectors and the retarders are disposed to convert a second
polarization state of the first, the second, and the third light beam
into afirst polarization state of the first, the second, and the third

light beams, respectively.

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

second input surface;

-57-



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, disposed to transmit a second light beam perpendicular to the second
input surface; a first reflective polarizer disposed to intercept the first and the second light beam at an

angle of approximately 45feareeneailitshriraionidiznased inteibasatineaarg baherfirsheefiector

intercepts the first reflective polarizer at an angle of approximately 45 degreeS' a second reflective

polarizer disposed at an angle of SpPIE AL B G RRRAE R hEreRd ﬂééj%%'zer on a side

opposite the first reflector;Fisgaef doidrctipspoiehresgrios Hirnaseshso ihatfadinernetaral to each intercepts
the second reflective polarizer at.an angle of a;é%roximately 45 degrees; and a first, a second, and a third

retarder disposed adjacent each SYEREHRNEHER 6 oAUV R AR AL A ARG AIINOXIMEIEN, the first and
second reflective polarizers and Ugdgjesgiers 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 secaond light beam,
respectively. 5. The opticeh SERENELPORIEPE At el PRI AR CToP MR i hrotc Fier

having a third input surface, dispesgshdQitjatssath &t ehédhisbrfrach easndiceles tanthegibisd input
surface, wherein the first and second reflecgéve Ba? arizers, the first and second reflectors and the retarders
are disposed to convert a secon@PSRHDAEY & e first, the second, and the third light beam into a

first polarization state of theHérsiyvtive reaated dipbibe BBl o amef esivegidiahza @ndtheptical
element, comprising: a first color-selec iv& dichroic filter having a first input surface, disposed to transmit a
first light beam perpendicular to HENEL m'gﬁﬁgﬁfzgsecond color-selective dichroic filter having a

second input surface, disppfies tpdrasstviicegsatend tobdtdadir prmreadictiaedn thefaecand input
surface; a first reflective polarze glsp g S 10T o SN E Sichroi (H t S T esoatvefy, and the
first reflective polarizer; and
afourth 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 afirst polarization state of the

first and the second light beams, respectively.

11.  Theoptical element of claim 10, further comprising:

athird color-selective dichroic filter having athird input surface, disposed
to transmit athird light beam perpendicular to the third input
surface; and

athird quarter-wave retarder disposed between the third color-selective
dichroic filter and the second 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, second and third light beam into afirst polarization state of
thefirst, second and third light beams, respectively.
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second light beam at an 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 a transmitted first and second light beam from the first
reflective polarizer at an angle of approximately 45 degrees; a half-wave retarder disposed between the
first reflectivepolarizaropfddhecpraaneorapreiie polarizer; 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 flfFEhQURFRE SRA R ASRRIS FIHErhawnar Vsh Lt S tPeRedPRO e tive

polarizer, wherein the first and seganghsefiestive Holaers, japdadieatarso ansfihe iigiarders 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 beafHS %&spectively. 11.The optical element of claim 10, further comprising:

a third color-selective dichagis:bHiecoivyiag etibvisdiichret stirfaceadispasecbiel iigamitadaird light beam
perpendicular to the third input surface; and a third quarter-waye retarder disposed between the third
color-selective dichroic filter and Wgﬁﬁ‘?&rmﬁgm%} Qﬁt\kﬂmﬂ?ﬁ%‘@%{'%@ fcond reflective

polarizers, the reflectors, and theskgtigipisudkRifigposed to convert a second polarization state of the first,
second and third light beamf_into Ifirs_t ol izatioaimhe first, Ff}zlcond 1Im third light beams,
respectively. 12. An optic8ll BRABEERSRAIRIAT: e NI e ] iflg a first input
surface, disposed to transmit a fiegigligbt bgaoxnaspendis deyrteshe first input surface; a second
color-selective dichroic filter_having a second input surface, disposed to transmit a second light beam
perpendicular to the secor?J 'fﬁb[f%ﬂ%l%{c@?%Oﬁ%ﬁ%ﬁ@émjé“s&%@rta@&@% rt@ﬁﬁﬁ'@rcept the first light
beam at an angle of approximateiiytefSedrares$ist reflective polarizer at an angle of approximately
45 degrees,
a second reflective polarizer disposed to intercept the second light beam at
an angle of approximately 45 degrees;
a half-wave retarder disposed between the first reflective polarizer and the
second reflective polarizer;
afirst and a second quarter-wave retarder disposed between the first and
the second color-selective dichroic filters, respectively, and the
first reflective polarizer; and
afourth 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 afirst polarization state of the

first and the second light beams, respectively.

13.  Theoptical element of claim 10, further comprising:
athird color-selective dichroic filter having athird input surface, disposed
to transmit athird light beam perpendicular to the third input

surface; and
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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 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 sgenRchoaits-SeelsdichaRisddtasaeaReeideiyd@Bmbihe) Brsikeflective

polarizer; and a fourth quarter-waye retarder between the reflector and the first reflective polarizer,

wherein the first and second reflEGUOIGIIAR A R\ EEHGU Ve R R tarders are disposed to convert

a second polarization state/péidf fistirahtaessasrnddishikaiiruia 2 fstdriaoratipa sate of the first
and the second light beams, respectivelg. 13. _Theaé)é)itical element of claim 10, further comprising: a third

color-selective dichroic filter haviFENFAR PLPOTRHHGCUILE S50 DHiF N SFG A Bam

perpendicular to the third input stifgcescnd aadhiittdNghtaicaay atocidree bdispeaashkeiuesn the third
color-selective dichroic filter and the first reflective E?él{arife : wherein the first and second reflective
SR

polarizers, the reflectors, and the! PEfArde 58N AERETNFNolarization state of the first,
second and third light beam into a first polarization state of the first, second and third light beams,
respectively. 14. An optical element, comprising: a first color-selective dichroic filter having a first input
surface, disptsed t6'HIRLHH Wﬁgﬂnﬁ‘gﬁ? erpendicular to the first input surface; a second

color-selective dichroic filtgffipguiombaseasnive tipliostifireehaismpagido tiunsmitacs engioddipht beam
perpendicular to the second input surface; %I{.eflective polarizer, dis z%ed tg@iﬁterc&ﬁf}t the first light beam
i

and the second light beam at an Eﬂ'ﬁ?@%‘ﬁ'ﬁ @i‘%&ﬁ%%‘%ﬁ?@%‘ ; Feheddetd %posed so that a

line normal to the first reflector inggrtgeis the reflective polarizer at an angle of approximately 45 degrees;
and a second color-selective dichroic filter having a second input surface,
disposed to transmit a second light beam perpendicular to the
second input surface;
areflective polarizer, disposed to intercept the first light beam and the
second light beam at an angle of approximately 45 degrees,
afirst reflector disposed so that aline normal to the first reflector
intercepts the reflective polarizer at an angle of approximately 45
degrees; and
aretarder disposed between the reflector and the reflective polarizer,
wherein the reflective polarizer, the first reflector, and the retarder are
disposed to convert a second polarization state of the first and
second light beam into afirst polarization state of the first and

second light beams, respectively.
15.  Theoptical element of claim 14, wherein the second polarization state of the first

and the second light beam reflects from the first reflector, and the first polarization state
of the first and the second light beam reflects from a second reflector.
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a retarder disposed between the reflector and the reflective polarizer, wherein the reflective polarizer, the
first reflector, and the retarder are disposed to convert a second polarization state of the first and second
light beam into a first polarization state of the first and second light beams, respectively. 15. The optical
element of claim 14, wherein the second polarization state of the first and the second light beam reflects

from the firstieeflectpreaip dheclbsicRo E atien staiarel Bshipetagt ineserraddenpheam reflects from a

second reflector.. 16. The optical element of claim 14, further comprising a first and second prism forming

a polarizing FYSHNY AR ABEE PEAD FUtlen S0 HE Hith e FRAUATEQ AES LM st face of the

first prism, thejjieshmimesdigeasatamiacend, seeand facroptigsoieatplismntansysharicetbe reflective
polarizer is dispgsed on a first diaﬁ%ﬁ)nal of the PBS. 17. An optical element, com&rising: a first

color-selectiV®dIEAISM SR AR st RISt YRRl Z5s|sel SeP e d Ah & i IsLorgPighe HESm

perpendiculgrgg 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 second light beam at an angle of
approximatefy745 dpgregsca diehand coseerieyretarder disposed between the first and the second

color-selective dichroic filter and the reflective palarizer, respectively; a first reflector disposed so that a
e normal to the firt reNR FRAPERETNE FRBIHGL S0 SRILIA eI SHLS LB 45 dogrees:

and a fourth retarder disposed begyegrrifeatifledipie belarigapand dcherredlawidisnipgrein the reflective
polarizer, the reflector and the retargers are disposed to combine the first and the second light beams into

a combined unpolarized light beatl!%8. The optical element of claim 17, further comprising:
a second color-selective dichroic filter having a second input surface,

disposed to transmit a second light beam perpendicular to the
second input surface;

areflective polarizer, disposed to intercept the first light beam and the
second light beam at an angle of approximately 45 degrees,

afirst and a second retarder disposed between the first and the second
color-selective dichroic filter and the reflective polarizer,
respectively;

afirst reflector disposed so that aline normal to the first reflector
intercepts the reflective polarizer at an angle of approximately 45
degrees; and

afourth 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 beamsinto a

combined unpolarized light beam.

18.  Theoptical element of claim 17, further comprising:
athird color-selective dichroic filter having athird input surface, disposed
to transmit athird light beam perpendicular to the third input

surface; and
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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 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. 19.An optical elemeyihi &PrepFigEndi sl belpesetpetivg dishorisdigneairaorciiigeinput surface,
disposed to transmit a first light beam peé%endicular to the first input surface; a reflective polarizer,

disposed to intercept the first ligHSEAMEH S YRR ZEhproximately 45 degrees; a second
color-selective dichroic filtghaayinghersfeetive pplriserfane isanseanadircriretRpagitpetiug polarizer,

and opposite the first color-selective dichroic filter, the second color-selective dichroic filter disposed to
transmit a second light beam; a fIREPEIERINGIEES e SRFARk AR LY D R ERANVB AR hroic filter and

the reflective polarizer; a reflectogshstineg drisoiaaia ingtssanal 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 ggmbingrilapificat @aehéhe saepriditight beam into a combined unpolarized light beam.

afirst color-selective dichroic filter having afirst input surface, disposed
to transmit afirst light beam perpendicular to the first input
surface;

areflective 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-sel ective dichroic
filter disposed to transmit a second light beam;

afirst retarder disposed between the first color-selective dichroic filter and
the reflective polarizer;

areflector disposed so that aline 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.
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