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relates t electronic (e.g., LCD) projectors and, iPRCPESOVZN8@r, to
such a projector that includes equal-length color conponent paths and a
separate projection |l ens assenbly for each. Background and Summary of the
I nvention 10 Color electronic (e.qg., liquid crystal display) projectors
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liquid crystal 15 display (LCD). Fig. 1 is a schematic diagramof a prior
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reflective |iquid crysl?§ Presgntinspntiopsrelaies torentor elertrorgs(e.gor 6EBEL i on system
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| i ght components al ong,a, red optical path R that is folded by an 25
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Mrror 1285 refl ects btoler ardirefieed gl iighid GTRIANSIA ia reen
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14G, and 148, 1R ST@G%ed?r B

15  display (LCD).

Fig. 1 is a schematic diagram of a prior art multi-path reflective

om an image-forming medium such as a liquid crystal

coler liquid crystal display projection system 10 that utilizes color separating
mirrors 12R, 12BG, and 12G in .combination with polarization selective
polarizing beam splitters 14R, 14G, and 14B and reflective liquid crystal

20 displays 16R, 16G, and 1868B.

Projection system 10 includes a light source 18 that directs white
light through a polarizer (or polarization converter) 20 that provides polérized
light to a pair of crossed dichroic mirrors 12R and 12BG. Dichroic mirror 12R
reflects red light components along a red optical path 22R that is folded by an

25 achromatic fold mirror 24R. Green and biue light passes through mirror 12R.
Mirror 128G reflects blue and green light components along a blue-green
optical path 22BG that is folded by an achromatic fold mirror 24BG. Red light
passes through mirror 12BG. Mirror 12G reflects green light components along
a green optical path 22G and allows the blue light components to propagate

30 along a blue optical path 22B. As a result, mirrors 12R, 128G, and 12G
cooperate to separate polarized red, green and blue light components and
deliver them to polarizing beam spiitters 14R, 14G, and 14B. The coior



WO 02/08829 1 DEC 2004 PCT/US01/22286 conponent inmages are conbi ned by an
X-cube 26 {&@I rected to a projection |ens assenbly 28. Each polari 7l Bﬂ 2004
beam spl i?‘{a; 329 el udes a pair of right-angle prisns haPCTgS0hei2se

i nclined faces positioned agai nst each other with a 5 polarization selective
dielectric film (not shown) positioned therebetween. As is conventional for
pol ari zing beamsplitters, P-polarized |ight passes through the dielectric

filmand S-pol gy ' | Sl .y ANd Bzpolarizations are
convent i onal n%{rrngélﬁjeadtt L@%éﬁéei'grcﬁﬁntgﬁécgg%aﬁé $urbo% E%E‘?ﬂgﬁﬁéﬁﬁ 19 # PEQjpCtion

pol ari zati on Ishatesermily@8i ch, with regard to a pol arization selective
dielectric film S 10 Iﬁri 17.e_d_ | ight can be said to "glance" off the film
and P-pol ari zed |ight %‘f pelangingPeas splittardé-inglddes a pair obgghirangie 20
transmts the grifhs B4 HRMHn ' : jnantly

S-pol ari zed | iF{:;ht \ s.o\mﬁg;gr |y %b?ﬁ%ﬁﬁ?ﬁ@?@?&gﬁsﬁeg@}%ﬁm% ng beam
splitters P4RPolazatigngelestve dielestricdimedobshawr pdisitiored therebdtivesn. 18 is

et at | oreoryeffelRl i el ealy Soiere . BPlayesd otk asSeniraugn the
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s i ng

|l ight from each Bixel wth a polarization that varie ccor 0 the
control vol t Z38vapiAnabaomenelaiirgrsieringtea raineirrthogahaiiinear polatizationvol t age

i mom (1. e, SACS AP 4 el Rl e i SR B Yt B B B (e
pol ari zat 16n molatzedriighbrarshe saitity “glahtguetthedilrardntatinbiaabsd iR Gan piex el

i mparts decreasicp Dol arizatjon_rotation with increasing control voltage
gt des. untPId BrB 5 dne figbaPpRiiger S0 raRSTS e e, areenangibles liht

ot oy . X : ) e is
eversed | 25 whol e Seeab il oot d g SRl ARhe BncERbed
becomes P- pol &Y¥iRQdrizing beam splittere-148, 4Gz ead [14Bls refleetedimsthesiiglbetdagh t he

dielectric filg ele) | zI.ng, heam spList towgrd a crossed-conbi ni ng
prism 26 (al s %g%é}ggtl@ea[i‘qﬁé é@i’fﬁ%ﬂ BPB%Q?HCEEE‘OF‘Q&@@& nto the display

i mge. Wb non-zero cimbr@impletabhRaes, retibetivel igeld 69étapsis 1a§r$1¢s|a're9ht Wi th
correspondi ngtqﬁroport i ons of P- 30 pol ari zati ons. ntrol voltages of

greater magni (4AEET Wﬁv?ﬁ@dék%ﬂmﬁg(i@g@é wigksd vistedyeamatineelisrandiefiedtght to
be reflected whhitremRAADIE NS pdthiZatiBh thdtries according to the control
voltage applied to the pixel. For example, when no control voltage is applied
(i.e., the pixel is in its relaxed state), the pixel imparts maximum (i.e., a quarter
20  wave) phase retardation that results in a polarization rotation for suitabiy
aligned polarized light. Each pixel imparts decreasing polarization rotation with
increasing control voltage magr :des until the pixel imparts no rotation (i.e.,
the pixel is isotropic).
In the relaxed state of a pixel, the polarization state is reversed
25 when the light is reflected, so that the S-polarized light becomes P-polarized
light. The P-polarized light then passes through the dielectric film of the
polarizing beam splitter toward a crossed-combining prism 26 (also known as
an X-cube) to be incorporated into the dispiay image. With non-zero control
voltages, the pixel reflects the light with corresponding proportions of P- and S-
30 polarizations. Control voltages of greater magnitudes in this example cause
greater portions of the light to be reflected with S-polarization, with all the

reflected fight having S-polarization at the greatest control voltage. The portion




reflected |ight having S-polarization at the greatest control vol tage. ﬂrﬁﬁel[]ﬂh
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S-polari z reflected by the dielectric filns in pol #GTAAY2228e¢am
splitters 14 back toward the illum nation source and are not incorporated
into the display imge. Such a nmulti-path reflective color liquid crystal
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very difficult, arlg rgasﬁ%y achi eved. As a consequence, the inmages reflected
by the mi rror_‘ﬂtzi’l pes HaG& i gned, which 10 can result in readily

m sal 1 gnnent bet ween  HSo T T efeaids Hag IoliF ol BB BT |
unaccept abbe isyatpen éPrsofferstfiert dissyivampges t@ir@icﬁmbﬁ@gﬁng bnmgétehgﬁcses t hat

are inproperly.joi al ong _an ar eam ) larly, X-cube conbi ner 26
suffers from %@%PQ‘?’?&F#B‘%& SI@%%&f?%ﬁu s %%IH%"‘V?Q"_&HC‘M&HWPWOE Balges fect I y
form and j oi n thétsare PrRAABE Hehind anddh flohtibRthe ok biiniRerS £ LRGg28@N ari se

at a central intersection region 29 where the X-cube conponents neet. Such

i nper f ect i ons FAPReagaNtant hihe mistababves ieyerdificlt andrarelytachievedoAs a

b o ect 1 on' sy <PaeRandrieTaGes ferfacidd B B hRes Rko Rlsaysfod ity © ' ™0
M yat ake. 1Br ojcantresult byretdiy @6cernibid mikaighrents in ¢Hd @eidevealdsiurik cryst al

panel s 32A, 32B, .and 32C that have correspondi ng polarizing beamsplitters
34A, 34B, 34c,f§ati\é$¥8Pmmmﬁa£9@§emswe@rgﬁle@6 r halesdnrispdiceson | enses
40A, 40B, 40CihérefheChd | he imBak" érsZ% | par at e
the light froma I|i ghgéﬁgﬁ%c%ﬁﬁ.gbgg%dg{ggr@ és?@%ﬁa%t%ﬂa )Peéﬁgg?&%g%?i chroic
mrrors 42A, 4nBge halvesdhateiraimpeoperiyipinas along aarippardritfseamns t hat can be

|ntroduced by orovsed i x dBFoMi d LRk REBEC: oo
artif act s 16hatintiatiohs, duehraedirciaghiity tXpefoltfy fafm ah@ jaithiseidenfoeRts. fsul t's,
however, projection system 30 enploys an ) ] ]
particular, such imperfections €an arise at a central intersection region 29
wheré the X-cube components meet. Such imperfections are significant
because they affect the central, most discemible region of an image.
FIG. 2 shows another prior light valve image projection system 30

20  asdescribed in U.S. Patent No. 5,327,270 of Miyatake. Projection system 30
includes three reflective liquid crystal panels 32A, 328, and 32C that have
corresponding polarizing beam splitters 34A, 34B, 34C, quarter wave plates
36A, 368, 36C, and projection lenses 40A, 40B, 40C, respectively. Dichroic
mirrors 42A, 42B, 42C color separate the light from a light source 44.

25 Color separation by successive dichroic mirrors 42A, 428, 42C
eliminates image errors and artifacts that can be introduced by crossed mirrors
12R, 12BG in projection system 10. Also, separate projection lenses 40A,
40B, 40C eliminate the image errors and artifacts that can be introduced by X-
cube 26. To achieve such results, howsver, projection system 30 employs an

30 in-line arrangement that is bulky and creates optical paths of different lengths
for the different color components. The in-line arrangement of projection
lenses 40A, 40B, 40C creates relatively large separations between them,



30 in-line arrangenent that is bulky and creates optical paths of di ff1egfqnmm
lengths {5 o2ldagaedi ff erent col or conponents. The in-line arran rrent of

proj ection ?enses 40A, 408, 40C creates relatively large é’gﬁ 123786
between them 1 DEC 2004 WO 02/ 08829 PCT/ US01/ 22286 thereby inposing
relatively | arge convergence angl es that can introduce col or conponent

m sal i gnnments at the display screen. Mreover, different path |l engths are
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d directions een col Qr conponent of
i ght 15 passé i?reoﬂﬁﬁu?ﬁ Afiiave Jiupitagm ?"’BFQ?'P%W HRLROSHia rerg el ectronic
light nodul ator, suchmgcérbarfte \ﬂltlﬁ?ﬂ'bésﬁrébel‘i’t'iﬁmrﬁ%n é’ﬁ‘@le@ﬂoﬁ@g?% tﬁb are

projection lens assenbly. The red and bl ue col or conponents
each fol dd@ adspiacios COB\W@'@D’Q&J@FB@H lansrassarebgeaawrth eqvalrcolmrrponent

o s 2y, and SarEonsEt 8GR o oh s T BAGE Bleralif ey e 812

proj ection | energpmceatrahgsmante in @hbamgmherﬂat@om% brdmds:, infll@s$Lapacked
arrangenent to receive the, col or nponen The equal | engths of

the col or cor‘rﬁb‘ﬁ%‘?ﬁs"@pft”i"ﬁﬁi aﬂﬁ&?%g'cﬁm%wl"Qfﬁlﬂﬂ%rfﬁidrfggrﬁ@qi ragdbiugeelesf t he
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result, the color channels receirve Illumnation patterns w
sanme i nt edSi t pagaes diraugly therdichroiegniarods tawasd @epipeatedi eielctmrm/lugme a white
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arrangenent of
assembly. The red and blue color components of light are each folded again to

propagate parallel with the green color component toward a pixelated
electronic light medulator, such as a liquid crystal display, and an associated
20 projection lens assembly. The separate projection lens assemblies are |
arranged in a non-iinear, close-packed arrangement to receive the color
components of light. |
- The equal lengths of the color component optical paths allow
uniform magnifications of the ‘illumination pattern' onto each of the three color
25 channels. As a result, the color channels receive illumination patterns with
generally the same ini2nsity uniformity profiles and in superposition provide a
white field with improved uniformity.
In addition, the non-linear, close-packed arrangement of the
projection lens assemblies create minimal separations between them, thereby
30 minimizing convergence angles and color component misalignments at the
display screen. For example, projection lenses have imperfections in light

transmission, especially vignetting or so-cailed reiative illumination deviations,
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transm ssion, especially vignetting or so-called relative illum nation
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schemati c 8i agiang €., dhedisplayssaresn)l ti - path reflective color liquid crystal |

ot pac et sctobosfonidh 3R SRRGERS L etes Rl B ekt e
Fig. 3 is a diappaeanniions tHeogetaileidedcriptiondt Betpreneal Grb&lineht RBldef, 15 ‘
\

projection systemwi th nultiple equal -l ength col or conponent |ight paths
accordi ng to tWHCHPESERES Wihdalerance tpithe ageompanying:dieigs: i ¢ si de vi ew of

the projection system @hicfb8scrrioRid® the’ Db éii agrammati c side view of a

rear projection displ ay‘t‘ﬁ’e%mreérm@stem of Fig. 3. Fig. 6 is a

di agranmmaidDc rear vi ewFi. 1ds arsshemasis diegramloda prloe attrroitigattpratjeetid on system
with multiple ual -1 ength col or conponent |ight paths according to the
present i nventc_f"g’ﬁ?'gﬁ'ldgq stal @S%{aﬂp'ﬁé@ﬁ’ﬁﬁy_‘ﬁ@"‘si de view illustrating a portion
of the 25 projection $ypbagalichbatic Biagrard-of AnbthefpAbAgt AUMRbAtH tOP View of
a transm ssive-color electronic

reflective color liquid crystal display projection system.

Fig. 3 is a diagrammatic top view of a reflective color electronic
15 projection system with multiple equal-length color compenent light paths
according to the present invention.

Fig. 4 is a diagrammatic side view of the projection system of Fig.

Fig. 5 is a diagrammatic side view of a rear projection display the
20 projection system of Fig. 3.

Fig. 6 is a diagrammatic rear view of a transmissive color electronic
projection system with multiple equal-length color component light paths
according to the present invention.

Fig. 7 is a diagrammatic side view illustrating a portion of the

25 projection system of Fig. 6.

Fig. 8 is a diagrammatic top view of a transmissive color electronic
projection system with multiple equal-length color component light paths.

Detailed Description of Preferred Embodiments

Fig. 3 is a diagrammatic top view of a reflective color electronic
30 (e.g., liquid crystal display) projection system 50 with multiple equal-length
color component light paths 521, 52G, and 52B according to the present
Jinvention. A generally white light source 54 (e.g., a metal halide arc lamp and



projection systemwi th nultiple equal-length color conponent |ight pathgg g0
Detail ed ‘98%?;§§}%| on of Preferred Enbodinents Fig. 3 is a diagranmatic top
view of a reflective color electronic 30 (e.g., liquid crySTASOHPREe ay)
projection system50 with nultiple equal-I engt h col or conponent |ight paths
52R, 52G and 52B according to the present invention. A generally white
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either the bl Ne. SrQWS,Miafoilsmssigued}h@ﬂmassngnde qfhhe present inbéntéor. i ght )

al ong opti cal th, 52B asses ot her two col or conponents of |ight
(o2, “breon 1018 rPteefor Ehfecd 2 B Brposhianes B SRTarpERE PRRURERIEN of o
mrror 70 is n‘;gftb@gh-@gcﬂp AR Wk rahéﬁgé ntBeM. » achromatic) that folds
optical path 52B toward a face 74 ari zing 15 beansplitter 76B. A
second angPed di chAdirst aﬁgied)dICM@IQElﬁr‘rCH'(:TﬁbretflhetS(mtherthefblwmerﬂmleued@nmrred

" o bbb b a8 Bl o,

(e.g., red) Ioth;dntmbrcamr@bﬁipbﬂeﬁtsrafmgmr(e@ greeheindeede Color esmpogared m rror
80 (eg 20 achromatchthat | ds optical path 52R toward a face 74R of a
pol arizing béxEsplyaiig tmdwh{m@n@rrormgﬁ reékeé@dtﬁﬁn@f?@ﬂﬁdawmﬁ?cnem oi C

mrrors 70 a”%cﬁl%ma%{c?tl‘r“a%‘%é\dé’hbﬁ&&l?Qtﬁﬁz%'&% aoffacb'?ﬁBQﬁ'&‘;;golan out 45

relative to a central® optical " axi roic mrrors 8 refl ect
col or corrﬂ)Enelbean'spllﬂter@fﬁB at the ends of the primary color spectrumin
opposed directi ONSa s-lt_arg:te)n(r:leangfe%i dichroic mirror 78 reflects the other of the blue and red

color component of light (e.g., red light) along optical path 52R and passes the

remaining color component of light (i.e., green). Color component (e.g., red)

light from dichroic mirror 78 is reflected to an angled mirror 80 (e.g.,

20 achromatic} that folds optical path 52R toward a face 74R of a polarizing
beamsplitter 76R. In the illustrated implementation, dichroic mirrors 70 and 78
are each oriented at angles of incidence of about 45° relative to a central
optical axis 77. Dichroic mirrors 70 and 78 reflect color components of light at
the ends of the primary color spectrum in opposed directions. The remaining

25 color component of light (i.e., green) passes to a face 74G of a polarizing
beamspliier 74G.

With reference to Fig. 4, which is a diagrammatic side view illustrating a
portion of projection system 50, each polarizing beamspliiter 76 (only
polarization beamsplitters 76G and 76B shown) has adjacent one its faces face

30 areflective pixelated electronic display, such as a quarter wave-tuned reflective

liquid crystal display 90. The following description is directed to polarization



25 col or conponent of light (i.e., green) passes to a face 74G of a 1DEC 2004 T
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pol ari zing beansplitter 76 (only polarization beanmsplitters 76G and 768
shown) has adj acent one its faces face 30 a reflective pixelated electronic

di splay, such as a quarter wave-tuned reflective |liquid crystal display 90.
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B a9 e e o SSBE i A5 50 ad BgRERoB % e
spectral pt5 f oinvialetal asnayraatolight (icsiréd or BlRBeight) Risirfedsab oat Sbldrey © zone
w1 have poor bé)armis%ﬁtitngYné(f‘ %n t(i)inpt-ztclticC)r(%1 |QBG and is discarded. In the illustrated
implementation, polarization converter 62 transmits predominantly S-polarized
light, so nearly all the green light received by polarizing beam splitter 76G is
reflected to reflective liquid crystal display 90G.
20 It will be appreciated that dielectric film 96R of polarizing beam splitter
78R, for example, need not be formed specifically to pass incidental blue light,
but rather can be formed with the blue spectral performance as a 'don* care'
zone. In general a don't care zone wiil have poor or incidental optical
performance for a selected spectral band, but will not cause display artifacts
25 Dbecause there is no illumination energy corresponding to that band. In this
regard, dielectric fiim 86R may be considered achromatic whether it actually
transmits all wavelengths other than the band of interest or includes a don't
care zone. Analogously, a color filter (e.g., red) may optionally be positioned to
pass only that light band to the corresponding polarizing beam spilitter {e.g.,
30 76R), so that optical performance of dielectric film 96R for all other
wavelengths can be don't care zones.

viewillustrating a portion of projecti 86TA8Y222860, each



performance for a selected spectral band, but wll not cause display 1pE¢ 200
artifacts?‘ﬁfo Rﬁﬁ use there is no illumnation energy corresponding to that
band. In 3 gard dielectric film96R may be consi der FCTASNA2286i

whet her it actually transmts all wavel engths other than the band of
Interest or includes a don't care zone. Analogously, a color filter (e.g.,
red) may optionally be positioned to pass only that light band to the

per for mance.of i o ShPeRve R Baia HpieYod i Ll iEhia BybAg buhdhe don ¢
care zones. 7nentﬁ6®(l®h&atv@l@%0@&2fﬁzrﬁ’@§lzwﬁﬁchl RAR 8@ dRai{Zateh thae vhiieyi d
crystal displ ter wave-t nemati c cell that

reflects Ii gh%%f“?%%de%éﬁegs%?l \{ﬂltf‘igegpﬁ@chﬁq tbﬁtﬁ"iﬁ'} FirBge.Jigridaasystakcor di ng to
the control veldorgeoamibafs iadd Pidtington oHetHé%oro'rbgr&&PBnﬁﬁ%%?ﬁéig dhsplay 90G

i nparts inage |nformat|on on the col or conponents o
i npl enent abi ofNeliMglameriatan, élqwdlmtal;dlsmay B@Gflsfmmédom asiicon con

backpl ane, art rans i stor pixel arrays
used in refl ecEL:l é%&g% 'E kh&@ﬁ'ﬁﬁ%’?eéxﬂ@%afg?&% FARYSIOE PRLY NSt e may
have quarter usad in reflecthviaparsts. aRgr SRRhHTENB Qi irzied fePikddCitalkl Ray ARGk May
have decreasi ng $O| arization rotation with increasi ng control voltage

magni t udes upd¥8rieOVaveEetardation aRd maAxinem pRjerizatigniretation andwwaydtavehe pi xel

is isotropic I d state,

t he pol ari zat iﬁgﬁregtb @P?@?@QE@?@%@W“WI&%ﬁ%ﬁ{mm‘ VB[tée'#}? gfg@g@me YR hat the
S-pol ari z&@ | tcghmm@nummobmlmg@adgmltmat wiitieh fPre pixdlds lSZ)ﬂ’dpiblc’ﬂﬁt t hen
passes throug l%{"g% Fctrtc film96G of the polarizing 15 beamsplitter
76G toward a EP 'E'?Bﬂ figAon BN y 100G to be projected to a display
screen (not shown) in HirbiaRed siks,ane potdrRhioPsERIRTeydB8d RineRlné gt s  the

light with correspondi ng proportions of P- S-pol ari zat 1 ons.

control- vol t aftected, ﬁﬁltﬁa@ka%mﬁaﬁmmmlbea@mesrﬁapmlamzeﬁ Icg‘ht.t fibelR-ght to be
T o) vk PR MNPkt Besel FrARL Rkl i ESLIhg BoBrBRE 2 o0
toward th#&s i beamm smtteomcsmmwm a&pﬂbjecﬁloﬁoéns Assnibly A06E th rbrecprbjléete@ljl toRd ay
image. As ar n splitter 76G functions to anal yze the
i mage i nf or ma ‘sglfgy scrgen &wt sll'iov?n) ewnh non-zero control voltages, the pixel reflects
the light with corresponding proportions of P- and S-polarizations. Greater
control voltages in this example cause greater portions of the light to be
reflected with S-polarization. The portion of the light with S-polarization is
20 reflected by the dielectric films in polarizing beam splitter 76G back toward the
fllumination source and is not incorporated into the display image. As a result,
polarizing heam splitter 786G functions to analyze the image information
imparted on the light by liquid crystal display 90G.
Some incidental P-potarized light entering polarizing beam spiitter 76G
25 may sometimes be reflected at dieleétric film 986G toward reflective liquid
.- crystal display 90G, rather than passing through dieléctric film 96G as is
desired. This P-polarized light can degrade image contrast when the P-
polarized light is reflected from liquid crystal display 90G,.passes back through
dielectric film 86G, and is incorporated into the display image. It is believed
30 that the reflection of such P-polarized light occurs when the light has an angle
of incidence that deviates from a preferred normal angle, but other causes are

possible. To prevent such image contrast degradation that can be caused by



imparted on the light- by liquid crystal display 90G Some incidental 1 [ ZE)[]L
P- pol ari z%bwg entering polarizing beamsplitter 76G 25 nmay soneti nes be
reflected at dieflectric film96G toward reflective |iquid PETSOHP228¢ spl ay
90G rather than passing through dielectric film 96G as is desired. This
P-pol ari zed |ight can degrade i nage contrast when the P- polarized light is
reflected fromliquid crystal display 90G passes back through dielectric

film96G and gighimpelRealigst, alhe isdplileet 4 15 f ' 30
that the reflecti oi.::llgofa@gucHQP-_pol a?ﬁ%%@%h[ygﬁg'%ég@ﬁﬁ&# ?gﬁtﬁgﬁ%s an
angl e of i ncidedinettyRe) agavapsionasll bepositigneast tortieck Ppotatizedlightalirebled ot her

causes are p | . r ' ntrast deqgradation.that can be
caused by 8 1q@@%ﬁ@iﬁ%ﬁa8%%%@@3&%3%%@8?8@%@5' agecantiasty |ight, a
linear pol ari zaroghdri pdlanzid@Rm (@4, such &4 QichRReldgad akly SetcREd b@%ﬁ)ﬁ'type)
can optionally be |? sitioned to bl ock P—(Pol arized light directed” toward

pol ari zi ng ezt (FVA) typecrarree positineed betwess dolarizg keam splifter 76Gnot her

pol ari zing fil : ' ' : S vinyl 5

B conol (Pvay FsabiectaHichabsBmithe 05t o SR g okt faf *atalRia oPte. 700
and proj ectiodighens assenbly 100G to bl ock |ight other than P-polarized
green light. Projegtion |ens assenbli 0] 1 100R project col or
component i mages f%%cﬁ?%&"&fsé‘é?‘ 1 ?ﬁ%‘%’ g@ﬁnﬂ%%%rgpﬁq ‘FFQ?r &b ned
into a 10 mul tinages (@ adispidpsdries PAShbWRPRherkhBY QYd E6mBIHBARL G Conver gence
of the colaor conponent inages, electronic projection system50 woul d

typical 'y 19e rauplefed.i iwllkcalerimageo]Tecprovidedidequalte copyergenos ohtha color

appl i cat: one, eamaent HEAGET wietirah GB bR B bl BeicauiBe100e, 100r
may be fixedl yergslopdd irsd eshrbhojdctiorng@splan isteiniieh altrainemitisivasdisplay f r ont

projection display systemwith a reflective display screen would require
conver gence a(ﬁ%[fé%‘s oﬁgﬁ\ﬁ@ﬁ kpPWp de theodrt In el applisatiansegonvsoagnce®ds, 100R

or fixed from s R o RO R Bl BB Bl kel e U w
of a rear 1§r ojdgingonaniifepliuss: E@W@Ebm facd0 projectinm display systeretipd ar y
appl i cation Ofre%&iv@%éﬁﬁb §é/r35ﬁ Wo%?d relaﬁﬁé convergence adjusts between projection
lens assemblies 100G, 100B, 100R according to the projection distance. Such
adjustments could be practicable for fixed front projection applications.
Fig. 5 is a diagrammatic side view of a rear projection dispiay
20 systemn 120 illustrating an exemplary application of projection system 50. Rear
projection display system 120 includes projection system 50 within a cabinet or
housing 122 together with a mirror 124 and a transmissive display screen 126,
as are known in the art.
In the implementation illustrated in Fig. 3, projection lens assemblies
25 100G, 100B, 100R include a close-packed arrangement in which projection
lens assembly 100G is yositioned between, and out-of-line with projection lens
assembiies 100B and 100R. The close-packed arrangement facilitates
convergence of the color components images at the dispiay screen by
minimizing the initial separation of the images. For example, with each
30 projection iens assembly 100 having a cylindrical assembly with a diameter D,
the center of projection lens assembly 100G can be separated from the centers
of projection lens assemblies 100B and 100R by offsets X and Y of about:




projection display system 120 incl udes projection system50 within a dalf{rgy
or housi %&@gsﬁoggt her with a mirror 124 and a transmni ssive display screen

126, as are known in the art. In the inplenmentation illustPCIENIRNSFi g. 3,
projection |l ens assenblies 25 100G 1005, 100R include a cl ose-packed
arrangenment in which projection |ens assenbly 100G is positioned

bet ween, and out-of-sine with projection |ens assenblies 1008 and 100R The
cl ose-packed arrangenent facilitates convergence of the col or conponents

i mages at the display screen by mnimzing the initial separation of the

i mmges. For exanple, with each 30Xp=rpj=e+_?_g)n | ens assenbly 100 having a
cylindrical assenbly with a dianmeter D, athie center of projection |ens
assenbly 100G can be separated fromthe centers of projection |ens
assenblies 1008 and 100R by offsets X and Y of about: 9 I DEC 2004 WO

02/ 08829 X=Y=} D Pighgicusiore?0apd Fcinoperterivith doid niifrorNTR Z8d 8oager ate with

fold mrrors I WA I,cal , paths 528 and 52R to pol ari zing
beam spl i ttergﬂ é%g gﬁ@cat}gjﬂﬂgw%gf%ﬁgﬁﬁg PP\%‘E?*H&%@%%O@&W%& apRdéRengt h of
optical path engthstizatiaze tige Sarheagthdld I s of
optical paghs Pgémpﬁggaggﬁb#@;qc@ ‘%Blgﬁ‘@ é?%ﬁfﬁﬁ%;gzgt%%%& déﬁ}g%vé]

i denti cal oOpt I ani SPticAllpa gravidesldnhelpettdni¢ o
reduce cost apghjédiRinoyRtdrR Baf afdwideRdcdls 665 rlfI Addi tional | ' hrlle equal
pat hs al | ow uni 1Jo_r m magni fi cati ons OP eﬁhg | I%I Hrﬂq%éﬁainb% CROPPRSMS Q)R8 0 each
of the three H3RG®N earinpathdo raduca aostahd improee peinufactidiyislossddrigecei ve

and i nsuper pacieaf s el BER slbw valchmesniioons o8 havilounaton, ©
:”F{ uni nat %“%’?‘ﬁ?“&ﬂ'?*???ﬁ'&ﬁ‘f D S e A R R Ty b el a1
ess than'fs EsRiventwpinatiey PRgguIsivath genbrallydhe deme infensig dnitbrapiyay
col or's channel S E AR i R pERoMon U EE A ae™Heiq 4h e g diiommbhannel has
an ' i |l uni nat Mereovest sushruniforratty aloves Nquidbrysei Hisblag8 D08 IHel iMimingted | ve to
another. This, geang, Ll khey O percent overfil, which is significantly less than is
conventionally required and provides improved display brightness,
15 Another aspect of projection system 50 is that all three colors channels
are of the same “handedness,” so that no color channel has an ‘illumination
pattern’ that is a right-left transposition relative to another. This means if there
is & 'hot spot' on the left side of one color channel imaging device (e.g., red due
to some defect of the illumination), the 'hot spot' will also appear in the same
20 location on the left sides of the other color channel imagim::; devices (e.g., blue
and green). This kind of handedness symmetry is generally not possible in 3-
channel color synthesizing systems because the decomposition of the white
light into 3 distinct color paths is usually not a symmetric and equal path-length
process. As a consequence, other systems migh’lt-have a reddish tinge on one
25 edge and a consequent blue-green tings on the opposing edge of the
displayed image. Or a yellowish upper left comer and a biuish lower right
corner, for example.
Furthermore, conventional reflective optical architectures typically
require a path length between the imager (e.g., LCD) and the projection lens
30  assembly that is twice that required by the present invention to accommodate a
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is a 'hot spot' on the left side of one color channel inaging device (fepgr
red due %%@zgdef ect of the illum nation), the 'hot spot will al so appear
oc

in the sane ation on the left sides of the other col SCTARENARB6 | nagi ng
devices (e.g., blue and green). This kind of handedness symretry is

generally not possible in 3- channel color synthesizing systens because the
deconposition of the white Ilight into 3 distinct color paths is usually not

2 symmetri c_andeaiiel oAb test diorBhaReas: sl & SARBANPRRGH ALIRL, SYSt o

m ght have a reddi sh tinge on one 25 edge and a C u en tinge
on the opposi rijakibgerofectiorelendiasperablydn comepational refleative apticd! anggetured t

- d a blyj ' . for . le. Furgh ,
conventi onal 1R RYEF afd o EfRRnes, Wi A Rstiseiaish BRrgiachen lengat h
| engt h bet weerassbmblymagss moee Bifficul:@HesBe, Kdve forbrasdddmahd e Rerassendl y

that is twice that required by the present invention to accommbdate a -10 1
DEC 2004 WD 0X500H8e% hawe nusie Blements angriasi idlkieand eastirt fldecsiorteopath

channel s. Suc . | . t jection |ens
assenbly in cg?l@gethﬁ? %ﬁg?&ragﬁée@%%@ '{:')%ﬂ Fé(’:rgg%a{?%Qil%%gcspﬁpgé'%lwg\/e a | onger
back worki ng di stance, Fithi6dh acdiagramnsaticyaatview of ajtetisirissiveeosior SI86EsHKE Y t O
be nore difficult to. esit% . have Ipoor.er performance, be nore 5 conpl ex,
have nore el eﬁ‘gﬁt’é'q& ¥8 BG'ISR%&F’ LIt 8Y§tea 1 SOmEh ewliplepaysidength engt h
provided by th@lRicorfithehtMidibafis RN, 4526886 1598 GLEQMANID thEbbsefit | S 2
di agrammatic rear view of a transm ssi've cbﬁor el ect ronlr@gﬁ(e. B , 11quid
crystal dil8pl dgyenyipd] écgensamally whitmiight sowice H Séibigi,@ metal halidé arcgamp aral or

conmponent lig nd, 152 rding to.t resent 10
i nvention. A &%@%P%f%ﬁﬁ%téﬁﬁgﬂf{e%&%&&I&%C%i@@%?%ro&gﬁ aao%{’]feampoﬁ‘g?ﬁ'sde arc | anmp
and a concavearaysddetaral i 58aneh lcesdenser Bnsaehds Mic@dnd A Aot EePami 5g of
m crolens arrays 156 and 158 and a condenser |ens 160. M'crol ens arrays 156

and 158 coop&PRPE'aR IHPYIcedmHIIPIE Ipegrating épnars eididhtegesedB4ipght source
goner al 1y 15 1 oaof sodmafe Mhicoity X oo LaRlehial 169 pRIGR om0y OO
Pol ari zat itén desslessipaiarizegion fey., Sepalfirizatiocohoktheilightal Polgpzationaanverert he art
s o nacost! PRberRalEs o2 BhlebnaPyBs kndiitn 3 &f'of 35 333N LS 1 M°
Patent No. 5,973,833, which is assigned to the assignee of the present
invention. A fold reflector 164 (e.g., a prism) is positioned between microlens
arrays 156 and 158 to compactly provide a separation between them.
20 A pair of crossed dichroic mirrors 170 and 172 reflect the red and blue
color components of light along optical paths 152R and 152B and pass the
remaining color component of light (i.e., green). The red color component of
light from dichroic mirror 170 is reflected to an angled mirror 174 (e.g.,
achromatic) ‘tha-t fold optical path 152R toward a transmissive electronic
25 pixelated display, such as a liquid crystal display 178R, and its associated field
lens 180R &nd projection lens assembly 182R. The blue color component of
light from dichroic mirror 172 is reflected to an angled mirror 184 (e.g.,
achromatic) that fold optical path 152B toward a transmissive electronic
pixelated display, such as a liquid crystal display 178B, and its associated field
30 lens 180B and projection lens assembly 182B.
With reference to Fig. 7, which is a diagrammatic side view illustrating a
portion of projection system 150, the green color component propagates to a
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invention. A fold reflector 164 (e.g., a prism is positioned betweenl DEC 200
m cr ol enswsy@ys» 156 and 158 to conpactly provide a separation between
them 20 A pair of crossed dichroic nirrors 170 and 172 refCd&SOBR86ed and
bl ue color conponents of light along optical paths 152R and 1528 and pass
the remaining color conponent of light (i.e., green). The red col or
conponent of light fromdichroic mrror 170 is reflected to an angl ed

mrror 174 (e.ppriscogic assemblyc)gstthat hioh paprf i@dkefRaidis ﬁﬁﬁ @nﬁplgﬁg(rg@t Al

transm ssi ve er#é;ﬁggr oni c. 25 pi xel i spl ay, such as a l'iqui

ted d ay
di spl ay 178R gle %Y?Eb%iaaf’é&?ﬁ‘ﬁ eptigal pathsl 5260mitahd lipeajretaniediormhenby
assenbly 182Ropfibg gt (yg%o i~ el f dichrqgic . mrror 172
is reflected to(F)J fan dgng?éggﬁﬁn%:ngg!r 82’9 %ﬁcgﬁl,c.dsggrﬂbynﬁ?gyc Mgtk opti cal
path 1528 t oneiPlical patan S8yl & distdreetthaniatchps Xed aisrcdibaplddh miksbags 2
liquid crygtal;-i asa0d its asspciated field 30 | ens 180B and
proj ecti ongl er?ggazgjé%épbﬁgﬁ' HW'?W PW@%@ o Qptieapathrs 158 with the same

di agrammatic d$erdgh.view illustrating a portion of projection system 150, the
green col or conpongnt propagates to a 1 DEC 2004 WO 02/08829 PCT/ US01/ 22286
Peri scopi ¢ assenbl §'% 8¢S @fiagmaunatiqieprviey of altrdnsmissvetaicr eldfromivdelf0

(e.qg., rights I i - Shi tical..path. 152G qut of a |line or
]Pl ante_ f or n}[ad E?ﬁggeﬁgﬁ%fgﬁgﬁiﬁgﬁg Wlflgmugii ?%uaj‘gWIBF?LOE%
unctions to a ¥ PBt2B6 & S8 e

di st ance tp@t nmrror pair @%{170, 174nand 172, 1§A,d1t®tht2rgg)ttr)y providing all
of opti cal p\zgﬁﬁgn o %iq e(q.]@ {eclight spufcR 25¢i (g.9-a metal halide Remiaatpi and op

vi ew of a traasghesve/Bara® ' o e d QUM rystal_.di spl ay)
proj ection system 250%\& t E%nﬁﬁﬁlﬁrreaﬂﬁ%ﬁ%ffe%fcg%g'{%&%W&gh%é’éﬁﬁ%ﬂ?fsI i ght
paths 252R 2BpepleasarEysREarsh 26tand a cohdemsersami 2600 MitreiBhs afray#056

Concavel par bt 25 8aneBREE Fy Vit nlilso EGrtost @aueenl i auts 24l of

m crol ens arr mgseddad imade2bFoRmity. aA PRRGRARSEH coRdster 882 Geferdllyf ays 256
and 258 cggpe ate to provide rrulqii pI@g I ntegrati ngel rragggé\g‘?é%l g trgirource 254

for incrEase®SPihagRO@GZRIPM{Q-9. SrPqlanizationhef the lighhva fald refEBorR6ais des

general ly 15 LesgdrasbasH &nidgéatd ., S-polarization) of the light. A
fold reflect o'rJ 264 is posint %gﬁ%ﬂgﬁgg@' condenser | ens 260. '

A first angled dichroic mirror 270 reflects either the blue or the red color
component of light (e.g., blue light) along optical path 252B and passes the
other two color components of light (e.g., green and red). Color component

20  (e.g., blue) light from dichroic mirror 270 is reflected to an angled mirror 272

{e.g., achromatic) that folds optical path 2528 toward a face 274B of a-
polarizing beamsplitter 276B.

A second angled dichroic mirror 278 reflects fhe other of the biue and

red color component of light (e.g., red light) along optical path 252R and

25 passes the remaining color component of light (i.e., green). Color component
(e.g., red) light from dichroic mirror 273 is reflected to an angled mirror 280
{e.g., achromatic) that folds optical path 2521 toward a face 274R of a
polarizing beamsplitter 276R. Dichroic mirrors 270 and 278 reflect color
components of light at the ends of the primary color spectrum in opposed

30 directions. The remaining color component of light (i.e., green) passes to a
tace 274G of a polarizing beamsplitter 274G. Projection system 250 includes
polarizing beamspiitters 276 and projection lens assembiies 300 that are
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A first angled dichroic mrror 270 reflects either the blue or the redjgoimr
conponent Lght (e.g., blue light) along optical path 252B and passes the
ot her tmwéﬂoz!(()"?@gonponents of light (e.g., green and red). PEMUSPVEZBHonent
20 (e.g., blue) light fromdichroic mrror 270 is reflected to an angl ed
mrror 272 (e.g., achromatic) that folds optical path 252B toward a face
274B of a polarizing beansplitter 2768. A second angled dichroic mrror 278
reflects the oshipttamfallyito SAME a8 Pdlariz KM liROTPAD fedti e.g., red
|'ight) al ong optical_ pgt h 252R a% ZSZﬁg’asses F’tﬁte rerr%ﬁn?%éeéggﬁ(li)grns((:orrponent

of light (i.e.assgmeldigp 1080l or conmponent (e.g., red) light fromdichroic

mrror 278 is refl £ 0. I ) r 0 . . J.,,..achraomatic) that
folds optical pat hﬁ%@%’% ﬁ]\}\rlgé}a%g’@fag@ﬁ%% e&%ﬁ "eéfﬂd%fiaﬂgf?&‘g ci‘:”t(‘{}er
276R. Di chroi calmutr3or seldfie tralc@mfal optitd akisc 701 SinfaAR RS 274 ahd gBb at the
ends of the prirrégqrr}/qq%ol or se,ectrum i n_opposed 30 directions. The remaining

col or cpnpo':_hen? . gfhio pro @e,an@feé@fjnfp%@@@softa@oat 3@°achexquptagions of
pol ari zi ng beagpRirstl7er 277478, gﬁ@?gﬁ?"g@@ﬁ?ﬁ@%@ﬁm% ar&l ari zing

beamsplitters 276 and projection at” are DEC 2004 WO
02/ 08829 PCT/ Usojection éhssadsstminties 800 yo bh eositioredwith thecénterxgofipeojestdr t t er s

76 and projection_|lens,.as lies 100 ADichroic mrrors 270 d 278 are
each oriented igﬁsgﬁ%&"ggh%&‘ffﬁﬂ%ﬁ%{}&@ Sﬂu'%ﬁ%r@h”a%'rgraéfaéﬁwmo%gecent ral
optical axis @@ilaﬁ?fﬂ'tﬁaﬁ@&arﬂ@ngéﬁfeﬁt Brofectib 1% ssBrrbliBs 80H SROVEEE 40_provi de
angl es of incidence of about 300. The orientations of mrrors 270, 272, 278,

and 280 allbw Petestipacked paanegment whichomaximizes the bpeefits dastribed abovenbl i es

300 to be posiy; ' t £~ PF O] .1 Ol n | i 00

dori ning ah ecuitp Bgratck fo PRASER Sofn boP iPREGHAR e B B dREF PoldEher o

arrangement prafjreictor®A70 and 2783eotitie ap@Yed poloy seraratiddpetiosesicenaiakies

arrangenent, VQ ch maxi m,zes,.the benefits described above wth reference to
S

proj ection sy %Iq@eppwt@gﬁith@ﬁ,mi{rﬁés YPUPY ALAS ANGIRPIHBAEENCR! mirrors
270 and 278 pr ovi danivgy 8V 6ahPBos e chitotinits kS WARACRe LEhBbleYS olp cOL or

separating dichroic mrrors oriented at 45 angle nce. In view of
the many piéssiipventiafopay Rempelied ilwhioskd bé requgnized phatsheidetailed 15 i nventi on

may be appli edympbaffad Qreb[ﬁugtlfé%tg %ﬁ/e&ot 4?-?051& Hgt bdeettaﬁieél %(sj limiting the scope

of our invention. Rather, the invention includes all such embodiments as may

come within the scope and spirit of the following claims and equivalents
thereto.
20
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enbodi ments are illustrative only and should not be taken as Iiniting1qﬁfzwﬂ
scope. of our invention. Rather, the invention includes all such

enbodi ments as may come within the scope and spirit of the follow ng clains
and equivalents thereto. 20 1 DEC 2004 Clainms 1. In a nmulti-path
reflective pixelated display projector having a |ight source providing
multi-color light, plural reflective pixelated displays for inparting inmage
i nformati on on col or conponents of the light, the col or conponents of I|ight
propagating al ong separate optical paths, and plural polarizing beam
splitters associated with the reflective pixel ated di splays for anal yzing

i mge Information inparted by the reflective pixelated displays, the

i mprovenent conprising: equal path pppgths for the separate optical paths of
the col or conponents of light; and a projection | ens assenbly for each of

t he ?:_ol or corrponentlaamiulﬁ_-daghbﬂeciri]da@ixemé@mgméyipﬁmdoTI eﬁmngaﬁmm;c 3 bei nglntﬁ
non-| i near arpangemne eac er. : e projector of dais urt her
conpri sing:- fp?g@ngarﬂ'gﬁ?g%hﬁs}ﬁ pg‘\m(!ﬁﬁ%ﬂrﬂ%e%epfegp§a?%3?r?+wgﬁa9?espect ive first
?nd ;second t(r:]infoanatiomorp@luemooéntddfgioﬂigﬂmhm@momqbpnﬁn:smﬂdhons agdftlrgns_rrit at
east one o . [ : ; second fo mrrors
that are gene?‘gﬁgy g!"zﬁ??@&%&%‘ﬁf ﬁgs%g%p\%%bifm}ﬁﬁégecond di chroic
mrrors to di Awedateawithithareliectiverixlated displays fop aneiyaingisrapeinfomastion | i ght in a
direction genﬁ,gpahdd)be,wﬁeb@e pgcg%%@ﬁpé@% .ﬂﬂﬁpﬁeﬂeﬁ%hpgﬂﬁ' ot her col or

component of fight transmtte ichroic mrro 3. The projector of
claim2 in which $qugtRathiengihsépithosepagate piical pathy of g golertempenenti chroic mirrors
at an angl e obfigmaindence of about W 4. The projector of claim2 In which

| i ght propagates I rst _and. secpn dichroic mrrqgrs at an angle of
i nci dence of aboué8@6%%“&“%8‘“&»8’{5@8&“%@%%‘3@%%5@%% t he pixel ated
di spl ays ar e projgelionleps gasemblies tieingdii apon-linéar afrangemend witiceash othér.cl ai m 1 1 n whi ch

the col or Comoneﬂtﬁe%jéddamdﬂ-ﬁ?ﬁfnﬁgmm n and blue, and In which the
projection | ens asserrbls%’e or the green col of conponent of light Is
e

posi ti oned bet weelfstand {‘q‘ﬁ?h"?"? rilrors thatyefiastrepnecijve Birst agd seaond
color camponents of light in opposed directions and transmit at least one other
color component of light; and

first an second fold mirrors that are generally paraliel to the respective first
and second 'dichroic mirrors fo direct the first and second color components of
light in a direction generally parallel to that of the at least one other color
component of light transmitted by the dichroic mirrars.

3. The projector of claim 2 in which light propagates to the first and sacond
dichroic mirrors at an angle of incidence of about 45°. :

4. The projector of claim 2 In which light propagates to the first and second
dichroic mirrors at an angle of incidance of about 30°.

5. The projector of claim 1 in which the pixelated displays are liquid crystal

“displays.

8. The projector of clair. 1 in which the color components of light are red,
green and blue, and in which the projection lens assembiy for the green color
component of light is positioned between and cut-of-lina with the projection lens
assemblies for the red and blue color components of light.

7. In a multi-path pixelated display projector having a light source providing
mutti-color light, plural pixelated displays for imparting image Information on color
components of the light, the color components of light propagating along separate
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assenblies for the red and bl ue color conponents of light 7. In a mulj P%ﬁp
pi xel ated di splay projector having a |ight source providing nulti- coI F
light, plural pixelated displays for inparting Inmage Information on col or
conmponents of the light, the color conponents of |ight propagating al ong
separate 14 1 DEC 2004 optical paths to the pixelated displays for anal yzing
I mge information Inparted by the pixelated displays, the inprovenent
conprising: equal path lengths for the separate optical paths of the col or
conponents of light; and a projection |lens assenbly for each of the col or
conponents of light, the projection |lens assenblies being in a non-linear
arrangenment with each other. 8. The projector of claim7 in which the

pi xel at ed di spptoptpats & mémm&mdﬁ&bluﬁformhmﬁr@irﬁ@e Ricafutioy Fparted by Ne proj ect or of
claim7 in whi ed di s are liquid crystal displays. 10.
The proj ector ﬂgefrb'}ep @45593”#3 'WBP"%"E%E%FE ¥ first and second dichroic
mrrors that refl @Qltal patsiprgtitsifarchel sepasdte eptical paticsah the cabraompamemeonent s of | i ght
In opposed dlolfgﬁ Lanhs and transmt at |east one other color conponent of

light. 11. The projector of claim10 in which |light propagates to the first
and second di chr@lP@IQﬁ'Q"ﬂQﬁ’FéssamblafvrMP&%qumpdmwfwt teout 30". 12. The

proj ector of wcnenieﬁsasséHbuﬁgba.ﬁbqnsﬂbrpnrnemnﬁm@&ﬁémﬁmpéacﬁb t are red, green
and blue, and in \[gm'_é gq? cection |l ens assenbly for the green col or
conponent of |ight "&° Hgjegiqrp 7%%@??%'8‘%%@%?3%‘@@%%’% the projection

| ens assenbl ipxiatddadisplajee r ed and bl ue coI or corrponents of Ilght 13. In a

mul ti-path pixel age ecto n t pI’OVI di ng

mul ti-color |ight, o q"%&@gt@l}g&%{ﬁ? é@lggqg?plqygﬁrg ge i nformati on
on col or corrpcﬁﬁé‘ﬂ!ss of the Ilight, the coI or comnponents of Ilght propagati ng
al ong _separate oni py rdi&loh&cfa&iﬂﬁhé?b&?ﬁdnﬁ\ﬁﬁﬁstgh@ (Rich@f_anal yzing | mage
I nf or mati on %rsdt?-n é t he pi xel at ed rovenment conprising:
first and sec Qe éesn?#wecfv%ﬂ@drﬁgﬁonﬂmr@emmn@ﬁmf@sh first and second
col or corrponerobmseddsdect@hﬁanhlﬂammasleﬁktmermtw&onipﬁﬁbniémﬁl‘ﬁm t at |east one

ot her col or corrpqlpe.mepg%ec#ar&t&%%{]ddnw;“chal{&gtp%%(a:ga?e%tot%ﬁimrgn&rors that are

general ly parall el t
second dichroic mirrors at an angle of incidence of about 30°.

12, The projector of claim 7 in which the color components of light are red,
green and blue, and in which the projection lens assembly for the green color
component of light is positionad between and out-of-line with the projection iens
assemblies for the red and biue color components of light.

13. In a multi-path pixelated display projector having 1 light source
providing multi-color light, plural pixelated displays for imparting image information
on color companents of the light, the color components of light propagating along
separate aptical paths to the pixelated displays for analyzing image information
imparted by the pixelated displays, the improvement comprising:

first and second dichroic mirrors that reflect respective first and second
color components of light in opposed directions and transmit at least one other
color component of light;

first and second fold mirrors that are generally paralle! to the first and
second dichroic mirrors to direct the first and second color components of light in
a direction generally parallel to that of the transmitted at least one other color
component of light; and

equal path lengths for the separate optical paths of the color corhponents
of light through separate projection lens assemblies.
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second dichroic mrrors to direct the first and second col or corrponentquif
light In a direction generally parallel to that of the transmtted at 4%

one ot her color conponent of |ight and equal path Iengths for the separate |
optical paths of the color conponents of |ight through separate projection |
| ens assenblies. 15 1 DEC 2004 14. The projector of claim 13 in which the |
pi xel ated di splays are reflective pixelated displays and in which the

projector further includes a polarizing beam splitter associated with each

of th e reflective pixelated displays for analyzing inmage information

i nparted by the reflective pixelated display. 15. The projector of claim13

I n which the pixel iate‘_ di spl ays are transm ssive pixel ated displays. 16.

The projector of cl%ilff Briectr Qisiateh! 3 inwhigh the piselater! dispiays arg seflactiee | | qui d

crystal displ miﬁmtﬁﬁwﬁmﬁ@m&{tﬂépﬂgctgf@{hmi%ﬂkgagﬂr&mgk t propagates to
e I NTI

the first and cond.dichroic mrrors at an ang nce of about
3t}. 18. In a Wﬁ‘?elrFs-sBﬁ?Clﬁgﬁ'Fm?fé'ﬁ aflectivepixelgted displas forlamalyzing a | i ght sour ce
provi di ng nul timagmihformatiorgiipartedlby (! reflobtve prbied dligwy! ays for inparting image
i nformati on on co{sorrhgﬁrré@ ne %Js of3,t he | ight, thé col or conponents of |ight
propagating al ong 5epa OQE AILY3 in whightng pixelgted displays efeed di spl ays f or
anal yzi ng i nadensmissiverpidiateddisplaymar t ed by t he pi xel ated di spl ays, a nethod
conprising: reflecfg Ry £ A col ar .conponents of |ight from
respective first ang séﬂgfgﬁérdg?g'ﬁ@ﬁ@%tﬁ%ﬁ?'ﬁ% ¥ ecti ons and
transnmitting &Ysiakdisiaysne ot her col or conponent of |ight through each of
g np g g
the first and secomndTed sbie&bof et 1355 o ' e.flrst and second
col or conponents of |i gﬂ?‘ from respeqﬁ‘%ﬁﬁéﬁé#ﬁ%n%gggﬁw fold mrrors
that are gener"8fqn¢d MIEars at@n apgle efdngjsienteiofaboit 308t and second di chroic |
mrrors to direct 181 d miif-bath Prloifi6E @8y prlicd ﬁ&[ﬁg f light in a |
direction general ra Fg Po thatsi:?)’a trl1e ozgt gg@“é?\"é&ot her col or
Brobioind nfifh S
conponent of MY R1aht elyrad nireltachfisplays fes impgriinadmagerinformationand
propagati ng tmcalmqompmnpmhmali@m@ﬁedoioﬂwmp%hé?Mfngaggﬁn_ ) 'h&al pat hs of
equal Iength tsQﬁa‘?élQQpﬁ%ﬁB%?fo%h@ﬂi%a?&dt dis%[;ysl for sha yésir?geimagljel Iﬁfifma%c%‘a
imparted by the pixslated displays, a method comprising: |
reflecting first and second color components of light from respective first |
and second dichroic mirrors in opposed directions and transmitting at least one
other color component of light through each of the first and second dichroic ‘
mirrors; |
reflecting the first and second color components of light from respective
first and second fold mirrors that are generally parallel to the respective first and
second dichroic mirrors to direct the first and second color components of light in
a direction generally parallel to that of the at least one other color component of
light transmitted through the dichroic mirrors; and
propagating the color components of light along separate optical paths of
equal length through separata projection lens assemblies.
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