WO 03/ 063509 PCT/ US03/00425 -1 COLOR COVPONENT APERTURE STOPS I N
PRQIECTI ON DI SPLAY SYSTEM 5 Techni cal Field The present invention rel ates
to el ect rwnioc/opssey ect or optical systens and, in particul &CI/uSo3/enps oyi ng
shaped aperture stops to inprove col or bal ance and inmage contrast. 10
Background and Sunmmary of the Inventi®on Various arrangenents of optical

| ayouts are known for projection systemwth reflective |iquid crystal

di spl ays. Exanples are described in U S. Patent Nos. 6,309,071 and

6,113,239 and in H gh @OLORCOMPONEWT IARERBURK STORS INIre Usi ng Col or

Pol arization Filters, M chapRd@yEEPONIABAIARSYSTHEMOO0 15 Digest, p.
92-95. One optical |ayout described in the Robinson et al. article enploys

proprietary polarization filter technology (i.e., ColorSelectTM

pol ari zation filter technol ogy), available from Col orLink, Inc. of

Boul de|5, Col orado, USA, to achieve a r_ep?rteg contrast of nore than 500: 1.
However, contrast in these known sySEBRICAlEi¢ldnited due to use of 20

MacNei Il e prisns t l.ar i i ; i ! ent
arr angement s. A MLIRATTT S Ty o O o el oy
depol ar i zadndynn ehftetlar, tasmpesing bleapechapeiBureReopaito Mopraye3digrdrdandehe
depol ari zed |ight reduces the contrast of reflective electronic projection
di spl ays, anhimgas ePR¥ASYr 1y those enploying liquid crystal-on-silicon

(LCOS) i ght val ves. ASF%ghg?éﬁﬁagﬁq’ fsgnﬁﬁﬁ,a,i‘gp{heommiorporrpensati on for

the skewray depol ari zati requires an additional quarter-wave plate,
V\/Pl ch increases cd&riousenuEngesateof sptical layaus meamknand foeptojéation t he range
of operating tenperatures. Generally, reflective liqguid crystal silicon
(LOOS) 1 g?_rﬁst%w@breﬁ%five gwﬁrcaystaﬁ%wﬁxaeb@mp'%&grei eqeddni &

i splays, g p ' he fra Faittirand fast
response. as%bﬁg""%u%%@c% %ﬁghﬂ%%%%"g? I_gé)ns?sbﬁem%g%g rrglf I”?(;ti ve |ight
val ves i s Arnbiteases UsingrénlamPodaiizedige FiltérghMiesas! Gidiehieson etanSIRA0

e e et S8 | Bl haRaLbB b kR BB BRI
employs proprietary polarization filter technology (i.e., ColorSelect™ polarization
filter technology), available from ColorLink, Inc. of Boulder, Colorado, USA, to
achieve a reported contrast of more than 500:1.

However, contrast in these known systems is limited due to use of
20 MacNeille prisms as the polarization beam splitters (PBSs) in different
arrangements. A MacNeille prism PBS has limited contrast due to skew-ray
depolarization effects, as described in U.S. Patent No. 5,327,270. The
depolarized light reduces the contrast of reflective electronic’projection displays,
and particularly those employing liquid crystal-on-silicon (LCOS) light valves. As
25  described in the ‘270 patent, compensation for the skew-ray depolarization
requires an additional quarter-wave plate, which increases cost, requires precision
alignment and restricts the range of operating temperatures.
Generally, reflective liquid crystal on silicon (LCOS) light valves have
several advantages for use in projection displays, including small pixel size, high
30 aperture ratio, and fast response. As the numerical aperture (NA) of a system
using reflective light valves is increased to maximize image brightness, however,
contrast decreases. This reduction in contrast is largely due to the interaction

between the non-ideal retardance of the light valves and compound angle



WO 03/ 063509 PCT/ US03/ 00425 -2 depolarization by the tilted polarizing
beanmsplitters (PBSs) typically used in such systens; the contrast varying
appr oxi mewelog/oedsbh t he i nverse square of the nunerical apertuso®0042h
addition to reduced contrast, increased NA results in poorer imge quality
due to increased geonetric aberration2in the projection | ens. 5 Another
limtation of conventional systens is the color tenperature or bal ance of
the light. Projection systens typically require a lanp with long lifetine

and extrepgl l’)la”‘r%hbn%“}‘ihé‘?llt@a dolé.?ﬂﬂin Bé&Mspitdrs (PBSG) dadcdlly ibeghinmuehsur e
mercury |anps (e.g. P type, ava| able fromPhilips Electronics). These

| anps pr odysEemsy tblewohashwwgm@mmt@mwm@erlevgrtSE\ﬁQuW@J@f fha ent in one

(1 ypi cal | pugiaise agauceoin A RERuck o B85 iireaPRARA SR oy iy an

accept abl o‘@*ﬂéﬁlma?@ dalityaus to mdra@skétagécymémwltmratlonﬂhttheg)rbjleatmm)temsar y to
a narrower bandw h than required to obtain a satisfactor col or ganut.

For ex&lrrpl e, the AODB}erélﬁb@ﬁlQﬂlO@ﬁoﬂVq?@W' gyeemsdsthegotas t %@@Gﬁ%tuf% r
o o el ek (RSB PRuBR e P R h R Bl IR 148, hRAgE ore

restricti rghd &aRirheld st §odr@é©ﬂlgm;eocldasg$ providhed bye\sgmpressummemwry
provides high contrast, balan col or and hput in a wd

vari ety oﬂa@Péd@Q@dﬂHPﬁyﬁﬁe@Yﬁi‘ﬁ@e QQWW@HP%EP‘?‘Fgrin'QSQat eS?’é?mgétWQ@U‘F‘? qui d
crystal - %I@S#rﬁgﬂjroqs%ﬁ 1o ﬁ&%&@%lgf.&é}g@égg.@f F]"@)nezgr b BRfhary colors,

i mpl ement Ve |qU| d cryst i con projectl system
i ncl udes asquivihygrat ﬂ@ést@ma&)fsthemltﬁm‘tesqeymally@eenj g sometines grgen.and

col or separation system such as a cro hroi ¢, l.oned, to receive
the pol 5@#@@@ ?‘ngfijﬁg tg tft"Baé‘e%%eé’f '?ﬁ"’ iteeRPIRE i ﬂ%ﬂg i: "E??l YHIEIMent
of "ght F,fa{ %ﬁa@ttﬁ% ﬁér?csw Hﬁ1 mra'n%amré@&@bbﬁaqﬁ@%mmadt@@h

pat hs. m)dl y| ng , bal’ancing) aperture stop is
posi ti oned;oaircgzagnait F@astanople, thfe calonesqmrermwfub@scﬂrecmmblﬁadrﬁ@ reédige theat hs

to bal | at It th ol t fol ht .
N of | oo rpsoiraLyIcin of Y& areerang pledimaigs couptd entRbeRERb indte: n g
pol ar g?' n%&*ﬂt?r‘af@osmdntﬁﬁ%e SPUEiie8In %%Nﬁ"ﬂ‘i 'b?ozi?ﬂia%f ‘s?drf&i@xr@@ﬁﬂ‘ré@ﬂnbﬁnﬁ@r

each he primary colfor conponent light paths to separately i rrpart
i mge i nf dhemdyoamictangeach of the primary col or conponents of light. A
col orcorbi ner rei\(cazlcgr%sngqy dthe present invention provides high contrast, balanced
color and high throughput in a wide variety of electronic projectors, such as a
multi-path, reflective liquid crystal-on-silicon (LCOS) projection display system.
20 In one implementation, a reflective liquid crystal-on-silicon projection
system includes an illumination system that generates polychromatic light. A
color separation system, such as a cross-dichroic, is positioned to receive the
polychromatic light and to separate it into primary color components of light that
are directed along separate primary color component light paths. At least one
25  color modifying (e.g., balancing) aperture stop is positioned along at least one of
the primary color component light paths to balance relative intensities of the
primary color components of light.
A reflective liquid crystal-on-silicon light valve is positioned with a
polarizing beam splitter, such as a wire grid polarizing beam spilitter, for each of
30 the primary color component light paths to separately impart image information

into each of the primary color components of light. A color combiner receives and



WO 03/ 063509 PCT/ US03/00425 -3 conbines the primary col or conponents of
light with inparted inage information to provide light representing a
pol ychr ormoios/odissepl ay i mage. | n anot her inplenmentation, aPcoluse3/Ekanci ng
aperture stop such as an apodi zing aperture stop may be positioned to
col or balance the light before it is-35 col or separated. For exanple, the
apodi zi ng aperture stop may include an annul ar color filter correspondi ng
to the primary col or conponent of light of the primary col or conmponent

l'i ght pat lednibings € bhmap edioticBehpaipehtdbElight @Bth itnpdis inaeiforifiopne or
nmore aperture stops Fr ovide attenuation by reducing the 10 nunerical
aperture (terprovidedight rapresentmoapobchramnaibmeisplayiioiageeri mary col or

channel s. The apert > i i i di ng
iseof a smal o 1 APGHRAERBISTRyEerie EEEPT B ERel a1 Ko o
aperture sgmplizihgepkHare sipShay berpaiidhear toreulyrn balants theofighat sfeld ieis
projection |l ens aperture stop, where separate projection _|enses are used
for eabh pralereggparaiedudeorgrxasmplaniiig @Rodizing @psrture siapr May Iv¢lddaEdrt ure st op
of the illum i t i i : , i i nation
cyst om or BSR4 e BRepoRaRorE he Rrintlty coliPXofn dhefReF B o HE'

descri pti quiramg dolpd eoreporéntdight phit inewipick skeabpodizety apertwviel dtopds appar ent
fromthe detail ed description of the preferred enbodi ment thereof, which
proceeds WRASHIQNEDer ence to the acconpanyi ng drawi ngs. 20 Brief Description

of the Drawi ngs Fiflg ohd & @ofl ﬁgglﬂ%eo%tgﬁtg Iﬁ)%@&éﬁa%ﬂha%n B%/.rré&lj(ﬁ hye

projection display “system acco e present I nvention. gs. 2A-2F
ar e ditagr armeéri¢al speatura (onincicagmgathedi-natribee) shapedr negpe primay sotp's
according to the present i nvention. 65 Fig. 3. i ew o

. is.ataqp v f one
"l ement ANASRCE | R APEUHISIOPS Y B dmpiinentef in varigus wavs. woliing vssy of

oot O S Mk RO A we s et dig]
Fig. 6 is lacaticagexsisdbr aaphiprinry reyiseaci mgmaillet paijectiamigne pipiectalre stops
passing t hV\r/I'?éJ hserp(zllra e grg}caic%ign%nsaesp erlr%j ues%tdofror Ce)zfac rp‘)‘zf‘i arr(f/,sgrn Ltjsei 8?/ gl’r]] tain%ﬂlar
15  color filter at the aperture stop of the illumination system or projection lens, where
a common illumination system or projection lens is used for all primaries.
Additional description and implementations of the present invention will
be apparent from the detailed description of the preferred embodiment thereof,
which proceeds with reference to the accompanying drawings.
20 Brief Description of the Drawings
Fig. 1 is a diagram of an embodiment of a reflective projection display
system according to the present invention.
Figs. 2A-2F are diagrams illustrating various alternative shaped
aperture stops according to the present invention.
25 Fig. 3 is a top view of one implementation of an illumination cross-
dichroic.
Fig. 4 is a top view of one implementation of imaging cross-dichroic.
Fig. 5 is a simplified illustration of the operation of a wire grid polarizing
beam splitter.
30 Fig. 6 is a diagram of a pair of raytracings illustrating optical rays

passing through relay optics of a projector of the present invention.



WO 03/ 063509 PCT/ US03/00425 -4 Fig. 7 is a sinplified diagram of an

el ectronic (LCD) projector in conbination with a col or selective apodi zing
apert ure wWoop/oeaseor ding to the present invention. Fig. 8PCI/us0se@at view
of an apodi zing aperture stop with a circular inner 5 edge configuration.
Fig. 9 is a front view of an apodi zi ng-aperture stop with a rounded

cruci forminner edge configuration. Fig. 10 is a front view of a stacked
apodi zed aperture stop that may be wused as an illum nation aperture stop

position. 10 Fig. il 78 Asihiphifbd didy¥af ofa bRetroRi(it () m‘o%'é:btcsﬁiacked _
apodi zed aperturestop. Fig. 12 is a sinplified diagramof an el ectronic
(LCD) pr ojcecnlinatien withG coletselective epedizingranariirestep pRCGHRI Waton with a
color selectiv .apodtizi ng aperture stop according to the present

i nvent i on.PTe8CTR'GVeN™N-s "3 front view of an apodi zi ng aperture stop adapted

to asymetric COFFTg@fE;Sa BONNUEWI dFl %p’hicﬁiiﬁg apentatée stdpGith aleitcaldradner
Description of Preferred Enbodinments Fig. | is a diagram of an enbodi nent

of a rb&f| extdeveordigbyaitan.on display system 10 illustrating an exanple of an
operating environpent, faor nre t A 1 | i Hspl a
P g t9r lgfaef,r%)ﬂf;wgvc\)/ cﬁf% ap(?ogmhg %Hu?@st%@ltﬁ%ﬂoﬁ@dgﬂ pl ay

system 10 (soneti erein as proj ector es three
col or conpenEfdmPRhict adgeajdnsighetiopn! y one shown) that correspond to the

respective primary color |ight conponents red, green and | ue. , For
purposes of clari Fig. 16 i§.a roshdéaw &M stagked aPOQI%@S@&e&ur%éﬁipoﬁéﬁmayo% cal

pat hs, mhfﬁggi?%gﬁawﬂ%ﬁgn%gg%é OpﬂB%’i‘ﬁoerti cal path 12Gto 25

correspon een prinmary color ‘conponent. It will be appreciated
that ype red and Biglel icigl dfronioviparefranotipsn eéxamplpatf tesstackéd bpodizedsane as,
but in places offset from green col or conponent optical path 12G

El ements APYHREPSEADr 10 that are specific to one primry color |ight

"RE30 G or - B TR Sl RaBRPRNeh PRI PRI ORI . o one
primary cojeyreeltivgiéd nemeticdr@Dsvrl combinaitioniwitiea sotdr seleniiveiapodidr®r di ngl y,
the foll C)V\g\pnegrture stop according to the present invention.
15 Fig. 13 is a front view of an apodizing aperture stop adapted to
asymmetric contrasts of multiple twisted nematic LCDs.
Detailed Description of Preferred Embodiments
Fig. 1 is a diagram of an embodiment of a reflective projection display
system 10 illustrating an example of an operating environment for the present
20 invention. Projection display system 10 (sometimes referred to herein as
projector 10) includes three color component optical paths 12 (only one shown)
that correspond to the respective primary color light components red, green and
blue. For purposes of clarity, Fig. 1 shows only one of the color component
optical paths, which is designated color component optical path 12G to
25  correspond to the green primary color component.
It will be appreciated that the red and blue color component optical
paths will be the same as, but in places offset from, green color component
optical path 12G. Elements of projector 10 that are specific to one primary color
light component will be indicated by a corresponding alphabetic suffix (i.e., ‘R,
30 “G,” or “B”). Elements of projector 10 that are not specific to one primary color
light component will not include such a suffix. Accordingly, the following

description will be directed to the elements associated with the green color



description wll be directed to the el ements associated with the green

col or WO 03/063509 PCT/ US03/00425 -5 conponent, but will be simlarly

appl i cablwotos/0635e9 el ement s associated with the red and blpag/used/en2s
conmponents. An illumnation system 14 having an elliptical reflector 16 and
a wide spectrum(e.g., "white") lighb-source 18 directs illumnation |ight
20 through a light 5 pipe integrator 22 (hollow or solid) and relay optics
24 to an illumnation cross- dichroic 26. Referring to Fig. 1, green

opti cal paidmpasentabaesilfiesnileysppticabieho the ekfnentd dssodiatetivitt thy red f ol d
mrror 38G through rel ay optr cs 40G and a color balancing aperture stop

42G accor AMhPlUe Gater garBBemeNtnvention. A 10 pol arizing beam splitter (PBS)

(Lo LA on A e A% nWiq o btick RfileGir HpARY adig8! 1 con

(LCOs) LCOS light va recel om co al anci ng

aperture sdpeetdid{e.bn “@whitegnightisomos, 18pd1rea1‘ts Hiungnbttamlight 20 treoudB & light
includes a wire grid Eol arizer 52 such as a, Pro I uxTh ugg’l ar.izer avail abl e

from RbxtRIRe lrrtﬁerater SleHowprpolidq)grd relasoRtice #6tyaN NaHen Ef0s52G i s
descri bed dgggbﬁb%@s Patent No. 6,122,103. As inplenented with wire grid
pol ari zer 48G may be referred to as awire grid PBS 483G After
bei ng nodul at ed bRdi€ithgltodtig. ,adreen BPGealt freth @@ passes frosecrossed-or

S50, “whi o fiswoReeS andris eaRLRIR T BROr et Tugugerday CPcafDEal A of oss
20 di ChrO'&r%aiéﬁaangqof mugéefﬁrs%%eﬁgﬁ g o rrréegrégeﬁt idv@ntibh UK nat i on

cross-dichroic t to co green, and bl ue
modul d0ed prddamrngd»repcmeplﬁ&r EB@)ﬂ@&anch‘uameﬂecianolrgj]te'ai\ra)ﬁO@esmraaserrbl y 56,

Shown) " PR ebtBreacan (oAt EES IaPErvERbE. Fodhird hitbjattian cbbF
or a rear HHIé’h&ﬁé'a‘b@rtU% $RIp 426, I oRBASSAerk SB1kriZing Bl gmt@wg@

system 14 passes t hrough integrator 22, creates-a uniformintensity
i |1 uni nat nodudesrarwiuergrrdrpcﬂarlmﬁ 5264, esgnchtasra E’x@lflux\m pdiavizenavailablefraet i on

cr oS- Gk Zhes i Hii Diah  LSHL IR sk bR 558 s AR [
(only 15C08) |9, ghtevENY €6 308, ﬁj“B)VWé rmyrerﬂerﬂed '\Aﬁﬂ?ﬂhir@@hd%ﬁﬂérrﬁr 5263, BBIYPti cs
30 (only relay optics 40G shown) and three identical mrrors 38R 38G
and 38B 48G may be referred to as a wire grrd PBS 48G.

After being modulated by LCOS light valve 50G, the modulated green
color component is reflected by LCOS light valve 50G back to wire grid polarizer
52G, which reflects the modulated green color component to an imaging cross-

20  dichroic 54. Imaging cross-dichroic 54 is identical to illumination cross-dichroic 26
and functions to combine the red, green, and blue modulated color components
and pass them to a projection lens assembly 56, which projects the full-color
display image onto a display screen (not shown). Projector 10 may be operated
in either a front projection format or a rear projection format.

25 In operation, light from illumination system 14 passes through integrator
22, which creates a uniform intensity illumination distribution at an integrator exit
window 60. lllumination cross-dichroic 26 splits the illumination light into three
colors (red, green, and blue), which are directed to three separate LCOS light
valves (only LCOS light valve 50G shown) by three identical sets of relay optics

30  (only relay optics 40G shown) and three identical fold mirrors 38R, 38G, and 38B

(Fig. 3). Relay optics 24 and color component relay optics (only 40G shown)



(Fig. 3). Relay optics 24 and col or conponent relay optics (only 40G shown)
WO 03/ 063509 PCT/ US03/00425 -6 create inmages of integrator exit w ndow 60
at an optwoabBlog3secti ve area of each LCOS |ight val ve. Colpem/usab/enses ng
aperture stop 42G functions to attenuate a primary color conponent (e.g.,
green) to obtain an acceptable white-oeint. The 5 attenuation is achi eved
by reducing the nunerical aperture (NA) of that primary. The nuneri cal
aperture may be reduced in a variety of ways, including a smaller

i 11 um nat icpihie YihEas RP RitbYFRoss:aPwinddar 80 at SRRptIBLE aEwid atea Gftazzh ocat i on
exists for each primary. I n another inplenentation, a snmaller projection

| ens aper LGQ@S lighbyalvey be used, where separate projection | enses are used

for each primary. 10 Lt wil reci i i stens

t hat have a commo o%rlblaiﬁﬂcﬁl?ﬂ ?@?ﬁ@ s{{épggr%dfo%ﬁé@??%%tt%ﬁ%@%gﬁ&la?used for
at | east b%r%h%ﬂﬁée.@%td?één) tohstapemanateptableonhitoppimeheel enent s as
in projection system 10. In these projection systens, Nﬁg@g{ nul ar col or

filter5at attesuatien iuachievemshbyredywing titpwmerical dRaTEE d Rggmary.
j ection.,| b ' | i, : i-bed
el b | 1 gt ST He TR i, B Pt Plarmay BR le04, inBRuairkpadiedler 200 |

contrast @ngnihBBEE systeal bp¥rtofe $tbpl whereasgparde aipettlse bippi locatjat exists
requiring attenuation of green |igh

_ q t, such as those usi.ng hi gh-%essure
mercury | &ppeach PEMANghy aRYRETF Haplemieatatiply@ Smallgni RrpiecHOB RNHRPHREY
significa [y v/ ' I i and
i mage qua%&é@d%ﬁ%egag%&\&@&gréé I atgf@ré@%{ﬂf}hE’é;%érggté’r\égtfs?grﬁ%%geg%lgﬁgti ve
shapedgcol or  bal pngil bg sgpectiatetl thabssma3DejetA0i systeonslinay hbwe eheorpmesent
invention that may be used as col or bhal anci ngf&perture stolp 42G agﬂlﬁarny

t e

ot her col dlurpiaptie sigtempepraeaial lgpsithatds ysed folot leget WA RigNa{Iasd|

stops 120 I t: L e stops
120 Exeqitireraiefe RO coMioren: BRI o R PFOLLATH SYREI 10, PEResY 020 For
pur poses @frojettiors systentsg aexamilar golompiiltgyat theoapertdienstopiafibe commemn | be

appreci ated that, the shaped gperture sto 12Q .coul d ,be formed wth
d?ﬁensi ondliwpiRaton ﬁaﬁtef‘"hgﬁ quJEin%lﬁﬁﬁ.m%)ggﬁ uﬁﬁgitg Proyide &8&69%%@”%’%%

Rt e AT OB P LU SLOB 1R 5001 St reted

This reduction in numerical aperture increases the contrast and image
quality of that primary. Particularly in systems requiring attenuation of green light,
such as those using high-pressure mercury lamps, the higher contrast and image
quality in one primary significantiy increases the visual perception of overall

20 contrast and image quality.

Figs. 2A-2F are diagrams illustrating various alternative shaped color
balancing aperture stops 120A-120E according to the present invention that may
be used as color balancing aperture stop 42G and any other color balancing
aperture stop in projection system 10. (Aperture stops 120A-120E are sometimes

25  referred to collectively as aperture stops 120.) Exemplary dimensions are
indicated for shaped aperture stops 120 for purposes of illustrating exemplary
proportional dimensions. It will be appreciated that the shaped aperture stops
120 could be formed with dimensions other than those indicated. As a basis for
describing shaped aperture stéps 120, a conventional aperture stop 126 is

30 illustrated with an opaque face 128 and an exemplary circular aperture 130 with

an exemplary diameter of 62.5 mm.



an exenplary dianeter of 62.5 mm WD 03/063509 PCT/ US03/00425 -7 Shaped
aperture stop 120A includes an opaque face 122A and a generally oval or

el i pticawoap®6isor e 124A. Shaped aperture stop 120B i ncl uaes/usn3/o@phgue
face 122B and a | arge cropped circular aperture 124B. Large cropped
circular aperture 124B includes | arge7epposed circul ar segnents 132B t hat
are 5 positioned between a pair of straight-cropped sides 134B. Circul ar
segnents 132B are large in that they enconpass |arger circular segnents of

aperture 124B thsﬁaged@f@meéiswwmﬂmd@@magaqpeﬁw ¢228A@mdlR0C
i ncl udes an opaque face 122C and a snmall _cropped circul ar _aperture 124C.

Smal | cr orgseeraliyreval or ellipticalarerirad 244 | Sbered apegwig stogp tnclidesanar

ts 132C L | ' ' 4C.
G roular SbuRiees 198aRPLIERER (PRl eRbud) SRaille FAMBPERL, ERPREI T
segment s QfircaRgHpertird 224Btihalndds largeppdssd dirsulb34E€gmehiapdaBdpat arer e st op
120D i ncl udes an opaque face 122D and an al terna %uci form aperture

: i rnativ
124D. Br udigsitianedpeetivgea apainof sirpights AR S'd§%1§6§o FPWan 89PN Segnent s
132D posi tj ' ' 5 G ' Briapd124B
transver seiggg%eg?m%ﬁq%. Léh%rgéeoéﬁ%%%r @@%@@;&ﬁ%zeg@&ﬁﬁgﬁges an opaque
face 122D tpgf d& aﬁﬁbéd@idesm:ﬁm.apert ure 124E. Table 1 lists optical
t hroughput for each of shaped aper .stops 120, both i asured | ymens
and as a per cent a§8apedianeriuRe é&@n%émd%&ﬁ/@ﬂﬂp@ﬂﬁﬁ fa%qgggrq ) ngaglp 126
for a given light %%Téil ' apbriul@Abeclinbiugess %
t hr ough 8é%g(§]glr§®%8?8'8&eggﬁ?p I ca é@gg%ﬁr??g% a%%u Bi g crgpped (120B)
2950 95% <nall bpposapeidcl 20 RRONtsSIBAC Positisn¢d debye@Bapatsobsteight- Circl e
120E 920 30% Table 1 jl]ustrates the ran f throyghput, variations that
can be acHieReed fides 132@11 fEFér cylar issa@e@?ﬁ gg%éﬁ@ér%%g'ﬁgﬁag YtAIETHBYs 120.
I'n addi ti afn,khaRediARRYMES of aperture 124C than do cropped sides 134C.
Shaped aperture stop 120D includes an opaque face 122D and-an
alternative cruciform aperture 124D. Cruciform aperture 124D includes small
15  opposed circular segments 132D positioned between a pair of straight-cropped
sides 134D and transverse extensions 136D. Shaped aperture stop 120E
includes an opaque face 122D and a small circular aperture 124E.
Table 1 lists optical throughput for each of shaped aperture stops 120,
both in measured lumens and as a percentage of the throughput of conventional

20  aperture stop 126 for a given light source (e.g., a 20mm image at F/2.2).

Table 1
Lumens |% through
Standard 3100 100%
Elliptical (120A) 3060 99%
Big cropped (120B) 2950 95%
Small cropped (120C) 2500 81%
Cross (120D) 2330 75%
Small Circle (120E) 920 30%

Table 1 illustrates the range of throughput variations that can be achieved with
25  the various alternative shaped aperture stops 120. In addition, shaped aperture

stops 120A-120D have elongated aspect ratios that to varying degrees

preferentially block light at the extreme corners of the light bundle. Light at these



stops 120A- 120D have el ongated aspect ratios that to varying degrees
preferentially block Iight at the extrenme corners of the Iight bundle.

Li ght at wbesm®edd® 03/ 063509 PCT/ US03/ 00425 -8 corners i sPCYAiSozbdd49s nost
subject to off-axis or skew rays (i.e. contrast or performance degradi ng
l'ight) or stray paths, so blocking |+8ht at these corners can provide a
greater inprovenent in contrast. Aperture stop 42G sets a worki ng F-nunber,
or nunerical aperture, for 5 the correspondi ng color conponent |ight path

(e.9., 9Oreemerskagpicalydhostcaumpsstantofi-axsior BREW raps (il edntragbor espondi ng
aperture stop. By ‘using apertures wth appropriate dianeters the anounts

of red, g @rraradcg|d@gradiggﬂigba@rt§éray@aﬂﬂ$,?ﬁq@eclfiagﬂiebwh e§e FoEI§'& £k or

tenperature on th i j.nc g contrast. 10 An exenpl ary

i npl enent ﬂ?\ﬂﬂegfﬁﬁégrﬁﬁr%@gg @n(iroi"gl%lg?'rpl oys as light source 18 a

hi gh- pressure ner ggeptuteasop(dddP stispe workihg Fhnbiabe i o iiedericel epertuye,ifor red.
To obtain a desired color tenperature (color coordinates L}or the white
screeny, ttln@carr@amn@ﬂggpwrcqm@qnen’f§ghtewée(§-%y9@86ﬁt 860,.ColjTt h aperture
stop 42R havi : - (o} t 4 d

w th an PR UREFat 1BUNGEE ARlortechonBRE dtRys RS B [0 APeRvi S,
will signiiitcappropriaticdieassetsibecmoants afoady geenaind bleegdighétan Bence, st op
42G functions to I nmprove the contrast and | mage ual %OB.%F{% ect.or 10
whi | e presenimiied torREide adlesipd\rolg tegmeraiiis 8 e SEERRWDIIoMgeaddr

| i ght -val Vc%n%@i- ection display systens use high 20 intensity discharge
(HHD) Iight sources that produce a discontinuous spectrumand are

rel atfgel y defici Antexemplag ioplémentatiomeofyprofsictios syFieas 4 0syraplows asdighi re at

| east f th i naries, typicall t tt ted t.0. obt.ai
accept abl SOuERR 18 A MRTRiREEhetry o P-is el PR ST ISgPa "
such a prigamy &&é@f %gj% 8&‘%6For'térg§6@taf@(tdmdd'dffiijihiaf& folﬁfﬂﬁe pnitgary to a

rel atively narrow ndw dth to tain a satisfactory color gamut. For
exanpl e, acre=n); freoamounbof greleaighit inresipsed yrabouiSe % MY ighappriewssiop

R T A R A A e T
F?;Lfi’]?gt AunBb&dbrang th et 83590 RedH8IbAlh @rééh GahbPwilkdigairiesntyand bl ue
increase the overall contrast of the panel. Hence, stop 42G functions to improve
the contrast and image quality of projector 10 while preserving image or display
brightness.
Some conventional color light-valve projection display systems use high
20 intensity discharge (HID) light sources that produce a discontinuous spectrum and
are relatively deficient in one or two primary colors. These systems require at
least one of the primaries, typically green, to be attenuated to obtain an
acceptable spectral balance or “white point.” Typically, attenuation of such a
primary color component is achieved by limiting that primary to a relatively narrow
25  bandwidth to obtain a satisfactory color gamut.
For example, a rear-projection television system may use a high
pressure mercury discharge lamp referred to as the “Ultra-High Performance”
(UHP) lamp, available from Philips Electronics. The UHP lamp is relatively
deficient in red and requires considerable attenuation of green and blue light to
30 achieve an acceptable white point. This is typically done by modifying the color

separation filters to reduce the spectral width of the green and blue primaries,



30 achi eve an acceptable white point. This is typically done by nodifying
the color separation filters to reduce the spectral width of the green and
bl ue pri mMaPId®E3SO 03/ 063509 PCT/ US03/ 00425 -9 causi ng t iremrusos/mgedne nor e
saturated than those specified in the SMPTE broadcast standard and
restricting their dynamc range. Fig:93 is a top view of one inplenentation
of illumnation cross-dichroic 26, which includes crossed dichroic
coatings 142 and 144 positioned between 5 inclined faces of a set of prisns

146, as i $akspyihem osedtihe ndrelytimatadiianhesd 4pecified il 4de BMPEEL and
transmt different color conponents sg that jllumnation Iight 20 received

at daBI i ncibdigﬁxfféfsé&anmd ipedgepticing dheindyNamic '89P6r conponents reds, green
an ue an i regted .out ' LeX | i i i~ Fig.
31 a top vi ew of BondS AHBPaIEREE IS iblemeRehion b Mtminatin A -digféis o' 9
\é\fhi ﬁh IS 126 wiid min@?gfslmgtm diehraic eeatints v bad 28l 4apasiiionddibdesvasmos sed

I chroic coatings and 166 posjtioned between inglined faces. of et
of pri8ns indiged faces ohiaiset QEPrsNEs 4908515 KAPWY ”E)ﬂ“e?/\ﬁ e Eg?ri‘rﬁ"CP'éé%t'n@@Iﬁ?4ZZ8G
and 48B adj.ac Wl L% s F?d}g_} vy Fi gs.
3 and 4 i%ngjsﬁ{r%a{egfet% ﬁé%?‘t@r”%@@g%‘ﬁé@g%@?’t%f“ ni ng?%%g g?t%éeﬁ?@?gfét%gtl?ggél )

el enent s orreeapddeft drhiecidené éaceol 48 islseparatedrietnt thessolometarnpanégnisabdsit a

M rror cograbantiiuer ABd decikbaliuesheniie et PRy Bhbt  E0C 244 L move
excess heat from pioeEt B9 g o BhdmoRlontaRBR oPimbgie crassluldimsilsd, of ds

can be arranged be en t enents of relay optics 0 provide
al t er nat i wehioh ishietErme askihyningtiog @ros$s-dichrai¢ 26 ranshid clusiegiaigssed dichroic

-di chroi, d 54 . .Sub tially,. i ical. |
dnmh crent &CPUGE A4 T BpeLones baavesh ibines fakiPscia eob MRS ptn
i chroic tA &ﬁﬁb i f R edidd d
transmt %f?%ozt glrgll’%tzré%%lﬁ)g t n&n}%@gg@%&gyggﬁgﬂgﬁ%&%,?&aﬁ?g@&dﬂ;ggn142

an]EJII 16t4 Srirg;g’de:ei{faeg&s 1§Ol§(lal156{53_zeﬁdr’lé@ﬁ,irgmectidﬁly. dugsi hgod tillustratese nay

refl ec ol ari ze ue lLight, . t 1 tL] P- pol ar.k

Caht. o colepeRiBho st ineoBenity onieAl BErdne et ALUE et 0 one
for ggch c%%&neﬁ‘%ﬁﬁ*lﬁ;ﬁﬁbmié?ﬁl als W Drojésior ertaame 172 (Fig. *?r tit wilbbgor rel at e

the polarization of"lig rough croSs-dichroics 26 and 54 with the

pol ar i zat iappsediated thBiss coBRMiMSE oA dedpserias baivwean plemants of relay opfies

convent| O%ll tonr%%eorv:el éaﬁcuers% heat from projection system 10. Also, one or more
additional folds can be arranged between the elements of relay optics 40 to
provide alternative or better packaging.

20 lllumination and imaging cross-dichroics 26 and 54 are substantially
identical. In one implementation cross-dichroics 26 and 54 are of an SPS-type in
which dichroic coatings 142, 144, 164, and 166 reflect S-polarized light and
transmit P-polarized light of selected colors. For example, coatings 142 and 164
may reflect S-polarized red light, and coatings 144 and 166 may reflect S-

25  polarized blue light, all transmitting P-polarized green light.

Cross-dichroics 26 and 54 each include three half-wave plates, one for
each color component (not shown), as is known in the art, to correlate the
polarization of light through cross-dichroics 26 and 54 with the polarizations for
PBSs 48R, 48G, and 48B. S- and P-polarizations are conventional nomenclature

30 referring to a pair of orthogonal linear polarization states in which, with regard to a
polarization selective dielectric film, S-polarized light can be said to "glance" off

the film and P-polarized light can be said to "pierce" the film.



30 referring to a pair of orthogonal |inear polarization states in which,
wth regard to a polarization selective dielectric film S-polarized |ight
can be sawo 0B06350¢ ance” off the filmand P-polarized |igrCTasn3/e2said to
"pierce"” the film WD 03/063509 PCT/US03/00425 -10 Accordingly, projection
system 10 uses one pol ari zation for t+He-green channel and an orthogonal

pol ari zation for the red and blue channels. These polarizations allow use
of overl appi ng spectrum for the blue and green channels to increase the

system t hr oughput Ace¥riih@pppragectipacystem hatwmrort@poleadaﬁmdfcﬁ the epeen
channel s cannot be used due to colorinetry considerations
i npl ement &hamnel and @ngedheganad pelarizatienfaithe rad ﬁ@ﬁ#ﬁ‘%@h@@ne@aﬁﬁﬁe%e

achi eved 'S@ildi®rs iRy LLBEbI Ry SheGRIA (f&htrh%' Bide %‘?‘ada@‘éeﬁ‘bh%hﬂe%

Addi ti onal™color correction dic one 1 ong-pas

shor t - passto-intielise $he spstenmshroeghised Qwerfappingiepeciium betweery thel rexsand
| ow-cost correction filters can 10, be i(gierte pr act atlllq anywhere in the

i11um Rat igfﬁeﬁé’ﬂ*ﬁnaﬁﬁ GANIRL DErUses Qs 1P GRIOTIMGHY FORE! Sum nation stop
(i.e. combined fulnfl.t;g@féi .mpﬁ&neﬂ{a%née RCddsned dﬁg@gg%braﬁ dhia ré&énét@aser (s)).

Fig. 5is a sinpl ustration of the oper n of PBS
exanpl e. warrmpbeaidhum/eaﬂffr@BShemmramdp%iBsmlmrmjssbélchrmd:&aﬁmd ‘Mjalormdl fied

15 f th ff t t f h d bl
commonent OB GHEPriaER ol Blers 6ie loecP s 289 R kP metgr o
pol ari zer %r%%ﬁ ) Ay ‘Bl% dsed%b J%{naé cfo‘ibr%ﬁﬁﬁw THBLe YW RobhEoPe @Rttt dichAn

state of the green col or nponent I ght strikes LCOS |ight valve 50G
and i 40nochsd mtsededqlracmba’hlg mwwh&r@rre’tm iteinbnatioomzthend rdight Inssferatiy deand

flect d ol d_podul at ed 20 t. b d pol
526 “an ol BRI Follkmpalon sl £ 8 cunbieRduatich M e Hitatbace 174G of
cross-dichy toqzﬁgflﬁgma@@ﬂs e a lowcost, off-the-shelf filmpolarizer.

Measured s ontrast of’ the optical arrangenent of Fig. exceeds
3200: 1. This syst &ig.coista sisplified itusiatios®fihe pperatiopraf %%Sf”e&ﬁa fatrror and

depar at o CSTArTEE: T ORYoURD B AE SR FARREHE Mol Br e BbladiR, PELIRRE | s
|'i ght qwal vigr Bikepehiip ola-ﬂ”ﬁaﬁho‘ﬁpé,tét“e%'offmé ?é@@ﬁ@fﬂﬂu@fsolﬁr@onﬁ)dﬁ@ﬂ&; not suffer
from skewray depol ar| zation (so that no conpensating quarter-wave plate
i s required), hasPapolarized green illumination light passes through a wire grid polarizer
52G, which is oriented to pass light with the P-polarization state of the green color
component. The light strikes LCOS light valve 50G and is modulated according to
a green color component display image and reflected as S-polarized modulated
20  light back toward wire grid polarizer 52G. An clean-up polarizer 176G is
positioned at an entrance face 174G of cross-dichroic 54 and can be a low-cost,
off-the-shelf film polarizer. Measured system contrast of the optical arrangement
of Fig. 5 exceeds 3200:1. This system contrast was measured with a front-
surface mirror and quarter-wave plate combination substituted for LCOS light
25 valve 50G to separate contrast of the optical arrangement from the contrast of the
LCOS light valve 50G itself.
This optical arrangement of Fig. 5 does not suffer from skew-ray
depolarization (so that no compensating quarter-wave plate is required), has a
very high polarization extinguish ratio, works within a large temperature range,
30 and can withstand a high light intensity. Wire grid polarizer 52G can be made on
a flat glass substrate and can be used in the reflection mode in the imaging

optical path as shown in Fig. 1, for example. The flatness of PBS 48G does not



very high polarization extinguish ratio, works within a |large tenperature
range, 30 and can withstand a high light intensity. Wre grid polarizer 52G
can be nemio 001063509 f | at gl ass substrate and can be used i nPChAISO®Od4eTt i ON
node in the inmaging optical path as shown in Fig. 1, for exanple. The

fl atness of PBS 48G does not WO 03/ 063509 PCT/ US03/00425 -11 create
significant deformation of the wavefront and provides high imge quality
for projector 10. Unfortunately this flat PBS 48Gis too thick to be used
in a trapsddibisfehifi®sift defoinhatidiBtthedvRRIFont sl gowides high faagsl qbslityios
tilted piano- parallel plate is too great. This flat PBS 48G can be

accept ed ipnojebtorili0l udifestuinatels thiaflat gB%QG&‘hH}ﬁ thidgtonrigsedH 8bt ai n
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light on the ite screen, the telecentricity should be provided in the
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space, whitletelpeentsaspace f the syeiRM: oHe PREAIN ARiTRYY distabytioryar the iofd onhe
screen. Fi o I :Ral |
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Rayt r a0i n@gxit&Andowress pAoctsrdirtgly, relaiyetice r26syrad 4thshoubkbe telaeentiin iFtlgeel.
Raytraci ng 182 corresponds to, projection system 10 as vi d.fr.ama

di rect i on SP84egFAglo 'I‘}e.grRE%FterX&é’{’)'Hagwl%b asdod 'f@%oplqr?@'ggﬁéo'? I%geaendr egi ons

in which rglay ' _ f | b t iBFREJt O
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di st ri but ibetwaeén tiemyimaging mtose-dicheid 84 lkarsceaanwire igrissPBhetd alsgevorkdn a
result, projection system1 arti CIPJ‘lPar rela 24 and 40, may

o i .
be said te B@GPW"HPWP@@%WBW?QEQ ISQBB‘P’F\S Hareie GPY ag‘i’%ﬁtaég RSN e, |

') are forned to be telecentric to utilize and maintain

L?ieghﬁgreggﬁﬁﬁgﬁé;&m ty across the field of view Light pipe integrator 22
provi des the sameFan@uisar didgsamidhat painobfaybacigigsiédsand 6&5 illustrating
optical rays passing through relay optics 24 and 40. Raytracing 180 corresponds
to projection system 10 as viewed in Fig. 1. Raytracing 182 corresponds to
projection system 10 as viewed from a direction 184 (Fig. 1). Raytracings 180
20 and 182 illustrate three regions in which relay optics 24 and 40 of projection
system 10 are formed to provide telecentricity, thereby providing no color shift,
uniform distribution at the white and at the dark screen across the image. As a
result, projection system 10, and in particular relay optics 24 and 40, may be said
to be triply telecentric.
25 In particular, relay optics 24 (i.e., the “target space”) are formed to be
telecentric to utilize and maintain brightness uniformity across the field of view.
Light pipe integrator 22 provides the same angular distribution of brightness from
point to point across integrator exit window 60. To provide uniform illumination
across the screen the collection efficiency across pipe exit window 60 should be
30 the same. To utilize this illumination uniformity, relay optics 24 are formed to

have an entrance pupil at infinity (i.e., a telecentric entrance pupil).



point to point across integrator exit wi ndow 60. To provide uniform
illumnation across the screen the collection efficiency across pipe exit
wi ndow 60wehbiobe 30 the sanme. To utilize this illum naPCcarusosidses mty,
relay optics 24 are forned to have an entrance pupil at infinity (i.e., a
tel ecentric entrance pupil). WO 03/ 062509 PCT/ US03/ 00425 -12

Tel ecentricity is also naintained in the region between relay optics 24
and 40, which includes illum nation cross-dichroics 26. Generally, the

spectrum proper t TgrRcehtriditghs aisesmaintailedn tHeosgiombetwiash igtaycopiies 24 chroi ¢
26, strongly depend on angle of incidence. To avoid deviatjons of spectrum
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el enents positioned between, Iight valye 50 and i i ng..cross-dichroi c 54,
the tel ecentricityinaly:iRiteedmage spPss °¥[5‘?|8¥i°(5’@§5 é%aﬂgﬂ'gfnt \éaﬁY‘? bacondi tion
for imagi qglégéﬁﬁﬁitgi r i§é§uﬁ@ rﬁ%oh%aﬂééro?@tl%o@él@@f%&ﬁ. ihathepiirastar 10
enpl oyi ng g tp val ves % i's but one exanple of an electronic ’
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i d ith . th | tion.. Fig. i i mpl.ified di f
e Tt i
col or bal atf?&ioﬂj@gecﬁﬁ Eléh‘trés WellP Ve n@%&‘?i(/ﬁidﬂﬁcél?eleﬁ%n‘téﬂEgﬁti@ﬁé@beiwmti on.

El ectroni ¢ project 200 receives polychromatic |ight 204 via col or

sel ect i ve lighbValve 56l amt imagiageress-dicktaip 540the tElensntrieitydn ghisjspeceralsmo

i ncl udes a pai,r of color ective mrrors 204 nd 20 hat separate the
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208R, 208G, and 208B, which inpart inmage display information into the
light. A debutané exampie ofibs efadranieprajestiarmedispleysiystara iipairamn @mRlavh i mage

display | ngo?cgrrgaé[lér?cr:}ng %%e iu{'éa & ospstiﬂ%cg&rg%in%g%m Qltétprtegeﬂt invention.
Fig. 7 is a simplified diagram of an electronic (LCD) proj'ector 200 in
combination with a color selective, color balancing aperture stop 202 according to
20 the present invention. Electronic projector 200 receives polychromatic light 204
via color selective, color balancing aperture stop 202.
Electronic projector 200 includes a pair of color selective mirrors 204
and 206 that separate the polychromatic light 204 into color components (e.g.,
red, green, and blue) that are directed through respective transmissive
25  LCD/polarizer stacks 208R, 208G, and 208B, which impart image display
information into the light. A conventional X-cube 210 combines the color
components with image display information and directs the combined light to a
projection lens 212.
Figs. 8 and 9 are front views of respective exemplary color selective,
30 color balancing aperture stops 220 and 222 that may be used as aperture stop
202.



projection lens 212. Figs. 8 and 9 are front views of respective exenplary
col or selective, 30 color balancing aperture stops 220 and 222 that may be
used as aweorwBuosxsost op 202. WO 03/ 063509 PCT/ US03/ 00425 PTI/0M0%/n4eef er ence
to Fig. 8, aperture stop 220 includes an opaque outer annulus 224 with a
circular inner edge 226. Light strikil@g outer annulus 224 is blocked in

t he conventional nmanner of an aperture stop. A circular colored filter
annul us 228 is positioned inside inner edge 226 and transmts one or two 5

sel ected col or bapnig roferentt taFid:ig, epeauresiopcz20 mokrdasran 3p8qwe botes al |

col ors of Iig&t to pass wthout filtering and mal%{ be a p%ﬁcsgé %Ferture
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op may I Z1

aperture erererred to as a apo ng aperture stop 220. 10

I n one i nphaoRRtZAS Bpodituneekiasidednnéhedge 226 andl transcoitspone ot twd t he
illumnation light is to be reduced rel at',vg to the d and %I uq conponent s
ﬁ{w ke

to inprovel 69IPb Papgs-afceential ciraylar p m‘? 3%!8 lgnSrElCqlors
annul us 2%8h%a§%ﬁﬁé@eﬂﬁg%n§ﬁg§gfb%e§Pb i(t:écll'écﬁé?furé*@ta efed and

bl ue | i ght¥components. er conponents have an aperture
defi ned bgubsinete. edje thaaliffdrenatrdnsiisspttEsnofcimgutareadoneddilten aapelus a8

defined b tical _ 230 I di zi t t 220

mpr oves DS GISLG GHCaHERSTHY oA GRRSTHIPSIOR 2a0aTAG PEHETRE ForBonent

relative tagoh%oqlggeﬁ@,% ng@g@grrponents. Wth reference to Fig. 9, aperture
n pr r

stop 222 c I de great | nprovenent in imge contrast if reduction of
aberr&di on eff ect b cramirbeleresdatidmfor @arople; the gregpesalor eorspoper®2yf thacl udes
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positione nsi de inner edge 236 and transmts one or two selected color
bands cor besfpundd mf a magkstapedlanfiierdbabpassespedand kiuedightaomponapisugh t he

oL 0P e Tang R b R R eRaR Rl BoBhDY oshrRcEy e ts 2o

l'i ght 150 R@&gSthe green component has an aperture defined by optical aperture 230. As a
result, apodizing aperture stops 220 improves the color balance by selectively
reducing the green component relative to the red and blue components.

With reference to Fig. 9, aperture stop 222 can provide greater
improvement in image contrast if reduction of aberration effects can be less than

20 optimal. Aperture stop 222 includes an opaque outer annulus 234 with an inner
edge 236 having, for example, a circular shape. Light striking outer annulus 234
is blocked in the conventional manner of an aperture stop. A colored filter
annulus 238 is positioned inside inner edge 236 and transmits one or two
selected color bands corresponding to the primary color component directed

25  through the stop (e.g., magenta). Aperture 239 can have other shapes, such as
those shown in Fig. 2.

A central rounded cruciform optical aperture 239 allows light to pass
without filtering and may be a physical aperture or a transparent substrate. For
example, rounded cruciform optical aperture 239 and the color selective stop or

30 color filter annulus 238 can be oriented to eliminate rays which would otherwise
be incident at large compound angles, while passing rays at equal non-compound

angles. With the different transmissivities of colored filter annulus 238 and



wi thout filtering and may be a physical aperture or a transparent
substrate. For exanple, rounded cruciformoptical aperture 239 and the

col or selwotmBmessst op or 30 color filter annulus 238 can b@conisenomes t o
elimnate rays which would otherwi se be incident at |arge conpound angl es,
whi | e passing rays at equal non-conpddnd angles. Wth the different
transm ssivities of colored filter annulus 238 and WO 03/ 063509

PCT/ US03/ 00425 -14 cruciformoptical aperture 239, aperture stop 222 may
al so be ref@fiforth distioa$ apbriumPRey ZApttep etdp2E2 staypalsdiber tefiered tops a220 and
222 function to limt, restrict, or otherwi se shape the |ight cone (i.e.,
cone of i lAPgAizing aREMVIEYHOP. to i nprove systemcontrast. 5 Accordingly, the
i mproved contrast ' i Q . I Syith L
contradistincti onAp %Rgrleeg%gggbggﬁ&ag%fF@@%ﬁ\}éﬁlﬁ Igﬁg %éésﬂr?}r@é}m%evi ded by
rel at i2\2/8| )shiapgrtl@@ﬁglﬁt (Etér@(’ljec,adorm)@‘riuuwnmtingﬂightbdoiimpkmayaieﬁrmnntaﬁ.rt ure
st op may be applied to narrow the jntensity and_ an r nt .of the
green Di giccpedinglyythe iprraged eanisast FHPWQef’ég)y @rﬁgpgégéﬁgﬁ%ﬁ 'Ban
account faqr gt%ygj i m nant |
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by an apentlatieelgtingre226d camdritpt apertaresr al | system contrast. It will be
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have an aperture stop. For exanple, either of apodi zed aperture stops 220
and 222 mmpmpmnentsi Gresietghbitcan pessiunt for W2t #eut 80%ial thé KGR balangst i cs 24
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aperture “stops 200 and 2 may include a color filter elenent for
pr ef er ent icantrasbl ocki ng one col or conponent (e.g., green) while the other

I d .(e. .
enbodi nents. - apodltyBlBRzE gsiefEstgt 53R0E8E abetifis Sopl A b 222 dodEhe '
col or q5i | tp%rsit@n%aeattaswyféggepbg@@ eakitidhlit antdleckoie prayecerlophrejespement s

(e.g., green and bl ue) different anmounts _
display system, whether or not the optical position conventionally would have an

aperture stop. For example, either of apodized aperture stops 220 and 222 may
be positioned at a position 62 (Fig. 1) in the relay optics 24 of projection system
10 (Fig. 1) as a substitute for aperture stop 42G.

20 In the alternative aperture position 62 (Fig. 1), with the color
compdnents of the illumination light are not yet separated, apodized aperture
stops 200 and 202 may include a color filter element for preferentially blocking
one color component (e.g., green) while the other color components are passed
(e.g., red and blue, or magenta). In yet other embodiments, apodized aperture

25  stops 200 and 222 may include stacked color filter elements for preferentially
blocking two color components (e.g., green and blue) by different amounts
relative to the remaining color component (e.g., red). »

Fig. 10 is a front view of a stacked apodized aperture stop 240 that may
be used at an aperture stop position 62, for example, to preferentially block two

30 color components (e.g., green and to a lesser degree blue) by different amounts
relative to the remaining color component (e.g., red). Stacked aperture stop 240

includes a large diameter red filter annulus 242 that preferentially passes red



relative to the remaining color conponent (e.g., red). Fig. 10 is a front
view of a stacked apodi zed aperture stop 240 that nay be used at an
aperture wWoop/ogssdti on 62, for exanple, to preferentiallyPbirask3/ooes 30

col or conponents (e.g., green and to a | esser degree blue) by different
anounts relative to the remaini ng coelidr- conponent (e.g., red). Stacked
aperture stop 240 includes a large dianeter red filter annulus 242 that
preferentially passes red WO 03/ 063509 PCT/ US03/ 00425 -15 light, an

i nt er medi aiyAt, ERGAMrAnddidteanagental flier 2Adulusa244pthet erefetérdlally paassesed ed  and
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magenta fi g over the annular region otherw se 10 covered
by red fildospaments tsba42opomioadtl taducediar ingrebseed. &ppesemple stackad
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Shouny  of aPCzRsEAIUIgap G Oou ARy TR B e LR R ar
col or Con%@e@hﬁteld A% Hﬁjeiqégmta Tiﬁé’p 284 @x@n@lﬁ*@e@vélftthérérfh‘dlaﬁrre?%hecb’chewﬁée
nmple, Fig. 117 s a

anot her exa ront view of” another of a stacked 15
apodi 16d apeeted by sedfilt@Sannuins 82q e abdition28vilhhe appgeceistead that epedurer

t 254 i t hi i ch | i e d bl.ue): fi
256 15 pode Londauidstiesinoiatern praq pariasenafius (REC RN iapiatbl o
258 that ggéa%géhirﬂh‘gqéﬂté FRE} SShulli® 24hisy thit HE EbRE icdmporleddd, indlneing

aperture i ptical shape. Color selective apodizing aperture
stop 250 fradcaieoblscked pbdnceiterextgntoporti on of 20 green light relative to

e e o oS ot PEE R BN mpplr sy a0 250
si zed 151 el glddiged Sp&asR RbPSH0S ARphGuatidess252 has kadensrallptiradhor
conmponents in a projection display system such as projection system 10 or
proj ect i orapsyktre@5200ithinsvhich whlannséarappgeriodi-ed ret arevdye) filies %dai zi ng of
aperture Sp;oo [ |Son2(a0 . ’Ar%r?u ar %%%enta filter 256 includes an inner aperture 258 that has no
color filtering. In this illustration, clear inner aperture 258 has an elliptical shape.
Color selective apodizing aperture stop 250 functions to reduce the proportion of
20  green light relative to the red and blue light.
Apodized aperture stops 200, 202, and 240, and 250 may be
considered embodiments of shaped aperture stops that are shaped or sized
relative to each other so as to adjust the balance of color components in a
projection display system, such as projection system 10 or projection system 200.
25 It will be appreciated, however, the apodizing of aperture stops 200, 202, and
240, and 250 with annular color filters are one manner of adjusting color
component balance. Shaped aperture stops according to the present invention
may alternatively be formed without the apodizing color filters of aperture stops
200, 202, and 240, and 250. In addition, it will be appreciated that apodizing color
30 filters of aperture stops 200, 202, and 240, and 250 may be of different shapes,

including having outer edges that are not circular.



240, and 250 with annular color filters are one manner of adjusting col or
conponent bal ance. Shaped aperture stops according to the present invention
may al t erweatos®edsyo be forned w thout the apodi zi ng col or fipPCTrarss3/afs2apert ure
stops 200, 202, and 240, and 250. In addition, it will be appreciated that
apodi zing color 30 filters of apertw® stops 200, 202, and 240, and 250 may
be of different shapes, including having outer edges that are not
circular. WO 03/063509 PCT/US03/00425 -16 Fig. 12 is a sinplified diagram

of an el ectronic Hq@'?)z iBTPsiRfiIAEd yrbm oA BigRabhR(LED ) prajexebroz60 in
sel ective, color bal ancing aperture stop 262 according to _the present
i nvent i on.coBhleivatiemivithp oplet selecties qalerdvalarcipa iBpertimBaianc262 geeordi toyi a
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(e.qg., 5 rcwlangingapedtte lope362 isaghayrreingreatarcetaihinduigh1espect i ve
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the col or aPPE®Ritiseparite thepadohirephty light 2647to coloacdmpanents (4.9
conbi ned Iight to a projection |lens 274. LCD/ pol ari zer stacks 270R, 270G
and 270B '€} awen; aggddue)ibabare disgsted thiguehdaSpReHYE tFaNSMSSYosR, 276G, and

o o ALEIRARE SRR, 270 K2R R oS Thit™ diofty 01 [T or ent

vi ewi ng an nown 1 n such asymmetric ontrasts are

commonly rigfreseioh éntol thedight! Arcaneehtiasdl Xptobe @72 apratgihes ke tblos
i npl enentation, display contrast ca

conmponent sCOZVBW)er@S‘@Yh iﬁ?ﬁﬂ@d‘SB‘Wr'Bﬁ%ﬁQBE%ﬁ@%&g@%‘?ﬁéﬁgr{iﬁg UIaa[:)I ue
corponent SOFRENF2PE 2785 are posi ) oned {hroughout the respect | ve
col or conponent | L@D/pblanidbestack8lFOR, §06&ngut &7 0vimpmsentespedBrR, 9278G,  and
per o manciSdTee WiRGtd BREIACLSAss 270mna S ananaia B VBT ELHRETTOLCRLY Bach of
LCDs 286R 22068 radtd Ohtr skt at BlfekadieRmy UidMs t A8tis RhowA Y kieeartar e made
wi th sanme |1 qui c}/ crystal, I‘au%bﬁl ng
such asymmetric contrasts are commonly represented in a polar contrast plot or
graph. In this implementation, display contrast can be increased by blocking
angular components 278R, 278G, and 278B from the respective red, green, and
blue color components of light.
20 It will be appreciated that the angular components 278R, 278G, and
278B are positioned throughout the respective color component light bundles.
Blocking angular components 278R, 278G, and 278B provides increased contrast
because the corresponding LCD has poorer performance for that angle space.
The same direction respective to each of LCDs 276R, 276G, and 276B is
25  blocked, assuming that all devices are made with same liquid crystal, rubbing
angles, etc. Due to the nature of the optical layout, 278R does not appear to
come from the same corner as 278G and hence the unusual color-selective
aperturing used to restrict these different colored bundles so as to limit contrast-
reducing light appropriately for each color channel. Aperture stop 262 blocks
30 regions that correspond to angular components 278R, 278G, and 278B at

respective LCDs 276R, 276G, and 276B.



angles, etc. Due to the nature of the optical |ayout, 278R does not appear
to cone fromthe sanme corner as 278G and hence the unusual col or-selective
aperturi rgouwsedsbo restrict these different col ored bundl @€TAS0RB4LD |1 mt
contrast- reducing light appropriately for each color channel. Aperture
stop 262 bl ocks 30 regions that corrd§pond to angul ar conponents 278R,
278G and 278B at respective LCDs 276R, 276G and 276B. WO 03/ 063509

PCT/ US03/ 00425 -17 Col or selective, color balancing aperture stop 262

includes a cyan cobpyr sefhios! ¢oi6r balbheihg 2ture stopg2eR mohadey a sgarcblore
filter 280M and a yellow color selective filter 280Y positjoned in

adj ac ]tcan]t selastvs filtah 286 na aprgenia solas gelastive filtepa8als andghyellow &9lIpr col or s.
it 2380C.. ' ' ' ;
Funct i ons SPIESEPG UEEPR0R Welirdudf folrERnt boers CRAGHSD snortarbleaffiits

bl ue |'i ghtpasIbeligitt stedliscdlorswhCydn filtdrt280C A812Gon2 &0 Mockndd2ighy rmagenta
positioned correspond to the angul ar conponents ,678 %78&. ang 2)108?%( Fig.
12). Ol offilttes238@Mtfunetionsiodhloplk0Earn kdhtapad yalw §t%rp§% TIRCUONS IO CF0 t he
asymetri o} : : 7 2 j
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pol ari zing beam splitters that enpploy p mstryctyres as alternatives to
Wire gridSelEcvasklonBalanging AnsallPias 262 SEAPIE80 SN PONAMCHBR&an be
especi al | ¥ Reasldr{ X350 78Ke 9763 Sind _foea%@@eqﬁegagga ddhifaBetesyst em 15

due to geonetrical T0 on’'o e polarizing axis epol ari zati on).
I n su¢h arledtrplicprjtetbr 860. aperture stop 82 can reduce such skew rays by

Cor ner's.of & nor P lSTRESITIGBAN SRS BRIBFAT FRSFErtn i B
LT umi nat i of, derﬂ}é‘h iSHQ%&QﬂziH@,U&H SYMEbrs Alatidm@BY pRishstictaray aying a

| i ght pipe 1 ntegrator that“is tapered in the ohe axis. For exanple, in
a hi gh defdlteimatives T witdDgnd PRGs 48RM 86 and gB8BviHibweverragels conyamional

S T e KL RIS ot N T
et ek LTSRN IR Y b = d8pE iy fitn 10
functi on timplesuertatienh, aparturegtiop 82 can reduce such skew rays by narrowing the
illumination in one axis, or in two axes by clipping out the corners of a normally
circular pupil.
As another implementation, the illumination light cone can be narrowed
20 in one axis by employing a light pipe integrator 22 that is tapered in the one axis.
For example, in a high definition TV (HDTV) implementation providing images
with a rectangular 16:9 aspect ratio, a one-axis tapered light pipe integrator 22
could have a square entrance face to advantageously gather the light from an
elliptical reflector. To provide an exit face with an appropriate 16:9 aspect ratio,
25  the one-axis tapered light pipe integrator 22 would function to 'squeeze' the light
bundle into a smaller angle. This could allow, for example, an F/2.5 vertical
extent with an F/4.0 horizontal extent. |
In view of the many possible embodiments to which the principles of our
invention may be applied, it should be recognized that the detailed embodiments
30 are illustrative only and should not be taken as limiting the scope of our invention.
Rather, we claim as our invention all such embodiments as may come within the

scope and spirit of the following claims and equivalents thereto.



bundle into a smaller angle. This could allow, for exanmple, an F/ 2.5
vertical extent with an F/4.0 horizontal extent. In view of the many
possi bl e woladsasent s to whi ch the principles of our i nveRCirarsosrens2dhe
applied, it should be recognized that the detail ed enbodinents 30 are
illustrative only and should not be-ti#&en as limting the scope of our

i nvention. Rather, we claimas our invention all such enbodi nents as may
come within the scope and spirit of the follow ng clainms and equival ents
t hereto. WO 03/ 063509 PCT/ US03/ 00425 clahglains 1. An electronic
projection system conprising: an illum nation system generating

pol ychromati c I ght electoslioproje@ipnag)stsmsGemMeRsiHssi ti oned to recei ve the

pol yonr omt i ¢ AR EEn om0 b TERAE BB, 1O TRl are

directed al ong sSeReF 8 FardtibABYSteaPpositionediw reseivd thghpolpetiromatiatlightast one
col or nodifying aperture stop to selectively block at I_eal% or%e of the
primar§ cadrosm l’fhﬁ)lﬂﬁﬁh@%ﬂ@ systemgand fesenrarate the RelyeHemasici light {nte srgraryo
conponent i (=S : e lakc nts; and one
or nore elcggqrrdggﬁ:orfeﬁéﬁp %gﬂ\e}ggﬁ%%g@ﬁ?égr%%r S O%él?ag%’ge?{i‘ﬁrinﬁ%g&?ﬁf ormation

i nt o each compgdrenplightpathepl or conponents of light. 2. The systemof claim

I in which th | | di fyi . i i, ti
l ong at | east AiRasoReHOISEIRARYIE0 SRS Sicbl GroasRRbok B St 2580 ns.
3. The sygfem 9Fin1%|rg'c§‘o§ r(}:'g%ﬁ’&?\'e‘ﬁps Bf"ﬁbrﬁrr?l'é"ﬂ{?@ t&@h@fhé?gﬁjiirﬁéﬁ%lé‘per ture

stops are positione t'wo or nore of the separate prifmary col or
conponent cohif@tienpaf light tatproedstbatarececbétweemntieflighb gosmpeneatse agtlops  bei ng

o mor e col or 15 WAL SREHOaIoTeyBes el AT Sriatbenl Braps RSBt 6 of
£ e MBS SRy BRI Y FBLIBR TS, 7 e 20 8 T
system of cl ai 8.1 The swsteonof tleinat! ihedsch threableast ane cotaspnoditiingieperture

stop is positioned along at least one of the separate primary color component light

15  paths.

3. The system of claim 2 in which two or more color modifying aperture
stops are positioned along two or more of the separate primary color component
light paths, at least one color modifying aperture stops being sized differently from
another.

20 4. The system of claim 2 in which two or more color modifying aperture
stops are positioned along two or more of the separate primary color component
light paths, at least one color modifying aperture stops being shaped differently
from another.

5. The system of claim 1 in which the at least one aperture stop includes

25  an apodizing aperture stop with an annular color filter corresponding to the at
least one primary color component of light.

8. The system of claim 5 in which the apodizing aperture stop includes a
circular annular color filter.

7. The system of claim 5 in which the at least one apodizing aperture stop

30 includes a cruciform annular color filter.

8. The system of claim 1 further including first and second sets of relay

optics that establish three telecentric regions in the system.



25 an apodi zing aperture stop with an annular color filter corresponding to
the at |east one primary col or conponent of light. 6. The systemof claim
5 i n whi cWotobeexspodi zi ng aperture stop includes a circul acCTarsnyb@es col or
filter. 7. The systemof claim5 in which the at | east one apodi zi ng
aperture stop 30 includes a crucifort@annular color filter. 8. The system
of claim1 further including first and second sets of relay optics that
establish three telecentric regions in the system WD 03/063509

PCT/ US03/ 00425 g - 93,9 elddirofit; Slofsdtiopiystdih Pia@fiig @M ilkisihaomaysteen an
illum nation system generating light wth plural primary color conponents,

t he i npr owgemenatingbighgrvi$h plyralprisayrcaldidypereripethedimprevepenhat reduces
the intensity of at least one of 5 the primary color conponents relative
to the ot PrISYd- The systemof claim9 in which the col or nodifying

aperture stop 4 gslbH@RKiHhPAsstuestbp atiradetanyrt intrisity et thastonewf. 11.
The systemof claim9 in which the col or nodifying aperture stop includes

an el | bpt itbalpriapasyoetaes. conopanenty relatiye tatheodthefsi m 9 in which the col or

nodi fyi ng apertyqe [ - j - The
System of ol ai rith THe Shete™ Bh4EER B hEER s Bofol ictityiFapdifie o ie
cruci f or mjgglaa by BA. apetturd higatsy Bl@ganéd i enendik8ciion.whi ch the col or nodi fyi ng
aperture stop is 15 an apodizing aperture sto 15. The system of claim 14

in which the apbdi Zhagysissn elilaigip whi'éwam%ol%ém%ﬁifrymgaﬁp Y& SR ter t hat
prefer entiiﬁégxe%%q%@{éapggj?%%n_si ty of at |least one primary color
. e system

conponent . claim14 in which the apodi zi ng aperture stop

includgs 20 anBpEhé wystenhaf ciaimd iangaitie dhé colonenalifyéng aperturt/stofhe syst em
of claim14 in which all the primary color conponents are directed through
the apodi 2nelydaparerapeed cypulal 8PERHE-system of claim 9 in which prinary

col or conponentg; aife dVERGE Bflclaim 9 in which the color modifying aperture stop
includes a cruciform aperture.

14. The system of claim 10 in which the color modifying aperture stop is

15  an apodizing aperture stop.

15. The system of claim 14 in which the apodizing aperture stop includes
an annular color filter that preferentially reduces the intensity of at least one
primary color component.

16. The system of claim 14 in which the apodizing aperture stop includes

20  an aperture that is elongated in one direction.

17. The system of claim 14 in which all the primary color components are
directed through the apodizing aperture stop.

18. The system of claim 9 in which primary color components are directed
along separate optical paths and the color modifying aperture stop includes an

25 annular color filter.

19. A contrast improvement method for a reflective liquid crystal-on-silicon
projection system that includes an illumination system generating polychromatic
light, comprising:

color separating the polychromatic light from the illumination system into

30  primary color components of light that are directed along separate primary color
component light paths; '

aperture stopping at least one of the primary color components of light



al ong separate optical paths and the color nodifying aperture stop includes
an 25 annular color filter. 19. A contrast inprovenent nethod for a
reflecti wrolodmedsdo crystal -on-silicon projection system trat/usapbuaes an
iIlum nation system generating polychromatic |ight, conprising: color
separating the polychromatic light frpgmthe illum nation systeminto 30
primary col or conponents of |light that are directed al ong separate prinmary
col or component |ight paths; aperture stopping at |east one of the prinmary

col or  comonant $, %og'ieg% paRred/ r@%@i@_@%t@ﬁ%ﬁi@§%ﬂl@@ﬁﬁﬁ1ary 8Blor ebaigorentsd

another to balance relative intensities of the primary col or conponents of
l'ight; andfdighgaeidng the primary color conponents of light to one or nore
| i ght val ves

ik . e L componer .
component & of ISGRRG SeoprTHe REr FoRsT el RIS 1 8 el dORHISTE R one
primary CCE{a %paf-‘t%ﬁegt%‘%%r 28Bh ihtd éﬁé&ﬁrzélﬂihg_ r@ﬁwﬁgeﬁl@m@péﬁ@@@pagm e

primary color conponient |i1ght path. hod of claim 20 further

i ncl udbng apfer]tz_ﬂ.ﬁTlse apihag obylaiinf fo%inambich dhe @hteast RBE I €AY or
conponents o i . Al t ft i
conponent qq"wﬂ“egﬁﬁ'ﬂg{. '%%e%%%mmﬂ%%@mitggﬁeﬁggéé%ﬁ%'&?cq%ﬂc u ?‘%@Q*tor

aperture qbﬂpgbﬂg by different ampunts two or nore color conponents of
light with“a conmon apodi zag aperture stop. 23. In an electronig¢
C

proj ection syst2m Haeinmihe ki 29} furiiey induding apsrigeasianping by ghtersat ns

for different primary col or ofe 114 t i

conpri si nga.m‘aufgtSﬁWP %dﬂ?'f‘%/??lépgg@% ﬁ%’i‘ssﬁfé'&hggfs‘%“ itglr:c;)eo rﬂﬁFé;%{te{E%;gse,[pagﬁtéa of

t he prmrrarpﬁmglg,l(gﬂo,_c(%mgaﬁém lighgpathzat hs. 24. The systemof claim 23 in

whi ch the ‘col or nodifying aperture sto 20 includes, an ertu etdhgeat
y r

el ongated i n orkR.dThemetbad ofslaimhid 5N @eding ARSrYEe SRS 88{ zr
modi fying aper ting St9Rord BSibFEEHpBRefits dfight #ith3PESMHISh apodizing
aperture stop.
23. In an electronic projection system having separate primary color
15  component light paths for different primary color components of light, the
improvement comprising:
a color modifying aperture stop positioned in at least one of the primary
color component light paths.
24. The system of claim 23 in which the color modifying aperture stop
20 includes an aperture that is elongated in one direction.
25. The system of claim 23 in which the color modifying aperture stop
includes an elliptical aperture.
26. The system of claim 23 in which the color modifying aperture stop
includes a cropped circular aperture.
25 27. The system of claim 23 in which the color modifying aperture stop
includes a cruciform aperture.
28. A reflective liquid crystal-on-silicon projection system, comprising:
an illumination system generating polychromatic light;
a color separation system positioned to receive the polychromatic light
30 from the illumination system and to separate the polychromatic light into primary
color components of light that are directed along separate primary color

component light paths;



26. The systemof claim23 in which the color nodifying aperture stop

i ncludes a cropped circular aperture. 25 27. The systemof claim23 in

whi ch t hewoaBme3snpdi f yi ng aperture stop includes a cruci fPorrasapereiur e. 28.
A reflective liquid crystal-on-silicon projection system conprising: an
illum nation system generating pol yct2bratic |light; a color separation
system positioned to receive the polychromatic light 30 fromthe

illum nation systemand to separate the polychromatic light into primary

col or conponentfsphnd is8Bbnd Bats Girelali sivsaHaé stablistepreatelepentianygionsor
conponent |ight paths; WO 03/063509 PCT/US03/00425 -21 first and second

sets of rehdpesysiess t hat establish three telecentric regions in the
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29. The system of claim 28 in which the color separation system and the
color combiner each include a cross-dichroic arrangement.
30. The system of claim 29 in which the cross-dichroic arrangements of
15  the color separation and the color combiner are the same.
31. The system of claim 28 further comprising a light pipe integrator that is
tapered in the one axis, the light pipe integrator being positioned between the

illumination system and the color separation system.



