WO 01/91471 PCT/ US01/ 16423 Projection System Utilizing Fiber Optic
[Ilum nati on BACKGROUND OF THE | NVENTI ON Technical Field This invention

rel ates twooileadge projection display apparatus, used for pxadhges280 5

di splay video images, and nore particularly to a tiled display systemwth
mul tiple projectors wusing fiber optics and a co to route illum nation from
one or nore renote |ight sources to these projectors: Background Art There
is an anticipated denmand anong consuners for high-definition | arge screen

10 di splays for such_appli.cations .hone,_ t heater_and, advertising. Typical
liquid crystal displ Bﬂctlgtgystpglﬁélg{ggﬁg}er ?EE{WWﬁgOHave SVGA

resol ution of approxinmately 600 x 800 pixels, although high-end projection

di spl a i d i up to 1920 x 1080. Displaying such |ow
resol uﬁ%ﬁ%ﬁ@r@ﬂﬁﬁ%ﬁﬁNﬁéﬂds unacceptabl e picture quality; for

i nstance an SVGA display projected as a 10-foot diagonal image has a

m ni mum_ pi xel sjze of approximately 1/8 15 inch by 1/8-inch. Furthernore,

hi gh- de¥gchpicabRield| evi si on HDTV has a width to height aspect ratio of 16:9
as opposed to conputer nonitors and standard tel evision, which have a w dth
to height aspect ratio of 4:3. . There have been several attenpts in the
past to makelhds [ryegbonirplaterigj & darge Preieeismagisplal aanparabis, deeehifer erpnEdeefoal

smal.l ery.nr.Qj Lmage tiles! . . ite til | 0
such acHBEAGRE fnyfBfha bow BBkt B b HEE bR SEL i (R PRI
have geanaigdibey optigvad d st tonanilisainasivadiont yne betdtsendie Hglhtackced tobhede
brightness and color uniformty between the tiles. This lack of uniformty
i s typiRYEFPScaused by the use of nultiple projection |anps where each

| anp exhibits differing brightness and col or characteristics as conpared to
the other lanps in the system Even if matching |ight sources, typically
net al Heackgeound Kt are chosen, the 25 brightness and col or
characteristics will change as the |anps age. -1

There is an anticipated demand among consumers for high-definition large screen

10 displays for such applications as home theater and advertising. Typical liquid crystal displays
(LCD) for consumer applications have SVGA resolution of approximately 600 x 800 pixels,
although high-end projection displays have been introduced with up to 1920 x 1080. Displaying

such low resolution on a large display yields unacceptable picture quality; for instance an SVGA
display projected as a 10-foot diagonal image has a minimum pixel size of approximately 1/8-

15 inch by 1/8-inch. Furthermore, high-definition television HDTV has a width to height aspect
ratio of 16:9 as opposed to computer monitors and standard television, which have a width to

height aspect ratio of 4:3. .

There have been several attempts in the past to make a large size projection display,

based on combining several smaller projected image ‘tiles’ into a larger composite tiled image,

20 such as in Bleha, et al (U.S. Patent 6,017,123). These prior art systems have generally proved
less than satisfactory, because of a lack of both brightness and color uniformity between the

tiles. This lack of uniformity is typically caused by the use of multiple projection lamps where

each lamp exhibits differing brightness and color characteristics as compared to the other lamps

in the system. Even if matching light sources, typically metal halide lamps, are chosen, the

25  brightness and color characteristics will change as the lamps age.

-1-



WO 01/91471 PCT/ USO1/ 16423 In an attenpt to conpensate for this |ack of
brightness and color uniformty, the prior art teaches a canera connected
to an i mageopywaecessi ng function that individually nodifi eBCRaSH/16p230] ect ed
i mge such as described in Johnson et al, (U S. Patent 6,219, 099).

D sadvant ageously, the Johnson inage processing function sacrifices a
nunber of gray shades available for the 5 displayed inmage in order to
conpensate for the lack of brightness and color uniformty between the

projected tiles. Another problemw.th prior art prgj ection di spI ays. i s that
a high-int e.lirsawtffm@tﬁ? cg@@ﬁ%@te fog this, lagk opbrghtagss gaf cgler paieymitys thegwior ped
and t hi g n t r of
neat 1 hor o cpEnSlhcrty 2?.agﬁl%ﬁg?f%%%ﬁ%*%%éﬁ?%ﬁﬂ#ﬁ%%@ RragamRt ©
such aprojdded lnqagedudt yssdeatrilshdsipl) elymson et & (LSsPadwg @ﬂ%@%%adﬂ?an@ageously,

conventjopal projection type_dis par atus as . di sc ed in_Ko , et
al . (ute ?%aﬂﬁ&mllﬂ@g@zwce% g iRk, S tcRe B iiahed Glofey Sﬁﬁ%ﬁéaﬁ%@e‘pffi%y%r
for ;eagh @Jg@ ﬂ?'%e ihl Rd&fto %ofngleﬁﬂtedfo Rlea¥ck gielgr?%h ig aﬁd)cglbletmlﬁ)rm ifeBydenght
emtted m a ght source unit 1 avmgar | ect or 15 travels through
| enses ti¥ @npctd tidesnverter 5, and | ens 6, inpinging upon a dichroic mrror
DML which transmts a red |ight conmponent R but reflects a green |ight

conponent and a blue light conponent. Then the red |ight conponent

transm t t ed Anptien@rehileth rvaitte pribr almlpr@hdtiohsimpéiyseisttbd a highanteudityl lighe sbwce,i on
mrror t hrou ield lens .7 a.trimmn ter TR i.nt red i mage
S i g e Rl s ST HER ) P G- R ik uresvmiEalf §fogs Pat o
accor diifige hdoRit o hchi A cad! rgdﬂféle thel; fbﬁal’ilﬁﬂl i Jﬂb}%ﬁ&ﬂﬁﬂ&%%sﬂléﬂ@&m&rﬁy Such as
optically nodul ated is conbined with a "nodulated blue |ight component and
a modulligusltrgstdaisplayght conponent within a dichroic prism 9 and
transmtted into a projection lens 10. On the other hand, anong the bl ue

and green light conmponents reflected by the dichroic mrror DMI, the
green |ight FéGnposleaws @ni sxangfl¢ exdt ® dobyentinoalhprojatiiohr ype displayompBivitus hisough

o1 eronfitseed i RRIEHEEhEL 67 Seheihge b onese Nl pt e, R el ™

accor difggeatl daplaly MI6f SliAdisplakhe green |ight

Referring to FIG. 1, white light emitted from a light source unit 1 having a reflector 2

15 travels through lenses 3 and 4, converter 5, and lens 6, impinging upon a dichroic mirror DM1
which transmits a red light component R but reflects a green light component and a blue light
component. Then the red light component transmitted by the dichroic mirror DM1 is reflected

by a total reflection mirror M1 through a field lens 7R and a trimming filter TR into a red image
display element 8R, in which the red light component is optically modulated according to an

20 input signal. The red light component light thus optically modulated is combined with a
modulated blue light component and a modulated green light component within a dichroic prism

9 and transmitted into a projection lens 10.

On the other hand, among the blue and green light components reflected by the dichroic

mirror DM, the green light component G is reflected by another dichroic mirror DM2 through a

25 field lens 7G and a trimming filter TG into a green image display element 8G, in which the
green light component is optically modulated according to an input signal. The green light

component light thus optically modulated is combined with the modulated red light component
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conponent |ight thus optically nodulated is conmbined with the nodul ated red
| i ght conmponent -2 WO 01/91471 PCT/US01/ 16423 and a nodul ated bl ue |ight
conponentwowi/pidnt t he di chroic prism9 and transmtted i ntPCTABS01/WPALI ecti on

| ens 10. Further, the blue light conponent B transmtted by the dichroic
mrror DM travels via a condenser lens 11, a total reflection mrror M,
arelay lens 12, a total reflection mrror M3, and a field lens 7B into a
bl ue i mage di splay elenment 8B, in which the blue |ight 5 conponent is

R
CONMPONGRS;edthh 1M1 0TORlIHIRE, GFe bRIESRAT LdrftneROBRRARGAIcHbYThé dichRidnGRiraber

prism9 and transmitted into the projection lens 10. "Then trichromatic
| i ght deiels rvéala lspndenserdonbl hi smtptalirefieasion mirios M2 4 xlgr Isheded taigl neflection

rojecti.on s 10 rd t.arget, screen .or, di spl a jl.e, ,nqt ..shown,. .10
Pher o abfiBr nEband i o aRpHrbud HReT ABbiaY RGN shlyiS v 1 HE et
hi gb- debinpbhd®is bicaBy nSodi e MchbRlitiol 41 Mp&OdiBkal 2 Mhe iR RSHponent thus
characteristics and wth a high-intens

. \ ) ; t ight source for atiled
pr oj ectopBeally mpfugted SegmmRINCORViTMEDg moéuﬁ/ﬂedmed Digbt comperend fand e modplateds My

i nventi LOQ- g F Sk | t i.ght . q e,
separ arten i Sop o WAL A oty bt AT TR RISl RS
col or IThghttrichrmpatienight @atbigal plebe dopdfEingi dithroict prishty iprorojactyd byl the

| i ght conponents to nultiple projectors usjing fjber optic cables.

Advant REIsOnlens i) tBW&fde%{z’F%?ﬁ SerPepPAisRigstile i sBehot use a separate |anp
for each display tile and thereby achi eves uniformdisplay brightness and
color uniformty across the 20 entire projected. djisplay area, for. exanple 9

fedf high bylhew sedinug 9ebe tong fgkbwised is fscdispipy idustry f@ng ihigh-dabngigs large
mul tipl i e 0 3 i i . d : t
act  aeriseh ity SRRt D SRk ARl o BT K SRR e
uni f or rfott ytile@peojentivadiigpdayt of nmy i nvention uses three inmagi ng devi ces per
display tile, such as transm ssive polysilicon (Poly-Si) liquid crystal

(LC imaging devices, wth each imagi ng
SUMMARY OF THE INVENTION

Disclosure of Invention

15 My invention produces high-intensity white light from a common light source, separates
this high-intensity white light into high-intensity primary color light components, and couples
these high-intensity primary color light components to multiple projectors using fiber optic
cables. Advantageously, my projection display system does not use a separate lamp for each
display tile and thereby achieves uniform display brightness and color uniformity across the

20  entire projected display area, for example 9 feet high by 16 feet wide. One novel aspect of my
invention allows multiple light sources to be combined to provide lamp redundancy and yet act

as a single light source with regard to both color and brightness uniformity.

One embodiment of my invention uses three imaging devices per display tile, such as
transmissive polysilicon (Poly-Si) liquid crystal (LC) imaging devices, with each imaging

25  device assigned to a primary color selected from the group of red, green, and blue.



25 device assigned to a primary color selected fromthe group of red,

green, and blue. -3 WD 01/91471 PCT/ US01/ 16423 Anot her enbodi nent of ny

i nvent i ow@eu%143i ngl e i magi ng device to drive each di spl apCTiue/wsi23h al |
three primary colors in a franme sequential (FS) manner. In a particul ar
enbodi nent, the frame sequence displays red information first, followed by
green, and followed by blue in a perpetual cycle, at a rate fast enough to
allow a human brain to integrate the inages as if they 5 were displayed

i | t Ad t hi mbodi t of t.h
o aeC Mhnbtheh SPOHATERA gl invahor e o ela R et Birie SetRERPI¥ On

OF THE igEWkRAl tMe Y dd16rsDRAYING scBlidngibl {P@ ﬁ{dnaéﬂ an aqa‘artliafu?a%ﬂ%dﬂeﬁt 1
shows an exanp o] the conventi onal oj ection type display ;{) ar at us.
FIG 2 tbmﬂme aecmen?ee@\splaw rhdslpfcmmail get tthewedsby grqeh,earndbﬁoﬂm h)meumao

twel ve i dual at Lve enb

of 1y PO BiF Gt A s orouER . M R R B oo Bl B Tl ™
(LCk i nigk n@isglgpidc @ﬁnﬂﬁﬁé@isn;ngAuvmﬁ@geaﬁdlﬁl thid mrﬂ&)cﬁmgﬂit ofleniy Caseion tard,
per display tile, with each device assigned to a primary color selected

f r om t AeinimiBesheiptabpumber ofgmesing davigesyPaidiredr| G 4 shows anot her
illustrative enbodi nent of my invention displaying color subfranes in a
sequential manner. DETAILED DESCRI PTI ON OF THE | NVENTI ON Mode(s) for
Carryi @{@tDEWJ@N@BI‘T%SEEE&Ah MEWSQE THE PRAWINGa til ed projected
i mage 100 i s conposed of individual display tiles 101A ...101N. A
preferred enbodi nent of my invention has a three-row by four-col um array
of di sBrasf Déstiptias ofPoawings FI G 2. Further enbodi nents contenpl ated can
have different -4 WD 01/91471 PCT/ US01/ 16423

FIG. 1 shows an example of the conventional projection type display apparatus.

10 FIG. 2 shows a projection display image that is further broken down into twelve
individual display tiles.

FIG. 3 shows one illustrative embodiment of my invention using transmissive
polysilicon (Poly-Si) liquid crystal (L.C) imaging devices operating in parallel. Three such
devices are used, per display tile, with each device assigned to a primary color selected from the

15 group of red, green, and blue.

FIG. 4 shows another illustrative embodiment of my invention displaying color

subframes in a sequential manner.
DETAILED DESCRIPTION OF THE INVENTION
Mode(s) for Carrying Out the Invention

20 Referring first to FIG. 2, a tiled projected image 100 is composed of individual display
tiles 101A ...10IN. A preferred embodiment of my invention has a three-row by four-column

array of display tiles as shown in FIG. 2. Further embodiments contemplated can have different



tile configurations including non-rectangul ar display tiles, such as
hexagons, and tile configurations where the conposite projected display is
non-rect angual/em71 such as a triangle. Referring to FIG 2randS#HIG4233, each
display tile 101A ... 10IN di splays a portion of a conplete inmage as
projected froman associ ated di splay projector 400A ... 400N. Each displ ay
5 projector 400 conprises a projection |lens assenbly 401 and an i nagi ng
device 410. In one enbodinment of ny invention, the imagi ng device 410

v cell cREFEptdg SreIntaY aitelheniae vislsy Mebe et & bered™ a1 Ty a
Red LCcftmg'ﬁ&ﬁioﬁéaﬁhe@&h%bm SiteGRITBILE Migplapid koh-Aéhnghlhg Bich 4 agaARf &t ed by a
ig

single t source or light engine 200, renote fromthe display 10
projectors 400, and is routed by a first set of fiber optic cables 501 to a

| 1ght separ akptdip] F1G3%0and FRE 3, LAl ai3ARALR |01 Uit ARIARS Haso B4

l'ight, dins the Iight according to an external control, not" shown,
separ atespleteaniagghs piqjededfromeanyassusiated displpp meajegos4ih as 460Nie Eaghr displayand

red. The pripary color conmponents are r.qut fromthe.light. s ration
uni b 2By AL SeuieEh o« GRYe R b FsfarioTy 4 o i ping, BRip S 5PE, '8

pr oj ectRbsditeRof my i0&NonMKS riﬁia%ﬁg ddiiePl4ay compeiSes threbardn@iiiBie Psilicon
projected onto display tiles 101A ... | OON. Advantageously, a common_|ight
engi ne (PapSi)i lsquid etystad (pEddeviees, consiatingtaf gnBlusrL@ldevige $pl.ay GreanekC |degon . . .
100N. t her L,nen i.pvent. royvi,des redundant |ight engines
200, \Aﬁg@é‘nﬁﬁﬁgﬁ?ﬁﬂ slc%?ﬂji’ﬁlsé%}lﬁﬁgoﬁﬁlaﬁl%e@tg%éggare conbined in a

conbi ni ng device, not shown, prior to entry into the |light separation unit

300. Referrinqg,to FI G consider. .t he conmponent .pa of Li,ght,. engi ne
500, A b gn i et by RS Bhne' ik STH2RF BheiB b, s8male orh B s B
that i $roj@tdread@dmbinorovedd byi FitsBket B Fiber GpticZABled 31 @xa lightt apabigdn AEEBOMT €S
203. The light exiting apertures 203 is focused and concentrated in

t r apez dheidighiosepanation YRt SAP regesies thrpsght;ians| the fighteageprlingrte a1 giernelfgnirel.200
via th e 1 . i i e
Y equi r oot SERERA rRlaec o gl AR b A"GIT doriidrtfit Hheh Db RrbE 583 1o
Consi d@he plimacpogonenhp@aentssare rotétefrbmght lighpsapatation unitiX003Q0 sethed batgift
routed to the ligh eparatjon unit 300,.is, recejived jnto. round-to-square
mor phi RGPS ﬁ%\:tl%r o546 thegisp wrgwe?fa{mé(f%_--sq%@(ﬁ WBABHRR GBI I oS
ar &5 degsiicRaad bibjddted ot URplayARRY 100 AL I OTOORET Adlat¥beously, a common light engine

200 is used to provide illumination for all display tiles 100A ... 100N. Another embodiment of

my invention provides redundant light engines 200, where the outputs of the light engines 200

are combined in a combining device, not shown, prior to entry into the light separation unit 300.

Referring to FIG. 3, consider the component parts of the light engine 200. A high-

20  intensity lamp 201, such as an arc lamp, produces light that is reflected from elliptical mirrors
202 and exits through apertures 203. The light exiting apertures 203 is focused and concentrated

in trapezoids 204 and concentrators 205. The light exits the light engine 200 via the
concentrators 205. Support assembly structure 210 maintains the required alignment for the

components within the light engine 200.

25 Consider the component f)arts of the light separation unit 300. The light routed to the
light separation unit 300 is received into round-to-square morphing collimators 305. Suitable

round-to-square morphing collimators are described in U.S. Patent Application Serial No.

-5-



-5 WD 01/91471 PCT/ US01/ 16423 09/ 346, 253. The round-to-square nor phing
collimators 305 provide sufficient collimation to allow high reflectance
of both aw@ol/emirzed |ight and p-polarized |ight by the prPaaUgocwhzr |ight
separation units 301, 302, and 303, such as color sensitive optical
shutters manufactured by Digilens Inc. It is also inportant to have
adequat e honogeni zation of the |[ight entering the light 5 separation unit
300 in order that the flux entering the second set of fiber optic cables

502 is i stributed. Such _honpgeni zat i may. .be Cco

ot weoRo Ao e o s, HEMY OB E S 1S HPTLE SpcHaF GOLGIERm P gh
separ ahli¢ hibh fefld8Gtncel oF Fo@ds prfaﬂzedjli%ttﬁld'ﬁ) &Qﬁzédnh tk bH GRS plEhgng ¢d16r R&@th

| engt hs and equi val ent bends in the bers 502 should remain rél atively

const aprpawitioh units ily 8A2.parsl 3@3, srck @9 cahul soasitiee npiieadjsbetas san0faturtd dligh

he coPbtBRRe: it b BUARRRTI b hal oA oy elhTyRS 3 the ey B E ROREN 0

embodi pepRtatiohi it 3@X i bidgr tHae tHeORRE chRrifg URE SeddRd BB HTfBEH épul&véa@[esm isS
separated into the primary col or conponents by a "Blue' color sensitive

beam splually elistgbuted a Suciphemegerizeition menbe tresnished bme@m eplliggpors a%ﬁa aad
“Red' ﬁl%l ':[raﬁ(?ep% fh'ev rstb&%tg&&p% 1(5 ﬁ@t?ﬁgﬁarﬁm ﬁl?lp%ﬁi .aﬁdlt -Ic;g,edueBJt M os e%qhor
sensitive Deam s er , he e co sénsitive veam spli iter

302, afitlers 592, B&d pathdbngths ems eguivaleiebands dhi thé dibeB0S02Pslaild eeng4ih atlatively
correctlon and di mm ng for each re%pectlve prlna%é col or _conponent. Excess

| i ght , Copspt Wﬁ@eruatglw raisctoy ARG beferc drejrctersr400é thepngh AYON. ol anogher
roq& ede 1;196&1 ﬁ@fqaé*%gﬂt %Op%elﬁ Y&ﬁ&e Bafp %hﬁénn%%éc 1595&@?1%%%“& IR Lyl

allows ftor t I m nation om/or nge I'i ght preva ent in
20 met 302,hadl 362 and hi gh pressure nercury arc lanps that leads to red
desaturation by configuring beamsplitters 301, 302, and 303 to pass the
band of |ight between 575 to 600 nanoneters in wavel ength and by causing
beam du rrp 304a peefababerhbddinsnt] ligjirttexlttiargihe feauotal- qorsiqtmeynccrphimg coliinuegor F05eien,
and red, |ight cg&Ponent i§ routed fr Bl u col.or . sensitive heam

spl i tt sPaesetl e, dhe primaty cqley SRS, §&§mcg iSPRsUVespeam spliftqr 0T e
col or  @fePeBslol | ¥R iHeah ssdm%f S02uRhd éGﬁea’e\%&%Ptselysednve Bl GMReP$308

plurality of square-to-round
15 respectively. The ‘Blue’ color sensitive beam splitter 301, the ‘Green’ color sensitive beam
splitter 302, and the ‘Red’ color sensitive beam splitter 303 provide color correction and
dimming for each respective primary color component. Excess light, a by-product of the
dimming and color correction function, is routed into beam dump 304. Advantageously, this
inventive configuration allows for the elimination of the yellow/orange band of light prevalent in
20  metal halide and high pressure mercury arc lamps that leads to red desaturation by configuring

beam splitters 301, 302, and 303 to pass the band of light between 575 to 600 nanometers in
wavelength and by causing beam dump 304 to absorb this light band.

Each primary color, blue, green, and red, light component is routed from the ‘Blue’ color

sensitive beam splitter 301, the ‘Green’ color sensitive beam splitter 302, and the ‘Red’ color

25  sensitive optical shuttef unit 303 respectively into one of a plurality of square-to-round
morphing concentrators 306. The round-to-séuare morphing collimator described Application
Serial No. 09/346,253 may be also used as a square-to-round morphing concentrators when light

is input at the square surface face and exits through the round surface face. The square-to-round

morphing concentrators 306 are preferably tapered to optimize the optical throughput in
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nor phi ng concentrators 306. The round-to-square norphing collimtor

descri bed Application Serial No. 09/346, 253 may be al so used as a

squar e-t woeousd7nor phi ng concentrators when light is inpRCT/aSI/Ise23squar e
surface face and exits through the round surface face. The square-to-round
nmor phi ng concentrators 306 are preferably tapered to optim ze the optical
t hroughput in -6 WO 01/91471 PCT/ USO1/ 16423 consideration of the
nunerical aperture (NA) of the projectors 400 driven by the second set of

fiber optic cables 502. I.n_one ill ratjve enbodi t., twelve display
pr oj o Esidentiion of the BiRIRTICE) BTEHE @5@2{% BGHOT 1HG Bﬂéﬁfﬁ by thessoaad 59 2far o

used t gpgr cﬁ&gié‘-‘c%bfeé‘goﬂr f &Qiﬁlﬁ&ra@i}vé Bhf%)ﬁdfnf@i@ﬁg%ﬁ@ dtistbﬂf'%tpr' RclFRAL00H0 . .gho@wel ve

di splay til'es 101, as shown in , according ny i'nventi on.

Advant agrbthirsy-yix seérndi fihee nplic/eabbas HOR gue ateid do pofduththelprghttiomehslayt intage Dt |

i ncl udi,ng. a lurality of colgr nsi tive b plitters allows for the
sopar alioi Bk iels isefiles Bfiods st ARG Aracediilato She P Patistt | onal
three primary colors - red, green, and blue. In one enbodi nent of ny

i nvention, re than three_li%pt col or congép nts .can be. used, such. as

three 30nm widyantaghiogghy Meghtorbifpeoniiasaion. of hesleli APBIBHN UBEsHINUERh
and 563npARYTdF cdfor lséhshhgob%%ﬁi%ﬁﬂag ta1185vs Tr hE\SErhtRsh SHaRs 9|is%1e iiBhdpCetrdm

each di splay projector OON functions in a sinilar mannér. The
separ atmo praretirap thotraditicohpoeeptimagr @losutret greenoand biagi hgortesmbralim @, of

Cotor R HITde pfhue dites sk et FoloBqnbof iy 353 bRl 5B 1Y e Bpiuiiite
i magi ngredf ghcddpbneAi b, g.850 988453 3RE BEMISISNEE add 865-0sh. of i ndi vi dual

primary color images are formed at each 15 imagi ng device 410 by the
plurality of primary color imaging devices and are conbined into a

ful - col or  ABGCBbIHAERT of SR RIvBR o8 &8d ML FIG. 1) héH §isﬁfa?%e@c@f aho ..
enbodi nent, all individual color inmages are present sinulfaneously in
col or 40VNifnastione v eesimilar mppieari pThe sapetate pomery Petelyesmpensnisr af aeuted iftoom

the displa roje rs, 400A .. .. 400N vi i tion |l.ens ombld e 1
bnd colBidte REREH O, Sped sakt o deVie 470 S BRprflCe oRERAT RS
tiles cdOrihddhng deviddd1Michss deBufe? hagdeialdyeice FUN, R ‘WhedhOWmbg@ing d&icd 412,hmbe is

depi cted_anot her. il]ustrative enbadi ment of .ny .
a ‘Red’ imaging device 413. A set of individual primary color images are formed at each
15 imaging device 410 by the plurality of primary color imaging devices and are combined into a
full-color image in color combiner device 414. In this ‘frame paralle]’ embodiment, all
individual color images are present simultaneously in color combiner device 414. Multiple full-
color images are projected from the display projectors 400A ... 400N via projection lens

assemblies 401 and combine to form a large tiled display 100 made up of individual display tiles

20 101A ... 101N as described above.

Turning now to FIG. 4, there is depicted another illustrative embodiment of my
invention. In the prior embodiment of FIG. 3, the light separation unit 300 receives the light
inputs from the first set of fiber optic cables 501 and separates the light spatially into the
individual fiber optic cables 502 of the second set, by means of the optical shutter devices 301,

25 302, and 303, as described above. In this embodiment of FIG. 4, a light separation unit 350
separateé the light sequentially into the separate color components and includes optical color
sensitive devices 311, 312, and 313, each of which is caused to sequence through the primary

colors, such as blue, green, and red, in a predetermined pattern by controller 320. The primary

-7 -



invention. In the prior enbodinent of FIG 3, the light separation unit 300
receives the light inputs fromthe first set of fiber optic cables 501 and
separ at ewo hgotdsrght spatially into the individual fiber pprisicmiies 502
of the second set, by nmeans of the optical shutter devices 301, 25 302, and
303, as described above. In this enbodinment of FIG 4, a |ight separation
unit 350 separates the light sequentially into the separate col or
conponents and includes optical color sensitive devices 311, 312, and 313,
each of which is caused to sequence through the primary colors, such as

bl ue, GPIOBRUPHFRIP Joen ropied laweﬁl@tsaﬂﬁﬁeﬁeaow PRI, CQsRRtFFPISAssopigied

Pr i Mar YndiviQuMdrdd 0P &t sbolbnlial Spier B4ics 19! 912, A4l BYS Sarfdl @‘f]etr iy B@H:t @c{%llésnt 0
t he square-to-round m)r%hl ng concentrators associated wt I ndi'vi dual ones
of t heS32duenitipé dishlay perjectensidb64. 3 HHONS 1R, thiamchbddByengritie dndevidéal weloroptei ¢

cabl es 2 to L.ti,pl e displ a rojectars 450A... .450N. In thjs

cobod: b en fpomiiedn SR BraedbE 4o0hg ooRe A Bt MLed b feay
Pr Of €Ct@kiSolp020 BeinlaPh rd _Eﬁﬂié‘iéﬁtl? S A€ reCRWr IcBnbBALBY chilBe Sr&dd hRlB"
320 being at a rate suff|C|ent;¥ ast that the color conbinati on can be

ef f ect &k Yibwerngglie, as ieknovaneh ecoedinglyaeach slisptrywmiojettor 5 tinelyidgs a siagle idiagipigay

i . 450, 1 nclud ingle i ' devi ce ,415 ich . '
ach ofcrife 1Lequant Fares oghtide St BP I dratiinClit ior BtpnBRL ST s WGP T
cabl e %iber oppftvaBlea @0 Usdvntabbdus1ye fikie dmbBdiineaf ofMy iifafibh eNm@lakd¥i thahes thhe

need to associate color separation and reconbination optics with each

di spl apSs9FiBiceealen sepaimtinn Andh seqopbingiognsics Hathagrel dbplayeriniagiospmaiptains the

pr qQj, ec , i i fi r i i r.ohe In
e p ol ety HefPec UEIak oRaRRL W o ME LA, ofeRlCH By

di spl ayprojpatej. ect ors 450 are utilized, each with an individual fiber optic
cable 512 for the twelve display tiles 101, as showmn in FIG 2. Each of

t he sequential shutter devices 311, 312, and 313 is 15 associated with
four of thelprodeegicofis #Habirative ahbedimenb odiaesttiscel witly Iy efit iweive Hizplay

vi sible Li%ht ectruymmay be spatially separated_ into nore than three

S i !
“pri maPyPIe %S&ég%mh@énﬁ%hmlgan,am%*(lﬁa%l feheh gtiGreaRe 612 fyr tha Eeive §WPl¥es a
m cro eh&Cig10eGhawh GRIFISY St emdVEMR)e sequential shutter devices 311, 312, and 313 is

15 associated with four of the projectors 450.

In other embodiments of my invention, the visible light spectrum may be spatially

separated into more than three ‘primary’ color light components.

Another embodiment of my invention uses a micro electromechanical system (MEMS)
based imaging device instead of LC based imaging devices as described above. Other
20  contemplated embodiments of my invention use other transmissive and reflective imaging

devices, such as reflective liquid crystal on silicon (RCOS) to create the projected image.

Alternate embodiments may be devised without departing from the spirit or the scope of

the invention.
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based i magi ng device instead of LC based inmagi ng devices as descri bed
above. O her 20 contenpl ated enbodi nents of ny invention use other

transm ssvoet/emdi ref |l ective i magi ng devices, such as refpPetuswelskiqui d
crystal on silicon (RCOS) to create the projected inmage. Alternate

enbodi mrents nmay be devised without departing fromthe spirit or the scope
of the invention. -8 WD 01/91471 PCT/US01/ 16423 CLAI M5 What is clai ned
is: 1 1. A projection display systemfor a projection display conposed of a
plurality of 2 individual tiles, said systemconprising: 3 an illum nation
sourcecﬁﬁﬂaﬁ%ing light, 4 a light separation unit for separating light into
a plurality of individual 5 conponent colors; 6 first fiber optic cables
for transmitting the light fromsaid source to said light 7 separation
uni t; &Vhatgs glaimed is: of projectors each associated with one of the tiles of
the display; 9 and 10 second fiber optic cables for transmtting

i ndi vidual colors of the light from 11 said |ight separation unit to said
profectors. 1.2. A prodjcsienidetplal sisteryfosporeiastion disrlay dempesediof i pdurality of
wherein said |Igﬁ§im%ﬂ%f arg%gﬁﬁa nit conprises a plurality of individual

| i ght separation JeVices et SRR ¢ ‘separates the light into a single

conponent color. 1 3.. roj.ection display.systemin accordance with claim
2 wherein said secoﬁﬂlﬁ‘?‘ﬁlﬁlia %?S%??Wog'gc%%]ég%ncl ude an individual fiber
optic cable for each caonponent, col or = 3 fron1sa%% i.ndi vidual, Iight_ .
sephration devices ol ¥Parabipa il £r separatipg 4 fé@?i%dﬂﬂﬁgbﬁégl%gﬂﬁhﬁ%i n
accgrdance w th claig.lngsei n said light

6 first fiber optic cables for transmitting the light from said source to said light
7 separation unit;

8 a plurality of projectors each associated with one of the tiles of the display;
9 and
10 second fiber optic cables for transmitting individual colors of the light from
11 said light separation unit to said projectors.

1 2. A projection display system in accordance with claim 1 wherein said light
2 separation unit comprises a plurality of individual light separation devices each of
3 which separates the light into a single component color.

1 - 3. A projection display system in accordance with claim 2 wherein said second
2 fiber optic cables include an individual fiber optic cable for each component color
3 from said individual light separation devices to said projectors.

1 4, A projection display system in accordance with claim 1 wherein said light
2 separation unit separates the light into more than three component colors.

1 5. A projection display system in accordance with claim 1 wherein each of the
2 first fiber optic cables is connected to said light separation unit with a round-to-
3 square morphing collimator.



2 separation unit separates the light into nore than three conponent
colors. 1 5. A projection display systemin accordance with claim 1 wherein
each of tWeo1r/24first fiber optic cables is connected to sRCTUUKIgtes23
separation unit with a round-to- 3 square norphing collimtor. -9 WO
01/91471 PCT/ USO01/ 16423 6. A projection display systemin accordance with
claim1l wherein each of the 2 first fiber optic cables is connected to
said |ight separation unit is connected to each 3 of the second fi ber

optic cables with a square-t.o-round norphing concentrator. .1 7. A

rof ect | on' ditepl ays SYUFaINn HoHEESIEhaE AFEIECRaT i £ fer SR ERboPt e 2
first fiber opt et GBE Gtic bR Reh&ded 18 saRll Itbhk k&iratRARMIES tAebtBl to RN
connected to each 3 of the second fiber optic cables with a

squar e- t o- r oundofithe pedong fthenoptin gabites withia Ruar-terrope¢momhiny engeeniraégrst em i n
accordance with claim2 wherein each of sai-d 2 individual |ight separation

devices is a beamsplitter that passes a band of |ight 3 between 575 to
600 1nanonet ers i n Avpvaketingt fisplay spdérd ihiagbdrdamgawiab ickmmuhiwthefeur ehadr of the

conprises a bea i ch absorbs jd band.of |ight. 9. A projection
i Bl ay  syat om Tt ADB s FeBTRER S0 RPaHo A L PoP LA it S apriebiadhs i
progectors incl yO@s semai fiHePBptaPdabis wifhla &RBRLIBLBENd ARrihieh sdndstdtat&Omponent
3 colors fromsaid second fiber optic cables at each said projector and a
projection 4 lens for projecting the conbined light onto a tile of the
display. 1 1G They REGL&E &lEple/ SRHAY 1S ¥8do?Mnc@SHE S 2t Wh&Gbidl il of WAr €i N
said 2 illumnation Source conprises a single |ight engine, wherein said

| i ght engi ne 3inkividied rlight spparaies: devices i ghbeamt splgter yhatgrapses raobandi eiglighte

light; 5 | uy al i . 6. | ur al i foelliptical m
e Pecting the PRAREY proltagu By Reie B g8l dia e B iR oafs
cauge sai d | i ghgorhprig¥iatbeb didg whieh 5Py daidl Hid cFMlight.

1 9. A projection display system in accordance with claim 4 wherein each of said
2 projectors includes combining optics for combining the individual component
3 colors from said second fiber optic cables at each said projector and a projection
4 lens for projecting the combined light onto a tile of the display.

1 10. The projection display system, according to claim 1, wherein said
2 illumination source comprises a single light engine, wherein said light engine
3 further comprises:

4 a high-intensity lamp producing the light;

5 a plurality of apertures;

6 a plurality of elliptical mirrors reflecting the light produced by the high-
7 intensity lamp to thereby cause said light to exit through said apertures; and

8 wherein said apertures transmit the light to a first plurality of fiber optic
9 cables.

1 11. A projection display system in accordance with claim 1 wherein said light
2 separation unit sequentially separates light into a plurality of component colors.
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8 wherein said apertures transmt the light to a first plurality of fiber
optic 9 cables. 1 11. A projection display systemin accordance with claim
1 wherei w@ai/hali ght 2 separation unit sequentially separpar/@soliegist into a
plurality of component colors. -10 WD 01/91471 PCT/USO1/ 16423 1 12. A
projection display systemin accordance with claim 11 wherein said
plurality 2 of conponent colors includes nore than three conponent col ors.
1 13. A projection display systemin accordance with claim 11 further
conprising a_.2 sequence. controller connected ta_said |] q‘t& separ af i uni t
for T causi ng 421 d dnprovsgion ey Sem TR RETe "CLUReR { hgredt s PLYENH] gh
enopgh to causey@ddbnhithet USRS idcRRIks RBre thaRthrée Surdpdmtt dd1d8. 1O see the |ight
as conbined. 1 14. proj ection display systemin accordance with claim 11
wherein said second 2 plurality of cables includes a single fiber optic
cable from sgad | igRtois&RATRL b in cbRlaBACRiRc1AR f Bir@bLEsRhSsind a15-
A tiled projection giogpl ay (gﬁys%gsr#@orma tcl& gd pr%)}qé:cti?lon I spl aylﬁ}?:osrlr% saed
2 ot a pluralitseqoéndenmintroderalondéciqal tmysatd lige , sepabtiorsyst fmceusing sad mgit t8 a
plurality of display praqjectors erine)(ézg‘indi i dual display tileis 4
Psbei at o wi ¢ bty PedlsBh st e igh porebes Shusean IRt oRki on
soupce produci ng 4 dighhy aRdokEMs Mehit dsR@mbaled. | i ght into a first 6
plurality of fiber optic cables; and 7 a |light separation unit receiving
the |ight produced by the illumnation 8 source, separating said |ight
nto primary gl oi GATRAMANiSIaAlfichi AIAEbIdhEOwit k] PLERIYs£0Rlond

conponents into a second plurality of fiber optic cables 10 connected to

sai d display prpjusditypf cablegsanclides amingle &ibérooptui @pleayors paitldight sepewatidin myitt o

clai m 15, wher e{?n efc s(?i d. ﬁ di splay projector includes an imaging unit
r AP 05 5B PIPH

conprising a pl i ssi ve
1 15. A tiled projection display system for a tiled projection display composed
2 of a plurality of individual display tiles, said system comprising:
3 a plurality of display projectors wherein each individual display tile is
4 associated with a corresponding said display projector;
5 an illumination source producing light and transmitting said light into a first
6 plurality of fiber optic cables; and
7 a light separation unit receiving the light produced by the illumination
8 source, separating said light into primary color components, and transmitting
9 said primary color components into a second plurality of fiber optic cables
10 connected to said display projector.
1 16. The projection display system, according to claim 15, wherein each said
2 display projector includes an imaging unit comprising a plurality of transmissive
3 polysilicon liquid crystal devices.
1 17. The projection display system, according to claim 15, wherein each said
2 display projector includes an imaging unit comprising a plurality of micro
3 electromechanical system devices.
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3 polysilicon liquid crystal devices. 1 17. The projection display system
according to claim 15, wherein each said 2 display projector includes an
i mgi ng wooveanprising a plurality of mcro 3 el ectronePOpusa@lcssyst em
devices. -11 WO 01/91471 PCT/USO1/ 16423 1 18. The projection display
system according to claim15, wherein said 2 illum nation source
conprises a single Iight engine, wherein said |ight engine 3 further
conprises: 4 a high-intensity lanp producing the light; 5 a plurality of

apertures; 6 pl ural i of.elliptical m.rrors reflecti t | i ght )
produced by tﬁ%’ hi gh- Lf%%ilﬁ%%gé?l} @Llﬁpga#psif%e‘?hé‘f’%% m&aﬁi’s&lrgl iﬂfl‘r"bg&ﬁ’“& 8%y ¢
through sai d apghimin@fon sdflces cohipfifsna Shigle ARRY LAEIAS WheemNkdid tidt ldnglte t O
a first plurality of fiber optic 9 cables. 19. The projection display
system accor di Agthepcepises15, wherein said light 2 separation unit
Separates said light spatially. 1 20. The projection display system

accordi ng to clai m BSiglwimensity lapan prolughg thedighggpar ati on unit separates said
| i ght sequentially. -12

5 a plurality of apertures;

6 a plurality of elliptical mirrors reflecting the light produced by the high-
7 intensity lamp to thereby cause said light to exit through said apertures; and

8 wherein said apertures transmit the light to a first plurality of fiber optic
9 cables.

1 19. The projection display system, according to claim 15, wherein said light
2 separation unit separates said light spatially.

1 20. The projection display system, according to claim 15, wherein said light
2 separation unit separates said light sequentially.
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