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Field The present invention provides an optical device that is useful in a
projecti owo 03183088 em | n particular, the device provides PCT/Us0p®BRo

al i gnnment of the conponents constituting the optical core and provides for
a systemthat allows for access and rempval of some of the conponents.
Background 10 A proj ectgp@ficay SERACERIEAROECEON Sesravioper al i gnment  of

t he conponents, particularly the optical conponents, used therein. It is
al so desirable to be able to change certain parts of the projector
conponents that may need repl acement. g6, FRig Nor mal usage. For exanple, it
is a conmon practice to replace a burn bulb in a projection system
with a new one. |Theipsesgatdnventioreprovides anwptical émmhatmseful wogderdonare 15
user frie dI th ] relsa
need for gl I%&l ve?érg{cﬁ?r’ FE dg‘?lléé %mggesi%ﬁle %’[“34 é@o RS JIH?

proj ection sgmismnnnﬁhemmoﬁ c@@anﬂtmomd@stystwdm aldnwspfomuceheand or an
optical device desi as to IIow for precise placenent of the

conponent s nERIN oﬁgoqj%%fstg?)ﬁn&pé)fle%%re. The optical core conprises of a

pol ari zing beam splitter and a i maging unit, which further conprises at

| east one color prism at |east one | er and optionally, at |east one
heat dissipating unit. 25 Advantag he design of optical device and
the varipus opti CAlprdj&@tien s J@Qm?ﬂeﬂly&e@hﬂe@ﬁtof)wahgﬁﬁ%t o£INB ¥ahpdibnts, pol ari zi ng

beam splitter (PBS)._ The desi r abl | ds a system whereby the PBS
can be re rmv%’gl%iﬂ%i}yrté’b P%é]ocoﬂl}’o%tmfsybﬁeé éherenﬁlslé #s aéﬁ.‘?éﬁsuf"%lftto beighle toonal

al i gnnment  of cﬁalage QRfainGakts Gﬂﬁ@?ﬁ&%ﬂbﬁcérﬁpdﬂ&ﬁﬁthmMeeﬂ%%%&ﬁdue tbhus, the

design is robust and is user I .endl 30 In brief summar t he present
i nvention prevmgbesagn Rosexamnle, ddyp é@nmﬁn practise ég @ekap%bwfsltgéhbuﬂe e devi ce
conpri si ng: ecﬁotp t%fn' %&H‘eﬂn&%{@ $05 bdstiBle (nhBQbh iéﬁ[a%&ﬁént pfoRdiRdsStng: (1)

first, secon d fourth sides, and top and bottom surfaces,
15  user fnendly SO that the majority of users can follow them.

There is a need for similar versatility and ease in replacing other parts in a

projection system.

Summary

20 The present invention provides for an optical device designed so as to allow for
precise placement of the components making up the optical core. The optical core
comprises of a polarizing beam splitter and a imaging unit, which further comprises at
least one color prism, at least one imager, and optionally, at least one heat dissipating
unit.

25 Advantageously, the design of optical device and the various optical core
components allow for easy removal of a polarizing beam splitter (PBS). The design
desirably yields a system whereby the PBS can be removed and replaced by a typical
user such that additional alignment of the optical components is usually not necessary.
Thus, the design is robust and is user friendly.

30 In brief summary, the present invention provides an optical device in a
projection system, the device comprising: (a) a polarizing beam splitter (130) further

comprising: (i) first, second, third, and fourth sides, and top and bottom surfaces,



WO 02/ 102088 PCT/ US02/ 19080 wherein the first and third sides, the second
and fourth sides, and the top and bottom surfaces are substantially

paral | el wo oene2o0shot her, and wherein the first, third, anaCraso2/wossi des
define a first aperture (134), a second aperture (132), and a third
aperture (131) respectively; (ii) a first neans for spacing the polarizing
beam spl i t t egnaed R MSQIMRGhHiPRIGR, the 2ot Unk f&i]rtala%des,tagﬁ et ind oRBR T OF

spaci ng (136a) disposed on the first side of polarizing beamsplitter,;
(1ii) a secowdfaprsarssubgiantials phiabel ta g@tapothere ansbvheréin thedirgiethird, ang fourther f anﬂ
an optical c ' f {\de of the
ol ari 71 ng bous EfF st ARSEIPHH, AR HARORSS, AR L B uBilOS |

pol ari zi ng swskpectivaly;dih ﬁltsmeamtﬁr(saacingdh@pdlﬂ'aﬁlglbeamspliﬁﬂ'r alékl a(trpawstu?h sposed
on the top s [zl . . iitter; .an a first axis
| ocated a tﬁg %gﬁgrg@f fhg %@%eg?s fc%ﬁ gl)tgﬁlég f)lgga?ﬁlsijg%eg glédn%i r%ssb elfif%dgr; (b) a
calr rier assgpﬂlmj/zil(gr@??l $ﬁtte;rﬁ(ﬁuii)di seggxﬁhmaﬁtﬁ@et]pabimtg(m?) mepﬁtuﬁiing)ﬁeahhe .
pol ari zi ng beam spl.itter. e.carrjer attached to east .a. portion o e
bot t om sur f a%?illﬁeroag’dtaﬂé)pé%?ll SPF FAmg heseiondipsans g‘lspoéﬁcgmf %‘8 g‘f“é%‘ S8 Mat e to
the second sj@iﬁizixig Edaﬂlfspmérﬁcﬁ)a! thigd it@eamfh 1cgrmbidiﬁge(ﬂ36d() Hg ?ff)b&lhﬁing%lzlitté)f m{arl t
conprising: (i) nmeans for aspi.n carrier ..and (ii) at |eas
one gui de me 8?“%%?77 ﬁa@ﬁg{‘?@)@&%a’? @OFFG %ﬁ#ecto?i _30%@9P?|‘@“Zdn%ecpnd
geonet ri oy Cebdald splittérSand (Fa AN 4t theQRBinEEic REMN TS olRizinB Bedrhi 1 d

side of the polarizing beamsplitter and in optical comrunication with the
pol ari zi ng A Epiajcptrisr asspmbly (7 10) s guidingithe insrationcandreragyglief the s presuned
to nmodi fy al holWums el sphffer! B bdrfbd AARHRE 1Pat RRAUS Ao AR otdm SHFibeaS, but
not limted to, dinmensions (length, wdth, height) and thickness of a
material . Foof thxpoteizing beam sphiteravd legated piakisatecs shegecondideiogthepr esumed to be
a filmhavi fa 3 : i et el Q] t he

Br awi ngs. 25 TR R S DA o BRALLfurr Bhorkiek () FEAR ok e

consi der &1 i osardr (7099; anddli) ahasigond gride menibetd3@7)i andi(orangfagihg unitflHdus

enbodi nment s . I i i | 1 0 i dr awi ngs,
i ahi cn B bR O e SO khthe o Toch 8 RAERABAINL B 1007
accordance side &f theypolarsqerheamfsplitter andinapticad nom@Onibdtion withithe poldrizinyt vi ew of
a pol ari zi ngbel%%aéﬂiﬁ&! itter 130 in accordance with one

In this document, the term “about” is presumed to modify all numerical
20  recitation of a physical property such as, but not limited to, dimensions (length, width,
height) and thickness of a material. For example, a film having a thickness of 1 mm is

presumed to be a film having a thickness of “about” 1 mm.

Brief Description of the Drawings
25 The invention may be more completely understood in consideration of the

following detailed description of the various embodiments of the invention in
connection with the accompanying drawings, in which:
FIG. 1 is a schematic diagram illustrating projection unit 100 in accordance
with one aspect of the invention;
30 FIG. 2 is a front view of a polarizing beam splitter 130 in accordance with one

embodiment of the invention;



enbodi nent of the invention; 2 WO 02/102088 PCT/US02/ 19080 FIG 3 is a
front view of an imaging unit 400 in accordance with one enbodinent of the
i nventi orwwORR@2048 i s a cross sectional view of imagi ng uniPCTAGO2/st8w ng a
simplified tracing of ray 152; 5 FIG 5a and 5b are front views of carrier
assenbly 700 di sengaged fromoptical core franme 600 in accordance with the
present inventi orFI@)i3liga Fbkt viGE oSdnGMEgihS Bnit L0ih b&orAESEKHM dne/00 engaged in
the frame 600; FIG 6 is.a front view of carrier assenbly 700 partially
engaged in offfbediment of the inventign; 600; and 10 FIG 7 is a perspective view of
an imging unit iFAAG9% SRRCRMnhIvien8F ifking GHR 260 FBRinedf sihPrdgnvent i on.
These figures are idealized, are not to scale, and are 1 ntended to be

i |l ustrativetracirgPfa®hli% miti ng. 15 Detail ed Description of the Invention
Referringsto FIG [ [ IO, 4l j ection
di spl ay g‘:;appar at u%lbiggh@%ﬁ%fgﬁegﬁgﬁﬁé‘%ﬁg%&?gﬁgﬁgﬂg '7%?&?&{ fg%"d @ggo%gﬂ

i magi ng uni t cordBrame AGD injactarddanee with theypmgsent iB@ntionwhiter EIGs Serphavisitieed form i n

use, polarized.li i i i .state Pl enters PBS unit 130 in
the directi oﬁa%%é%gbm&géﬁgﬁgﬁ%%%i refringent nulti-layer film 138,
whi ch functi ons d9Ga 6ried frexttviereofxatrar awembly (760 patally engagphitin bsticalngre

pol ari zati on.P1 iﬂﬂ)-d. ection 152 into imaging unit 140. The inmagi ng unit
may further @%Iﬁ?al n*%f ectronic i mgi ng devi ces, not shown, that can rotate
the pol &0i zati orFI. 7ii$ 4 perspeativeorievi bPan imaging uxiein-dst@éangewitk bnothe® f or m at

| east one image...In a.preferred enbodi nent, imaging unit 140 conpri ses
three i magi na‘%&\vr‘%gf&e%’%%% one illuninated by a different col or,

wher ei n i magi ng Urtieke figReshiny idd@ied, AEON0: Rscalk) M8 brelibitndedit®bé MugeticO! Or S,
each directed at gne .of the three imagi ng devices. The col or imges forned
in this mann®d 9PdiRiER% econbined by i maging unit 140 to form i maging
beam 153, which is then incident on birefringent nulti-layer film 138.

15 Detailed Description of the Invention

Referring to FIG. 1., in one aspect, the present invention is a projection display
apparatus 100 comprising projection lens unit 120, PBS 130, imaging unit 140, and
illumination unit 150. In very simplified form, in use, polarized light having
polarization state P; enters PBS unit 130 in the direction indicated by arrow 151.

20  Birefringent multi-layer film 138, which functions as a reflective polarizer, reflects
light having polarization P; in direction 152 into imaging unit 140. The imaging unit
may further contain electronic imaging devices, not shown, that can rotate the
polarization of illumination 152 in a pixel-wise manner, to form at least one image.

In a preferred embodiment, imaging unit 140 comprises three imaging devices,

25  each one illuminated by a different color, wherein imaging unit 140 divides incoming
light 151 into three colors, each directed at one of the three imaging devices. The color
images formed in this manner are then recombined by imaging unit 140 to form
imaging beam 153, which is then incident on birefringent multi-layer film 138.
Because some of the light in beam 153 comes from pixels that have rotated the

30  polarization of incident illumination 152, this light is transmitted by birefringent multi-
layer film 138, while light having unrotated polarization is reflected back toward

illumination unit 150. As a result, the image produced by imaging unit 140 is



Because sonme of the light in beam 153 cones from pi xel s that have rotated

the 30 polarization of incident illumnation 152, this light is transmtted
by bi ref rivegeni2osel ti- layer film 138, while |ight having pagdoatado
pol ari zation is refl ected back toward illumnation unit 150. As a result,

t he i mage produced by imaging unit 140 is 3 WO 02/102088 PCT/ US02/ 19080
transmtted E s unit, 12 whi ch e rays
155 onto scr"Iéaenrsill%)1 t%gggﬁfﬁe%u%i t20 ICh 238 Jecsgg%ﬁ?ldlgﬁ{rﬁ}'sr g%%gﬁ)cfc%(?ﬁrt h

si des and to;060and bott om surfaces. The first and third si des, second and
fourth sides, oLt om surfaces re.substanti,ally parallel to
each other. The %ﬁ%@é‘%%ﬁﬁé@%’@r&@r‘f&ma&lﬁi:lfles aﬁ‘mné 'é‘}/&n the third
si de cor r espapfisest (.Th‘e fiest amtthid sidge sdoviicand JGurthasidds,lane tdpoint bbttsih Sl@ faces

corresponds to the rd rture 31 , 1 nci dent poI ari zed |ight
151 ent er€ ¢ #& subsyg '] 33782 1greagh e Aﬁ‘ﬁ%“ SOTRPoRdsfa adstepatupBs s a

non- aperturemum%alﬁmsaawlcddemndm%semnaap@mee mrﬁﬂcﬁheﬁﬁﬁﬁﬁfﬁéy as further
descri bed below. 10 The quality of the image pr C gdly | ens unit 120
p{gga}_rg 1

onto screen BSHoR ?Wﬁb‘b@‘@é apgrurg Bils Agishew sgide ghidS1 erders g uni t

140 are propgildy sinest thb PRSI TANELCAAI mther@ﬁgmsngﬁe@%u?ﬁ&tmﬁles Mor eover,
it is preferred that posjtioning and alignnment be Tobust, so that PBS 130

can be repl aﬁé@nwetﬁ@l%ﬂ”@r@ﬂﬁ’fflblﬁ,aﬂtﬁlfurﬂ@t@ﬁlsﬁﬂwﬂbploé’ffects on projected image

it t h f 15
Fs 130 M [ragi s qunfty of 4f dec R BE R 1) ¥nf 3aF TP ERAL | 17
all directi olﬁslﬁns umt 12 @BS 1d8.sing imagieg wnitdd6 areampedvmemrmedenddfgnass 130 and
| magi ng uni Uil o QﬁotPé@{l\ﬂ&@d@F gt 1%%1%féhgd fﬁappo%ltggﬁggﬁd ﬁ%}%}ﬁ%m ngr ee

coordi nate axes Si m nthis
docunent, t h@btlsh,rseehatt@BSdBﬁaarebmldscedmﬂluuteslgn(ﬁb)mttdhmmqntai effdcts amxi s, i.e.,

t he georretrlc center of e S unit 140 o ion | ens
20 unit 120 ?e‘é’“ea 1%%3(51%11 Frlr?;%s lieﬂ foug{;@%t oﬂng er“é’faﬂgff‘%{’%%i@ﬁﬁfcul ar to
121 runnifhg PR&L3d amllﬂnylgmgdmt lzmscanrbeld@eteqbbvalmwrdﬂh}lﬂﬁmﬁag;em(aﬂmﬁre&tmw) and

(3) a second r dicular.to. 12 s out of t Iane of the
page (not sh%ﬁﬁej“dqs é’ﬁgg origptatiop P%\%glﬁﬁ a’(ﬁlm g IeH 1ﬁ€§ oni ng and
al i gnment  of mhidfaged Mithin £80 ,degis&woaamrearadoruﬂm laReék sithilldr tolthe xG §Y) ah@z-achi eved

t hrough the use_of conp
g coordinate axes. fn tﬁls document the three coordinate axes include: (1) the optical

axis, i.e., the geometric center of the PBS 130, imagining unit 140 or projection lens
20  unit 120 represented as line 121, and (2) a first axis perpendicular to 121 running
vertically and lies in the plane of the page (not shown), and (3) a second axis
perpendicular to 121 and comes out of the plane of the page (not shown).
In one aspect of the invention, proper positioning and alignment of lens unit
120, PBS 130, and imaging unit 140 can be achieved through the use of compression
25  springs, as further explained below. The forces exerted from such springs are
schematically shown in FIG.1 as arrows 162 and 164, which push the imaging unit 140
against the PBS 130 which in turn pushes against projection lens unit 120. Proper
alignment of lens unit 120, PBS 130, and imaging unit 140 means that the optical axes
of the components are substantially coaxially aligned.
30 Projection lens unit 120 comprises input aperture 122, output aperture 124, and
a system of projection lenses, located internal to enclosure 126, preferably aligned

along optical axis 121, but not shown.



25 springs, as further explained below The forces exerted from such
springs are schematically shown in FIG 1 as arrows 162 and 164, which push
t he i magi wa da2niobosd40 agai nst the PBS 130 which in turn pushessoageisnst
projection lens unit 120. Proper alignnment of lens unit 120, PBS 130, and
I magi ng unit 140 neans that the optical axes of the conponents are
substantially coaxially aligned. 30 Projection lens unit 120 conpri ses

i nput aperture 122, output aperture 124, and a system of projection

| enses, located internal to enclosure 126, preferably aligned along
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Beam Splitt er ptica ent I|I cjdent |ight
rays i ﬁt o a first E§§ %’h?%cﬁ 0813?0%8{%? Sgl f#egtgfﬁl}g a%grsg second
(refl ect ed) Qmahsmttacatpbtanzalmompment anE@rseqmd» [Ieﬂédtealmpslyﬁiaaﬂﬁ cdmhginents €

e 111 um nat i mo o7 BYeBeR Y ok Pt B sy Lol imgghe ' "

physi cal s pad:ﬁﬂdéﬂﬂigﬁlqnﬂawmla theliinhigatihg dightsiehtah e the REste Find gdshat g €T
offers a corrpac Mbst reflectlve LCD i magers_are polarlzatlon
rotating, i.¥me }Sfrl%?i SpASeb batgyeqn applarizingdiey apl ief (FESHBd GimgRepHeres
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transmtted with its polarization state rotated to g}row a desired gray

scal e. THUs, light issiither tsampmitied with ifs pplprizatignsate sehsiantia dm§!§>dtﬁ¢é forfbut beam

Use of a PB
pol ari ze t hgd ﬁrﬁ%ﬁﬁﬁi8?%113%1&&6@%{}1\{%%%8%&8%?@ %g%f.%d E%pr\‘c}\%ﬂ?)%;i 7038%%' n Figure

1, di scl osesscaleCahus 8 ipalarip@dicht kaswris s@erafly asediag telvfuy beam. nlsetdf aPBger
birefri ngent ﬂ”éré A a:f% adtive @és‘?g% He@au@T ALAP RGNS ?(ﬁanz%qge ﬂéﬂt%@&rﬁ?mff&l@s to
X-p 1Pe ™ "ap y

refl ect I ncl dent wt ol arization appr oxi mat e

s-pol ari zat |f¢bﬁ)1ght$e'él page 11 lines 9 to 11. For incident rays of light in
a large ne angl do?ﬁ) rovi de a
hi gher C(F)s(r)ltrast t‘ﬁgn Bg% %ﬁi%“%g E?c%%@%%ﬁ@s%%ﬁﬁ% f@é}ﬁ%% ﬁ"gt%‘alslﬁ)ess %of

S- pol ari zat i onltidgyer b}rpfnﬂnge‘nt filkh 52 encaSelden Cghatsasba i, Ia%ommtmse aslakfléct PBS t hat

can be used liig%t gnréledettl)trvgﬁﬁa Q—E)ollarrlléla%on kl €., approximately s-polarization). See page 11,
lines 9 to 11. For incident rays of light in a large cone angle, the Cartesian PBS has
been demonstrated to provide a higher contrast than a PBS that discriminates only on

20  the basis of s-polarization vs. p-polarization. The Cartesian PBS is one useful PBS that
can be used in the present invention.

Yet another useful PBS is disclosed in U.S. Patent Application Serial No.

09/878,575 entitled “Polarizing Beam Splitter,” filed on June 11, 2001, by the assignee of
this invention. This application disclosed a PBS comprising: (a) a birefringent film

25  having a pass axis, the birefringent film comprising multi-layers of at least a first
material layer and a second material layer, each material layers having an absorption
edge in the visible spectrum such that in the ultraviolet region, the absorption edge is at
least 40 nm less than the shortest wavelength of light that illuminates the polarizing
beam splitter and in the infrared region, the absorption edge is at least 40 nm greater

30  than the longest wavelength of light that illuminates the polarizing beam splitter; and
(b) at least one prism having a refractive index greater than 1.6 but less than a value

that would create total internal reflection along the pass axis of the birefringent film.



Yet another useful PBS is disclosed in U S. Patent Application Serial No.
09/ 878,575 entitled "Pol arizing Beam Splitter,"” filed on June 11, 2001, by
t he assi gwe®206208% hi s i nvention. This application di scl osedTaSPBB®080
conprising: (a) a birefringent film25 having a pass axis, the birefringent
filmconprising multi-layers of at least a first material |ayer and a
second nat er Tigd PBSW4@hid t6 B3 cRRh@di databliiy RtRe ARAY UNVhnd BLRNSAS dFiheORsibigdge i n
the visible spectrumsuch that in the ultraviolet region, the absorption
edge is at §PseiEim.4Bhe i crass iy insapsthe pptiqabaxis Hidtpasmaisdemoishe palagiver.t hat

i Tum nat es fherpe vidifidett mfl§aesfln.tter and in the infrared region, the
absorption edge is at |east 40 rim greater 30 than the | ongest wavel ength of
light that ill unilnatsejeqtion sydmsich asg fnahen repriprejection systamn, tymgallzitwe east one
prism havg n [ i ' [ : t . _val ue

Phat woul 1 orosp gt el el BRnR iR e i b ERTal P08, 1 e

bi r ef r i ngent ship¢dfBS. Sn\ids oax¢, 11 DIgSriREN IB0R f4de8hed HétwedBEe hypotanstst 0 have
ext ended dur ghj.li | n 1 agh f, the visipble ectrum
The e m » paga biclorfhs ol A BacKhiThcthd s bbtloa Bhole' & o e pBS

pol ari zer, i peeferradfin irost frojeetfonispgy@ant beomist it-pravydes fdrial comphaet desigt, ©g.ect i on
system such aont

a fr r.rear projection ste typically two 5
Substant al |6 eipushanSipoRimbiRl Tk SR b oot g s i m
subst ant 1@l | yrovide bbmall digapreighBortable prdjectorc #oLsonidwystbing, alia dubgetiped i | M i s
sandw ched b@%%een t he ﬁ. ot %gﬁ%es of the two prisns ﬁSi ng an attachnent
means, as diScu¥e¥be pRAtHd s QS PHPYA 1aspare pat sqpaze- o[ paRSquaTe igees
proj ecti on sjsussdpa RARAINE pardllePfa63/$hdE1E bE @rovatied B BRGlex HIficE cotipéhent, t he
| i ght source and other conponents, such as filters, can be positioned so as

to 10 provi d¥¢323% FPl?rPli‘S&h?r-%l_’rQ}?Pt}ondé‘FSt abl e projector. For sone systens,
the cube-shaped ABRubRY cliR i§Bsb gréfedeSdiiddiniat, oBREPBS sﬁ%&@caﬁ%@ﬁ&d@re not
square. |f non-square faces  are used, a matching, parallel, face should be
provi dedlby Kerexeanle. argbanstion eliepoplamsms cankerpsspsbldddo prsivisle apri sm or t he
proj ection | @panauilrtphauKBugHREPBS aRBBsddif R D650 RBAG UIB BhientOt her PBS
shapes can be used. 15 For exanple, a conbination of several prisns can be
assenbl ed t oApplisgticacSeral Nae 89/8Rg i Seare PEBIPlany exaomls of hesfuPBBSditherityrsed in WO

00/ 70386 and,fppx aﬁ%g dinﬁféﬁJrés%&tiﬁ\%Hﬁéﬁ” al No. 09/878,575 are exenpl ary
exanpl es of usef uol PBS, ot her types

The prism dimension and thus the resulting PBS dimension depend upon the

20  intended application. In an illustrative front projector, the PBS is a cube of 40 mm in
length and width, with a 57 mm hypotenuse when using a small arc high pressure Hg
type lamp, such as the UHP type sold commercially by Philips Corp., with its beam
prepared as an F/2.2 cone of light and presented to the PBS cube for use with 0.78 inch
diagonal imagers, such as the SXGA resolution imagers available from Three-Five

25  Systems. The f/# of the beam, optical distance (i.e., sum of actual distances divided by
the index of refraction for each unit of distance) separating the imager(s) from the PBS,
and the imager size are some factors that determine the PBS size.

FIG. 2 shows a front view of a substantially cubic-shaped PBS 130 formed from
first prism 137 and second prism 139 and having birefringent multi-layer film 138

30  embedded along the hypotenuse of the prisms. Typically, film 138 extends beyond the
hypotenuse of prisms 137 and 139. The prisms are substantially right angle prisms.
The PBS has a first aperture surface 134 corresponding to the first side where a first



of PBS can be used in the present invention. The prismdinension and thus
the resulting PBS di nensi on depend upon the 20 intended application. In an
il lustratwoe2fioxoss projector, the PBS is a cube of 40 nmm ipaT/USengtoko and
width, with a 57 nm hypot enuse when using a snmall arc high pressure Hg
type | anp, such as the UHP type sold comercially by Philips Corp., with

its beam prgpaisder paciag1Idadredosuddie Tabs 1368 MincabttoRi Q& d8Fed Padife PBS cube

for use with 0.78 inch diagonal inpgers, such as the SXGA resol ution
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to the firsttak¢ deanyrmenBgaatianrse flong a¥\he(alis 10 20 8Bt/ aB0Re igaptth. neans f or

spaci ng 136agare | ocate T 1 function ..Crea a desired spacing
bet ween t he Eﬁ@e%o e?af%)gq%?aoﬁge)@f ?Igaﬁﬁp‘éﬁl c{ﬁ?ﬂt?.s{a%klz?ﬁlgtpSﬁil? *dpefture surface
131, sectihd frmaad.ef, oo miaize ngatbd@hd aloeerhae af thel PBFabs 136b function to )
create a desired . spaci et n the PBS anpd optical .core frane. On the
top surface of PB8 %Br,e?‘%m §mpﬁﬁﬁpﬁntrrg§ﬁss%’e?‘6?°“§€ﬁ@f %té’wl tlon matpripl ginhy . Tab
136¢ al so f ufimtiicastiee frke edcond) abtbhird adasyrocipacind €A WEieBIL 168 RBionand t he

optical core frane. t hough tabs 36b, apnd 136¢ are _shown as
di screte tab®2teHas BB OE‘E?ﬂIYEFQe%%%%QL@}WQE@%PP@W@“]%}‘“@%@ my take on

any confi gur gdmférciily h@figble PTHR Gith AOEEFION Gbe.| Rlafbther @nbtkitnient, Bbs1Bght pat h.
Furthernore tabs 136a, 136b, and 136c¢c function to stabilize the PBS in the

6a, . 1 .
carrier 1D fisamelyethylene terephipalafefilmchaying adhielmessnd Ondy ame (- 005finghe® PBS. | n

one preferr egeEPRIhdEBS by b breh@fk LGN AHAR IRt @ low friction material
can function as the first, second, and third neans for spacing. A suitable

low friction material is polytetrafluoroethylene (PTFE) filmor tape is
particularly hnit A

After the incident polarized light 152 leaves the PBS, it enters the imaging unit.
20  FIG. 3 shows imaging unit 400 having a first color prism 450 and an associated first
imager 452, a second color prism 460 and an associated second imager 462, and a third
color prism 470 and an associated third imager 472. Optionally, heat dissipating units
454, 464, and 474 can be used to cool the imagers, and are located proximate to the
imagers. Polarized beam 152 is directed towards a color splitter/combiner prisms 450,
25 460, and 470 that splits the polarized beam 152 into three sub-beams. The three sub-
beams are reflected and modulated off red, green, and blue reflective imagers 452, 462,
and 472. A controller, not shown, can be coupled to the imagers to control their
operation. Typically, the controller activates different pixels of the imagers to create an
image in the reflected light. The reflected and modulated sub-beams are recombined by
30  the color splitter/combiner prisms (hereinafter referred to as “color prism” for
convenience). The modulated components of the combined beams 153 pass through

PBS 130 and are projected as an image by projection lens unit 120.



commercially available PTFE filmis TEFLON tape. In another enbodi nent,
tabs 136a 15 is a pol yethylene terephthalate fil mhaving a thickness of
0.127 mmwO0.00a&Bsiches) affixed to the PBS by a pressurePSEASDY19080
adhesive tape. Imaging Unit After the incident polarized |light 152 | eaves
the PBS, it enters the imaging unit. 20 FIG 3 shows imaging unit 400

having a first c i a flrs 52, a
second col or pri gﬁ?ié%r&%z;gk é%g%gg%?gﬁgﬂégié%%soqlp%m%ryﬁ%’gﬁ‘gentgl 2% hi rd
col or pri sm 4100nd 430.aAlthegb FiGt3cdiotvhattadhmena geansydlD. anamo atadokyts, diieat

di ssi pating its 454, 464, and_ 474 c e.use cool the im

are | ocated %%8&?‘%11%%?8 ca{lﬁgusegh‘g&re?‘g g%bt?lgppiggﬁaﬂ g’r‘hcf Ep?gnso‘ia}“gﬁt ed
towar ds a cohdhesisqly hitdcked. Fonhiacking |ﬂfel1ﬁxﬂ§er5169he afordbibms, dind, pbéfiohiagt splits
t he pola zed am152 |ntothre ns. The three ub- beans are
reflecte an‘&1 et ofthgfmagerss %I}eg’ di%eaﬁ‘v fragpgn PR Angent rs 452,

462, and 47Phe AxtGRMAlso Bbldahe cdmneahbﬂmﬁs 4mn6men&mwlmﬁnb@adjﬁsqném9er s to
control their operation. Typically, the contrgller activates different

pi xel s of t hee domggdule ﬂt@dlﬂ&&%@léﬂw colordepbimages Meep dreicalorsade INRIPRET The
reflected anfégﬁﬁ&wnasﬁacesml@me@mmrcﬁ&qabI mﬁ‘@brmkeé%éﬁ}@feﬁeiyor

splitter/conmbiner prisms (hereinafter referred to as "col or prisnt for
conveni ence) metpHis Wh?ﬂalsa@@wgdﬁ?ﬁﬁﬁiéhﬁteé Brackeid2@ eaherpdiachise snthe ¢alor pass
Lhrough 1PESAAR BN appBhsnt ) @RaAladBRACHIYS BRANEC hAflds unit 120,
7 WO 02/ 1020 8 PCT/US02/ 19080 Tnagers 452, 2, 472 are affixed to the
col or pri snesdideriag temmieratires. r&taamrtmmuﬁam 43#2@ fomhm@ﬁnghf@ta@lg HosAndws
attachnent ans can be
used. For egﬁlﬁrel;%tgﬁeg%%ég%@%n ﬁeg cof@ﬁé}%%ﬁl@sﬁ%bgggﬁﬁ%o adhesi vel y
attached. For at tEIGNI hd, arieSal itesgratesne embdimenglobthe prackets 410, #2(swith thosi t i oni ng
5 and align r d 0,68

al i gnnent f| e%enw%&e@ t lfr&flsﬂléq tg%g%ﬁmthﬁe %dgh%ﬁne(ﬂ&m&ragnd’engﬂfgés 460, and
470. Posiii omeadjthass boltet a@mot magdﬁynﬁomdaﬂ bvah'raimhernmypesmlentlbs@k@tybla tleol or

test inmage. ) ors. are stra i bracket 410 is

so der ed ro BRRRIPT n5Eke e MpFraleRuBnRy cond ARSHARGSRLAIRRE Lnan o

sol dering pren®kd on®nelsiéelof daclogprksat (s€eUGC B undewa irdegdnaeht backdieareol or 10

\F,)M-r It ?]gfaﬁgiohggo%?)led%ggle%ggos%sgls%% O?Qa}éh%glséi seei‘I(?%heSI ve that is capable of

FIG. 4 shows a simplified tracing of polarized light ray 152. Asray 152 enters
20  illumination aperture 434, it is transmitted to color prism interface 510, where light of a
first color is reflected as ray 551, to reflective surface 570, and to imager 452, where it
is reflected, in a pixel wise manner, with the image being formed by rotation or
nonrotation of the polarization plane of incident light 552. Light reflected from imager
452 retraces paths 552, 551, and 152, to emerge from aperture 434. Light not reflected
25 by the color filter at interface 510 is transmitted along 553 to prism interface 520,
where a second color is reflected along rays 554 and 555 to imager 462, where it
undergoes pixel wise polarization rotation and is reflected back along rays 555, 554,
553, and 152. The remaining light not reflected by prism interface 520 is transmitted
along 556 and 557 to imager 472, where it is reflected in with polarization rotated in a

30  pixel wise manner, back to aperture 434.



sol dering tenperatures. On aperture surface 434, a fourth neans of spacing
446 and 447 can be used space between the joined color prismand the PBS
(not showwp.o2F0@® 3, 4, and 5a illustrate one enbodi nent pofi/tuShz198@Ccket s
410, 420 with three independent brackets 420 coupled to each prism 450,
460, 470. By independent, it is 15 neant that a bracket are not integrally
formed with epebhgiseinpgependent bracket, but the independent brackets are
separate structures. One of the independent brackets is coupled on one

si de of each pri sthecawisr msembly pllewgfor grick andepsrigmaval f the RBSSTom e coupl ed
to the oppos} i } : . ows a sinplified
traci ng of pgﬁgﬁlis? gﬁﬁﬁ%ﬁ?%??ag{eﬁeg@ Qﬁ@lﬁ%ﬁf&%@gﬁ%ﬂgﬁ %mbéloﬁigl | um nation
aperture 434theimoplasti¢ mgldsédipart.ed to color prisminterface 510, where |ight
of a firgt col orgis ted. r t] f . 570, and
to i rrager§452, vaéPésq Olwigg c%g]fef%é%ng%}f 5:‘:‘#35; n%iaxbgl%‘4 ﬁmﬁé%&r%}aa%#r%rr%% gS\?]@ln{gh t he

i mage bei ng thersseublyy/08 endigiidemembere #070 fiest camm suafaces S poldanppathenbepl ane of
incident lig 5 Lj flected from] er . 452 traces, paths 552,
551, and 15570% Sooherhe s DR SRR g o B G emb B EERRURTLER, T
col or filt ersid¢ ofithé BBS avith apdrfiiré E32tis exporddt tPeckimhto and fdvdlel t» Hasd R0 ik theer f ace

520, where a_secpnd color is reflected 554 5 tQ.imager
462, where i?ecorffﬁsﬂger bGeile ok aerifiesiriacs %jrq%z]%$ gﬁ?%fwgﬁlglﬂs gﬁ)ds F@"Fg‘il ected
Bac k al opg r ﬁ:yt?e &ivSer abdathbly £ Sihport Iiﬁi:niéﬁﬂ%ﬂ[@pfcﬂ[@hﬂliljﬁwe SupBéit me@bers ef | ect ed
y prisminterface 520 js mtted along. 556 and 557 to i mager 472,
where it is FEPFECE é%er?]:’llyvééip%d?é hestxgly L)?P @rtea&'e‘?ﬂ‘%} TPORY, t@BPBPtel Wi se
manner, backmb@bapenture 434. 8 WO 02/102088 PCT/ US02/ 19080 Carrier
Assenbly The carrjer assenbly allows for _&ui ck and easy renoval of the PBS
fromthe opticallndehas Farasressemiboifd shdesriep oadrabemse frme A0 Ghoren Bar ri er
assenbly is @G, SHCHRPRRSirteesk $ach faMmbt secdonl bith siBace RV radke Rt bR

assenbly 700 havi'ng a base 702, a neans for grasping the assenbly 703 and
gui de mehber Bomedrto eithersidecof pplotprisart’d). A5 sliding aciiopposhes therebler prisray.  As
shown, PBS 130k 1fin REIBS B3EH bt 129 ffPBSI3 B8 nofS AR/ Yo iifuhat the

third side of 'the PBS with aperture 132 I's expose roxi mate and parall el
t o base 702 ths celpeprism. When the PBS 130 has slid close to its proper vertical height, slot

features on the carrier assembly 700 and slot features on the optical core frame allow

the PBS to move forward (towards the projection unit 120) and to the side of the optical
20  core frame to the PBS final resting position. FIG. 6 schematically shows the cam

surfaces 610 of the optical core frame 600 as the carrier assembly 700 slides into the

frame, through the use of guide members 707 contacting guide rails 706.

As shown in FIG. 5c¢, optical core frame 600 contains optional extension springs

602, compression springs 604, and optional leaf springs 606, all functioning to position

25  and align the imaging unit 400, the PBS and its carrier assembly against the projection

lens unit.

Illumination Source

A typical light source includes a lamp and a reflector. Suitable lamps include
30  xenon, incandescent, laser, light emitting diode (LED), metal halide arc light source,
and high-pressure mercury light source. Such light sources can emit light in the blue

and near ultraviolet wavelength.



second side, i.e., the non-aperture surface, of the PBS (not shown). PBS
130 is affixed 10 to the carrier assenbly at support nenber 704. Typically,
mul ti pl e Woppootssrenbers are used. Preferably, PBS 130 i #Cadisemionsd y
bonded, e.g., with epoxy, to support nenber 704. In use, as carrier
assenbly 700 slides into optical core frane 600 (shown in FIG 5a), first
cam surfaces 705 push agai nst second cam surfaces on brackets that are 15
bonded to either side of color prism450. This sliding action pushes the
col or pri snsAngibgr Bubodiment PBS so that aperture 132 of PBS 130 does not
come into contact 3 1d close to
its proper vertlclglw Z(liallluéﬁﬁgsﬁ@i@fe@d&%né%%%ﬁn%ﬁ@g?@??@%?@g '5$y 700 and
sl ot f eat ur ewnib¥P0tindudes eh seubeuetute §2dorditeoting and somBigingdight theeef RBSvar d

towar ds £ heg unjt f | 20 core
frame to ] e PElhdE s asob bl Bkl 8 SI312 EARBERISEE, 10 The”cam
surf aces 610inggingheitomd thatormmnentfstrm(aﬁm bagounden, cfaraxampleaIsI.SePd:tém 700

Ui do-rai 1 o Y0RcaiERSRsy o] GHER Y and B3, Pheel Aee o P oo —com-ai ns
opti onal extanﬁledempcumg%ysteﬁﬂzavucg)Imw Astﬁgnmismp,rﬁmglslaﬁm 20end optional | eaf
300, 'The PBS and T8 ot O s1EaBRBl 4 Hpand e B Paton B SHHEHE uni ¢

Sul tal e | anps. L nCLude. 30 XEnon “gg?;‘*ig?c‘?ﬁj‘%i e | 'd@"‘g;g“ﬂ Ny, o ode

T Ta,
E«? B dhFrbyempyRtingg ht

gtE P)cé ”‘;L‘;}Lbffgh?gwi%ﬁ?ﬂ nﬁ bf dablgbtherl. IThE B0 maE@r br@dkdts@@@rzg;l t ?aVI ol et
wavel ength. 9 WD 02/ 102088 PCT/ US02/ 19080 . Anot her Enbodi ment FI G 7

i || ustrates PIABIORETCOHIIP ﬁ%?ff’rabb’ thrge) e ipg siter $40, 860 844 Fu cpypligeiy  uni t

800 i ncl udesgamhnEhadkefswebUng 802 for directing and conbining |ight,
three PBS 5 strugtureg 854 805 and 806, and three imagers 808, 810, 812.

Exanpl esl®df such Intheprafgrehembodiment, dne imegepbiacket 83 Iras twemenntingsitése f ound
in, for ex anMO? 84i+h§c ar& @a@&f apart from each other along a width dimension, w, (where the

width dimension is defined as the smaller of the width and length dimensions of the

imager) of the imager 808. These two mounting sites 840, 842 can then be coupled to a
single mounting bracket 820. The second imager bracket 832 is spaced apart from the

20  first imager bracket along the length dimension, 1, of the imager 808. The second
imager bracket 832 has a single mounting site 844 that can be coupled to the mounting
bracket 822. This arrangement can provide stability of the positioning of the imager
while reducing the effects along the longest dimension of the different thermal
expansion coefficients of the mounting brackets 820, 822 and the PBS structure 804.

25 The mounting brackets 820, 822 are adhesively or otherwise coupled to the PBS
structure. The mounting brackets 820, 822 are preferably, but not necessarily, similarly
shaped, as illustrated in FIG. 7 with structures to couple to any of the mounting sites
840, 842, 844, even though only one or two of those structures will be used. This
preferred arrangement can reduce the complexity of the assembly of the imaging unit

30 800. A

The imager brackets 830, 832 can be mounted to the imager, for example, to a

heat sink portion of the imager, using any mounting technique, including, for example,

10



Application Serial No. 09/878,559 and U. S. Patent Application Serial No.
entitled "Projection System Having Low Astigmatisnt, filed May 29, 2002.
Each i magwo 080@08810, and 812 is nounted to the corresponaChgsPBBo8t r uct ur e
10 804, 805, 806, respectively, using two nounting brackets 820, 822

di sposed on the PBS structure and two imager brackets 830, 832 nounted on

the inmager. iaesive\st rﬁ@éﬁmlédnglsmgrs&e&@tms%%@o o§%31dﬁfg%r khdsrgnsaniquef each
ot her. The two inmager brackets provi de three or nore (preferably

three) nou nt Thegmagerdsackety 834 532 C@M GPFi?ler@Glixﬂ meigting bragkets $A9uPA wigebr acket s
820, 822. éjé,qnaﬁﬁngfe@ﬁlﬁ@qucl ﬁhgé?%tmoﬁ'ﬁﬁ ' PRAe Emb&ﬁﬁ%ﬁt thgﬁ{? g*aes two

mounting sit hat are spaced ap fromeach ot her ong a

wi dth di nensbrmkets\&o(m@némomtmg\hr@kﬁs 82%&%&@ soldereditofetherdo fwilitéte smal | er

of the Wlij gfllnoufnlp g{' g&ﬂ&h&ﬂ%o Qﬁ tﬁ'@lma %5&1 of the |mager 808. These
two nounti ng Htes 0, 429Can then De coupred to a si ngl e nounti ng
bracket 820. The Isesoenbidmerdsthhinmgkirad8iBiRds eypfigerdd apbartangedoan the 20

Second |1 gV BRah L8 | Al kBRI R el AR 2R, T

coupled to témm bmacme\redgfor taaples by 82@3 a r‘Etutwelyﬂnmp:gMnﬁat@mhthpnevi de

stability of_the the i il he effects

2 ong t he | GEBEERED R b e et PRees 112 Bndfralnd e

coef fi ci ENt sdipfenditreofrtheinidgagy Ms&ﬂbkﬁig&aﬁﬁ@useﬁm& aaadnmh@th:BSdﬁ“fefdnﬁhlur e 804.

25 The nountjn rackets 820, 822 are hesi v or otherw se coupled to
the PBS st rfﬁ}e’?ﬂ?&)axpa?ﬂ%n brbwent egmb"lg?fc?l?gf Zmé??‘%? 1tter ?—ff‘@?‘%ﬁ?@ca{ but not
necessarily, elehéfit! Thd ytherShage bracks 88O bé,ilsaeroaﬁﬁgiuédhnﬁ lafpangfd ¥ fekistSdkitpt Ures to
couple to any of the nmounting sites 840, 842, 844, even though only one or
two of thoserlens the legpldimpnsioniol thedmager.Th s preferred arrangenent can
reduce the conplexity of the assenbly of the inmaging unit 30 800. The

i mger brackets 830, 832 can be nmounted to the imager, for exanple, to a
heat sink portion of the imager, using any nounting technique, including,
for exanple, 10 WO 02/102088 PCT/ US02/ 19080 adhesive or nechanical (using
screws, bolts, etc.) or welding or soldering techniques. The imager
brackets 830, 832 can be coupled to the nounting brackets 820, 822 using

11



any nounting techni que including adhesive nounting. |In one enbodi nent, the

i mger brackets 830, 832 and nounting brackets 820, 822 are sol dered

t oget her wookacioBstate 5 easy of nmounting or readjustnment PCO/SLY/gI8E he

i mger or both. In one enbodi nent, the inmager bracket 832 is configured and
arranged, as illustrated in Figure 7, to permt flexing along the Iength

di mensi on of wHaeisl@@d is: Thi S can be achi eved, for exanple, by using a
relatively thin piece of material that is appropriately shaped so that the
i mger bracket 832 can flex along the |l ength 10 di nension of the inager.
This flexing can pe u?ﬁidﬂtw&l%eﬁ@@@&ﬁp&@nge the differential thernal
expansi on between the inmager and the polarizing beamsplitter or other

opti cal elenentan?ﬁéﬂéﬁhmmmﬁnager bracket 830 can be configured and
arranged 40 resi i mger. 11 WO
05) 309088 pCr UsclITHEES Mgpdutt SR 15}9&&%&@5}&59@? o oo
conprising: an cpfiistinage aelrmgﬂmensthait is leenftpuredend andgpémjemlvebhm Iﬁ(etns
nount ed on t C e ar r anpenent that is

conf i gur ed a{l}g %B%Ae{n&&a&{toﬁlrggﬁérg \%1 69 ght "g%}nehﬁg%hgensmﬁt i g ﬁwgn%%ger t he
first i rragerblackessrxgmphdtto dwmndcrp@ndagt htacltawsﬁ the wptwaﬂmlgﬁrent tmr}aﬂckdidsﬁmoupl ed
to the i ndependent | f. the tlc nt hol d t rst

i mager arr anGeRet" ‘n%en?fng (fg&e (P98 lg?aéﬁwpf%ﬁﬂﬁ%{o%%?pﬂc?vgmfe& ‘t he
optical Blenment. 10 2. The optical device of claim1l, wherein the optical
el ement conpri ses, a l.ar.i zi beam splitter, The optical device
of claim2, furt ?f’e (5H|1?‘B g?aﬂ&ew%otg'g?ag@cl@me% P iOPiiGal Clomanh COmPristSer - at

| east two i niepslMiemig tehmGkktes. nount ed on the second pol ari zi ng beam

splitter; and a second i mager arrangenent conprising at |east two inager
brackets coupled to the independent brackets of the second pol arizing beam

splitter to hold 3 he s@e@pfital device of claim 2, further comprising

15 a second polarizing beam splitter;

m

at least two independent brackets mounted on the second polarizing beam
splitter; and
a second imager arrangement comprising at least two imager brackets coupled
to the independent brackets of the second polarizing beam splitter to hold the second
20  imager arrangement in a desired positional alignment relative to the second polarizing

beam splitter.

4. The optical device of claim 3, further comprising
a third polarizing beam splitter;
25 at least two independent brackets mounted on the third polarizing beam splitter;
and
a third imager arrangement comprising at least two imager brackets coupled to
the independent brackets of the third polarizing beam splitter to hold the third imager
arrangement in a desired positional alignment relative to the third polarizing beam
30  splitter.

12



20 i mager arrangenent in a desired positional alignnent relative to the
second polarizing beamsplitter. 4. The optical device of claim3, further
conpri si ryO 0a/102088 d pol ari zi ng beam splitter; 25 at | east PCRUSONU®RENdENt
brackets nounted on the third polarizing beamsplitter; and a third inmager
arrangenment conprising at |east two i mager brackets coupled to the

i ndependent brackets afhet BfficiiNddvitePst Ahik? WD HERBMRP s, t REodd0 2h@ilrd he
third imager _arrangenent in a desired positional alignnent relative to the
third pol ar i p9lafipingehepm splitigpy aretiadependentiycomlefotpodideputrsidssog angggbe 5. The
optical devigg,he @l m4, wherein the first, second, and third polarizing
beam splitters "are 1 ndependently coupled to different sides of an x-cube
conponent. 5 6. The optical device of claim2, wherein the optical device

conprisesgsat |legst t }s . u . I

pol ari zi nsg beam 2% i t?@?%pb@%@%ﬁc}lgﬁ{ﬁg@%@é@%6]%1]@% %105% Q\%ﬂéégg?tﬁtt he at
| east two i niwgstithrég inddpendent tiaeketsoupinged ondhet fivet fotedizing bdensplisteacket s by

sol der. 10 8. The optical device of claim2, wherein the at |east two

i ndependent brackets conprise a first bracket and a second bracket,
wherei n the first7.br acdibetopticad dedecafidaiinrX ceteirathe atllesgpawe dmager dbppkss Ng

sides of the polarizi .beam itte 15.9. The optical device of claim 2,
wherei n the C?lg)éesdtzton‘%dnﬁ?er?a‘é%g#@g%?{wwag?ﬁ brackets further conprise a
third braxket, wherein the second bracket and third bracket are di sposed
on a same side of_the _polar.zipg. be spljtter. 10. The optical device of
claim2, wherein %’he_ . °| QPLER ‘%&Helﬁg’%‘g e‘ﬁ]?erm‘?éh%%{;ﬂ%tt&’oa‘f‘&p&ﬁq%égi vely
nmount ed on thackesl cnkptsed aasrackel addt £5ecoddlbradiRe WIREIS e HRYVbESePEns! @i M 2,

wherein the at |east two jndependent, brackets consist essentially of two
i ndependent sseenddapcket are disposed on opposing sides of the polarizing beam splitter.

15 9. The optical device of claim 2, wherein the at least two independent
prism brackets further comprise a third bracket, wherein the second bracket and third

bracket are disposed on a same side of the polarizing beam splitter.

10.  The optical device of claim 2, wherein the at least two independent

20  brackets are adhesively mounted on the polarizing beam splitter.

11.  The optical device of claim 2, wherein the at least two independent

brackets consist essentially of two independent brackets.

25 12.  The optical device of claim 11, wherein the two independent brackets
are substantially identical.

13.  The optical device of claim 11, wherein the two independent brackets
each have three mounting sites for coupling to the independent brackets.
30
14.  An optical device, comprising:

a first color prism;

13



25 12. The optical device of claim 11, wherein the two i ndependent brackets
are substantially identical. 13. The optical device of claim1ll, wherein
the two iwoapamient brackets each have three nounting sitPez/usor/1®supl i ng
to the independent brackets. 30 14. An optical device, conprising: a first
color prism 13 WO 02/102088 PCT/ US02/19080 at |east two independent
brackets nounted fii I i i i arr angenent
conpri sing at |e£§?”?&§°fﬁﬁ %F%@P%%Egégﬁgﬁﬁﬁﬁg@gﬁ%hE@hghgﬁgg%%ndent
brackets of the fd fisst inagenarrgngement comhuiding atHeast iwesimagemlgracketsraoaplgéeent i n
a desired pogltidanalaoAl-SANERE ok HALhYEodd bGIA hE Flo BT (PbSH By 15 The
optical device of"clarm1l4  turther con%r|5|ng A second col oF prism at

| east two i naldeandpositidnrbadigementrelativedo thedirsticelospisond col or prism and a
second iq@ger arrangenment conprising at |east two i mager brackets coupl ed
10 to the independent brackets of the second color prismto hold the second
i mager arrangenelft i rha ogtisl dedtepdsiaim df dhrtteel c@nprisiig rel ati ve to the
second color prism %%%:ghe.gﬁﬁical device of claim 15, further conprising
a third color pri%Hfos L PP¥3st two i ndependent brackets nounted on the

third col or pri smtlasdwa itdepérdentPRgRéts RoROUSIME becoAdEYlbrSiridsh; &id | east two
i mager brackets coupled to the independent brackets of the third color

prismto hold the* FRPRYIMASHAFFANTREN, SURRITNG 3t deagt (osimager Werkets icowed

al i gnmentg r efoathl VigddpenddRe biddidtél of MhePbecBid 88lor #Hsnt fo HORE tHRPILGRI iyt ce of
claim 14, wherein the optical device conmprises at |east three independent
brackets. 18amapgemepiin ¢ desiradpesitiongkalignpeniyeiative jihibe sgoend pdorprismeast t wo

i mger brackets are coupled to the independent brackets by sol der.

16.  The optical device of claim 15, further comprising
a third color prism;
15 at least two independent brackets mounted on the third color prism; and
a third imager arrangement comprising at least two imager brackets coupled to
the independent brackets of the third color prism to hold the third imager arrangement

in a desired positional alignment relative to the third color prism.

20 17.  The optical device of claim 14, wherein the optical device comprises at

least three independent brackets.

18.  The optical device of claim 14, wherein the at least two imager brackets

are coupled to the independent brackets by solder.

25
19.  The optical device of claim 14, wherein the at least two independent
brackets comprise a first bracket and a second bracket, wherein the first bracket and
second bracket are disposed on opposing sides of the color prism.
30 20.  The optical device of claim 19, wherein the at least two independent

prism brackets further comprise a third bracket, wherein the second bracket and third

bracket are disposed on a same side of the color prism.

14



25 19. The optical device of claim 14, wherein the at |east two i ndependent
brackets conprise a first bracket and a second bracket, wherein the first
bracket awo 025ewehd bracket are di sposed on opposi ng si deeCofusvhierosol or
prism 30 20. The optical device of claim 19, wherein the at |east two

i ndependent prism brackets further conprise a third bracket, wherein the
second bracket and third bracket are di sposed on a sane side of the color
prism 14 WO 02/102088 PCT/ US02/19080 21. The optical device of claim 14,
wherein the at | &dst thhe dpfierdsleviaeaf claist dékehereinrthe adlvestitweligdependstied on

t he col or prﬂamgtssdfgﬁigﬁ@%@?{gﬁgdMLG&O@%Wi sing: an optical elenent;

at |l east two I ndepen ets nounte nthe optical elenent; a inager
arrangenent that is configured and arranged to receive light fromthe

optical e}enent, 4,he i [ arran nt _conprising at | east two inager
brackets é 10 coupléd t%”&gﬁ%y%r‘{lcfg’p%%”gﬁl Ebrackets of the optical elenent to
hol d the i mager aarapticejelement;i n a desired positional alignnment relative to

the optical elenent; and.a screen configure darr ed to receive and
display |ight fr Ghioapnp Hg‘]@%findefgﬁaﬁﬁ‘g%wg?ﬂt‘?‘fj oitho gpticg{cl 20l ay device of
claim 22, wher ei m infageroptaingedhene thatrs tonfiguigdl irdeSrafiged a6 rékivp lightfirord 4he The

di spl ay device, of claim?22, wherein the optical elenent conprises a

pol ari zi ng beRlistls plemeRte fhe SpngsE arrangsment ePmATSg L 3tnlgast AW pimage) baekFice, the

net hod conpriécupRe:to tHRUMdEsREdekt Hraked dfWel SHRRMEBRABE B B6KEhS Rkhga
optical elenment; nmounting at |east_two imger brackets on an imager

ar r angenent ;a%qge@gﬁmq%ggwqm@@}igrw@ér@&' e foothe ARficakelerasnt avdackets to

hold the imager 2L BRGRAEnd Hrafedas ERivRAR WispRF Tigh! HOR TR mde6l ative
to the optical el em%nt.
arrangement.

15 23.  The display device of claim 22, wherein the optical element comprises a

color prism.

24.  The display device of claim 22, wherein the optical element comprises a
polarizing beam splitter.
20
25. A method of making an optical device, the method comprising:
mounting at least two independent brackets on an optical element;
mounting at least two imager brackets on an imager arrangement; and
coupling the imager brackets to independent brackets to hold the imager

25  arrangement in a desire positional alignment relative to the optical element.

26.  The method of claim 25, wherein the optical element comprises a color

prism.

30 27.  The method of claim 25, wherein the optical element comprises a

polarizing beam splitter.

15



26. The nethod of claim 25, wherein the optical elenent conprises a color
prism 30 27. The nethod of claim25, wherein the optical elenent conprises
a pol ariwprg/1messn splitter. 15 WO 02/ 102088 PCT/ US02/ 19080T/ud82/19DB@& net hod
of claim 25, wherein the step of nounting at | east two independent
brackets conprises mounting three independent brackets. 29. The nethod of
clai m 25, wher ei mgt he 15t 6R:.tRfd BPLR DY, FhebROBE SEe\epof moldtlg R e twPr acket s
conprises nounting a first bracket and a second bracket on~ opposing sides
of the opti chenendanshrackegcomprigespquutiag Grecdndgpendom braghet.ei n t he step of
mounting at |east two independent brackets further conprises nounting a
third bracket on a sane side of the 10 optical elenent as the second
bracket. 31. The 2%et hd@edﬂetm%bfwlz'@l 24hwherein the stept dpmofnting ntiéasytvas | east
two indepen t t a ependent
bracketsggn ﬁﬁ%kn&£? ﬁ%ﬁ@ﬁ%gﬁg?%ﬁﬂg H%h%@ﬁ%%fmﬂ %%0&¥%nw 8 od of
cl ai m 25, mhqnsmngmﬂeuﬁﬁhpmmmﬂ@hnphing the i mager brackets to the
i ndependent brackets conprises soldering the inmager brackets to the
i ndependent brackets. 20 16

30.  The method of claim 29, wherein the step of mounting at least two

independent brackets further comprises mounting a third bracket on a same side of the

10  optical element as the second bracket.

31. The method of claim 25, wherein the step of mounting at least two
independent brackets comprises mounting the at least two independent brackets on the

optical element using an adhesive.

15
32. The method of claim 25, wherein the step of coupling the imager
brackets to the independent brackets comprises soldering the imager brackets to the
independent brackets.
20

16



