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that the images are not optimally focused, are not adequately color converged, and lack the
desired contrast. Satisfactory apparatus and methods are heretofore not available for aligning
the optical elements. Often, artifacts of the assembly process can unintentionally introduce
30 misalignment of the optical elements. For example, during assembly of the light engine, a
properly aligned or oriented optical element can be misaligned or misoriented simply by
tightening a fastener to secure the optical element in the aligned position. A misalignment on
the order of microns (Um) of a key optical element in the light engine can significantly degrade
an attribute, such as brightness, color convergence, and contrast, of the full-color image that

35 the projection image display system projects onto the projection screen.
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30 optical system is operable to separate the beam of visible light into three beams of primary-color
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system so as to receive a respective one of the three beams of primary-color light. Each of the
three modulating imagers includes a rectangular active area operable to modulate the respective
beam of primary-color light based on a given image signal to produce a respective beam of
35 modulated primary-color light. The color recombination subsystem is operable to receive and
combine the three beams of modulated primary-color light to form the full-color image. The

projection lens assembly is operable to project the full-color image synthesized by the color

recombination optical system onto the viewing surface.
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35  position to reflect light from the light source through the opening in the lamp housing. The

reflector, which may be ellipsoidal, has a focal point for the reflection of light and a first optical
axis along which the focal point lies. The optical element, which may be an optical integrator,
has a second optical axis that is capable of being optically aligned with the first optical axis of

the reflector to establish an aligned condition and a planar end face positioned at the focal point
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According to another aspect of the present invention, an optical apparatus for an
illumination subsystem of a projection image display system is provided that changes the travel
direction of a planar beam of incident light. The optical apparatus comprises a light-generating

35 device operable to generate the planar beam of incident light having a cross-sectional area, an
optical element positioned relative to the light-generating device to receive the planar beam of
incident light, and a mounting plate holding the optical element. The light-generating device
directs the planar beam of incident light in a first direction. The optical element has a planar

interface, inclined relative to the first direction, that is operable to redirect the planar beam of
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30 imager.

According to another aspect of the present invention, an alignment system is
provided for a projection subsystem of a projection image display system. The alignment
system includes an imaging device, a projection lens assembly, a bearing washer, and a plurality
of threaded fasteners. The imaging device has a first optical axis, a mounting surface and a

35  plurality of threaded openings arranged about the mounting surface. The imaging device is
adapted to emit a beam of light at least substantially parallel to the first optical axis. The
projection lens assembly has a flange mounted to the mounting surface and positioned to
receive the beam of light. The projection lens assembly includes a second optical axis and the

flange has a plurality of first throughbores alignable with the threaded openings of the mounting
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second circular disk is positioned in the second throughbore so as to capture the second
quantity of adhesive therebetween. The disks are formed of a material having a third coefficient
of thermal expansion which may be between the first and second coefficients of thermal
expansion. The interposition of the disks reduces the likelihood that the prisms of the quad-

35  prism assembly will be damaged due to the greater relative expansion of the mounting plate and
forces acting on the quad-prism assembly at the adhered points of attachment to the mounting
plate.

According to another aspect of the present invention, an optical assembly

comprised of an optical element and a mounting plate is provided for a projection image display
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30 of the incident beam of light as a reflected beam of light having substantially the same cross-
sectional profile as the incident beam of light. The reflected beam of light has a third major axis
and a third minor axis orthogonal to the third major axis. The first minor axis of the incident
beam of light is moved transverse with respect to the inclined planar interface to align the third
minor axis of the reflected beam of light with the second minor axis of the active area. The

35 inclined planar interface of the beamsplitter is moved parallel to the first major axis of the
incident beam of light to align the third major axis of the reflected beam of light with the second
major axis of the active area.

According to the present invention, a method is provided for attaching an optical

element to a mounting plate in a projection image display system, wherein the optical element is
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part i CLﬂrajreFtiPnaséféFﬁf‘eﬂhT'B'n the three primary color images are precisely overlappe produce a
30 high-resolution full color image, and the full color image has an optimized contrast and
brightness. The apparatus and methods of the present invention permit the optical elements of
the light engine to be precisely mounted and aligned to optimize the properties of the full-color
image that is projected by the light engine. The precision mounting and alignment of the optical
elements converges and registers the primary color images before projection by a single
35  projection lens assembly onto a projection screen. The need for precision is due to the
microscopic pixel size of the primary color images, which may vary considerably but may be on

the order of about 10 ym. A positional shift in one of the primary color images by a fraction of

the pixel size is sufficient to degrade the quality of the full-color image projected by the
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i mage, and the full color imge has an,optimzed contrast and brightness.
The apparatus and nethods of the present invention permt the optical
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This is Nt vent i ona t hat
coni no't N RRgH R SRR P AR EN A e Bt BSHET o,
screen. Inmeorablsgnmmt reipgigpaeiPr mf'mé@‘lfmd%f tog ontivel gerenuniof haliehitaneine.

i npfd)veaf{e(?célb%swe'dryh&ﬂ'ﬁéntToVoné?n'lei%H%ees@éﬂhg{ed(bgﬂr\@ﬁé}@ﬂﬁ@ @hert AeomtdtiEnny col or

i mages, and inprove I nmage contrast. The al i gnment apparatus and net hods
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resul t, mﬁ a'ﬂhgfagsg?gtug)%né n,@mbwmth@rawsa% .noeﬁt.ére&r%v.hé g%ba«gw n%ﬁ engine

i nadverten de raded duri ng assenb y 1 g ht engl ne resent
i nvent i Orthef ¢eﬁ%°t@wrg ®f thecripiectioa dmedsi %%Péav %*lsﬂﬁé‘i grah ase?nU%eFti‘é‘ S@(ﬁéﬁ

Conventﬂefao.a.bnpmwsﬁ tHANighNBPhedé SRAIRY tHay SKfBBtprin16f AdRTardblbsprajstioiet hods  of
present inventi on%rgr ovide a |ightweight |ight engine so that a

t he
o?cbct'mﬁﬂe ARl syrien PhY cuyerianehifsi8l: on the |ight engine is significantly

I i ghter than con\rafetalbenabnmtagaremtelc&mnurmg@mcbes F & présest ensntior Rieallay@par at us
and net hods

resent invent rovide a co ght engine so
hat "t HESECBPRRPEo B flomp B Bl B G s bkl s uch ae-a
projection screen television, based on the | ight engine is smaller than

the foog Rk bRlcrBfiofolSR Bhle projection 20 inmge display systemof a
convent ove and ot her obj ects and advantages of the

present inventi ot hetpgEemprRYingieRvi s Ahishtard NeRrPerRted At erheriRliifge BRRM ngs

andpg hetths%QélthHtxbﬁ) NidsB8teePibodfenef of P8S Rléroh @Rd,Abgdthé iXrah&Haral The
acconpanyi gg drawi ngs, which are incorporated in and constitute a Part

25t hi SEEEPR PLHY BTN PR FoRe BABBUPSTEIR SeBTP LS HE EMPPTReBRaNen
t oget heﬂseldM tdarn@ tgeRrsiakne sHgRIes pF tr@nnw@htibhe | nvention given above, and the
detai | ed descri pt'; on of the enbodi nents % ven
1 is a front perspective view of a light engine of the present invention.
Fig. 2 is a rear perspective view of the light engine of Fig. 1.
30 Fig. 3 is an exploded perspective view of the light engine of Figs. 1 and 2.
Fig. 4 is a cross-sectional view taken generally along line 4-4 of Fig. 2.

Fig. 4A is an enlarged cross-sectional view of a portion of the light engine of Fig.

Fig. 4B is an enlarged view of another portion of the light engine of Fig. 4.
35 Fig. 5 is a bottom disassembled perspective view of a light source for the light
engine of Figs. 1-4.,
Fig. BA is an assembled perspective view of the light source of Fig. 5.

Fig. 5B is an end view of a socket clamp for the light source of Fig. 5.



bel ow, serve to explain the principles of the invention. Fig. 1 is a front
perspective view of a |ight engine of the present invention. Fig. 2is a
rear perswyeaBioyedvi ew of the |light engine of Fig. 1. 30 FipgT/i%02/354aNn

expl oded perspective view of the light _engine of Figs. 1 and 2. Fig. 4is

a cross-sectional view taken generally % ong line 4-4 of Fig. 2. Fig. 4Ais

an enl arged crossgzsectional Vi a i.on. t.he 1] s Fi g.
4. Fig. 4B is an Q 1 éafl'rsgaep %\Ilaln \?vgs\()gfn%];?ﬁc?teﬁsgé&,f)/g?{e%ﬁ tggm‘ﬂ%ggﬁgﬁcgﬁﬁh hgsf%g of
Fi g. 4.58%ifRithe réhndveble chier reomvdil saprowddpedsperiopdastenges holding Gf meuniittht

source f,g{geqp%ellggpho%smgi ne of Figs. 1-4. Fig. 5A is an assenbl ed
[ [ the i

perspective view of i ght source of Fig. is an end view of

T the 1 ] ! Fig. 5. Fig 5Bi \
a socket clanp fofigthis 4 i¢meleelena yiewrrapialy cuf-away ‘If)%/‘%)@i‘?%‘”?‘tf?[ thsdighos461
-10 & Qengfhel S @ partially assenbl ed perspective view of the Iight source of

Figs. 5 and 5A with the renovabl e cover refrmved toﬁpr%vi de access to the
fasteners hol di ngFgHESARFE95d PersPaiye VI P i  HEL S gVneidce9ei s a
si de el mu@hd anapticdi inwwgpadrt 1 al | y cut-away of the |ight source for the |ight

5 engine. Fig. 8 Ls an enl arged perspectiv i ew._of ortion of Fig. 3
showi ng a cradl e 'L'ﬂ'o?'&ian‘cgecé%r%g\ﬁ \Pé)él % déegfgré %Dﬁ'.cal#?tﬁgragoritéskea ggréeé?lg'onal Vi ew
of the doagire ®iéh Bpt3d.cal integrator taken generally along line 9-9 in

Figig2. 10 Fig. 199.%@%%%33%@&% BLRREAI YEmY bRNLBbn LRy RERI R Elgs ON

subsystemof Figs. 1 and 3. Fig. 10A is an exploded perspective view of a
portiondf3-t he projection subsystemof Fig. 10. Fig. 106 is a

cross-sectional VEgWdmoKaR I80&@erspeddv@NiEW bNEpdilbh d0Me iphbjdckien  10A, 15
shown with the quad-(grl sm assenbly adhesively bonded with the nounting

pl ate. Pgystem oiFigs’® schematic cross-sectional viewillustrating an

al ternative assenbyyiod ik crdie-setttlalpidvs takars gaiebdlly ampngl lihd1 €0BYDABIN Ay 10lAAt €.

Fig,.11 Bis g schematic cross-sectional viewsimlar to Fig. 11 A

i||L%tr%{1°iWrﬁ‘dN'§h3‘eé‘|“n§'P?ﬁsé? PR Ao "S‘?R?b&“d? "e“'“aHée -%“rr}“é‘%m"g‘é"genm y and the

nmounting pl ate. 2BgFi igsis alsth@naivckrdsk-sEctamel \oh dnsiratiog en esmstectaseametly vi ews

simlar Fig, .11 A _l r.af | r alternative assenbly for the
fotr gne c!sugd #%T]T/ assehlbaléy)‘]aﬁ'ntd tﬁé erQntngga}iJ??

quad- pri'sm aSsenoly and the nountin ate. Fig. 12 is a bottom assenbl ed
per spective vi ew G8. tHis grsgheseaticerossipatipselefavosimila tg Figl 3 1ARjugtrati dns g

Cross- sﬁfé}rﬁa@O@-Lss\éhﬁW bAHhE RQuaEPRIAbds¥mBl QR tlel ASuntidg pRtf Fig. 4. 25 Fig.
14 is a diagrammati c perspective view illustrating the novenent of the
20 Figs. 11C and 11D are schematic cross-sectional Views similar to Fig. 11A

illustrating another alternative assembly for the quad-prism assembly and the mounting plate.
Fig. 12 is a bottom assembled perspective view of the projection subsystem of
Fig. 10.
Fig. 13 is a cross-sectional view taken generally along line 13-13 of Fig. 4.

25 Fig. 14 is a diagrammatic perspective view illustrating the movement of the
polarizing beamsplitter and the cold mirror for aligning the beam of light with the active area of
the green imager.

Fig. 15 is a diagrammatic side view of the beam of light directed by the
polarizing beamsplitter and the cold mirror Fig. 14.

30 Fig. 16 is a diagrammatic rear view of the polarizing beamsplitter and the cold
mirror of Fig. 14, taken generally along line 16-16 of Fig. Fig. 15.

Fig. 17 is an exploded perspective view of the red imager assembly of Fig 10.
Fig. 18 is an assembled rear perspective view of the red imager assembly of Fig
17.

35 Fig. 19 is an assembled front perspective view of the red imager assembly of Fig
17.

Fig. 20 is an exploded perspective view of the blue imager assembly of Fig 10.
Fig. 21 is an assembled front perspective view of the blue imager assembly of

Fig 20.



pol ari zi ng beansplitter and the cold mrror for aligning the beam of |ight
with the active area of the green inmager. Fig. 15 is a diagrammatic side
view of twe dmarewef |ight directed by the polarizing beareplusntesssand t he
cold mrror Fig. 14. 30 Fig. 16 is a ql agrammatic rear view of the
pol ari zi ng beansplitter and the cold Hrror of Fi g. 14, taken generally
along line 16- 16 9 i Vi ew
of the red inager %sis:ée'%ﬁ k&?deljg p%rsfg&tg'elilgea' 6f§§g??§§%%g?%sgﬁgl§%$§h 0
perspective view fad. 23ie ap @élsemmgeﬁaf@s%mﬂvy vigiv FHithe oreen ingmeFRsgemiig of s an
assenbl gd ohront perspective view of the red imager assenbly of Fig 17.
Fig. 20 I's an expl oded perspective view of the blue imager assenbly of Fig
10. Fig. 21 is ano-2dsieddrewrledrmidepiavs pelBe iglasneds 8tsefky HIFige?3 nager
assenbly of Fig 20. WD 03/021296 PCT/US02/25461 -11 Fig. 22 is an
expl oded I \ green i mager assenbly of Fig 10. Fig. 23
S et badiments ¢ he green i mager assenbly of Fig
22. Fig. 24 | S anwassaaﬁeh&dtosmgim\msewmt afifie epoipe 20iofRigepreseds avbitipndd Fi g
22. 5 Detailed Descri.pti fergnce to
Fi gs. h%sed ] aﬁfolecmln "p"ﬂ?e d'?f)q?yns *28" 3 o?’I qug'rgéﬁ%%hfgﬁvg %(Y%EC'TI §u %used in
a proj ezt.itening mzegecehsspl wtrsyls\’e em swewemm@ahﬂsynqtéppws)eﬁ@@dﬂsmﬂnrre'f erence
NUNer al gje4bnicB 3 RY; nxa*a@rsm@g@ﬁﬁé Mgrﬁleﬁgm Q@Ites)p@feft @ymmrerngmeaamﬂm@t( not
shown) such as control = electronics for the I magers used in the |ight
engiChe g@inet2) ks eregent enagongsigioh dhexpticafiglementsind SOPRAGIHEI WS of t he
present sofhing Bh iRMiMaBeS biblspstrh, §dheraMPinbicaded Bl @dTBRhSe @UMkra WP Eat palidbEt Ur es
formng an 1l lum nation subsystem generally indicated b{%reference numer al

22, t hathe projoeusdlux te fhe AAETA 0 I RRCH 6 ePRES A GERRETEY TR TBpRINEAl
el enent ,Sro,aau;bnswpmfetm Sfehétalylin@SatéObyTiefderite npMmejat R4, tat ambsmst emu cgpe:mer ally

E[ Rgl r?tgiﬁfelzg ramI h? éﬁ\n%nspdplﬁg%:’baﬁéhgﬂhag%r atAsCu%n herrléll(r:\gﬁer ptlcal| eIerPen 'ﬁ deflp ége from

ers used herer naf enment is
def 1hedasléptiagl raptsuciabs lpases, wisols, agroreriges, lapps, smgermandolnesllkef and ie¢lgdes| anps,

i magers ludes assenblies of multiple optical parts.
[T um nzgts%ﬁ'eéggmuu & Opggglphgfudes a light source 26, an ultraviolet filter

28, an optical 'h@@'g?f&lﬂcﬁub%te"aﬁ ﬁﬁﬂlﬂ@m light Isayrcg 26, arcylieNiole fltepP&iradl i t y

of, f Ororﬁ?&@irmtlegmtotr Rpesn 5&'c§MelE?@§¢r§:lud%1a &@al@s?@f ]erOexa%p%Oltlrdeemeraﬁ/q)é’nsgs?’ a
poI arizing beamsplitter 34, and an input side of quad 20 prism assenbl y

36. Theg%lgﬁrad\?lwpe? colp Ipigger 333 a PQISEiTIRG e"‘i”ﬁf"@&r’é"f‘o?”%@ '”B‘ﬁﬁ"@aﬂ ARy 32,
col g m grsaf ass&%bly @Bd Tﬂ@'uﬂfah%leﬂglt&%nﬁﬂida[ ih®Gradst 300 optidatirEiayad2l, e6ld Srhl‘bd?yst em
22 conv rt a broad ectrum on-pol ari zed ggfrared i

T O R SRR o T BBhri S S A
i | I um nedretblarieed iafigrad avisitsle ead aifraViolagmht ymipet &y itizelibhy sairéd 26 td ghtifomiyhi n a
certai nlllgrglﬂg'\ted rec(t:‘\angulgpgrea of linearly polarized visible light within a certain cone. The input
side of the quad-prism assembly 36 separates the collimated beam of linearly polarized visible
25  light into three distinct primary color components. Each primary color component is
characterized by a range of frequencies or wavelengths that is centered about one of the three
primary colors - red, green and blue of the electromagnetic spectrum. One beam of light
contains photons of green wavelengths between about 510 nm and about 575 nm. The input
side 133 of the quad-prism assembly 36 routes the green light to illuminate the rectangular
30 active area or pixel array 39a of a green imager 39 (Fig. 22) incorporated into a green imager
assembly 38. Similarly, a second beam contains photons of red wavelengths between about
600 nm and about 700 nm and is routed by the input side of a quad-prism assembly 36 to
illuminate the rectangular active area or pixel array 41a of a red imager 41 (Fig. 17) incorporated
into a red imager assembly 40. A third beam contains photons of red wavelengths between
35 about 450 nm and about 510 nm. The third beam is routed to illuminate the rectangular active

area or pixel array 43a of a blue imager 43 (Fig. 20) incorporated into a blue imager assembly

42,



side of the quad-prismassenbly 36 separates the collinmted beam of
linearly polarized visible 25 light into three distinct primary color
conmponentwo oBaet29@ri mary col or conponent is characterized Poy/usoz/asge of
frequenci es or wavel engths that is ce tzered about one of the three primary
colors - red, green and blue of the eI éctromagneti c spectrum One beam of
light contains p d about
575 nm The mput'beg;t%(r}ﬁe %eéﬁfo?.eo@ t%@ﬂéﬁgg&%ﬁqﬁgﬁg?gg%I'satngéhptgl]j?eaggﬂlﬂg green
| i ght t epticpl algmenss ef thhé'“ﬁ’é@t'@fh@@lsaﬁ*e'BGZeteﬂ'FV@aaer@ar?ﬂpe?}i%éPCth?yp'Sga of a
green i iRt edch 6ffthdimaedrs 39&@@9@@@&%5Béaqu@n%mrbdamﬁnm@%aaabl y 38.
Simlarly, a second beam cont ai ns @hotons of red wavel engt hs bet ween about

600 nm BIRAONSHBYING PrRgisA Aimamaons g REYe Mpulehrientligp 28¢ aanBemYNEOSH-Bri sm
a?sembl %ng&&etsg Thd ihteRbifadrefile bEed’oﬂGiearlﬁgiﬂlhgft lﬁﬂlblstaetlaly&anﬁbe@oxebveﬁil:rl%e?y 41 a
of are mager. 4 Fig. 17) incarporate i, nt er asse 40. A
third bré"éf’n‘ij E’gﬂst'%ﬂaﬁéécﬁﬂ%t”@hgpeaf n‘?g‘& NSO Prgildre ar%elfbsgnﬂa@aég’gﬂ%? MY R m and

about 5Stheeerteamd Be thaittieds indmpizédsfuil-cuibeithage will hayeiarsaitabld badorteheeigul ar acti ve

bl e 1 mager -aseently conuney bl TR he b8, Peafdo R bpeLALF | Do
oper at i iopludss thireutpb side ofathé owedsriissyassentip 36 the irhegen biseinbljest 38, 4Piagh 4€he

opt jgal WAlRRMGE 2 QLakdievdvk i m@ﬁsegnsr%wasw.benéz) filfering LHh DRIRr 688
respective rectangular pixel array of each of the imagers 39, 41 ‘and 43

with a BEERTYRVY PlRe0 (egsshawn z'e‘ngpﬂ?ﬁﬁf {jlresipe <5f’rd m]@ﬂ%ft‘dn@ﬂ%aﬁw&fmaéeu se

di mensi gag sanelerify BiLié V\ﬁ’ag@ﬂwktﬁét SHoln@nh i mza)ndn aullrb[lt M&rrﬂei o, eRgiaty or 5
bri ght ness.  The intensi \7% &r ofi|l e of eac SUbiitgﬁtm' ally

homogen¥GiEEIIE\/&ps FsRambly HROHTPER AP, MG @@feéﬁg]ﬁlné'rde%tr é’ama(ﬁci"eteﬁ nPensity
profi | esroauce taejbediramgneah iriy’agﬂltbfrﬁﬁrﬁﬂnaﬁmmg folbolortiagee R}aelaxmiagamtrimmtdse

synt hesj zed. ave_.a sujtab col ar th
contT nulh ieieB} bibeeTae RIS oifeo, R 45T MA3: Faliirdh SE IR
i ncl udesagheBoatpager 48 d@dolfatets hiee igcideht peérs of algs @gﬂilty pPBRiuce the desitagdriue

assenbl i 42.1- geh include a quarter-wave plate 44 (best
shown |'n é ggm%‘%’ggta?qpeﬂec%hémgreen i mger 39, a quarter-wave plate 45

(best shown in Fi &er eagh obthefimpgeciompgnenisipasaesgroual a respaclveiiarof &t wave

plate 48,delhvald ﬁl&ephh’e45 BROSE, tA3in(dg8 SbmBSdHRMR df prifb- colf? areloverl@pe@HhP UL
pol ari zer 47, and rojection |ens assenblex 48. Green_ i mager 39 duI ates
t

t he2q nc?V(THT?P'Z?bel\fﬁhSP” éé‘He ef Ejﬁtq”f‘%p”sﬁ‘? BEETRY (300 geset er%&‘”gﬂ" & H"39%a
conponefull-cobr Qe irubdrsecsqh@buupaﬁ;gﬂanzae@ arialﬂgﬁrrOJeéfbdrt‘ﬂldublatHES)rd;écti‘ohebnls nci dent

b f d ligh du th

a1 corsrmoy o ame Brdetonfege peohe Dol e e P FRER ST B P B e 11 g
t o produtenthet sleshr&d, betabdy, cramgea cegnibert vsibte futileelof dibplaxc oF giewingage. After
each ofp, ﬁd.ngpg%en ORISR e RA7AES, | DEQUAB: holBP AR LG RAeer fnel s

quarter € 1 nage conponents o rirmary col or
ar e2®pverdsagipped thafbll- @@rgyaames|bz@wlqsyedtﬂvevr@mtmtlermadeer@?'v f*ﬁéo tﬂu'a@ﬁ‘ﬁrti‘%m

assenmbl y, 36+t GheAIR RrdMhd ce@eQr vidWBELdispldVentidbh o CRliIRIMiIhBRER kbR RRSES
t he output polarizer 47 and is projected through the projection |ens

assenb| BroiegtonTIsEeep i PEa e oYiew s diskiyetmbing st E&eéeaf -es the full-color imge
on the projecti oNTheSEpeRRiBn GROINtHAROA DT BRAmadheBE M, ahid @3RS tHe reB@Biife ed,

visibl easfsgcl:iét;aggLeogf tg\:e %Ballr?g{-vjaglg pl\éltees\%4r,]g5 and 46 is described in U.S. Patent No.
30 5,327,270 entitled “Polarizing Beam Splitter Apparatus and Light Valve Image Projection
System” issued to Miyatake and assigned to Matsushita Electric Industrial Co., Ltd. {Osaka,
Japan). The disclosure of the Miyatake patent is hereby incorporated by reference in its entirety
herein.
Key to the operation of the projection subsystem 24 is the ability to align the
35 relative positions and angular orientations of the projection subsystem components so as to
precisely overlap the rectangular image components of primary color and, then, accurately direct
the combined image components to a specified location on the projection screen with a

maximized contrast and an optimized uniform intensity. The pixels of the three primary color

images must be precisely registered to produce a high-resolution color image. For example, the



Dependi ng upon the design of the projection screen (not shown) w th which
| ight engine 20 is 25 associated, the full-color inmage can be projected by

proj ecti owolensizassenbly 48 to illumnate the front of tPeTArsop/esti on
screen to create a viewabl e display tq%reon or to illumnate the rear of

the projection screen to create a viewable display on the front thereof.
The opefat L4t | 8% eRlrate REstleRIRFSI-Hor iftdyes ANV idwinSBF o 1Ge
respectlfg@e Pd;nsesoc?dé{ged&@%etg totrg’e rae qusetl}reter vvav(gb or'a%geeg 44, . 4%§1an8 4% is
descri baseR fear RIoBctigpatetemisiono. 30 5, 327, 270 entltled "Pol ari zi ng Beam

Splitter Apparat UgiRRdeleh@Yo R YR, bNBSECHEOS 86 thRBs tréyrgﬁtemurdesz%ued to
M yat ake and assi gned to Matsushita Electric Industrial Ltd. (GCsaka,

Japan) . ultrfdolef; fdier 88 anaicyfntediatoRfOaPake rplax é%rta”idémi‘i’é}‘“éfBW? nBEPessH &t aee by

r ef eg eng® dfRnd Ie&yeénsgsrseiws aleh@htad rdseyhgliar ﬂhwaw@uma whichtifigttguhed ect i on
subsystem 24 is the abi y..to alfj. n th 35 r ye .E’CPS'“OQS and angul ar
or ont stV R e G S et oudp bERL 6 S8 TEE o I B EE sl o
over | aphdukiag pecibalBgbl ahe pladigen 2ehpopens theaiutgd housngypacdreré land b érven,

aceur at Gl s thd R sodllead QN ABMholIRAS GAIMAREA Seck Qo the WL bl @a(#e%mg%' on on

the projection’screen m zed contrast and an optim zed uniform
i nt ensi hejd byTthe relax ehhassioft 9 Ake tightseurpe Rfde pmowdkby supppiigreyithingtgeperalpr eci sel y

regi st et pital &Ry egm@e bgtrtu \ggnrsroew sk ABes 8LF haumg%onﬁqg 68X TRl & cdde VO
03/ 021296 PCT/U% i ght engine 20 can be utilized to generate a

stream ¥ 'Sfau‘ltheé'dP é*r‘e f el‘?ﬁgé@“ﬁfﬁ 19 caivrfgthe mlteviolet flder 28 QRUIGRBAFEIHT] ¥t i on

t el evi sifanhe Whidal feRl &2aR&BLdt Redd F%. patticthated ik Q}oﬁwlr@mbﬁnﬁ&y%%léd @;ﬁlcblhe
| i ght source 26, uItraV|oIet filter 28, optical nte%{ator 30 Btl
% SSI s

rel ay FPssagryyay ) e upyngrion et Sﬁ‘%’ﬁ&&ed”‘&t” $7b axes °éﬁ'EF ticpljatepiat

49 i s athveptidd slaadBxr &€ batsgunkialty cfolnabarpdn&t drospmc@Ristas (Rlol ehestendrtot fashed a

tWO1 BOI C%t QOUtr(:ecar%é1toLJt% gld %errlgrliis\?t Iﬂ% re l ahafs's[ §fr9 a% t erer%q nr%fepa%rt lon 61 a
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30 removes and dissipates heat energy generated by the lamp 50 during operation.
A portion of the luminous flux from light source 26 has optical paths directed
toward an inlet aperture 60 of the optical integrator 30. Another larger portion of the luminous
flux irradiated by light source 26 is reflected by the reflector 52 with optical paths directed
toward a focal point 53 of reflector 52. The optical paths of light reflected from reflector 52
35 toward focal point 53 is indicated diagrammatically by arrows 55a, 55b. The ellipsoidal
configuration of the reflector 52 exhibits a pair of focal points, of which focal point 63 is one

focal point. When lamp 50 is located at or near one of the other focal points of the ellipsoid as

in Fig. 4, an image of the lamp 50 is produced at focal point 53.
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51. The optical integrator 30, as best shown in Fi 4, and 9, includes
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30 aspect ratio of the respective active areas 39a, 41a and 43a of the imagers 39, 41, and 43.
The inlet aperture 60 of the optical integrator 30 is a rectangular planar opening
which is substantially centered on the optical axis 64. The mounting flange 54 holding the
reflector 52 is positioned axially relative to the inlet aperture 60 to locate the focal point 53 of
reflector 52 in the vertical plane defined by the inlet aperture 60. The axial position of the light
36  source 26 parallel to the optical axis 64 may be reproducibly established by guides (not shown)
on one or both of the outer housing portions 61a, 61b.
According to one aspect of the present invention and with reference to Figs. 5,

BA, 6 and 7, the mounting flange 54 of the light source 26 is positionable in a plane

substantially perpendicular to the optical axis 64 so that the focal point of reflector 52 can be
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monitoring the intensity of the beam of light 67a exiting the outlet aperture 62 of the integrator
30. After the intensity of the beam of light 67a is optimized, the threaded fasteners 70 are
tightened to secure the mounting flange 54 and the alignment fixture 72 is withdrawn.
It is understood by those of ordinary skill in the art that the alignment of the
35 mounting flange 54 carrying reflector 52 with respect to the lamp housing 56 may be performed
on a test stand while monitoring the intensity of the light with a device such as a light detector.
Thereafter, the light source 26 is installed as a prealigned unit into the cavity defined by outer

housing portions 61a, 61b.
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aperture 62. The angular adjustment of the beam of light exiting from the outlet aperture 62 is
used to align the angular orientation of the green, red and blue light beams to correspond with
the angular orientation of the respective imagers 39, 41, and 43 and thereby correct for
rotational misalignment of the illumination subsystem 22, as will be discussed below.

35 With continued reference to Figs. 1-4, 8 and 9, the inclined posts 82 are joined
at their apex by a horizontal top wall 86. A vertical throughhole 88 is provided in a central area
of the top wall 86 that is dimensioned to receive a threaded fastener 90. The threaded fastener
90 extends a distance below the bottom of the top wall 86 to enable a locking bar 94 of

substantially rectangular shape to be threaded thereon. The threaded fastener 90 threads into a
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30 of a material such as, but not limited to, an optical glass or an acrylic polymer. Relay lens 98 is

positioned in a curved recess 102 provided in the base of the relay chassis 49. Similarly, relay
lens 99 is positioned in a curved recess 103 provided in the base of the relay chassis 49 and
relay lens 100 is positioned in a curved recess 104 provided in the base of the relay chassis 49.
The recesses 102, 103 and 104 are dimensioned and configured to align the optical axes of the
35 relay lenses 98, 99 and 100 and to maintain the relay lenses 98, 99 and 100 in proper

relationship. Relay lens 98 also seals one end of the assembled relay chassis 49 and cover 51
against the entry of dust and other particulate matter.

According to one aspect of the present invention and with continued reference

to Figs. 3, 4, 4A and 4B, a insert 106 is dimensioned and configured to be inserted along with
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30 one of a spaced apart pair of flanges 119a, 119b that are substantially parallel and that extend
upwardly away from the base of the relay chassis 49. Flange 119a has a slightly smaller

vertical dimension than flange 119b. Recess 103 is bounded by the flanges 119a, 119b. The
curvature of each of the mounting surfaces 116a, 116b is similar to the curvature of relay lens
99. A pair of ribs 105 (Fig. 3) extend between the flanges 119a, 119b to bridge the recess 103
35  and provide vertical support surfaces for a bottom peripheral edge of the lens 99.
As the relay lens 99 and the insert 114 are inserted into the recess 103, the
insert 114 is resiliently captured between the lens 99 and a curved or arcuate ledge 107 formed
on one side of recess 103. The resilient capture compresses the insert 114 and thereby urges

the relay lens 99 rearwardly to abut and contact the mounting surface 116b of the recess 103.



the relay lens 98 rearwardly to abut and contact the nounting surface 111
of the recess 102. 1 5 The nounting surface 1 1 1 serves as a reference
surface fwo sleli2zsecur enment and al i gnnent of | ens 98. The PcoaMeN02/2H6i S
provided with a curved pad 112 of a s%stantl ally rectangul ar cross-
section, also fornmed of a resilient or“pliable material, which is

posi ti ope cQn 0, portion
al ong t dmgu mg Sur;acgu' ?ﬁe r?ee %%qgé& §81f%%3qggﬁ1lgl%ecué£rj\'}%% qul S a?fafched to
the rel 'asrs %fha§lsq <sov4|951 ‘Emowdege'v'th 4 08 hifd atshdorprd of & Zesigoperriskie rmatepigl.

provi deWﬁerpﬁr%%oV@l" 5r1e1§ta{t§éh@5 tt; tHe rEIgl/ @B(asglga§ %ﬁ@@q 1%@5 &ﬁ%l&'ﬁ@d M LRfRFigured

posi tioning of |ens optical rel ax continued reference

t o Fi gsto egmpzessivgly amﬂfgasfahad%m’ﬁq ROFUIQNRIGNSN G HRREF awf R e 'Hsith Be the
nmound i ngséd 11ehRYnk 95@19@co@@ralt@&ﬁ;srbv.aelélpéss.vdIréwaﬁnt ereélaypRbs 09Bhd gured to
be inserted al on into t I eces 4 may

relay le e 1
e serm SIVE e BIRH oD APAEnS P8 ol PRI SR AT FhiESTRLbt £70 4 | 2
adher edpasi 1118, aimilarcta ersdextel, 14ptiipaalt 16 ed4re pioyided to -epma«y ahdpasitivarreloyeasnmad.ar
ring ex in ut & h r al e of the 99.
The i ns‘é“ret“‘ii&"‘?qgﬁ)‘?b%é' e%e.ngE%Qg%q 'Pu”r‘e Ene\g"“a P {)fgya Ak tg”ggﬁgﬁsg%”%a f oam
rubber . pafk@4# elnalgr tocdrds 4i18, USD dm@is1 8. pai r of spaced confronting concave or

ar cygt e mounting gy, fré}gr%ﬁcejto]@g% j4ajngblA a%ﬂg%@n@ﬂ%d%aﬁ%'%?%o@@a‘%‘l\}‘s

Each nounting surface 11 6a, b I's | ocat respective 30 one of a
spaced ¥fpghed todhe opsfosite ﬁﬁgéanoflwa relgy] chgpsig ﬁ%l?”‘éh@dsshhl?§t°§ri’t"rfa'l $Yingar al | el

and t ha&osﬁ%h %ngaenaaavwﬁﬂavy ANRY trfer SURriRg bBARG IR dNansiRkaYramBassiiseats.
Flange 1 19a has a slightl vertical dinmension than flange 1 19b.

Recess T@sodMipRiiad W't?%éhaﬁlraﬁﬁ%@s jheqkgam of {nceignt kahe didgiFVARYRPY of each
of the lﬁ'ﬂiUel’tEdi agar$¢ws‘ az®@sin Fiy. @4, exifingoblal $ensiosi ITae beam tohElc@Hrﬁt\A@hUTEaOf relay

| en fl s 11 9a, 11
o 1% Ceia oy Rtscds 3R a6 obtka il B aR RSB ol e w380 The T, T
bot t om qéd mptoe Balhaedgefleofivet suefatee hB1 9\9t reAgcets ve eliraihatys Inénas:dg@htaﬂrmn thee i nsert

114 ar eta!aﬁ'vstﬁrirgc?&n{ E@}h9|1t2g§e)§gr99:f?]§n 183 1ehd'6s b' RFELdn gt]téﬁ ﬂnZhJ 9% ?RFoM()f

capt ure etween t ens a curved arcu orned on
one si d@eGfeCV@'ﬁ@ﬁ‘SUClEISBCUWhéJe'FVE@inIW%ﬁ'@n@a?)f’fu?té’ub6%P'é§§é§b?41e709mmd 114 and

t her ebyriHsRRsing F%@héﬁﬁ@%frgéﬂ%ﬁaeﬁﬁﬁé’%ﬁéﬁ Hah QoARYbo IR BRNASHitde
nount i ng surface he recess WO 03/021296 PCT/ US02/ 25461 -19

The2MouAtr#ag ighifs dsc@rded falyedesinged syestantialy BHIEATY i Ped Pyrmat HECSecur enent

and al i gerend lu@fnoud ﬂunso&&.t th@thM&rezEsl is provided with a pad 115, also
formed of a resiljent or 51 |s&at§({u ched

to the relay chas91ed"4ged {f F?\'Be Bé\@ S‘i%rtf §h %’é@l ‘E“I"é’ﬁgé a&ﬁﬁ'”&b’ﬁf’.*“ﬁ%‘?@
conpr essscvuelayvemgmgepacai hm 64 hd@reﬂd«ge ppavbd lavirgl tbagisibleevayefeegths imhef t he

relay | S35 (%9.8 T{c],ep{oSw ed o %l refldh %ﬂ aqn? lrpo"flc%te]d Jr? rgrgrggt%aﬁ% Eb o PYeidR a

paSSI ve res ay osi t1onlng
rel 2y |léms4A99raweilnghequrptthe:mlanzewlgwyars@ohtt@l $14 | analay of a«aliehwﬁqedﬁpm aawd a pad

118, simj %'f vm onésrnn 1%% fm@le me %;!,éfes %rxeenegfaw 9%% QlF{Fa%éfo\‘ fHen@ney

p05|t|onre%f¥ Méne . "The ultraviolet fil in position in
the rel&ymeh E‘lasd'WQt'%ySL@S@ét'a”pra?a&?itt‘aH!jLﬂPéEFa'raé'§|6l4|aéﬁtt°W?J’5d§e ey 18 | ar to

pads 1185 #dSinained #3@e 120 .é%b\l;\aabnefrasmctetm@relévgaass;h449.araoL dctigh moveabl e
inclined franme 120 i s noveab attached to the oppoiite end of the

| ar e
rel ay cHgsepualiygargiigy "‘PlH]ed’sPt'fﬂéx'é(?I“da'?ﬂ ipdiggtedsin Kigs. 4, 14 and 3% by double-headed

30 arrow 138, to increase or decrease the spacing between cold mirror 33 and relay lens 98. To
that end, each arm 122 has an outwardly-extending flange 124 that contacts one of a pair of
flat mounting surfaces 126 (best shown in Fig. 3) correspondingly located on the base of the
relay chassis 49. Each flange 124 has an elongate slot 128 (best shown in Fig. 3) with a major
axis oriented parallel to the optical axis 64. One or more fasteners 129 are insertable into each

35 of the elongate slots 128 and threadingly fastened to a corresponding number of threaded holes
127 provided in each mounting surface 126. The axial movement of the cold mirror 33 is
constrained by contact between the fasteners 129 and the opposite inner peripheral edges along
the major axis of each respective slot 128. The engagement between slots 128 and threaded

fasteners 129 also limits the rotation of the inclined frame 120 during axial movement.
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As diagrammatically illustrated in Fig. 14, the beam of visible light reflected from
the cold mirror 33 has a long or major axis, a, aligned substantially parallel to the z-direction 138
and a short or minor axis, b, oriented substantially parallel to the x-direction of a coordinate
frame 136. When the cold mirror 33 is moved substantially parallel to the optical axis 64, the
35  major axis of the beam of light reflected by mirror 33 translates transversely with respect to the
inclined plane of the beam splitting interface 130. Axial movement of the cold mirror 33 alone
preferably does not move the minor axis of the beam parallel to the inclined plane of the beam

splitting interface 130.
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30 ratio of the length of the major axis to the length of the minor axis.

Imagers 39, 41 and 43 may be, for example, conventional liquid crystal on
silicon (LCOS) microdisplays or spatial light modulators (SLM’s}) having, for example, between
one and two megapixels in their pixel arrays 39a, 41a and 43a and a pixel pitch of about 10 to
15 uym. The LCOS microdisplays selectively modulate the polarization orientation of the

35 reflected light. The polarization change imparted by such LCOS microdisplays is used to control
the direction of progression of the primary color components through the output side of the
quad-prism assembly 36.

An LCOS microdisplay suitable for use in the present invention as each of

imagers 39, 41 and 43 is commercially available from Three-Five Systems, Inc. (Tempe, AZ)
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30 Similarly, each of the beams of primary color light has a short or minor axis, b, oriented
substantially parallel to the y-direction of the coordinate frame 136 (Fig. 14) and perpendicular
to the major axis. An aspect ratio may be defined as a ratio of the major axis to the minor axis
for each of the beams of primary color light.
With reference to Fig. 14, the major axis of each of the beams of primary color
35 light is preferably aligned substantially parallel to the major axis, a,, of the appropriate one of the
imagers 39, 41 and 43. Likewise, the minor axis of the beam of light reflected by the
beam-splitting interface 130 is preferably aligned substantially parallel to the minor axis, b,, of

the appropriate one of the imagers 39, 41 and 43. The output side of the quad-prism assembly

36 recombines and synthesizes the beams of primary color light after each has been modulated



pol ari zer 47, and the projection | ens assenbly 48 are attached to the
nmounting plate 132 and noveable therewith as a unitary assenbly. The
novenent wbh Bheizeounting plate 132 is utilized to align trog/usezasicdDf
primary color light with the rectangul %r pi xel arrays 39a, 41 a and 43a of
10 the respective one of imagers 39, 3 ; and 43. Wth conti nued reference

to Fig e be 0 regte fkng

int erf:lb e%iﬁﬁp%‘f”att%gnep%l ar irria}gﬁ%r%’éa nF g'?tagg %’%“ 8’8 tvreag:ﬁg 0trhree beans
of  priimages ioehorerlapgihg, d@jpr{ctw/ergtrpmmanserde pmwoterﬁehlafueedolpmrsfrwlﬁslsemlgy 36.
The thrgg ; ?gﬁon&ée { byl bIERIOH s s imiy 48" 5e FBL &dnd FéaFB'Pa%BBE@&?Hc@éeﬁ one
of the 1mag I mager assenblies ,
respectively. The'nalﬁeanQ)W't@éﬁfﬁe't‘f@ém ifs. i Baf pne of dﬁ the gHaNPRTE {3ty 9

overg apt%e a&é%ﬁmbfe‘é%l%%du\sﬁ sl%swﬂemaézr SfmR e illdhindidHibé3terP b2 k1 8e ARPEPRRA at €
one of the |maa‘ers 41 and. 43. A given anobunt of overscan is required

t o conciepEftsH Wb?ﬁeé’ﬁa’f“ﬁéf PHPEE Pl 'fﬁ?t BEmpetent gPrreriads oS YHbe Wi‘atgﬁ'seach
of the gdaeny mg@iErSan’B&jeqééte abekrah3. anEQh ae¥qaT fBux ihlaesigy eTrecdNnRe Mgigeds, t he

| um nous flux is diagramyptically, illustrate onF reen

i mager é@ewpfeh@reapfrg%qﬁé ’e'sf%e‘ft%d g’rréném'ct)?m}gﬁge 28 mg P a?lhe"bru éeétog(r?\hg e 38a,

r epr esentinags tilheoutpattanyeliamindtiorendswiem @2. tViele pemitrwfg thgibesn of gight , and
t he, act r f ,

{19 plEar PR AR SE o bl GTERR, ARG B rof LRI BITHER IR oo
over scamm"n'gtortbﬂulﬁmﬁe@lf the 'nlfampﬁf@xﬁ fflite bptimmize thedetapsiypag Hagusteseatioyghyvhile

origi n%brﬁﬂrlgé gmalnbggrtallﬁw&ﬁeof%@ 5e%meéffdréé'n3||am Mltl\]%dgréé?\ lm‘abérlﬂg At dridle
subsystem 22 conpared wth conventi onal | dm nati on subsystens that

over scaff ByivPERd1g refatecip P! WW@W'@%@HF wepatienlavie o dﬁ'ﬁe”cta?/éia%@% for

thl ti p: @\ghl@ﬁ&@nﬁmoﬁﬂcfhlepuEé‘l%éi)ﬁ@tﬁg3@fs fRRicl@BS % 5igh,Gbr éxagiple, BrRbOhgj@CH@d by

t he pol ari zi ng beans an rate

quatf pri'dhs 8§g'é|wﬂ9§' W'tf‘ﬁher ild: a’i'%oftﬁg?’l%%?gﬁrf%/%ﬁggt tgﬁéhrS?d%Pﬁ%Stf”ﬁaggrs 39,
41 and idBghteast @ sﬁaljxrelhuasm Sganrhathel csaveromaareldtrtmyebQOtormbwnt waranequsaamgular

orient edo\;setrjnt()a% hg%l Lyal P\gr allel)t the major axis of the beam of I|ight
refl ectd by coI hida 3 Slmlarly each of the beans of primry

color light has a\l@mdhe b@arm of areen ot és, ovierlanped evithabtle restangulamtixedlatrgy 3 al | el
t 8 t he <¥ tgé ér%gl]i |n%aep§9 t *ﬂgtt%(Pgﬁ(g'tﬁ'@Ecﬁd f'rf gl@ﬁ»o(/éﬂ ;garall%f"t)o tﬂ@gptﬁ)c%r B@sﬂg& cul ar

axis.” An ‘aspect ratio may be defined a ratio of the nmmjor
axi %0 t oantdHéus(ntrﬁmvemlvgelaﬁmwéa%Pﬁam Sﬁt"ﬁé\gb@tamceo\‘i"omf th&P?)afemgd?eav‘F@mef Wth
referensg 10 dafh oflﬁ’s.blé t PdtieBled B¥itfe &fid RREN 3@fmavh§trbﬁa@aﬁepfre@twerwwe col or
35 light is preferab qned substaptial |y para ﬁ g mor axi s,
a,, of PHEABPIrOPY ‘ihétbéa'BﬁB' tr9 pieefecy ﬁ%%@ff%fheg &i‘ea g3 iEple YBOVPhe
m nor axdrigor@hllyt ien kb@ﬂdﬂ of theiegtrincedhdectizest tbg/qmduamsbmmrsm B61t iThig Hamtrer f ace
130 is e abI ned su nt| al | ] -
the ettt Pate i Bearone® ety srolt afy oot a kof b DRbugheng &,
quazb prths ﬁnpass:embﬂ the qB&d- pmmemels 3§ndarslyehtd1@s inegs akisef eapiee! efraypBIanelr y
coI or Itlhgg];eeﬁfr;‘éa ggch has been nodul at ed WD 03/021296 PCT/ US02/ 25461 -23
y the appropriate one of the i magers 39, 41 and 43 and supplies the three
pr| mary col or i nhigerghe eoldmiroy &3l iapevery, thesesttigal- Regheidisheia thatkenatien provi de

a hi gh- Ju%%lté% b@@romhk'hﬁl@cl Rlrck PBIE thd ;héﬂar 's§'rfaQreQ>|f &l Bekl Ba\PER &XChe gReh ENS
assenbly 48 onto the front or the rea projection screen. In use and

with refepentdes egheril ‘Zﬁ@them‘*‘hor %‘O”@eénd'hill‘“i'dengtﬂl’léf i ogHFAR RENFRSE (RN of

30 constant to retain a proper focus, for example, of the beam of green light at the green imager
39. To that end, the mounting plate 132 is moved relative to bracket 134 in the y-direction of
coordinate frame 136 (Figs. 14 and 15} to either increase or decrease the separation between
the polarizing beamsplitter 34 and the cold mirror 33. Increasing the separation between the
polarizing beamsplitter 34 and the cold mirror 33 corrects for a movement of the cold mirror 33

35 closer to relay lens 98 that reduces the total optical path.

The minor axis of the beam of green light is moveable in a direction parallel to
the minor axis of the green imager 39 by moving the mounting plate 132 relative to bracket 134
in the x-direction of coordinate frame 136. As the mounting plate 132 is moved in the

x-direction of coordinate frame 136, the beam of visible light reflected from the cold mirror 33
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30 periphery of the imager mount 142. The dust boot 300 provides a substantially sealed
passageway for the green light beam between green imager 39 and the prism face of the quad-
prism array 36 that is sealed against the entry of particulate matter, such as dust, for the
protection of the respective optical surfaces.

The imager mount 142 has a plurality of three cylindrical pins 140, as best

35 shown in Figs. 22-24, that project outwardly therefrom. One of the pins 140 projects outwardly
from one face of the imager mount 142 and two of the pins 140 project outwardly from an
opposite face of imager mount 142. Each pin 140 is received in one of a plurality of, for
example, three half_cylindrical bores 144 (best shown in Figs. 10, 12 and 13), wherein one of

the bores 144 is located on the mounting plate 132 and two of the bores 144 are located on a
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30 146. Each bore 148 is significantly larger than the respective one of the pins 149 received
therein so that, as the imager assembly 40 is moved in three dimensions as part of an alignment
procedure to align the projection subsystem 24, the bores 148 can move and retain the
respective one of the pins 149 within the cylindrical interior thereof. The dust boot 302
conforms to the three-dimensional movement of the imager assembly 40 so that the isolated

35 passageway between red imager 41 and the quad-prism array 36 is maintained as the imager
assembly 40 is moved during the alignment procedure. Imager mount 150 is held stationary
after the three-dimensional position of the imager assembly 40 is optimized and each bore 148

is filled with a quantity of an adhesive (not shown), such as an optical cement or epoxy. When
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As a result, the respective imager assemblies 38, 40 and 42 are moveable over a radial distance
in one plane of about 3 mm and over an axial distance perpendicular to that plane of slightly less
than 4 mm. It is understood by those of ordinary skill in the art that the bores 144, 148 and
152 may be throughbores, blind bores or a combination thereof. It is also understood by those
35 of ordinary skill in the art that the number of pins 140, 149 and 154 and bores 144, 148 and
152 may be varied and that other relatively three-dimensionally moveable combinations of
complementary fastener structures are contemplated by the present invention. It is also
understood by those of ordinary skill in the art that the locations of pins 140 on imager mount

142, of pins 149 on the cover plate 146 and the mounting plate 132, of pins 154 on the cover .
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di st anca)nveninoﬁaiefasﬁbrmne 50f suebast s3cm1wea"dcbao\senewam and exld afitb¢ anager mount

per pendllé?i“ ﬁ(e ! Ooglg dpelf ?Ipe wgvelpﬁ é gh%dey 1 l:'»?ﬁ?snaer;[ %Qa%l%er*d&g ﬂ%nﬁ@qj&g st ood

by those ‘of or%Ppnar "SKI'I t ha res 152 may
be 2Hr owghbextesds ftﬁlvpmﬂjthbmae@mrofanwnmonmi@n A tesziegsfspring 16% fermed of a

under st %WWQ%dtnrQ§els§ﬁ|@B t@ff@'nl?\%éf n%ﬁ'n{ II42 Qnotmﬁ a%éttéd%%mk&@@ﬂ%ﬁ of pins
140, 149 and 1 bor es 4, may be varied and that other

rel at i verhigh prerbanggiarpertioingy ag W%Oé&@?‘é”%éﬁﬂﬁ?fﬁ’éﬁ B#¥ND} 65 cOAPRENt ar y
f ast enefashéitisUt fSerdBinfOib ellaﬁks@b@éh a1 64ledd Rk e s@Rd!y Feavieed inQRe thréaded al so
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140 on ?W@@r F?Dlwaen fastener 166 i tlghtened to secure the angular position o aveplate
30 bracket 156 relative to the imager mount 142, the retainer spring 162 provides a resilient
coupling between the imager mount 142 and the waveplate bracket 156.
Pivoting the quarter-wave plate 44 relative to the rectangular pixel array 39a of
green imager 39 adjusts or fine tunes the contrast ratio of the modulated beam of green light by
darkening the darkened pixels and compensating for skew ray effects. As a result, the image
35 quality of the green component of the full-color image is improved. The contrast ratio quantifies
the brightness difference between the brightest and darkest parts of the projected image.
Specifically, the waveplate bracket 156 holding quarter-wave plate 44 can be pivoted relative to

the pixel array 39a of the green imager 39 through a small pivot angle, typically about +2°

relative to a vertical centerline reference, to maximize the contrast ratio of the modulated green



142, of pins 149 on the cover plate 146 and the nounting plate 132, of pins
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30 Pivoting the quarter-wave plate 45 about the pivot axis 250 relative to the
rectangular pixel array 41a of red imager 41 adjusts or fine tunes the contrast ratio of the
modulated beam of red light by darkening the darkened pixels and compensating for skew ray
effects. As a result, the image quality of the red component of the full-color image is improved.
The waveplate bracket 168 holding quarter-wave plate 45 is pivotable relative to the pixel array

35 41a of the red imager 41 through a small angle, typically about +2° relative to a vertical
centerline reference, to maximize the contrast. Threaded fastener 174 is tightened along an
advancement axis 252 to secure the angular orientation of the waveplate bracket 168 relative to

the imager mount 150.



Specifically, the wavepl ate bracket 156 hol di ng quarter-wave plate 44 can
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With reference to Figs. 1-4, 10, 10A, 12, 13 and 15, the projection lens

30 assembly 48 projects the combined modulated beams of primary-color light to produce a
focused full-color image on the front or rear of a projection screen at a predetermined projection
distance. The focal length of the projection lens assembly 48 produces a focused full-color
image at the predetermined projection distance. The projection lens assembly 48, which is
comprised of a plurality of optical lenses housed in a cylindrical barrel 258, magnifies the full-

35  color image arriving from the output side of the quad-prism assembly 36 and projects the full-
color image onto the projection screen. The area of the full-color image at the projection screen
is significantly larger than the area of the full-color image emerging from the output side of the

quad-prism assembly 36. For example, the full-color image arriving from the output side of the
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pr oj ect,|69§14§1|nst§,gggg%d'gggt,g{ ojection lens assenbly 48, which is
According to one aspect of the present invention, the interior of an annular

30 bearing washer 190 is positioned about the barrel 258 of the projection lens assembly 48 and is
captured by the threaded fasteners 186 in a contacting relationship with the annular flange 184.
Annular bearing washer 190 is formed of a thin-walled metal, such as a spring steel. When the
threaded fasteners 186 are advanced and tightened, the amount of torque transferred to the
projection lens assembly 48 is minimized or eliminated by the annular bearing washer 190. The

35  annular bearing washer 190 dissipates any rotational movement as the threaded fasteners 186
are torqued to secure or fix the aligned position of lens 48 so that the torque is not transferred
from fasteners 186 to the flange 184. As a result, the alignment of projection lens assembly 48

is not significantly affected or altered when the fasteners 186 are tightened.
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formed of a thin-walled netal, such asasrln st eel . ]1

two locating pins 198 are provided on the mounting plate 132 to serve as gwdes or the

30 positioning of the quad-prism assembly 36 on the mounting plate 132. The locating pins 198
are located along a transverse axis of the quad-prism assembly 36. One of the pair of locating
pins 198 is positioned at a recessed corner created by the intersection of the larger two of the
four prisms of quad-prism assembly 36, which is approximately parallel to an axis that intersects
the centroid of the assembly 36. The other of the pair of locating pins 198 prevents relative

35  rotation between the quad-prisim assembly 36 and the mounting plate 132. The positioning of
locating pins 198 reduces force concentrations applied to the quad-prism assembly 36.
Similarly, a plurality of, for example, three locating pins 199 are provided adjacent to the
polarizing beamsplitter 34 to serve as guides for positioning the beamsplitter 34. It is

understood that the locating pins 198 and 199 can be incorporated into the structure of the
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assembly 36. One (r)\fantarl]tgrngﬁ\}eremotfod||m0e(r:1?'gnm\%lth reference to Fig. 11A, an annular disk

30 193, preferably formed of a metal, is positioned within a recess 193A formed on the mounting
plate 132. The quad-prism assembly 36 contacts triangular pads 192, 194, as mediated by the
adhesive 260, and one face of disk 193. Disk 193 is centered on and spatially constrained
against significant movement by a rounded projection or detent 197 provided on the mounting
plate 132. The two arms 200, 201 and the washer 196 provide three points of contact with

35 the quad-prism assembly 36, which defines a plane in three dimensional space during alignment
in the planar x-y-0 coordinate frame 262.

In another alternative embodiment and with reference to Fig. 11B, the

attachment of quad-prism assembly 36 to the mounting plate 132 is accomplished by

positioning a disk 206, preferably formed of a metal, on the crown of the detent 197, which
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35 mounting plate 132. A portion of the adhesive 266 adhesively bonds the outer periphery of
each disk 212 with the mounting plate 132 about an inner periphery of the respective opening
208, 210. Itis understood by those of ordinary skill in the art that a disk, similar to disks 212,

and an opening, similar to openings 208 and 210, could be positioned underneath the polarizing

beamsplitter 34 for purposes of correcting the mismatch in the coefficients of thermal expansion



30 193, preferably formed of a nmetal, is positioned within a recess 1 93A
formed on the nounting plate 132. The quad-prism assenbly 36 contacts

tri angul awopadsi24®2, 194, as nedi ated by the adhesive 26@cTarsd2/ziael f ace of
di sk 193. Disk 193 is centered on and ﬁpatl ally constrained against
significant novenent by a rounded projection or detent 197 provided on the
mount i ng T Jde three
poi nt s o clf)ﬁ{hgc”ga %\e/\r/ia P%gtp\é‘ﬁn% aeé'-% 88‘%%9%15&@2% m§t§y\§%?%e 'ﬁg&“ n'\é{s a pl ane
i n threti nensi onal space during alignment in the pl anar x-y-O coordi nate

frame 262. In anojfifherdleh&d Ratidsy e, &M AN, BBNhd AN eheWhdamls8bRNiRNEET tihidA 9. 11
B, the attachnment of quad-prism assenbly 36 to the nounti ng aI ate 132 is
¥

acconpl ?"’s"ﬁ%‘iﬂ’"b?””ﬁ@@'i’?‘bﬁ?‘ﬁ@{ syPRlY SR 28t 9Pt tusreAR 5 TeEPiRRGY BY 23 ¢¥eYS, on

t he gr owwnnedtord ?fal ®@rt en]E Elé&ﬁ%al %%Hrﬁbtov\ggﬂ@{ra@%afiﬁ tHRCHAtedph2d 4256 Bel socke3 "

oper at es crumfor the dis : | vot abl e
Sbout meae i b TorGerrair sy AR § Bl B ne ey R SRSy
facilitahesctbi 220 n@g\ooébl\t hed t:p,l'ﬂhd-lapmp sausag $6rtyl aysocké dlamit hz2. dSeoket dlamp of

doubl e- w 264 [ t X

directi %ﬁr?‘a'(gl o a%d con\{enw? fas‘?e%%ﬁ% 7ot shho(?te)é g mﬁ' grl‘—)g'de@fib%%%\(fa\nngrﬁg respect
t 0 t he Bortio &1bdandifiig withi éreaﬂang;hmntchp%%deg\sdewgmm ddgg at p@ar lfusinge

engﬁgerwaorb@iawg@bé& %&Oﬁ p?dgd faHd ermmeﬂe%canpc%mc&& édaﬁs guad s jism

assenbl relative to a rect an% ar two-di nensi onal

coor di nétg@ ‘Praarﬂé"cgﬁ%‘g tﬁﬁ@"&’rﬁ%?ﬂdeﬂm\’/ﬂdﬁ‘iﬁ‘”éﬁ 5F 12 8 6t He Ragksidsrofith ee til t

angl es fefbabd 32 RIG:thidHe coret @t D20Fs dcb&sibleto AhdBASHP BAtheQRAT SHURRIZS fid ane 262.
In yet another alternati & enbodi ment gnd W th reference to Figs. 11 C D,

ci reul aFCtaT@P'?fé‘G“’fgﬁmf'%e Ui IEE §R9E KT P PRIAPLE PeHBET G2 2NN ci r cul ar
pad 194 i's provi d&'thbrﬁtl’huadil redstance t0[Fy3i NGt BLGA, E?Beﬁesaélbcytncan hennaejoor2@Xi S

nin s align ubstanti al | e of .circul ar
ope m%@% (I%P ectar bOdﬁgZ?r\{\l/erﬁS'?aSr? r}oﬂow i te|¥or\{\f11att ho%lsea an%J%s n elecﬁncagY i gnrent
oper at [ lmaﬁr@ra mdwe:fmd»cplﬂw mmldatsswermbings 366. & cungamtelretrylab‘lanaﬂ 2&'@1 hedtictse 266,

such as, r%R}#r&'r‘? he r%%mie dnnBltof hzﬁ”%x%%g rmarlaﬁ/ fgd#; Qbéa? SLl?rYace of

uItraV|o t radlatlon I's I ntroaduc |ntot openi n to wet
the adj®eeatnestyr Paded24F a ias Ocﬁea@ﬁrijwlcyk*ﬁdagﬁéﬁmeywseoalﬁas £he Q&st‘\ 192, 194.

A di sk 2d2clich drMiags b@@iekte&& |e,ag¢thd.9£uytdhe;oﬁp&mrrw&.oa%9 210. Disks 212 are
formed of a material havi ngza coefficient of thermal expansion that

sub@ antial |y si n?PICkPt YR RE2 SRETRPEY 1R 3tSIdedae REFNFP MR RYESHY 2SS t he
mit eri aﬂorr‘f\&f(ﬁﬂaﬂ@r&ﬂ"@p(ﬂ{?m&rnsudhfastahﬁ/ldﬂiuéﬂickﬁ’tlcwﬁhpaﬁmlﬁhh&es%ba%ﬁ(iiortlbﬁ\ZBB,ga a

bondi ng co ati bi | rial form msof as enbly 36.
Coial | yPoS0 e RS PCRP YRS gt REe BT Ph 1nd e pr v Snr R 401 o 36

i s a gl=ss pphiat 2R2$n aspaedaparcetibngipe ativiod htnlgelomlsme)qbants pon28han t he

mat er i I I | ate
132. Tﬁém%ﬁéﬁﬁao %%rggrea (;rrc’?'r*Je@Iao?§e Fass fﬁgegﬁlglgggtﬁgénﬁfgtpﬁggcagg&ag 212
rekice frome latgrkarm mwdt%ndtnh@umfifé'mwef' fromethe bage- pPric Bs sRBLY8 86 wil | be

damaged, giiged & tF\thﬁee gﬁoe@fttﬁé 1 @bl 25 BXRBRHIQ Thvidrall REw 4T W & Jﬁ%ﬁé Rt 132
and forces acti ng guad-prism 25 assenbly 36 at the adhered points of

at t achnmt 236 ths 'pr?@@rﬁ ngew%ﬁrbfrqrs:khe bese ePfteﬂé3aeaa 93Pics fiskpaseitifiyerde i s
al i gnediorakatiafimérdion s cBhidedr p¥rtivn 028 6PBEEHEA Enet 228 GPa sébutkm. 212 are

pressed Rgn ther](;%rv%fi s%e o lélcr)]rErieg r ];Jér)t%rl\]2§8 IS posmg drbetween the lip 238 and the base

30 portion 232, lip 238 overhangs connector portion 228 and an arcuate concave inner surface of
lip 238 contacts the curved side of the connector portion 229. The arcuate inner surface of lip
238 has a concave curvature that complements the convex curvature of the curved side of
connector portion 228. The resilient latch arm 236 has a free end with a hook 239 having a
concave surface 239a configured to engage the ridge 230 of connector portion 229 when the

35 socket clamp 222 is in a latched condition. The pair of opposite engagements between lip 238
and connector portion 228 and between the hook 239 and the ridge 230 restrain the electrical
connector 220 against vertical movement when the light source 26 is installed and removed

from the cavity of the outer housing portions 61a, 61b.
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representative apparatus and methods, and illustrative examples shown and described.
Accordingly, departures may be made from such details without departing from the spirit or

scope of applicants’ general inventive concept.
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3. The projection image display system of claim 1 wherein said illumination subsystem
includes an optical element operable to angularly orient the first dimension of each of the beams
of primary color light with the first dimension of the respective one of said three light-modulating

30 imagers.

4. The projection image display system of claim 1 wherein said mounting plate is moveable
in a second direction relative to said cold mirror for focusing one of said beams of primary color
light at the respective locations of said rectangular active areas of one of said three light-

modulating imagers.



25 art. The invention in its broader aspects is therefore not limted to
the specific details, representative apparatus and nethods, and
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relative to said first opt| cal axis so as to receive the beam of visible
light, said ¢olor-separati t ca st.e era r at he beam
of v% si Bl e Iﬁb"n‘tm’eﬁqdp 5 'TR?e spna 8 °fp°?a|yrﬁa1rv§/' o PS?'Q '"pd%tf)pt'capg} Tral |tfty of

t hr ee | sahtoloradpdratiansybsyseayecanprseas a polanare heaglplitrended sdid pgorseagetia 10

posi ti Oaﬁ)g stgmﬂttc uhfs gr?mé@t's?d CCQ' Ocfua p%%&ée%lyoml cal systemso as to
receive a espec I've on the t ee beans of primary-color |ight, each
of said three light-nodulating imgers including an active area operable

to modupate e bReRAGHhYENNIARRfenPEf R Y- GRdrBR shit @Bior-BAREMNG BuRydkmen
i mge signal to produce a respective beam of nodul ated primary-color |ight;

a col or'“F'é%rﬁﬁ‘l‘?t’é’NtéWeé’uBW%‘t RiFMbEpEPABYe to receive and conbine the three
beans of 15 nodul ated primary-col or Ilght to formthe full-color image;

d I bl bl t t ol
SynifeShrea By BaEor Rt SRR G ot LS e BT R e g o
surf aCemctﬂdes'la’lleghpsmrea:\tvltlma focratagﬂntdinﬂ pha:y)tngyst@rratotf hayingi apldnaninerefape.sai d
col or- Sear?rﬁl!’gn:t Isgur}%ea%n%sya{s rpcal uﬁgér tor aI gd al'oﬁ? oqwog{:%aégmk r@%q{gﬁt so%ﬂ’!e

col or-co o ec ens assenb
nmount edmowzaalemmamtanﬂgutpltmtle“v ralfmlebtalsaldmndr 'nwtrfme ¢f§at¢mpé'awl"éegfét0afqrve to

said i n%%taﬂ@éll'y%%m#d %Q%alfpgrnt@ §egdqflgptg séhrgé 5v$tf:| ad&émm'n%ldjglarﬁekﬁlgalgf said
beans of primary color |ight irst dinension of said rectangular

act 1¥e plpees inppt tage ”Faé%%’l‘!*f‘?sv@e &ﬁésrﬁfs'%ra?fd'gt‘h?‘é?'q PRitEL N8N at i ng i magers
and said nounting plate is noveable in a first di rectl on rel atlve to sai d

cold m rror for  al Iﬁ%fr%“ ng.a second di mensi on of each salg
pri mar y2col of" PR3t 2RETAY dor A8 IEndign GHARAEMoH ao‘fm‘g%ﬂo& Inags ?PE %’Fteﬁbtl ve
area ofcdnlﬂﬁlslhgspectl ve one of said three light- nodulating imgers. 3. The
proj ection | S %Xthaxsterm]of claiml1l wherein said illumnation
subsyst em |?F1ca pd"é’ anVoptT " 'ement operabl e to angularly orient the
first di mensa cfleabr eavdly ofoctltpeinbéane refiéctpniofragty apdk dirstlopgbd! axip eleng he fir st

di Si ive one of said three |ight-nodulating 30 imagers.
n%ﬂ RBISQE%'&P%RWO?#&S%Edl splay systemof claim1l wherein said nounting

p| ate is novanpitisal qlement sademalsefiopeerticghaxisethat iswarabls efdieinacaptier!iiaignsd f or
f ocusi ngitRB&d st Sptichi BEAEBsaRf refédtorRb ¥s@BlisBlan aligned condition, said optical element

having a planar end face positioned at said focal point of said reflector and said optical element
operable to alter a property of the light in the optical path of the illumination system;
25 a light source operable to emit light for reflection by said refiector; and
a circumferential mounting flange holding said reflector in a position to reflect light from
said light source through said opening in said lamp housing, said circumferential mounting flange
moveable in two orthogonal directions relative to said lamp housing and in a plane at least
substantially parallel to said planar end face of said optical element for establishing said aligned

30 condition.

10, The optical assembly of claim 9 wherein said reflector has an ellipsoidal shape viewed

parallel to the first optical axis from the perspective of said optical element.



i ght at the respective |ocations of said rectangul ar active areas of one
of said three |light nodulating i magers. WO 03/021296 PCT/ US02/ 25461 -37 5.
The proj ewDioom2ize@ge di spl ay system of claim 1l wherein saipdTamsbzes46pmbi ni ng
subsystem includes one or nore optical, el enents operable to adjust the
contrast of the three beans of nodul ated pri mary-col or l'ight before

proj ect ef asyfg, et ds ﬁquAIyQBf enmgaewﬂm.q ss.taeopV&ﬁwengnﬁ.g Fﬁcal B¥egs@bnat
projection | ens assend proj ection inmge stemof claim

1 wher efdnaggpiges ﬁﬁ‘ﬁlﬁ’r'gfﬁpﬁs@éltheeqeéﬁ‘éﬁt“%‘fpr°‘§‘éqdobyééiddf9h§%‘é‘“reaﬁdd atsiiBR8Fst em
conpri s@s bdaR@k dgHtzi Ng beamsplitter and said color-separation subsystem

i ncludes an i nput side of a quad-prismassenbly. 7. The projection imge

di splay system of claim1 wherein said col or-conbi ni ng subsystem i ncl udes
an out puz. si e &ftical asuaﬂbl\obii Satmas weerbih said 14niBhoubing Has @jpe.aality)uf inowgiegdi spl ay
system of c n ystem, in I| ht
SOUI’%G %) ?qsg'dlfzmetg &QOwar stryd r%{)unl(?ln zlgrpata&g § |d mou?\ Héjgfné;na gnput
face, Blanahtqufglhmummesgf aﬁ@bosald@mmr iauenged e eageige opid a|uragme@f nedumting a second
opti cal pax %m%@&&kd'd,ag&b er%qy{tsaﬁ.aumé%mh%n IsBd 3r R PR UBShANG LA doheiRar al | el
to said pl'anar 1 nput face of said optical integrator for substantia Iy

al i gni niengaiidmergale ipoynedimsnsiangi fﬂ'aPYegtﬁtsa@d%m%BOWr‘tgH%a'!gG@atSP'érﬁ”ﬁtrﬁ’%%ﬁ'

pl ane ofyisa Gidlandhéngith dPscoh A6RtichNads ARLIEpEES elehnt.r ansmi ssion of i ght
by said optical integrator. 9. An optical assenbly for an illum nation
subsystem of a projection inmage display system conprising a | anp housing
W t o an1®pentiyoptidall L5dnady 6f cldia\d wgeramfsaﬂahomohgwtlarfgers inBeeabrfréletei ton of

| i ght and first o t|c axis. alo foca | ies; an
opt | cal 1 Bmeitotiiad ool i ot el W PwoPHEM Foc RES oo Rt Berishy
opticalby rehigned wth said first optical axis of said refI ector to
establish an aligned condition, said optical elenent having a planar end
face positioned at said focal point of said reflector and said optical

el ement 14.opeFhehorticelpsednidy ofclpmchierthgr eomeripied pipghiRctiph intage diptal cuttepat h of
the ill wm&&.%a.@)ﬁ%mséab@ id b GBhpSHRHH §SsaRIFEBRINR i gLt diay dyateim. f Or
reflection by said lector; and a circunferential mounting flange holding
said reflector in a p05| tion to reflect light from said |light source

t hr sighisai dAQﬂﬁxHhrﬁtﬂaéstSl@if&’r d.@mymﬁ{.r@an Sitical étérﬁﬁlﬂn‘feﬁfiﬂmhihathonrmunt ing

fl ange noveabl g in.two gﬁa di rections rle ative % said Ian'g housi ng
and in $PPYSIFB O f'pfoé?é'f’" 'r%alﬁ’ﬁéj BRY S91'7)- %‘5?8} oL PlegNtReE %Itgr?é?r eNaPsHce of
sai d optfi tealigrelie mendptit pathsdf atd #lgrhinagpnsys@nakomprsihg: 30 condi tion. 10. The
opti cal asse I I ctor has an el lipsoidal shape
viewed par agpe%/y '?Lm%ﬁ% ?s\tfmg ugtgiso%arﬂqlgssﬁf%gm t he perspective of said
optical el enenitadle\A@am&ﬁ 0P2eG t P@TGPEJ%ZBIGZEABQH sai@Bodly membeThgaicogradle having

ass%rbl ¥s& n&laR:'ugf'e%ew}‘%rs%'l'fgcesmcqaqggfnféatb Sl8BMealiny Qifa@Pthigatadlent egr at or

rotatable within said body member through a range of tilt angles for rotating the optical element
to a desired angular orientation; and
a mounting element configured to releasably secure said cradle to said body member at a
selected tilt angle, said mounting element having a released condition to allow said cradle to
25  move relative to said body member and a tightened condition to secure said cradle to said body
member in the desired angular orientation, said cradle being substantially free of torque
transferred from said mounting element to said cradle when said tightened condition is

established so that the desired angular orientation is not misaligned during tightening.



honogeni zes the brightness of the beamof |ight provided by said |ight
source and that shapes the beamof light. 12. The optical assenbly of

cl ai m 9 werogiom2s@i d | anp housing has a plurality of nountcmg@sod2jaests of a
first diameter extending toward said ngunting flange and said nmounting
flange has a plurality of throughboréS of a second diameter arranged to

r ecei vey©ai drfl HEalihb Yol TR RIS WARRPsaid HstoSFiiQ Uthrlo MBI Bhvely

substantl ally greate an’said first diameter so t sai d nmounti ng
flange ¢Uquqirﬂﬁét§tﬁl Sé'elcrrﬁdtfmjufd@"rﬁe?ﬁ'ﬁ §ANr heapRqg %fape)'swhdenl»aquﬁ*mmgr?g for

al i gni nge3alddadild whicRRL 4 B&dantialy le§uaPto $ad frst fidcesd @piuwi th said second
optical axis of said optical element. 10 13. The optical assermbly of claim
9 wherein said nmounting flange is noveable relative to said |anp housing
for pos1'7c [ Oan'égn&ﬁqitlﬂg fags@alblypﬂicratmmbtv&heae.rp@sd tra@Babs aemume;opafmd a@si@ t han

abo mm_ 14. The t cal m9 furt co g a
pr O] ctl?°(5’P4 memRgENaf aéb"i'céﬁ S%PSE‘ S?nangﬁgg\ﬁ%o rgn%elgnd?'& Tyer €8V1p%se§egqn%rle§dﬁds a
conponefastendr agapteld pr @jgagé sai thrersige opkingal amyl as \elingated niiGpdsBiondd pasween seid
a5 5! Sadi@ bndLalPhEvinkrdIPHBY L. Bl cfzh'refaaled RlsRBNeialile Bkdld hHALARL | on
subsyst em of "a prcP ectl on 1 nmage pl ay system the optical elenent

oper abl epeniog ghieses the qrropterangs obsaid pe tPleggﬁgelqi?P?Sﬂfe sistgtriogtieins phedid Bdvt he

P11 um nalhon -8%eiR s&a)apcregs%w. R0RQAY sERADAE ARGV MbsRioh bf Sid ahguat e
beari ng surface; a cradl e adap teg to support the optical elenment on said

bodiP nerfiaEve togsgidpagly @Eﬂ"@ehm‘h?\‘ﬁ trapgfersing éé&‘iﬂ'cé’?téﬂ%%t%é&‘éﬁ* FAdesur f ace
pivotal relative to said first bearing surface, said cradle rotatable

Wi t hin sald bod merrberth e of tilt ang tating the
opti cal "%l enEftMO4E"G 3FEEYP Ve‘g%gﬁ’éu an‘%ber"i R eReY g BWH°%°M?$W§' el enent
conf i gusl@teri: @arti Bé eatalulvyr the cange of shailit GreadHgesek o sbnuﬂ -Hoelyeayenber at a
selected tilt angle, said nounting el enent having a rel eased condition to
allow said cradle to 25 nove relative to said body nenber and a tightened
condi tith t ofleevenmeing assemblyad|ckainn @ 5 srdieckirberily bodyengreber ibas g hpacdegparepiiangul ar
ori ent afd s begmgdsuwa@&' %ngﬁdwamtmgkél dphrt R & Qécomrbgmg sbiraesf erred
fromsaid nounting el ement to said cradle when said tightened condition is
est Bl i eAsk@f s3d painef firncbaderg sustpcemepiragtinPnaeeft Sid R qf§e‘|"96‘9 bgaring) SUEAeES:
during tightening. WO 03/021296 PCT/ US02/25461 -39 16. The nounting
assenbl y of cI aim 15 wherein said_first beari ng surfacef\ i S concave|y

curved d-ong™hs BRHTERY asFerRl; ULlam 4 YR HGT BRAEPT Y TGP F'éccé’”Faé’e'c‘fonvexl y
curved @lr@adidhg aSRletddaddinashdisiddet et tbe%rnSQJhBtaaéﬁ aralcbyveglyuatveti@alodgiad fir st
selected ra mount i n 15 wherein said cradle
has a tﬁ?eﬁégéagﬁsp‘évﬁ‘lc%s supsfeguially € ua?%’ sa@ni)%ts ‘écgeag'r?mﬁccess openi ng, and said
mounting el ement further conpri ses a t hreaded fastener adapted to engage
sai d thygead adl e
and sai i p e R e e b g e b 4 B e e o

t hr 2adeand wiresin sYjd CwUERY ashemiblp FostaePoerti! 6Pid PERIRFIANIEMANS dsREAG¥SBPposi te
side portions of said body nenber adjacent to said access opening so as to
secure the angular position of said cradle 10 relative to said body nenber
wi thout transferring a significant torque to said cradle.



18. The nmounting assenbly of claim 15 wherein the angular orientation of
said optical elenent can be varied over the range of about + 5 degrees to
about -5 wegpmerds 19. The nounti ng assenbly of claim 15 wrerdiso2/gasd body
menber has a spaced-apart pair of first bearing surfaces and said cradle
has a spaced-apart pair of second beari ng surfaces, 15 each of said pair of
first bgarin es._¢gon ti one R o i ng
surface%ii Z%1 #ﬁéﬁ‘ﬁ%{?ﬁ??’n‘j‘tﬁ@s er‘r%?m of PJhtI%\g%h%nlrg% r' egg&dmﬁa%st beari ng
sur f acedispayesysenc avmbnsingcur ved al ong a sel ect ed radl us and said second
bearing surf a selected radius which is
subst anti al |a399§3u§f'9? g&JSPéébﬁ’ﬂo]}’?rﬁ{SJ% Kg’%l] Z‘Icl'%gg radi us. 21. The nounti ng

assenbl y of &maforhayng g refietvecyrHpia @feﬁb"eamp’lgfdﬁcéé'ﬁ ks Greigt ‘BRdttay system
20 apd whefig:n said nounting assenbly is a conponent of said projection

i mge display system WD 03/ 021296 PCT/ USOZ 25 é -40 2 An op tical
device for an ‘Zj’ﬁ'icﬂge'ea”e&eéﬁ‘ff‘éﬂ‘f“g theprEmg Tt "Hh%rﬁ' dg P Sﬁ'daeféﬁ‘&'ee%‘tr 26% SPitage

di spl ayo;ﬁyatewaﬁeneamﬁg & plagHEr uraerlfaoghhpmwfoed@pMQatmleesetam ot Iyt irda bemmi of

of 11 grifrePyorad Py o8 sfs L pRENbY 38 HSh FEE) B ESialF el w8 hade b cam of

| i ght rafl ected fromsaid ref I ectl ve surface sal d optical eI enent havi ng
a m@nar i nt rlfné\ﬁﬁ@d %gﬁtbrto?dlmsarqer(i!rro? *dngclltw&?mgﬁrﬁmegwf nLd\thgle *J‘e:ti@e%@ga?@d
direction different than said first direct 1on, the redirected beam of l'i ght
i rradi atecony ediisali taagRat to regpsdtiorgthe hednm ef 'i'%‘éé?ﬂﬁﬁtﬁﬁtfmﬁb?atﬁ fetiap quiicerdr, said

incli nemer@weﬁanl@@&mpmmae ;naeJaawevacé Rc8idihgl theSRAGIIEH Ry is€ BHat ghigment to
reposition the beam of ght reflected fromsaid reflecti n?g%surface to

t her ebyseé?fé?n‘?gl@cf"l’fe'sﬁB'lﬁteF Gﬁd 81 redjreateplightdraqisteR Fred@aos 8L aicGTHE 'IRE ef | ect ed
| i ght s@ftérbatfréaissld fissetaeBsbrdi rection is shifted and the redirected |ight
irradiates the inmager at a second |ocation different fromsaid first

| ocation. 15 23. The optical device of claim22 wherein said optical

el enent 23.s aTHeodpaical devige bedaispl2 wheein shid\opticp! alementck iapetriph@beamsplitter f ace,
said interfac - ' . I ting
R R R T
separ at retledting 6- r>0t<’ﬂquat'|9t‘i)If%\fr'siSzét!iatkhieatnf‘sf'eCE‘rﬁ1 ff%éaieﬁpi"l?a?'emé%'ééepéfat@?I igfam 22
further Lo H.ed PR, chassis holding said Iight source, said 20 mrror,
sai d second optical elenent, and said inclined nount, said chassis haV|ng a
spaced-apart pair of flat m)untl ng surfaces and sai d i nclined nmount havi ng
a pair of subwtepatiidelive Bﬁ&la}nlﬁfu&hér&;m@aﬁhg @Ehésaisdwomaigrsamfngafmrdbavénmg an
out war dl y- extendl flan e t hat i(ij ﬁey contact s, one %)fﬁ

f1 at9 noulver-rgd §ﬁ?‘? pycal ?meﬁ”hé‘” LT L B P ﬁwli‘aé’ﬂ’gv%sé’rae ':iahte beam
of | i ghpailtasiabmeumss- ssasctelsanalsa:arremeanﬁbun%a\ndmaa pai’raqfesubk’ltasnaﬂm pacatiélve
surface_area, the .cross:sectianal area eat l, t he
active S[FfHE8°4 a'g paig LREETTSNg VPR aT P r ?no%sg ﬁa %Qgpdr"ge) ?‘3% ?%'%sal d
second dphidazir Oélﬂemmuntmﬁ@nrfmerl appi ng the Cross- sectl onal area of the
beam of light with the active surface area of the

25. The optical device of claim 22 wherein the beam of light has a cross-sectional area and
25 the imager has an active surface area, the cross-sectional area being greater than or equal to the

active surface area, and said inclined mount is moveable relative to said second optical element

for overlapping the cross-sectional area of the beam of light with the active surface area of the

imager.

26. The optical device of claim 22 further comprising a projection image display system and

30 wherein said optical device is a component of said projection image display system.



i mger. 26. The optical device of claim?22 further conprising a projection
i mge di splay systemand 30 wherein said optical device is a conponent of
sai d projwotmsom20érage di splay system WO 03/021296 PCT/ USeerasenis46t 41 27.
An optical apparatus for an illum nati qn subsystem of a projection inage

di splay system that changes the travel direction of a pl anar beam of

i ncident,lig relative to Rea; Qf LRci dent
| i ght h%w ngRa TEsPPIEL ﬁf8ﬁ9'r ﬂgrﬁq,ejgﬁér}%lebwﬁ 3 af ngecgérgm%éecowl ssltng a

| i ght - g@nécfmngﬁgthdemvdehr@p@r'@lbla@'ar‘@f lgaemexfmceienh@fplrdﬁafp tpearrif! ¢lemetient
light, sai @Lnﬂﬁbéaw&t.?&&m?r@%Ihaangsiewoe@séyt.eﬁ‘&teraagtﬁe%t.péu@a@gratbee&m&fs.ng

i nci dent Ilg In a first direction; an optical elenent positioned rel ative
to said |ight igniwerasetinggedissicpaakipte %éia%thpwéanﬁq bgegy of 'b%%ﬁﬁt 91t $89 dent

i ghg,  mk-detPdting Akvigd @’F@%ﬂﬁg h\%\ﬁlaﬂﬁr BeaR ana&ddnmt@ﬁfuase,rdt RAGedtoad relative to
said first direction, sai a} i nterf ceo to redirect th
e Pl

pl anar beam ¥t °Rti5a! PNt PPY ve & 8¢ 9 'ngrf’g f"i'd’n AP IR fq?%ans?él d
first dbdgaecofiiodidendnghtl&hidoprzaindlérngnt phdtea blehm‘nmtgrf&&ndcloed retive & eacefitst sai d
mountin at e eab. | o i r
changi n‘gret%L ' 53 ynah'n%rfg%%eh%?#e) rfﬂ%?{d%ﬁtpqa%egg?ﬁ%o &qm?%enlt F'?% rEé( Sécoégl d

i ncl i nedreptiemdifferent ¥ age figmdirgndiveiadside rel ative to sai d frame al ong a
secppd axis fqf, &h@%tgqommg sgih%hmglep\@dt\’\@ﬁdln%@h%gl alabtmoaemg AldhiDgrlevi ce
and said opti cal tical apparatus of claim27 wherein
sai d optdittipmeplenepatirgt oxig fgygthanging g '°°$5°’b§a’ﬁ'ﬁﬁ1 thetigideah Beasapllighhetrikered

i nt er f agfy It Flahsr iReeRREREAdZASJeBRe FaldtRe A Shill Bhdk lalonk @fdegsHdsaxf-fpol ari zat i on
rays so that light reflected fromsaid optical elenent is separated into
two pofEnpigehetiARCe TV &R 9% IR EITaRE"Y de'se ?E‘FSBWeW('J‘Fa'teW@""F?Ao pol ari zed
beans in said second direction. 29. The opt| cal apparatus of claim 27
wherei n, sal dT t %.Pnertatl nglalme¥J7 ?uerem sald 0 tlc elem n9|s a ola-nmle opti cal

appar at 0 of ' 'ﬁ? PHAYS & KoLt 4 PP oy econc? AR E "8r t hogonal .

31. 19 hebeptspiiredr aaqnpad atclredofitedhci tran2mit$ mpblhezatlemrﬁmswsd hgally piiestect i on i mage
di spl ay I i t of said
pr oj ect P E%%}izﬁﬂ%r\e WFH%E %shnsrét:f%%quq%y o ‘QBE a%pgrran&gmgg@? nci dent
beam of pelérighd b$aeﬂ'8aand\ﬁe'dt'Otedhcedpti'r@apn(mféh‘emfo P@iaramd 2’56"[‘? |”Lﬁ?1drﬁéit3?'t§’n

subsyst gm.aén.2 projection image display system the incident beam of |ight
having a cross-sectional area with a first major axis and a first mnor
axis orthogonal to the first mgjor axis and the optical elenent having a
pl anar agt i VenedRidaVphhratus H€ 6l@indl 2 MajhereindstidSligatiger@radiag @adce @iandifroaxi S
ortllgé)gonal to the second major axis, the first major axis substantially
colfifnear with the second major axis, the nethod conprising: 30 providing
a beanspl i tter with an inclined planar interface operable to reflect a
portion he i i : havi ng
subst ani;l al | het(hm'@gl a%ﬁglrétrug%gf Ia'se%% }A%E%P%% rgﬁee dgs(séwﬁje&?%gplegieﬁ#% é(%'reafam of
light, the reflected beam of light having a third magjor axis and a third

m nor a§1 .S Ofﬂwﬁgadppgrgtqu? cltam Qﬂfmepéon%isﬁfg a%jg(%(OQZr%g&BdiP&;V#%y 25461

and wherein said optical apparatus is a component of said projection image display system.

32. A method for aligning an incident beam of light relative to an optical element in an

25 illumination subsystem of a projection image display system, the incident beam of light having a
cross-sectional area with a first major axis and a first minor axis orthogonal to the first major
axis and the optical element having a planar active area with a second major axis and a second
minor axis orthogonal to the second major axis, the first major axis substantially collinear with
the second major axis, the method comprising:

30 providing a beamsplitter with an inclined planar interface operable to reflect a portion of
the incident beam of light as a reflected beam of light having substantially the same cross-
sectional profile as the incident beam of light, the reflected beam of light having a third major

axis and a third minor axis orthogonal to the third major axis;



-42 noving the first mnor axis of the incident beamof |ight transverse
wWth respect to the inclined planar interface to align the third m nor

axi s of tweosmtizected beam of light with the second n norcCaniss2z/ofsct he
active area; and noving the inclined pi anar interface of the beansplitter
parallel to the first major axis of % he incident beam of light to align
the third mgj f maj or
axi s of the ’5@%‘? %eﬂezﬂrrge)tam'%gre xrs{}‘tﬁ%? ﬂe'ﬁeb%?% cI)If I'{;Atqg%swngeepg{tﬁ%tsﬁe%%eg% of

| i ght hiaglingd pleperdnigufpes tocligs thestbicd minar axjs elibd reflected|bepmicd lighievidhe cal pat h

of the gRbheRiBAaREIMMRIacliledita: agd. The rret hod of claim 32 wherein the beam
of light has a rectangul ar cross-section ewed parallel to the optical

path of the MA¥PYERtngiaehP'anar|inteface ofhe bﬁﬁ@sﬂﬁf"'haﬁa'ﬁﬁ 1 1hgifirstameigr axsidr
CONps i SthBGndidRwt Béhnt bﬂ.ghﬂ&;l 41igR thePthAd Hajor BLiS of Be@effctddnRambA GOkt ther
parallel to, the o ath of the incident beamof light to nmaintain the
t ot al oi)etCP%‘ﬁT"a”b%fF f‘gﬁdg ®af% 1 i ght focusing at the two-di nensional active
area of the optical elenent. 36. The nmethod of claim 32 wherein the

I ncl den% beame rﬁetlhl)(gm clgin1d3$ Qﬁereﬁftkggéaﬁgoﬁ@ﬁp\%f %éa hulg'hctroﬁ%\égnon
substantially the Same cross-sectiona R7R opt1 cal apparat us
for aliyawvedpaalehtst thg opticat pzibof d]eefaflmedamamrﬁg'eht relative to an optical
axis in a projection subsystemof a projection inmge di spl ay system the
active surface area having a surface normal, conprising: a frame; and 20 a
nmount i néfbr abeetethed af fgjm Fewheraigehe b‘tﬁ‘féﬁd\ghéaﬁsda TeFté’ﬁ%U'%frfd°§a?F6"°r'?Dunt| ng

br agk et vieRay pargiebrolthbbplidal YatAfor BRIie&denE bedmgedighbout a periphery thereof and
the other of said frane and said nounting bracket having a plurality of

pi ns arranged about a periphery thereof, said pins capable of being

t hr ee- dssrensTi@vatthyd begmst:m&ﬂhw dolmpsxahgjnbomgsmxucunng panarOpterfactel wnhd 0 align
E)Bt(:al czrrfifsgl't Or‘%he'% the orptlcaci %‘SOfsaEfr'f% r;%a fl'%r}t pir ns anéhe\é\gaolacljogtl'cﬁfal ty
of bor emtareegmpthedt fDQUSbEJ aebwvetddltr@gmr‘raéactwe asa@clflrtlee ¢rftigal giroent.i on of t he
optical elenment relative to said bracket after the aligned condition is
established. 38. The optical apparatus of claim37 wherein said plurality

of bor e86-confite Besod At deimhi whereigrite waidentdeamar ight 29f thA itdeiehprases three

Pi Nps  3Ynt AR LBLhSRHIy ARPHRL WSssQEcidnai gfld. Wherein said bores are
configured to receive and hold 30 a quantity of an adhesive which is

curable to maintain the aligned condition by fixing the positions of said

pl uraligy of Apbpcai &ﬂa%mﬁt iangam@raa&cmfe ss..abda frealbBbr wgafrebwm an\WD
03/ 021296. PCT/ USQ2/ 25461 The n 5 "é?ﬁe Cgﬁ%,ar at us gh |.ai m 7 further
t

conpr i S?pﬁljal aXBI‘ Baé)fﬁjf%ﬁn s%datean f[?l pof@)e tem, es%ﬁtn(\:ie surfa Sal

rer
appar at arsa havirgy a:smtwaenrtmabfcoemndng)rm ectl on image display syst em 41. An
optical assephlyv, fa%r a projection subsystem of a projection inmage display
system conprising: 5 a light inmager having an active surface area, a
fir3a@ end andmaurtngdherkehip!disaihg imegeriqne of said frame and said mounting bracket

having a plurality of bores arranged about a periphery thereof and the other of said frame and
said mounting bracket having a plurality of pins arranged about a periphery thereof, said pins
capable of being three-dimensionally registered with said bores during an operation to align the
surface norma! of the active surface area of the imager with said optical axis, wherein pairs of
25 said plurality of pins and said plurality of bores are adapted to be secured together to secure the

position of the optical element relative to said bracket after the aligned condition is established.

38. The optical apparatus of claim 37 wherein said plurality of bores comprises three bores

and said plurality of pins comprises three pins.

39. The optical apparatus of claim 37 wherein said bores are configured to receive and hold
30 a quantity of an adhesive which is curable to maintain the aligned condition by fixing the

positions of said plurality of pins in respective ones of said plurality of bores.



area emtting light; a polarization device for shifting the phase of |ight
emtted by said light imager; and a bracket hol ding said polarization

devi ce adweasmeiwe said active surface area, said bracketrCpiusot/asdby
attached at a third end to said first_gnd of said |ight imger so that said
10 polarrzatron device is rotatable relative to said light imger along a
first axys, ﬁﬁﬂp ﬂgﬁﬁﬁg} a
fourth end to Sg:@&%@ESEthﬁEQ 3§3¥§kf Lﬁg%%ﬁataggl secgﬁﬁkgkm
mechani &1 Wear¢ingaid optissberitaratemidiotGoBWORATY °asa§t atoreeh@rr inage digPiey eystemiher ei n
said securing mechanismis configured so that torque applied to said
securing mechani smto create the ,stationarg condition is directed along a
second &ki s OF PPEGabRseTPIY PSR AieFiINULRRTaEn OhgPigisctionimagp display SEd¥Rnhl vy of
cIain14&ymhemgjn sai d poIarization device is a quarter wave plate. 43 The
optical asse ré of Clﬁ nact e %c Saraéla a rrs?o dj ndSu St%ac{v

ort hdgonal td"9ICATP Vé'fg EVO ﬁ‘ifa TRE Pl car &% s%ﬁ%clo 87 &P'Si m'éfl

f urt herareopmitiirg liyht;a proj ecti on i mage di splay system 20 and wherein said
optical asse I r I Yardy st em

45. An alignﬁgé¥nuﬁo éU% gﬂgﬂ%? *g???%ﬁ9§@t§§ﬁhgﬂPkgggﬁ%r5?%%?ﬁgﬁ i mge

di spl ay systehtackec@n@mewﬁgolaarﬁttomgrimacﬁl@\?ht@ saighdctige surface gteaoyid cal axi s,
a mount pigs YhbARLaRtAe@alh Hirdlehl Yo &id f.rshareoadesq.dqgﬁmnrtga & thanged about
said nmounting surface, said |na i ng device adapted to emit a 25 beam of

li gt aolarEasqn dayise isyitarale a@'ér Y ?6@! "9th6"§"*a"ieda'f’”9r & firshpyip.cs3|d baggket haying

proj ectj mlbakarr&s@aﬁr&jmé%ah.awaﬂg faurtH amgze sBRBERd dnd of s4id ligRunRidengsatur f ace
and positioned to receive the said projection |Lens assenbly
Pavi g SPeROTEaRET S 4618t A ey e PR S A PSR ot

t hr oughiecresisal is gmﬁigbued\sbttllﬂatsque bipied theshidogpe miinygsechabiseab dreaeuhe i Ng
surface ai d ect i n s& y. e sai d mounting
30 surf 3 r]F?’d'rcloonﬁit'on X Goregtgrg FOPS% gg‘gﬁqu%lweg%tgmﬁ 4 hréte?)%r%gr ng device with
sai d second optrcal axis of said projection |ens assenbly to establish an
al i gped,gond bea i Jide 9% EECMhve
thrgﬂghﬁgres#&gﬁgﬁg%se mﬂ%ﬁggﬁﬁzhf%?ﬁgxs?ﬁf@ﬁgﬁgg?gg gng aﬁlgnable wth
sai d the'@§ded openi ngs; and WO 03/ 021296 PCT/ US02/ 25461 -44 a plurality of
t hreaded fasteners, each threaded fastener havi ng a threaded Iength and a
head at one end of said threaded | en ai d threade

Fhr eadetiof as B Rca oHaER DA QT oUBME 5P SFaPE P8 d LAt ool

t hr oughbad 88t f0¢. t hreadabl e attachnment with a respective one of said

t hreaded holes to capture said bearing washer against said flange, said 5
operable to prevent the transfer of torque fromsaid heads of said threaded
f ast enets t oTisaomicalfassemgy off clami4d fortbgreotmposing eppjeatisreinroy dishien sgwérd
fasjgnel s, greere.t G0LB0GH A0RLAS o ngalngor@ﬁ@sfl A BB Nimadlisa leAN0e L0
secure sal rojection sse |gned condition. 46. The

al i gnnment systentof cl aim 45 mherern sai d bearing washer is rotatable

rel ativegsto agaighnieh@fi@eens for bhRdjedioh QWS ybemiir SSireiadtRA iRYgd @iy H8terf said

beari ng washer.
comprising:

an imaging device having a first optical axis, a mounting surface and a plurality of

threaded openings arranged about said mounting surface, said imaging device adapted to emit a
25 beam of light at least substantially parallel to said first optical axis;

a projection lens assembly having a flange mounted to said mounting surface and
positioned to receive the beam of light, said projection lens assembly having a second optical
axis and said flange having a plurality of first throughbores alignable with said threaded openings
of said mounting surface, said projection lens assembly moveable relative to said mounting

30 surface for aligning said first optical axis of said imaging device with said second optical axis of
said projection lens assembly to establish an aligned condition;

a bearing washer having a plurality of second throughbores alignable with said first

throughbores and alignable with said threaded openings; and



10 47. The optical apparatus of claim45 further conprising a projection

i mge di splay system and wherein said alignnment systemis a conponent of
sai d projwotisom2bérage di splay system 48. An el ectrical ceamaspwessel anp for
securing an electrical connector in a|l,ight source for an illum nation
subsystem of a projection image display device, the electrical connector
having a RER dwfwﬁe ndadgy £d REGARRaSdAenfAIgRy sPaced
apart fromtﬁg %ﬁs%fqgrlg%ee gfbrs §Ea¥t A c(;lirc{l]ljﬁ rerr?aé/ng F ??angrégq gﬁde§5| de
edge hakaedgt ane @lﬁ@/\‘mﬁtﬂltyleé%déﬁféﬂthgsatdl tpaded Iprote Phagsh teeagad fastAter a cl anp
body hamémb@r{h@ha% &ﬁcﬂf.@p% $HiEsecBnFINREIINBYEY RN thradbaBik GHatndreGasS, the
slotted aperture being dinensioned to receive opposite sides of the

ci rcunf @F‘éﬁ‘if'i’ea?”"fQféﬁ'ﬁég@ﬁd%dHé"eséﬁﬁﬁ%‘&’te(?ra'dtﬁ?ay‘g waghgr againghdd fladss®ithaving a
| owes  SelereLrodnleAtithe tRhErRNGS tB&uHW&rsaMefaaélef s ﬁﬁpaécataednay t@s4li st ance

sufficigent t celv onn
therebeﬁ%@%ﬁpsaé‘g?rd”e&f?ﬂrlﬁnsa?sr%e'(?élﬁf‘”(h@ﬂrsg'gq?%eners rflt'gﬁ&eTVF%g@éﬁF%a' BE"P dge on
t he secwoashesardesaitliiphge 0 sdchee ahpreiett@n lsdpsentbheinctharipreddyndit@our i ng t he

el ectrical connector against pullout forces. 49. The electrical connector
clanp of claim48 further conprising a projection inmage display system and
wher ei n*&ai dThel @igrmégalste@mieEirofs etharpn $aid eeadoapapents rfatalld @lagrofect i on

i mage 2gidlisgk 3Y 1oy 368 is AMsiphd BPrdaadn ass%rarmwngwssh@r proj ection inmage

di splay system conprising: a nmounting plate formed of a material having a
first coefficient of thermal expansion, said nounting plate having a first
thrmJthmor e Btbplics appdrekut bf aulghmf@thla.om;ﬁdmg B pRojediian @tager ddpalyi s9ashi p; 30
an opti ca el enent formed of a materi al vi.ng a second coe%fi ci ent of
Cher hal ey BEAE FOR 3 ST SO ROERTET G E PP T BRRL PRI 11 er ent
fromsaid first coefficient of thermal expansion, a first portion of said
opti cal §| ERL e|e§t9 cI pr%cﬁxpglaﬁgtfpra&%% ng anse%cg'lcaf éo%kectgnﬂgq%ntb ou?ceq‘grd n
second portlon of 'sai g I ca ement covering one entran 0 sald second
thr oughlbweatldmucafsmmm@msoegeaua@av devigg, wefqlqcmcabmnactsréwm aquantity
of an %ﬁé&tg d@r\mthaa fnjs{ §15e @rﬂ;@ Qs@c‘%QQQQe %Hé’ la@éd é:yaﬁkfroﬁﬁ'{eq‘lr;t' sro%tedﬁé rcul ar
di sk 03|t|onecf|n sald first hroughbore so as to capture said first
qua“rﬁ [ t"y‘dcﬁ cigyngereniiaeange. Ctrﬁesr'détfé’ﬂmwg apdwaEondendiorridgs dhe gegr

posi ti ongshrisingsai d second throughbore so as to capture said second quantity
of said 5 adhesive therebetween, said first and second di sks fornmed of
material havi ABMR PPRY PRY NIRRT Fiedi aBATUIEF 2 £IAEP AT 2Rk HhASHTA recgsy: dng etred

coef fi Cép&ﬂhreﬂfelrfghﬁiﬁémloned(ﬂﬁrléSM(D&’]oﬂ}ﬁblf@sﬂBtdWﬁi’]m&ahﬁrerfﬂaI’Bdngal’c)dtr&al d second
coefficl %Rt% rot])c d sat{TB uaqg(PecesssthQ/mt % rv%cgrusc achehae dla!nkoe\/I }hggoqu ! h%tr ur?éc

opt i cal T EF BRIV i TR ARG R A R AR At N O NE LT L ERPEE ATESE by

di f2@er emerstqdrbytafmmtaMrsrmficneneXq:)ansva)ﬂnedirst%jectdg@m balcoeestrertdyand sai d
mount | eRb@bRen Miathamel I ARKLGRY (ARSRIRY Xedle e gt 30 tméﬂsercsws.a@aaz,e
optical elenent is novea atl ve to sald nounting plate to establish
an al i gefetie coma@etor betly, Emlﬂa"ﬁn bcsctv s&ﬁd'nsawe'%wtﬁhdowa@f P%’"éé Pyfout tateesi ve
are first and second quantities of a radiation-curable adhesive, and said
di sks a£9e The electrical connector clamp of claim 48 further comprising a projection image display
system and wherein said electrical connector clamp is a component of said projection image

25 display system.

50. An optical assembly for a projection image display system, comprising:

a mounting plate formed of a material having a first coefficient of thermal expansion,
said mounting plate having a first throughbore and a second throughbore located in a spaced
relationship;

30 an optical element formed of a material having a second coefficient of thermal
expansion, said second coefficient of thermal expansion different from said first coefficient of
thermal expansion, a first portion of said optical element covering one entrance to said first
throughbore and a second portion of said optical element covering one entrance to said second

throughbore;



formed of a material transm ssive of radiation having a wavel ength to cure
sai d radi ation-curable adhesive for securing said optical elenent in the
al i gned pweiomioenzs el ative to said nounting plate. 15 52. Plaa/usptiesal
assenbly of claim50 wherein said second coefficient of thermal expansion
IS approximately equal to sal d third @8efficient of thernal expansi on. 53.
The opti cal tsjsenbdé/ ‘ch rr# q ﬁEeI'Vn sad d second coefficient of thernal
expansi on  ahdSEH4F 195PPUIETEPF Y@ ERTe0F Ther mal expansi on are each | ess
than said fia 8ist aaed §dconekritcuf dishemitgirst @xpandsiopesit@Oedit, saiffestopt i cal
assenb dPbnor 8ol ABREELIY ARl aiuaqtka&gs@[e%dﬁésrmh@rgbame@%q sbLdmt
throughtb 1< &l feula an sa secon hroughbore 1s oval so that said
opti cal ctr@h!ermﬁlt pqsgfoneq)maagtﬂeeoqdﬂha)upmt@r@sorftq tatqa%’“t widgacandrBAM iy Sﬁ'l“'at e.
55. Theao‘PiQ&N/&@\lere@ét%\PerléélderstQJn%'s@?:oE’\q of.éug khiped Gf)ma't&iaﬂlﬁbvﬁ\gmtﬁlr@c'“ on imge
di splay system and wherein sajd optical asse %% is a cogﬁonent of said

proj ect§%8 'Ci%g@hﬂﬁ"@b@é{?”%%tsé%th” epetfigienh ol e eR) erangier S8R9 AEVSA" 83 i cal
el ement filkOard JARIRESHIL oRtTRIBtSI JF tﬂerﬁhél&jxﬁ@ﬂsioﬁﬁo irgERIg e trbi IRpliFRdYd $hes keioptidee
optical el ement terial coef fi | ent of t her nmal

formed of a hav
expansi SH"LHI"Y Pﬁag f iahﬁ‘eﬁlng?réd P%Ptr?é’ ag?&g’errg%’ \é?'tffﬁfenﬁ%sv'f‘ A e ond
coef f i céxpatsiof oftshi@rapetal elexpanasidonaid mdetihg piste. coef fi ci ent of t her mal
expansi on being different fromthe second coefficient of thermnal
expansi on, the nmethod conprising: 30 providing the nounting plate with a
ci rtl a¥1.t hr dbehirisekasaerdblant ceial 5@ Whergiprtsidraptical iptemept iscegvarble ralaslygMbor e and
the oval,d Db HAEBRLERYoih & §Bﬁ&p&n6@b§-t§aﬂnﬁ'@t’ dhd W 834422 RBries of
PCT/ US02/ 25461~ - 46 positioning the optical elenment in a desired aligned
posi t i orfihgsivenare disss@ed second ReANtiHeme| hgdiapPratsetihashesive.£ne 5eididiis 6t t he
opti cal oh&nsnd mQtQNeﬁ"tl%ngﬂ@si@&frr&m@tﬁ)ntrﬁvﬁw@@ vi@len§thrt® yglakaiieadtbn-candle
entrance to the circular throughbore; ﬂ%@%l ng a %gaantlt f an. adheS| ve in
an oppodiheEVelff FerERS Y PRIEALY et} g OFAY E XA DT E SR H nce of
the circul ar throughbore; pI aC| ng a first disk into the ci rcul ar
t hr pughbor e d int cont, t he adhes o the
ovaféjt h?%ughgg? &PUR PR o con Fo Wh?rﬁmﬁg% ﬁe@%\%ff%'enﬁgpﬁgh{iﬁ %agr%aém
second idiapprexifmateiveahuelf togaidebiet ccwlffldmt/ph@ewaﬂ Bxragsiewef f i ci ent of ther nal
expansi on between the second and the third coefficients of thernal
expansion; and 10 curing the adhesive to secure the optical element in the
al i gneds5posi Theapticgzassamely wEFIAGHS @ fvheteli s3d5EComeroeiitiorhel REm PRaNTian a
radi ati Q- S ARY BoAER oY BhePRSl ekhiisioh lafeSdacR s SR6QAA HiiSdesifdleht b BASIH SSi ve
of radiation effective to cure the radiation-curable adhesive, and the
curing ¥PAPYISes irradiating the radiation-curable adhesive with radiation
effective to cure the adhesive and thereby secure the optical el enment in

positiopn rel ative the 15 noupfin ate. 58. An ssenbly for a
pr o%‘ict?‘bn i ﬁ‘éﬁgptéﬁag?ﬁsgvb'&?iflgm Q‘é&’ﬁg?ﬂ%m Hisks St a'n ?a"{ fars’ﬁavi ng a
first nghitge pathcaladare seidcenehdbenyhtoge |padalspaba3c$adpmmcal eferem isai d first
mount | ng s n"Alishe blatite BiSAbaRGEARI MPUNting pads raised above a

recesse

55, The optical assembly of claim 50 further comprising a projection image display system

and wherein said optical assembly is a component of said projection image display system.

25 56. A method of attaching an optical element to a mounting plate in a projection image
display system, the optical element formed of a material having a first coefficient of thermal
expansion and the mounting plate formed of a material having a second coefficient of thermal
expansion, the first coefficient of thermal expansion being different from the second coefficient
of thermal expansion, the method comprising:

30 providing the mounting plate with a circular throughbore and an oval throughbore, the

circular throughbore and the oval throughbore having a spaced relationship;



surface portion of said nmounting plate; 20 a quantity of an adhesive
applied to at |east each of said first and said second nmounting pads; and
an opti cavoaBeaené positioned in a desired aligned positi ®TiiSotr2s4espect to
said nounting plate, wherein a fi rst_4§prti on of said optical elenent
contacts said adhesive on at |least said first nounting pad and a second
portion of said optical . 0 i iMe said
second munt‘%’ﬁglorﬂﬁ%l,thes%ﬁt'%%ﬁge%lt '\?]eap{)eg?%ld;a@ﬁéqg :ﬁg’%ﬁ 3”'%% rfe?é}cggoi ‘JHQZ'E‘{“P@%

el ementplata viteesin deeiipedf Hieiogtiead elsmsit doyers 0BG entldnge dpthiecayr! weesgsrganst ¢l ai m
58 furtfere 608RIth $hd GrRiaPARbidnBgibNg el ement positioned on said nounting

pl ate and a nounting device positioned proxi mate said positioning el enent,

a quantity 3PPV aagieetiv\ag agsENeshg it B SPROSIES eHENER OktRE @VASIIRLIGTREi ce so
t hats a §hdgpdsiRnklafdt &ftheBircdr ehrofihbedl el enent contacts said adhesive on
sai d nounting device. 60, The optical senmbly of claimpb9 wherein_ the
Tount i g devieena St DB stL R SR ERAE TG cePBREY & AT vaalF

opt i cal seebenasK inathe loeal ahroggtedrevdntiints ickntdegrige heaidhésivee denfirprandrthe t 0 cur i ng
t he adhesive.. 03/.0212 JSO = A7 h 1 'y of
cl'ai m oOeEr TR e B 8B el of Hep o BRI BEARED
trans| atecon amidht ideodidigieasf dfermateapirsion; 2. The optical assenbly of

cl ajgn 59 wheggin. aﬂdﬂe@x%sﬁoté OUH: %k SR NRmehSindné BidnbdBbafsh. sai d - mount i ng
device is an annhul ar neta gl sk, said ful crum configured and di nensi oned to
be 5 received within an inner circunference of said annular netal disk. 63.

The optsgal ARSRIRGY ofdiaifl B Wh&8in ikl ddhesive® ARbdISHIMGE: UPabity Sihesild &Y theage
di splay system and wherein sajd ?%ti cal ss_enbl%/ is a g,o, oner% of said
pr oj ect "8RNIREERITIs 2R rApEYSSIYE ©Of Baiatiad AEIYE b Uratiiede 'Pﬂ%'%ﬁ bti cal
el ement adheside, B tHel dignPLarh@isesiradiptieg @e radkiohtagele adhegdeayitls ypstaeion
conprising;. 10 proyiding.the untin Late w th i rst. i d and a
second ?‘FB%HY"] Wg‘:%bea eag E%Wefalnfjrs{tt?ergb usr?? 'i"ﬁéhep%f)&'cgnel r?aéﬁ‘temspeo(?gﬁg%r]r%thv%? ?% pad

pr oj ®ctmogntiabolaes.a recessed surface portion of the nmounting plate;
applying a quantity of an adhesive on each of the first and the second
nmounti ng pads; positioning the optical elenent in a desired aligned

posi ti oP8-wi tAn pritspeassenigy fde RreiagHAN AGagelBsAiAYaRYEteih 6PBPTHFIY: f i rst portion of

the optical gheiRiy FROLAGISa HRETBARESI D48 afia sBRnfiinfothtiMPp dpaedadrand a

second portion of the optical elenent contacts the adhesive on the second
mount i nigem said firsh MPUeting rRg- B fiss ARLTAESGANTE MEUT N LRI IRFef RBROC GRTSPhds t o
af fi x tiprabPpdréed oda@mBlnting plaie desired position. 20 65. The nethod of
claim 64 further conprising providing the nounti lafe. with .
pos?(ﬂ oni ng %F‘é"}‘?ﬂmg?aﬁ‘aﬁdh%s%ﬁj @Ry tﬁﬁg\'fgmaea?régessas'd;grssﬁ'} Sa?(':c}(la\geﬁ%rr‘ M8 6F the
nmount i ngadsl ade, applying a quantity of an adhesive on a surface of the
mount i ng pl aé[nedptiggselletnl\e?\pbg@tio%emuyaésﬂgd aligned position with respect to said mounting

plate, wherein a first portion of said optical element contacts said adhesive on at least said first

mounting pad and a second portion of said optical element contacts said adhesive on at least

25  said second mounting pad, said adhesive being curable to affix said optical element in the

desired aligned position.

59. The optical assembly of claim 58 further comprising a positioning element positioned on
said mounting plate and a mounting device positioned proximate said positioning element, a
quantity of an adhesive applied to a surface of said mounting device so that a third portion of

30 said optical element contacts said adhesive on said mounting device.

60. The optical assembly of claim 59 wherein the mounting device is tiltable about said
mounting element so that said optical element can be aligned with six degrees of freedom prior

to curing the adhesive.



device proxinmate the positioning el enment, and wherein the step of
positioning includes positioning the optical elenent so that a third
portion oWwotla@mrpéi cal el ement contacts the 25 nounting dedrasozesict he step
of curing includes curing the adhesiv% on the surface of the nounting
plate. 66. The nethod of claim#65 furt Rer conprising, during the step of
positioni ng,.tilti th 1t i Vi t i fion | ement .

67. Theﬁﬁet h-[)h(? 08%'062%5?%%8'6&0%%5:& ﬂNt ?eem gﬁ%ssﬁ%{j?e rrﬁe%g’?é g%enﬁl!tn&pg@g“ ul crum and
t he nouwtegiasg of Bénstiwivh eed theeeadeoraenaf eotatipet al di sk, the ful crum confi gured
and di nensioned to be received within an inside circunference of the

annul ar_netal disk. WD 03/021296 PCT/ US02/ 25461 -48 68. A |ens nount for
nmount i iif-a dihskerges gesembbne dam B9 WhartinFHAPPBFPNHRISIRtNe i diulum BPdFEet i on

i mage dh&phiay dSVEL i8Fh aRUIMIThethINgsk, Said QMU AYhMEIred dnidldirherd¥RIABE tdge f | ange
with an arcuate first npuntjng sufface and a second nmounting flange with
an a5rcJS‘Eeévegé’&'ﬂﬁha’hﬁﬂ?ft‘i"ﬁﬂ“te{ﬁgfﬁéa?a'%%1’?%"31‘ MW 93kd said second 5 mounting
fl anges extending away from said body with a spaced relationship to define
a reces capabl f receivingt i sk-shaped_ | therein:.  an irst
resilient i %@éarc’tpg%{?ta%%e e? (ffod éggggﬁ‘eﬁﬁﬁ'gﬁ% an?%% §P(§1ne' di %E'-%ﬁé%@%wa

sai d fiardtwherarssdid eptical #rsemnbly ¢onteranagt o spidroréientionfimagei displdyrsystempunt i ng
surface and thereby urging a first portion of the | ens against said second
mounting surface to ensure proper alignnent. 10 69. The |ens nopunt of claim
68 wher@-n sAMmathed®f aHaghing BeRsicaltPment 1o MeEMNIPAASR INcaPIPEHY Me8f d fir st
and sai fspRc98@mf Leng@sg: said lid having a second resilient insert which
contacts a second portion of the lens different fromthe first portion.
70.1%The | ensP'AELIRG tEFMRUNENGPIBES ViR 7 HTsh MOHMPIRFHE"E 3 SEFOCHATA NP 819 BNt i ng
sur f acefirbSmauhting bsdlatthe Recdnderouatic Sl mojbétingtabb@sa tdcesded istrdaetpottion of
conpressi vel y captured between said shoulder 15 and a facing surface of
said di ﬁ%é&'f@a‘ﬁ?tghs. 71. The lens mount of claim68 wherein said portion
of sai d fir sdpplyingrit quagtity f baeehdsiye an eaclr efuhe drsit @old) theagedorsiamnouniting géds;
resilient i £ o) i y C i -~ facing
surface of s'?"}?f&“’@!@ﬁ%@%@}%%ﬁﬁ* %%gﬁ%ﬁﬂr%ﬁﬁsmngﬂr@ morgsé:eﬁg?ﬁ%hgg& fuﬁtr'? er
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mount i 5,486 ATROSMHorth ¢ 8hdloRIcA &G dr@ Borl tHRE 8held B4 AY oS W3 Ls8BBnd Iounfing

proj ectl cc)jnar!dnage di splay system substantially as shown and descri bed

her ei n.pad:

curing the adhesive on the first and the second pads to affix the optical element in the

desired position.

20 65. The method of claim 64 further comprising providing the mounting plate with a
positioning element that projects above a recessed surface portion of the mounting plate,
applying a quantity of an adhesive on a surface of the mounting plate, positioning a mounting
device proximate the positioning element, and wherein the step of positioning includes
positioning the optical element so that a third portion of the optical element contacts the

25  mounting device and the step of curing includes curing the adhesive on the surface of the

mounting plate.

66. The method of claim 65 further comprising, during the step of positioning, tilting the

mounting device about the positioning element.

67. The method of claim 66 wherein the positioning element is a fulcrum and the mounting
30 device is an annular metal disk, the fulcrum configured and dimensioned to be received within

an inside circumference of the annular metal disk.
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68. A lens mount for mounting a disk-shaped lens in an illumination subsystem of a
projection image display system, comprising:

a body having a first mounting flange with an arcuate first mounting surface and a
second mounting flange with an arcuate second mounting surface, said first and said second
mounting flanges extending away from said body with a spaced relationship to define a recess
capable of receiving the disk-shaped lens therein; and

a first resilient insert attached to the peripheral rim of the disk-shaped lens, said first
resilient insert contacting a portion of said first mounting surface and thereby urging a first

portion of the lens against said second mounting surface to ensure proper alignment.

69. The lens mount of claim 68 wherein said body has a base and a lid, said base carrying
said first and said second flanges, said lid having a second resilient insert which contacts a

second portion of the lens different from the first portion.

70. The lens mount of claim 68 wherein said portion of said first mounting surface is an
arcuate shoulder and said first resilient insert is compressively captured between said shoulder

and a facing surface of said disk-shaped lens.
71. The lens mount of claim 68 wherein said portion of said first mounting surface is an
arcuate ledge and said first resilient insert is compressively captured between said ledge and a

facing surface of said disk-shaped lens.

72, The lens mount of claim 68 further comprising a projection image display system and

wherein said lens mount is a component of said projection image display system.

73. A projection image display system substantially as shown and described herein.



