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WD 2004/ 043077 PCT/ US2003/ 034231 LI GHT SOURCE SPECTRA
FOR PRQIECTI ON DI SPLAYS CROSS REFERENCE TO RELATED

WEOROVIOSOCNAL APPLI CATI ON Thi s application cl ai PET/UR®03/034231

benefit under 35 USC 119(e) of U S. Provisional 5
Application No. 60/423,032, filed Novenber 1, 2002,
the contents of which are incorporated herein in

t hei r entlGRTPOUREE SPECTRAFOREROTESIION DISPLANSI on
relates to the source of light used in projection
optical systenms and, 10 in particular, in flat panel
BRSO EREFEFRIBEE Tl REWSTEHNBROBEIONAGYr ABRACATEONU. S.
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R Ora% 1C¢ ntel < ND OF THE I NVENTION 15 In a
Cllén dﬁ]‘éé’ﬂ P y the light fromthe lanp is

d|V|ded into red, green and blue color channels, then

| annel independently and finally
E@%ﬁ#@%ﬁ@ﬂﬁﬂﬂﬁﬁﬁﬂgﬁFnage on the screen. |In other
Wor dsThig vektidiBtiates RARE ﬁ)uhﬁ oPli g’rlt Q6§dd iR Bro?écﬁ@ﬁ é‘lyucal systems and,
COﬂSISHS of two steps; col or sg |tt|n and col or

BRI hPAnFHEOIEGio8 CPEHARES. Se 1 Bexasplaty-§i Rajent
mﬁéa@ﬁ)ﬁ P(Blic8tion Ro.[UN B@3 PRS0 gl'lt?tféh ag&olﬂ%@@ﬂ?ﬁ@cfu@ﬂm’l n

tine (e.g., a single-panel 20 displa
dWmningtioncysigy” the epfeats of Wélch@mmmrqta@hqrmeby refreune.
purity in each channel, which can be quantified with

t he col or coordi nates descrl bed in E. Stupp and M
B AR AUND,OF TREINGENTGANDI spI ays " WI ey, 1999, p

310- Bﬂnza co%zfl 25 _]eJtl%ﬁ (aﬂ‘glay ?‘% gﬂt from lan%p is tdpvrl e?i 11(1:’: cp ﬁreen and

nmust give the“requir colo
&lwsgoloaghapaels, Zlfﬁndmxlulatekiexdeam b]mnne‘lhmiepmﬁenﬁy a’iﬂtfﬁlsll}Ofecombmed

> ature n,col or standard i et
e E R b By R oLt B erRb T PrreL P APy
Emgsustseuﬂtwo sﬂesf: oaﬂnﬂpﬁ&tﬂg Encaamrea;ombaendxﬂ §hd 086r @ahrield A be

RVENFIERI (B U D PO opited BB oding S pane

\d&plagz)ength dependent transm ssion of all 30 the

optical, elenments in a channel determne the lig
spect ﬁﬁ lttf%én‘bgﬁarﬁﬁ@f: theprequggd td e“f?&?s%%“tﬂﬁ‘éltydﬁteﬁ@ﬂhannel

Gk$dh@An bOGhanelfsd SReb talbr édohtuea'te%, dbf@bedintEe StuhP Snd
A}gect rumto achieve the desired col or coordi nates.

GHFHEEholz " EEiscHian Bisplash Wiley + 192 pp? B8 Ide Solopzecombination
RN tBite CRESLIE BRI give the required (desired) white color, which also can be

described with color coo}dinates or color temperature. One common color standard is set
forth in Society of Motion Picture and Television Engineers: Recommended Practice,
RP 145-1999 entitled “SMPTE C Color Monitor Colorimetry.”
SUMMARY OF THE INVENTION

The spectrum of the light source and the wavelength dependent transmission of all
the optical elements in a channel determine the light spectrum of the channel. In most
cases the optical design includes spectral filters that alter the spectrum to achieve the

desired color coordinates. Accurate selection of such filters provides the required (desired)
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WO 2004/ 043077 PCT/ US2003/ 034231 color purity for
al nost any given spectrum of the light source

w@z®uning, of course, that the source enits |PONUSIUF034231

the entire visible range of the spectrum Col or

reconbi nation is the process of mxing |light com ng
fromthe three different channels. In order to reach
eplar ey fosalmygst any ghisn fpectrumef ﬁ’ﬁd’(gb‘fr ohwsp apfiminggdit cofrserthat the
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mat hepiiqabaystepms, pdipsicalgnil Electio-Onteal angmetemg sems; Ropettii
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assuned to split Inary ¢
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t hese | OGﬁq ¥ aér%eg %g?éﬂ%stgﬁ%ﬁcef 8pe8é'“m g@) and mathema“cauy
t r anspussisg dthrough2GilBekdvirgtheRasitivie) ofdhcRmandy& %

tranzlgl ajSI on_everywhere outside of such area. No

| oSseenseioe fillers afemsvﬂle%m}lb% Heht inttp ghpparimary color channels
ref | el@lvingiso re@lﬂfe@r(ﬁe%ﬁ&d) @Blor ﬂlnt? infé‘aEIi"‘ﬁleV%al c‘fhﬁﬁles algn

i nto consideration, althou desired, they can be.
Al tHheretepiioraf fheseddiest ﬁlteaﬁr e pssymed todwget 098¢ transmission in

pro podetsir&f‘spfe&fw hik® gndtd% Hﬁlﬁ}ﬂlg% %?wﬁé?g Blﬁglh? &fsﬁl%l]l Leg )Nd)

whi t e point. phot opi ¢ \NE‘Ig
li ghthSSESaﬁS%Cl‘ttﬁbWﬂtmtl@d Frgsned Iﬁffbpm,tmzaﬁom tediffraction

phot opi gl oﬁgd&a%gmﬁgaﬁ, geawgéltag%%em pLted from

the source. Thi's approac d"08tion of the
| oos Al tHréegirimary cdlb’(e agysikedtogabadh the @tbpomtioh feq@irbdto prov1de

o RS OB B b RSO e b
is then computed as a percentage of the photopic weighted energy of the light
emitted from the source.

This approach allows the evaluation of the loss of light in the system associated
with color maintenance only.
For example, the most common lamp used in projection displays is the UHP lamp

(see H. Monch, G. Derra, E. Fisher, Optimized Light Sources for Projection Displays, SID

99, p. 1076-1079), which has a spectrum of the type shown in Figure 1. (The spectrum

shown in Figure 1 corresponds to S(A) of Figure 3 and thus is measured in watts as
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30 (see H. Monch, G Derra, E Fisher, Optimzed Light
Sources for Projection Displays, SID 99, p.

waQu8/04078) , which has a spectrum of the type BCIDUS20031034231

Figure 1. (The spectrum shown in Figure 1 corresponds
to S(X) of Figure 3 and thus is neasured in watts as 2
WO 2004/ 043077 PCT/ US2003/ 034231 opposed to | unens.
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&We5|red col or puri the red reen
dpard d&ﬁlaedi)vhlt% ?féorrOé&}mrp@alber@éélghted) white col or of

t he rg%ocmg ﬁ”!?!
ener gy di st r| but [ gﬁltal en-glfg?h [ ]lt(w)%{) %"ﬁ%e\%g&té@@%{%hamps Pfthe
fipes cursepidsingie inefiat péylel Projgstéon; smstemats nphsu&imq:nt ) emstre it the

ﬁl‘lﬁ)tc%%e h g"éﬁ;cfle%lﬂ& & @Q{hotdgsu%@ %vlﬂ{tg F]olor & tﬁe@grge%r} %cggrdance

be use create
wath ¢re inventipig tmddﬂinnal konsgreinbingharecldy thd fided tdreach the correct
nal , constr.ai nt osed

t he.
O3 e, S P S90Sl LR
tantps idrwse mhmsya@tioa syssenes0Msé ghectencbficrat laagisido oAkt @is into
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ac C O Uifdr thendtdpodt coles slitting] (Sherneéﬂm@dse%f)fo'r 6ilt619 €/savibye rfhet hey
roj ection system For the

d ste
B nt o e P B e e B ceblo speosion i

s@bidahde Wiltethé ﬁﬁb‘xﬁ’d’oﬁ NRE bSal R pre&laBIy nBikb ubd ady HIRAC Hhat i s, the goal
channel But for the step of color reconmbination, In

e Breddiheavailable Hight fqowélﬁh@ Prmels mixgddoseihsr forast e sgmiyed
%fte %)(ﬁntu $RoR Mt th& @Js@ whiB@lle c'oﬁwr cﬁﬁﬁelg%ls at aﬁy LRt Hsshgg

he avail abl e ght from all chan S, m Xe
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g DRSS, 05, B GLOMIEL o AR AL o
precentisterripice af e startiag spestiom of the damet alloas Ithye, colve ravombimatch
thp to reach the desired white point with preferably essentially no loss of light.

As used herein, an ideal filter is a hypothetical element with 100% transmission in
a certain spectral range and 0% transmission elsewhere. An example of the transmission
factor across the visible spectrum for an ideal green filter is shown in Figure 2. Similar

graphs apply to ideal red and blue filters, with the red filter passing wavelengths above a
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usi ng conbi ni ng di chroi cs having characteristics equal
to the splitting dichroics.) An appropriate choice of

w0 b@4st3rt i ng spectrum of the lanp all ows t he POI/082003/034231

reconbi nation step to reach the desired white point
with preferably essentially no loss of light. As used
her in, an ideal filter is_a hypothetical elenment with

T 81 TRVE P88 9w and e‘eiOfb&?mwefse@gthebelm Hytvadwss and
Q?@lﬂﬂeqn&%&%&hg RaflSRMIBEBwW aﬁ:ﬁ‘es@l’é@t@@j&fﬁv@ £ gt ggétl ?Ialiﬁu%d absorbing

transm ssion factor across the visi
Favslengths aoedhatvplpe.cln thransof @W@l iﬁ&tele tg«umszussen mmo&rpomts for
HeaRRPARRDY
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b&thedeal fPicesed dosado ucliere cabulgted id8kolvicoatidatabfo el Ny
! t f actu
RO o PS5 Bt

tngiﬂletrcmt(le scgzen. t he wavel engt hs at V\,hl ch transm ssion
goes om ﬁ[ll 8n .to al Off%]‘h 5 ken to be
equal P RAHHSUHY, P Aocqianeesy ﬁrcﬂ Eﬁf’%"tf’ © {pygntion, a method for
dﬂémﬁﬁng B ehirfeg spetiruia forfal lligh€doSirce td B 1R6E ﬁ&raqﬁ&eﬁiow syflerh e
mg{g% E t he s ectrumof the |anp and
g YV‘rC}‘g?IF‘E‘%S ‘of the ideal filters are chosen to

achi C &ttty @elsifel @allor Sk Bhat&:36r it NS,
indl \?(?Pgual b&MJIYotrg csﬁaenne rs and afor t he %ﬁhl & nqugh&]quhlue

ults frommixing all three colors together on the
screem) 1QpddrBioRadifel ChlbAld '
first %sgeg%\gﬁg gt he1 I nvent |Ogdﬁndt& ﬁc&lﬂ{eﬂ@gﬁowcwb?the
spestert spHiting fierng/ geqmbinjag prooess {tbe "recomibiiet] vhitalight", 0 be
used a [ ed_whi
comprdea: R RE e uiel Sl St RNl i green and e
fibers;agd 1§ ght, green Iight and bI ue light; 15 (B)
;ng 'u L Id ng, S )e/g 11?]15{113 %nﬁe{% éﬁ% targ rsp()jelc %or tIlCo ﬂgh\{\'gource or (1
gplllbillettllon gf 4 takgeespemtgim for dretdight sogropaad € &Siséd §f of filter

ite |ight speci fying, a.set_ of
F R AP ebrareroee s S comPig o dipra which
mnhiddﬂ;tue filters; and (D) determ ning either (|) a
L 0ch PSSkt cB R EHE oI R Igise s Sersd red
and a reviligegfit@td gkerd lh%hft id filehared 185ht Sld t6Ssgeified Héfsned

red, green, and hlue filters based on a conbination of
criteria \Rﬁllom;pordmates for those lights;

(b) reducing differences between calculated color coordinates for recombined
white light and the specified desired color coordinates for that light; and
(c) increasing calculated light transmission efficiency for the
splitting/filtering/recombining process.
In some embodiments of the invention, one or more of the following more exacting

criteria are also applied:
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includes: (a) reducing differences between cal cul ated
color coordinates for filtered red light, filtered

w@e@en4dorght and filtered blue Iight and the speriu$10e3034231

desired 25 color coordinates for those lights; (b)
reduci ng differences between calculatﬁd coldorh
coordinates,. for reconbined white light and the

speci fﬂs ed Hwdpizng ddiracehsoran ﬁ%ﬂ?‘é@te‘? enlondeadinateg for, filtered

and (c) ke llglfx%Sﬁl&Qe@%%éiM ot & filﬂeﬂa?ltb}]utg /li%ec mdt s?>901ﬁed desired

efficiency for the itting/filte
process. 3@‘Fﬁ°@6ﬁ%m%ﬁﬁéw$mhﬁﬁ% of the |nvent|on one

or no of lak are

ol o Lo Ll A Ry ERAh Sy Tk % o)

m nim zi nge%ﬂmm@dm@élgb@@lW@EmeﬂiﬁLdeateddom b@nrdinates for that
coor di nat g §;F95 flltered red light, filtered green

i ght and ‘tered blue light and the specified
desi r e d@*}@mlzmg@auula‘aﬂéghtftmnsmmfﬁclgﬁ&y%r thd)

m zin tmeen cal cul at ed col or
(r:nog:rdi ﬁiat gsgﬁﬂz“ﬁlw@g re" THIRE BiRF ey light and the
speci Inicedaid @mferread embbdlfneﬁ‘t@ of the ﬁlﬁ/bﬁﬁ)nf B tdr SR bpectri® ér the light
2|n cal,cul at t transm ssion
eQL?‘?e((:"ﬁ’)éaﬁ%e 't @# &S ueegyap ?ﬁvﬁ%}nﬁf PSRRI RISP ATy RyStem.
Ere(ﬁﬂelﬂﬁ sudlﬂa mﬁjebiﬁjnmyﬁélﬁm@ge{ @ﬂ’cum‘I%f@desﬁm@&m ‘éfiﬁlency for its
ent et spectrun1for the |ight
PR e b kR Nyt o (Sbamels pictadbliet fongs $6%s and
ﬁmmghay@bwngkgggsoaectlon system Preferably, such a

prOJectlon system has a calculated |ight transm ssion
ef i ciP@Reydanss With & secepd aspeqtyfhy myention pryidese profrctipmgystem

ﬁ/ﬂlﬁﬁ@&lﬁp@sfes @ilglllt%@lﬁ%e rﬁ%plﬁ@ﬁtﬁ F&ﬁ(greﬁl%gsj }glhere% | east

85% and pr ef er abl’y, east n accor dance

with @s eé’éﬁr%ghéé%‘é‘@thas (d hv@asumdeimtmlmnop plaptidd power as a function
sten1 15 which conprises a |light source

gﬁgb&ﬁ%@ﬂ fty of color filters wherein: (ﬁo t he

| i ght(B3ou rtmehgmasouacemaas plﬁ(ﬁtﬁblaw&gﬁtb@ﬁﬁdn@i@ @Bﬂain%&iby
r &unctlon _of wavel ength S(2 ) t he
ﬁ’ﬁ%‘ﬂia H¥ EleringS(h) Wit Bligrdavigg ts@kﬁltivﬁr efidse hyma( oge;
obt ai@sd e color filters have measured 50% cutoff points; and
(D)  when:

@A) the measured 50% cutoff points are used to define ideal filters,

(if)  the ideal filters are mathematically applied to S(A) to produce a
plurality of filtered lights, and

(iif)  the plurality of filtered lights are mathematically combined to

produce simulated white light,

the simulated white light so obtained has a calculated photopic weighted intensity
Yb(A) the integral of which over the visible spectrum is at least 75%, preferably at least
85%, and most preferably at least 95%, of the integral of Y(A) over the visible spectrum,
where the visible spectrum is taken to extend from 390 nm to 770 nm.

Additional features of the invention are set forth in the detailed description which

follows, and in part will be readily apparent to those skilled in the art from that description

5
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mat hematically filtering S(X) with a filter having the
sensitivity of the human eye; 20 (C) the color

wo pdoses®7have neasured 50% cut of f points; and ¥CH/USINE31034231

(i) the nmeasured 50% cutoff points are used to define
ideal filters, (ii) the ideal filters are
rmtherratlgally pplied to S(X) to produce a plurality
F refpgnizef 8P13F5%¥%the Hiygnton as descyibedrhereist. (Fhelapeompenying
{diawliss @tk ihé1gdHdSo ﬁlroeld%tfmﬁ{@ﬁﬁcﬁﬁltalnﬁmg IS B‘R’glaﬁ%al%d are

produce sinu] ated white |ight Sinmul ate

|lffC§WPfaéf‘é 1p prdgongiuts apag OE@FS@m%ﬁCQdOlp H@tsdpb@umrsgcrwem both
itHRtreRShihY gendidf dsci; R B8R
Vi Si b é s&jgctrur%cllgﬁgta ?g%s@lo?g%%&%ﬁlg gé’sé tlon e grgg’t
8x5unplary af the itveptionfand atslipterded teprotid@&Evveofiew befrarﬂévagk &r
QfdeXdaNin RS 30 where the

Vi Sel emgpecl%a?lﬁ?nal?ﬂs&t%%k%rnéﬂge ﬁg&( g nd from 390 nmto 770
nm Addltlonal features of the invention are set forth

PR ATION AT ERAPENESL ¢ 't nose skil1ad in the

art flflgmetlhhcbwmke@ectrm oPUHS 1346, 2004/ 043077

PCT/ rec i zed cticing the
i nverL#S POt aso‘?ﬂseE%F?rﬁg’dss}%&%it‘?’f acﬁaﬁse%%l‘g‘é'g lepaejiuayfor an ideal
greawfiligs are i ncluded to provide a further

under.st andi of _th ention, and are _incorporated
' SrEEE RSBf R GOt 0 pulatth & dpleing dwmh shecinin aacshe
tiarderisider s dietshatedasd iht 1Bt a‘%ﬁ'(ﬁ 9o Q1sgﬁ? er al
descré}g n and the follow ng detail'ed des ption are

mer el aé‘r%?“%‘ﬂzefl BReCITH @f ¢ light setrer, apasificalis ao elgal
{tReoRdtioNh I&ﬁ*ip%[iec@fﬁﬁf HAtEMifdd ﬂcl h BRI R e 1nlﬁ’/'&'g E{S_]%g dieng

the nature and character of the Invention
prescRiepvf briflopchprpibisaw NAS afticglar, éiidspebtows isalesipeitts urhieve
transm ssi
T O R R i S P e AR ol PP Pl
$istemer . Figure 3 shows a fl ovvchart of cal cul ation for
selecting a lanp spectrum and the characteristics of
ideal filters to reduce light loss in a projection
BESAIIEHD DES@BIIé“I@NSDﬂbiEHEdNV@miI@Nzed spectrum of a

i ght fi i deal 5 (theoretical
| o TR 08 B e lhbbp aain c et th dded

filterg ol dations kre@rdftrebly performed on a programmed computer in accordance

with a flowchart of the type shown in Figure 3. The mathematical operations described in
Figure 3 can be performed using a variety of computers and software well-known to those
skilled in the art, e.g., a conventional desktop or portable computer and a commercially
available scientific computing program.

The spectrum of the lamp and the characteristics of the filters are iteratively
adjusted so as to identify, using the calculation process of Figure 3, one or more
combinations of a lamp spectrum and a set of filter characteristics (e.g., a set of cutoff
wavelengths) which will provide minimum loss (highest efficiency) through the color
splitting/recombination process.

Examples of the variables of the system that can be adjusted include:
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procedures of the flowchart of Figure 3. In
particular, this spectrumis designed to achi eve

W®EkBTR4387T0l or points with reduced or m ni m zeRPCT/U§W03/034231

loss in a projection display system 20 DETAILED

DESCRI PTI ON OF THE | NVENTI ON To select (1) the |anp

spectru ropriate characteristics of the

i deal ?}?spgc}rél%)%tg‘?cﬁ tions are preferably perforned

on a pr dyreatnifgehint dorbldesfiltei;n accor dance with a

fl onmcha t t. sho in Figure 3. The

mat hemat% égai%cué(%gp‘gié{)%ﬁ%w ibed in Figure 3 can be

per f or méx righi mxgofﬂpoiﬂrfbﬁgryermue%orrput (ﬁr s and software

wel | - kngwn those 25 skilled in the art, e.g., a
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conmeFeitapéty thataraid licBiedint i fi ¢ conputing program

The spegt rum of [.he I?n&éa,nd the characteristics of

the fil tefShF® R L PPellight adj usted so as to

i denti f3), cbﬂsfft@rdiﬁheesqglg%ﬁﬁ%ﬂtpn process of Figure 3,
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one or r conhi nati ons o

of fil tg?"%ﬂ’é?o&@ﬂ‘&t‘?sé’tfif@shgbé. g., a set of cutoff 30

wavel engt bslpr satdsdhteMor bvnRE P%ﬂt.de m ni mum | oss (hi ghest

effici enc ) through the coldr’ splitting/reconbination

process ) éi%ﬁ'ﬁé?cé%ecb‘l"m! pdonsplitiapkeesmbihatidneshayld be wdidator

can be adijj§t@dqi nclude: 6 WO 2004/ 043077

PCT/ U%ZOOS/ 034231 1) spectrumof the |anp; 2) cutoff

poi ntlof gptipizedspestiunpef thalamipend tlmmhatrﬁcftertsﬁbsgﬁf il ﬁ%r%%S)

dbkdideq ks j int for green fi|ter:

cut o gl afpdith o e R e H R e S epgo
S pYRadlaatps anéfilterd for osd ioromstostiignataepanel disfiale THe dal

AN ' of e light: 3) color
B Pl S SRSy el T5 g Bt maitbtesivensetst o
Cmmt@rlsltlpmht@m@)th@ogst_haamﬁ‘ itl&f ﬂ@gﬂrﬁ Blatcb?lugﬁlg the theoretical
it or
Vrﬁnmr%él Jmst a'zgglgf.e,r ﬁ‘ﬁ)%@'d gﬁ{cke?lgy gon?pl'zllre to Sxisrtieng lilei:nfp/ﬁlter combinations is
achieved.

An example of an optimized theoretical lamp spectrum obtained using the
algorithm of Figure 3 is shown in Figure 4. This spectrum was obtained by starting with a
flat spectrum and then iteratively performing the procedure of Figure 3 until the purities of
the red, green, and blue channels, the color coordinates of the white light produced by
combining the channels, and the overall efficiency of the system had reached acceptable
levels. Note that this spectrum is not a unique solution, but other solutions will maintain
the general character of the example spectrum. Characteristics of the ideal color filters
which were used in the determination of the spectrum of Figure 4 are listed in Table 1.
(Note that the overlapping of the spectra for the different channels in Table 1 (i.e., 484/494
nm for blue/green and 588/599 nm for green/red) can be accommodated in a sequential
system where the color channels are separated in time or by using different polarizations

in different channels for a spatially separated, three-panel display system.) Obtained color
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The optim zed spectrumof the lanp and the
characteristics of ideal filters so obtained using an

w@bk@aenitomm of the type descri bed above are thePCTUBES03/84231

sel ect and/or 15 design actual lanps and filters for

use in constructi ng a flat panel display. The actual

ams i]lter ed not and, in general, wll not
SR G b e Fibal Fagnedna 3 thasbiechonit Bercolor etsombinaiion arc

tlisfed irgTabld® AlscethRftatldséaiRhdetdAm HMt thEYEMISIENG sthGird.
t heorefi cal &alues as a_guide, inproved efficiency

conpar 88 Sy dpmp pridead fipm) Jeponstesgsisplenmiaiptapaios efficiency of
astd.eved. 20 An exanple of an optinm zed theoretical

| amp iﬁ (g}:w um gobt ai ned using the algorithmof Figure

3 is SAOWFEPHSH ytimglided example foranstnoses ofdlinstiicai rTectalbyrlate the

Séqirkin s W El'ﬂ oﬁlml%@ltamﬁ Rfehtidd %I%ﬂqm%gl%g%télf] e(%’n%tvéuﬁ re¥erably

per f orm ng %oce ure of Figure
pkeitptp é@’srslﬁraﬁ% epgiyal, grappesed smided)| ohaacxh]awnebfsthe filas used

%gdrlrb %ﬁf&ﬁﬁ@ﬁj ‘ﬁie}%%ﬁtgrﬁ ?])g tﬂg Q?sté/}%' ﬁcﬁrg:k/%rg@tre a ?m]% e g%lgglnsgates that
tﬂl‘?épg‘y@ﬂ’é?ﬁﬂli?aléghﬁ euiededela powe il adriable2Bnat Icﬁvlﬁ wed Nodréat hidahtage
tuhaépl%%ﬁay f ﬂe&ué%% nﬁmHl'th %gﬁt 3@l ution, but other

sol uti'ons w | ener al character of the
exanpltehablg Irqm th@hlwrlamtb@r o&tvaltasbleaﬂjutsﬂaele ivagetllesall @fpically

he de natiopn of t
io% ee%tﬁrilgn n‘% @?ﬁr&ger\g‘? égrﬁl%gtgres scr %)]éla t}fendteﬁl t%rgrits Pn(g{eﬁt]éa terms,
tﬂhameemh ¢habthe rpimpqtum of Rifurt B ®v11$ Wﬁhnﬁbé‘ Qppeb et LpdihiSFiRMA the

n Tab m_f or_ bl ue/ gr een
ERAPRELTEGVIR ISy S oo e oB B EB B s o fea
slesamé mlmadooﬁmlasqu emwd;l gfeen, ah@blae bihn I MM fe Rifbined white

di fferent polarizations

r usin
ig‘ﬁds @P S/n?ld@ﬁegrerﬁ@i@ VR Pfeaecgwﬂvaq acliewipp thepbendute highest
tfficeaeypanel di splay system) Cbtained color 7 WO
2004/ Q43 7g PCT. USZOOB/O 34231 coordinates in the
i ndi vV LIRS SQurgss ot fight that gowlhbg eptizadtin agaordance with the

eohituek ee0ftddRtdiOR iR Rasnlal lﬁﬁl?@esbﬁbe:ﬁ%ptﬁmgr etl, S gﬂ'te?n

tabl e .h reference data fromthe C stan

PRPIcatonYublication Ne. LS G0p2(aai 1993 Af &I@ﬁpmﬁﬁMam depends on

GOLRMikBINVERARRSS ﬁéﬁt'a@tbﬁﬁﬁé’aﬂgﬁ with 3¢ ‘RF%IQ-EF %Heﬁ? f élﬁ he
IS a Si I|f|ed exanpl e for purposes of

15iPe 8f @a pay iy canhsphpngedianrevidathe mquingst srpmtmd Seanror
sRepld, UMD, PRen@Noa ¢ 34393 ¥ £H04 PRE A\Nh!)lkgg%sg dg%ragi

take into consideration the  actual
F%ﬂaraﬁowrla&m% FEBIsi erdarapps anH &EDY 4 ¢apbs umied aclaeve tlot desired

&?e&ﬁﬁ%ﬂlﬁr 0] ch‘aoh te‘?ﬁ’ss]%@ Moukuever, the above
exanp at

e denonstrates spectrum of the. light
sour ciojedfion spHies ‘ﬂQﬁigthml agipirdantdraith tha forbgoinisiee tie following

SLeRlrgdyant age

(1)  they comprise a light source and a plurality of color filters;

(2)  the light source has a measured distribution of optical power as a function
of wavelength S(A);

(3)  the light source has a photopic weighted intensity Y(A) obtained by
mathematically filtering S() with a filter having the sensitivity of the human eye;
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10 in display systens to reduce or mnimze |ight
| oss. It should be noted that the nunber of avail abl e

w@eojoustabt e variables will typically be |ess PCEHISI00&034231

nunber of paraneters describing the desired targets.

In practical ternms, this neans that the procedure of
Figure,3 will typically be stopped at a point where

t he g‘%ﬂ cm’%\f%‘y s have megsured 5B§s°§tqfﬁ%ﬂﬁnt1;@@% i.e., in
appl y(g t¥eenal gorithm achieving the 15 desired col or
coordinates of the red, green, and blue channels and
of the con®i nedismrasared pigptoffgpoimiarire aserlyo dafme ideal filters,
pref erabl yiigi veR. LA SRS B ANStiBGH H¥i

absol ute A ghest efficiency. Cﬁé o?W@ﬁgﬁggggﬁg?gnmmea
obpliveef fgferqd lights, atdat coul d be optinized in accordance

N R
Rpydhcecsipylated mhise fightt i on No. US 2002/ 0011802 Al. The
spect LS d n on i s, . mxture, . .
b crranmtadd e BRPs ARIRI D eatbe g eliied intomsiy

&lb&9 thednegrbef whith eded the Tistble spectpeisat 1ehNT5BaBrefbkablytt oast
ee

be chan Pd Eo Rrovide the required spectrum ,
%g‘?” ahg){lé%gprg ’eral‘g_ vt 1985t ot o thpigtegral of 7B(A gver Argrisible spectrum,
Whéi@ heliidible Abdoh RGNtk &SE QAR £ H B nm GOFRI AARL 1 Ons of
Ianpzé LED s, or lamps and LED s can be used to

achi evlhough sprsiciegipodiments of i invenfinathayerbdendeschibed and
AneirRed, it oS gt B ' L g5
esi gned in,acggﬁggﬁggggf?ﬁgyEgﬁ?%§%§%§%§%ﬁ§9§ %ﬁ%pMTﬁmn
fs1stBRieAG sPidtR thecipesntion wilkbe evidenttth pgrsersmp pidsmraskill gihe art
SoMIESropRding dRkbisk@bi ty of color filters; (2) the [ight
source has a neasured distribution of optical power as
a function 30 of wavelength S(X); (3) the |ight
source has a photopic weighted intensity Y(?) obtained
by mathematically filtering S(?) with a filter having
the sensitivity of the human eye; 8 WD 2004/043077
PCT/ US2003/ 034231 (4) the color filters have neasured
50% cutof f points; and (5) when: (i) the neasured 50%
cutoff points are used to define ideal filters, (ii)
the ideal filters are mathematically applied to S(k)
to produce a 5 plurality of filtered |ights, and



(iii) the plurality of filtered lights are
mat hematically conbined to produce sinulated white
wo p@ho43othe sinul ated white |ight so obtai ned PEBUS2003/034231
cal cul at ed photopic weighted intensity Yb(2) the
i ntegral of which over the Vi si bl e spectrumis at
| east 75% preferably at ,legﬁt 10 85% and nost
preferably at |east 95% of i nt egral of Y(X) over
the visibl e specHARRCTERETIES (OFEIDHAT] B §ERRECt rum i s
taken to extend from 390 nmto 770 nm Al t hough
speci fic enbodi nents of the invention have been
descri beld amglier I TTUSTBREEA,| 1T 1§ P PE UMUER5{ 00
that a variety of Inndificat/lions which do |not deparnt
from thecweHpemand 4immt |of84me & $99emt i|onSsGitnk He
evi dent To persons of ordimary skitt+—tna—the—art L5
fromthe foregoi ng disclosure. 9 WD 2004/ 043077
PCT/ US2003/ 034231 TABLE 1 CHARACTERI STI CS OF | DEAL
FILTERS Filter Blue Green]:lﬁcti%zcut of f point 494 nm
484 nm & 599 nm 588 nm 5 2 ACHI EVED AND
REQUI RESCHIBYERIANITREQRIKEDRDS NAIFRSOLCRATMER BINRETES
G een Blue Wite Achieved x = 0.663 x = 0.309 x =
0.142 x = 0.312 y=0.336 y=0.596 y = 0.048 y = 0.329
Requi r@ﬁﬁnels— O ORE X = 0.Gdéh X = BSOS X = [OQvREEZ /-
= 0.34 0595 v = 70 v=0 3290 10 *See E__ St upp

and I\Acégeé’ﬁ%eshollf206'6%0]"809?’% Dirspl-H2s, Wﬁ‘é§/12

1999, p. 310- 312 yapd3e SAGi£pgoef gb;to@fg Pi ¢t ur e
Tel el—si-on lInm neers: Redomended ctlce P 145-

1999 |&rapEsdd " SNPTE 680 odi%oT O/ 1§ 6 Chidor | fetrq31271
VIO 2404/ 043077 AGILYS2003/\03¢28d | WAag odos | §irgpshgpys

O

*See E. Stupp and M. Brennesholtz, “Projection Displays,” Wiley, 1999, p. 310-312, and
Society of Motion Picture and Television Engineers: Recommended Practice, RP 145-

1999 entitled “SMPTE C Color Monitor Colorimetry.”
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wakiogh4dorght fromthe [ight source is:

1. Anethod for determning a target spectrumfor a

I ight source to be used in a projection systemin

(i) splPET/US1003/034231
sub-portions either 5 spatially or intine, (ii) the
sub-portions are filtered through red, green, and bl ue

Rﬁhéls? agd (iii) the filtered sub-portions are
reconbéwg %5 a colored i mage on a screen (the
spl|tt|ng/fllterlng/reconblnlng process"), said

nmet hod co (A) specifying desired color
coord ? nat ﬁ’r"g %%rdiefepﬁlﬁtng agprgelispeqirgmt for mbight e to be used in

lalpgij\éctloﬂ. E)ys(eB) inSERES lzgﬁt 8m Q‘lfeslighﬁgufcglléj r(l)CSBfi){lgﬂOr%% SgrthIQJ either

pr.oduce

§1Eﬁt1ia]?3f ?fdg Ppe} &Hé Fheﬁglr-p@%ewr%ﬁhgeqoﬂamls ged( grhen, and blue filters,
aﬁ@@l@ﬁbé ﬁﬁé}edl\é’h'bt;%rﬁdng% récomﬁa%d §§):§&Jl£r¥& ﬂl%g"él oft gts%?en (the

filter characteristics green,
f pliftmgdilterngirecompyinige process i sail leethwbcrorr(pn);mg t ar get

S pectaym fs9501$yth% de bR o RPH FEnLs f%% ﬂreb %1%11&, grleeahlfghg ang hlge

conbi nati on a target spectrum
»a revised set of filter characteristics for the

red, een nbi na of
crit e(%)a mﬁec@f%%g*ﬁleéi{% blo} Eor nQa%es%rC\iv 15:%@%? ?rgﬁl‘i:fﬁé h% Hle
Eféﬁ‘%!;@éfﬂte@ag/mpmb@mgmcess (the dredom‘mhmswlﬁnrhgﬂlt"b ter ed r ed

li ght f|| ree nd fi red. bl ue |i

ang 115 SpBc 1?9153 Sgteoglfrtg ha]? 618%108%“ (ng’&FQj igFrgpead B\e filters;
tisose Ilghts (b) reduci ng dlfferences bet ween

cal c te for ned white

| gh;)(ban%te eﬂﬁergﬁ gaé%ﬁ% F%eatf% Hb et @ idkaor
edvattindtioghf taage]g ?peém)m fon Cedl R s"ﬁgrc@ @h@&'kﬁts@djselt bifiker
SRR Pt g UGG Ao cBassombingtorpof crea which
mEhﬁﬂd of Caim1l wherein in step (C), the set of

filter, characterjstics_ for the red, green, and bl ue
fil tg?)s aur’“"eda Ugige ditfereugesibrtvesn ﬁ%ﬂl%%tedcwﬂ%fcporémﬁm forffigjered red

the filtenight, Buerérchgeémtgh@&thﬁteQd%lw 1?gh¥\£}ﬁftﬁé %}e%ﬁgd &&hred

of filter charac(ien stics are fo
green, andO'8T PROTGngtsdprsthows lightsy espect i veI y cor r espond

to agbual rédasing Effﬁ%ﬂces%@ﬁ%@x‘l ya@culertéd Jo%r%ootﬁfﬁgteg he LSO ined
cutof f points_are equal transm ssion

for the a®thifalightiapd @Pé;pecaf@dvl@l@@gqlpm@ﬁﬂates for that hght and
PCT/ l@zooﬁfc%ﬁgg’éalculated light transmission efficiency for the

splitting/filtering/recombining process.

2. The method of Claim 1 wherein in step (C), the set of filter characteristics

for the red, green, and blue filters are specified in terms of cutoff points for the filters.
3. The method of Claim 2 wherein the set of filter characteristics are for ideal

red, green, and blue filters which respectively correspond to actual red, green, and blue

filters, and the cutoff points are equal to the 50% transmission points for the actual filters.
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4. The method of Caim1l wherein in step (D), the
calculated light transm ssion efficiency is based on a

w@adogikzmred photopic weighted intensity for theCT/ESP03/034231

| i ght source spectrum and a cal cul at ed phot opic
wei ght ed intensity for the reconbined white light. 5

5. Th 0 @ erein in_step
cal cuI at edﬁf ‘%{m ‘if?d@m]‘s‘é? S 4N @)éh‘%:fza ‘f“iat‘?‘ﬂéﬁhéased
bzymsmmﬂlcm @fﬁﬂ@c&ﬁhﬂba&é@d’iﬁd caidulaieﬁrﬁhﬂﬁp@fwefg%%dl1htgllfbt1ty S thErget

and ond that introduced in
8%&“? 8?1“%{“? Ands ?a?%’ﬁ%t@r%}ﬁe%?}ﬂc vigighted imigasityderibeiregpmbined
@mm’ﬂgﬂt.v\hereln in step (D), criteria (a) and (b) are
given precedence over criterion (c). 7. The nethod of
Caim1l wherein in step (D), the target spectrumfor

the +b§ig htTIﬁ:QﬁH’tlﬁ‘&l AC1difRe wikdh Hlaoltépo(P% %falcﬁfa%dg@ﬁtgréatnsmissmn

&ectrumfor the |jght source and revi se
SHICIEPPY 18 AnEasdhyeininaizing additienat filtering of red dight greamiigHs) and blue

fighttbeydndithat GicaHITH @I?&)nh&%()ﬁltwﬁtﬁ%h%nmg a)./he met hod of
Claim1l wherein in step (D) gu)get spectrum for

the light source is determ ned 20 9. A nethod for
constg.uct ig n%t%ﬁ@f@?aqﬁqnv@ye%ﬁ ?x?rte%gﬁ{)) c1j e{lag% &ﬁé@) e, %%en

determining a target spectrum

Preecdspecrnyer Gfteriogi(@i m 1; (11) sel ect | ng a light source
based on step (1); (Il1l) selecting red, green, and
blue filters based on a set of target fllter 25

char att er i3 impthofl of Ctaliro § evifeidi mrs&p\cb)a e thiget spedtrudd for the

{ [ r the set of
PP R b opEIRLB AN Bl el et el anengimse
get of filtar charenpéristck, fot the reldegneﬁe endsieitie Blters fsidbfeRhined iteratively.

characteristics determned in step (D of Cdaim1; and
(I'V) constructing a projection systemusing the |ight

sour ok selTae trethot 0f Slaé 1 (Hhkdein @RBp (D Loy b §
ft%t&t)u? % %}I ? 0 10. The netmhlod g? )éoajl/ magéés%rgié?ﬁtf&%e

he Iight source selected in step
(1) is not identical to the target spectrum

det er, n s ? (Ign.l 12 WD 2004/ 043077
PCT/ SZOO lagth t% constructing a projection system comprising:

) determining a target spectrum for a light source using the method of
Claim 1;

()  selecting a light source based on step @

(II1)  selecting red, green, and blue filters based on a set of target filter
characteristics for those filters where the set of target filter characteristics are either the set
of filter characteristics specified in step (C) of Claim 1 or, if revised, the revised set of

filter characteristics determined in step (D) of Claim 1; and

(IV)  constructing a projection system using the light source selected in step D
and the filters selected in step (III).

10. The method of Claim 9 wherein the spectrum of the light source selected in
step (II) is not identical to the target spectrum determined in step (I).

12
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11. The nmethod of Cdaim9 wherein the filter
characteristics of the red, green, and blue filters

w@edoeosdd’ in step (111) are not identical to tPEr/BE81008634231

target filter <characteristics. 5 12. The nethod of
Claim9 wherein the projection systemconstructed in
step (1V) has a calculated light transm ssion
efficiency for the splitting/filtering/reconbining

process of T}ﬁtmdtlﬁitﬁlsdf Cl4809 viRbrdiB the Hir &ﬁ%alaﬁg_stﬁ:g oftid lré'&, g'reen,
wh 1elg t he %Iregj.ectl on system constructed in step

(’P“{e/& Uf, filters selegfed in ster (1) pigmet identisalip gisefof érgdt Siltency
fehdradthiBtigpl i tting/filtering/reconbining process of at

| east 85% 14. The nmethod of Claim9 wherein the
projection systemconstructed in step 15 (1V) has a

cal culat edrieingdiodtdr 1S5S f1Gl t he .
sphitting/f il terl ng%@oﬁ%eg?%glfe pgoﬁ%cgglggys%g{ Sreslgn step
dhasiscalonlyiiddiehieansmissips elivicoantt thesplitng/filtangbecdaidisng

tdcbss GF &l1asD7oherein the system has a cal cul ated
ight transm ssion efficiency for the

splitting/filtering/reconbining 20 process of at
| east 1375% ' ion_system.caonstructed in .
13 ﬂé%e‘cﬁ%&%g .@lrﬁ%gb Lot fhe Prolec 1g1§/ @{SE’H’] ci?ggtrugted n step

accordance wth erein
6 bed aqateglataddight tranamissios sifiolenef i this eplitying/BlferinBRecombining

gfblcci:sts%{éﬂ?é?fs@ ég(%sri ng/ reconbi ning process of at | east

5% proj ecti on system constructed in
accordance with Claim9 wherein the systemhas a

cal culated.light .transm.ssion efficiency for the _
spl i tit4?ng/q}hf> erofirﬂ’&ﬁpaé%g “Iithie PISHLS/sigm copstiusted in step
05Yhas30albBlated lightOfaeission S¥iste iy f6OMB b itk rink/Abmpining
%grcefa%gedétg)?g% urality of color filters wherern: 13

0047 0% ‘PCT/ US2003/ 034231 (A) the light source
has a nmeasured distribution of optical power as a

function of wavelength S(X); (B) the light source has
a photopi ¢ RRIgHesSFRe ¢t5d Maogordameaivite §laim 9 wherein the

system has a calculated light transmission efficiency for the splitting/filtering/recombining

process of at least 75%.

16. A projection system constructed in accordance with Claim 9 wherein the

system has a calculated light transmission efficiency for the splitting/filtering/recombining

process of at least 85%.

17. A projection system constructed in accordance with Claim 9 wherein the

system has a calculated light transmission efficiency for the splitting/filtering/recombining

process of at least 95%.

18. A projection system comprising a light source and a plurality of color

filters wherein:

13



10

15

20

mat henatically filtering S(X) with a filter having the
sensitivity of the human eye; 5 (C the color filters

whaone/0swasur ed 50% cut of f points; and (D) whenpCT/U$20031¢34231

measured 50% cutoff points are used to define ideal
filters, (ii) the ideal filters are rrath?rr}a_t:;:allé

appl i t : o produce a plurality of filtere .
| tht Qg aﬁﬁ%@ fé‘.‘“ﬁ atsﬁéneﬁ%?da‘ﬁ?t’fl@maﬁ °¥Pl?t’_c°é]r1|é’d"er nganf‘@“lon
af wavelingérfgi); cal | y conbined to produce sinulate

white light, the sinulated white |ight so obtained has
a cal &l atfﬁ g 5PUBss hes aehesprie weighted mtensity YYh (0kairtel by

' ab Lsi bl e spectr s at
oneh oyl TR0 PRE o EG B e SR BGED of e Wt pree
spect(@m thhele filtes havsinkisered Sewtontof jomtd; aken to
exten®)fr end0 nm 15 to 770 nm 19. The projection
system ofq@ aim 18 wherein the integral of Yb(X) over
the visilile speoteasured S0%tutb#@6ints@EAsed td ddiné MeRIGIR)s,

? Vi SL.pl e spectrum 20 20. The
8]; onéé% i g\r@;ytsﬁ’gr#%f h%f%fﬁwmf@p c{pRusay Aprlisd to B tprrapduse a
o2}y ai\fdteret Mights\angi bl e spectrumis at | east 95% of

[ fY over the visible spectrum 14
the integ r(ﬁalg Othe pgu)r%lity of filtered lights are mathematically combined to

produce simulated white light,
the simulated white light so obtained has a calculated photopic weighted intensity
Yb(1) the integral of which over the visible spectrum is at least 75% of the integral of

Y(A) over the visible spectrum, where the visible spectrum is taken to extend from 390 nm
to 770 nm.

19.  The projection system of Claim 18 wherein the integral of Yb(A) over the
visible spectrum is at least 85% of the integral of Y()) over the visible spectrum.

20.  The projection system of Claim 18 wherein the integral of Yb(A) over the
visible spectrum is at least 95% of the integral of Y(A) over the visible spectrum.

14



