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WO 2004/ 095108 PCT/ US2004/ 003464 LOW ELEMENT COUNT
PRQIECTI ON LENSES FOR USE W TH PI XELI ZED PANELS FI ELD
WOROTMES1IDNVENTI ON 5 Thi s invention rel ates to PCT/US2004/003464

projection | enses and, in particular, to projection

| enses for use in formng an i mage of an obj ect

conposed of pixels, such as, a DVMD, a reflective LCD,

a transniseow EIKNMENT COENT I HOIBOTHORABNSES THE

I NVENTION—I0 A Definitions As used 1n this

speci fi cat i onFRRIUSE WATH-PEXEEIZERP ANELSWi ng t er ns

shall have the follow ng neanings: (1) Optical

Conmponent An optical conponent is a conponent which

has optical powerFmEid) OF TOIW BCVENAIEON 15 nore

nmonochromati ¢ and/ or one or nore chronptic aberrations

andhiginventipn gelateety preisptemicasern inmgriHIRT P PgRifekn lenses
for s} RToRhA oy SRRPREEN S0 colpoR UG RuctPRS s PATD, o roflective
LCD; anpanaizsive IDUD, widéhedils ngl e 1 ens el enent, a single

| ens el enment having a |l ayer of a formable materi al

attached thereto, a cenented doublet, and a cenented

doubl et havi ngA%k%Ugb @Ffﬁﬁqﬂ@mi@ﬁﬁ al attached
20 thereto. P €5sS opti cal
componeliesindions pref erred to projection | enses having
nore optical conmponents because hayi | ess, co ts
o1 A1 Bais SRR RAP TR T Raa Yy P GGl T8 o ShAIT v he
ﬁﬂkﬁ@gggkhgmg&n a projection |ens' weight and conponent
cost. (2) Telecentric 25 Telecentric |enses are |enses
whi(bh h&ipgicalt Comepastenbne pupil at infinity. In terns of

princi pal, rays aving_a pupil .at. infi.nit n

P helotiiel sionggiay o PiBaPif b ng Bplichs P FE QB Rfects one
moré BonbPhroRaBE hndPRGR orivhork RBroRfHtic ABERatiUnB iahd nhid requires

infinity, or (b) in inmage space, if the exit pupil is
sepagate imsfuinting gnd alignpreat fiomegthennemperents asthe prejasticndgns. i ¢

pupi |..nee Q cg"")l i af i ' . .
P RGS  hBhL e e ,  5p gt nflcca sinle

lensSeldfrhdr) 91y 1dn8 elgneiit BAENE & 1dyenof 4 foemblsie snatamdliactathed thereto,
surfaces wll in essence gperate as a tel ecentric

a cemygteé @puhiﬁtle apd p fempied deyhicthgying adayey of adermafle majggial attached
) : AT _
B Bk B b S R g cin

lensBHAiITP 004 GiddI6ebmponents because having less components simplifies

assembly and generally results in a reduction in a projection lens' weight and component

cost.

(2)  Telecentric

Telecentric lenses are lenses which have at least one pupil at infinity. In terms of
principal rays, having a pupil at infinity means that the principal rays are parallel to the
optical axis (a) in object space, if the entrance pupil is at infinity, or (b) in image space, if
the exit pupil is at infinity.

In practical applications, a telecentric pupil need not actually be at infinity since a
lens having an entrance or exit pupil at a sufficiently large distance from the lens' optical
surfaces will in essence operate as a telecentric system. The principal rays for such a lens

will be substantially parallel to the optical axis and thus the lens will in general be
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functionally equivalent to a lens for which the
theoretical (Gaussian) |ocation of the pupil is at
WO pdomdtys Accordi ngly, as used herein, the tePeBUS2004/003464
"telecentric" and "telecentric lens” are intended to
i nclude | enses which have a pupil at a long distance
fromthe lens' elenents, 5 and the term"telecentric
funcBoHRilly ‘eqiivaltaEM 4 endIRS GhidhEths UeddraticR@idussiin)dodagiog of the pupil
~ distance fromthe lens' elenents. For the projection
is at jdidlys of the invention, the telecentric pupil
d| i . " vt 14 S,
¢ naofRgfenyes b hoARE oS BleckfE) P Aiboctud i ore
interfded & inckidgtdnsdhwhieh heed i pepibacklohg datanke Agtrthé Bink) elahents,
a projection. lens/pixelized panel 10 conbi riat [ S_n S
and thgerg) 'delapriibipRYRME dhUuieHdo Apsshibe sty it atlfpg distance from the
! : A\V/ D
s e b1 Bl G oA Rk Hhcfllon It (PR E B by Rotahee
will iregenevdha at ledst abdne li0rages thé lenbleffertoed fozdldeqginel i s

| ocat ed i,nfinit the projection lens is
| o edEi?é?CtéYeréaqk:I%)."?{fq\’&tzgspace bet ween the _
r e - o .
| R Yock R R FPEPERA piorio Ipizbd Bl
combjptses theodistiecgbawseasthadkonhgurfse of thetpaxqlized panel badithe vertex
splitters, c. normally used between roject.i o
of e DA IR OpfeaPFaH mgKHEA ooy RGPt (D gLay I o vhen
(1) thenaidy JrBRYixkiszeMansliis lrRee aPRIFNRS And (15 tNeplofoetioh 1dnk s
front” surface of the forward-nost optical conponent
locatsfl in hig, ipg-oibe space hetveess therganvtaed-yeast eiticst carpponsated the

oA R R T A P
up thPpriigTbadin spaeees, @fc. Admalliyastd béwedn aprajedtiopnémyand a pixelized

panel, on a view ng screen. Such systens can be of the
pandly ont projection or rear projection type, depending

on et her i ewer and the object are on the sane
Si (ﬁ)(gnof Ii'faﬁrg“slgr} lén 25 (front projection) or on

opBagiel RngihdBRIfs the dissaice dotwden dhic yorek of theoingnt stifgnerc the
6 shows in sinplified formthe basic_ conponents obf an
forwapdy Sb@m}cgbfqn@ppnegg@fttmrpyecﬁlep Igns @nd fhevegiox of the back surface

ool RGP BB o (oL 30 Kown 171 the art
deB.ce" ProjettidnSwtdnigure, 10 is an illunination ‘
B o e S e AL G 0 g sty

pnd 04008 Ml 05U ol OO SR r g petion

typel depemdang cenheterdhe viewer afd thaebjentage ny thiesampssidmof the screen

(fro%l/ti per\tl)\ﬁjegt?oﬁc')corr %%%pp&sslt'e s12des of the screen (rear projection).

Figure 6 shows in simplified form the basic components of an image projection
system 17 for use with a microdisplay imaging device (also known in the art as a "digital
light valve" or a "pixelized imaging device"). In this figure, 10 is an illumination system,
which comprises a light source 11 and illumination optics 12 which transfer some of the
light from the light source towards the screen, 13 is the imaging device, and 14 is a
projection lens which forms an enlarged image of the imaging device on viewing screen

15.
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WD 2004/ 095108 PCT/ US2004/ 003464 For ease of

presentation, Figure 6 shows the conponents of the
waemHersidh a | inear arrangenent. For a refl ect PBUS2004/003464

i magi ng device of the type with which the present

invention wll typically be used, the illumnation

systemw || be arranged so that [ight fromthat

SYP&edsé 6f pirRSdntatidnl Figliird d1ghow¥BEE BEmpsHenGR S the §ystent 1€a linear

i ght inpinges onthefront of the g[ evi ce_as
arranggm@ate Fara reflectivadiaging dpdcelefthe éymévlﬂhwawh he gt gnvention

i Bl ol R DS o QLo B
systéi@ vefleetsaTtlofvht imagiag tydcd, by el gihi Qﬁplhg@ﬁn the diront hﬁhe
illum nation system and wi |l provide imm P:hfté?
lmagllh&d@frl%ﬁ ascanpesed terae backof flt?rﬂevme@ﬁ Ebqyin '? egh‘rsg Spygr such
1ma %Wmegﬁ Jn\&laq&em&% T dsGiribiRk S5 8k 1§&Eé@ﬁﬂ ﬁjoit b%‘the 1Baging
I rear projection systens,

devivé swiewillebéive dlumminitie lighg fonsthd @hohinbtien sysmneand whHbprovide

rear, projection systens housed in a cabinet, one or
imagipg Heblite thy wropgcionledgn  used bet ween the projection

| eqg, qutr};ergﬁcﬁ&{ fénisotﬂe%gvért%ﬁll‘?ﬁtdn‘%ﬁé 128 GN@rdeRys in

reduce Syst e s overall size. |Image projection
F1gmyétxe}mbe for edaz padjegtioarsystays, ahsvmgzleewpﬂ b¢ e theaight sids of the

h f 15 :
soregip RG4S o IEIEEE HoBrribe SBRE ARY f RgHGHS ar often

usec%é%éénatﬁg Brsibotiont 188 dnddhe ﬂ:'f&%pco QG POPptRaCHIIR ah@ tHuS r&fuce the
final "image; or (2) three inmging devices, one

systémsowadlllslzght a second for green light, and a third

n@@?%ﬁg{g 8g§yst%t8%re?%bgan ug Cstn%%lgp %ch{tf&nqgrﬁ which forms

an 11H§&jof [V Higld ﬂnﬁginﬁ d&vitdWRBieh @rodﬁbé@ elﬂﬁ@fseqlmhtlalﬂﬁor
appl i cations, e.g., large image rear projection 20

siml{pneeusty, thaited gleen, sné Jbb@tcpmon@ﬂ%@%’fhéf@a e; Qi (Ehthree

oGP ST B R B B e
Ratier thdneusiit dtiel o thlee ith&ging@glites pdonteimagh @rqjectjonctystoms have used

| ens generally needs to have a relatively | ong
twoof B ¢Q iy dmBeRik. Als9e I CPEHB EPPHCEARS 68mOvae gmpggerear projection

systellh (sjrﬂﬁlup% Hic(e%ﬁtgﬁ feh&sSre @%Q \gfgﬂg\échcl SRR st SR abing

I zed panel's partl cularly
device@))pﬁoﬁﬁtmg[a@iom‘@i ofithe ofergt mazet | bresgacsive nﬁtleldptady ofithe

i xelized anels is in_the area of r.o
app ‘;ﬂélpén%le REQ gqﬁlo(ga}ﬁnstgpgaralalg npgﬁég %g@r %"eeliﬁ]ﬁ'reg” lgh ﬁcglve back

! telr EEH@b’EH%fé t all
oo S, 200 EENEI AL, bERTBH SRALRE oot pomally
usedrimh@dftemb@pmeﬂmve led to a rise |n the popul arity of
ect | o systerrs such di

GirticRr L SEPUETY APRHIDR B RRIGPD SHOT P dipepyelized

panE]H l?semg e QIGQE} réa? éﬂti%ﬁﬁéystﬁﬁé)ivﬁ%' @R u§dBisdhte Raeesl pRifection
m crodi spl ays ne be’smaller in size andlovverln

televigiogh (PT‘ﬁa)rande‘f csm@tl‘@nmomtwsn dmpreyemants in thedeghnelogy used to
manufacaﬁ)re mlcrod1spliaycs) Tave fed to a rise in the popularity of projection systems
employing such displays. To compete effectively with the established cathode ray tube
(CRT) technology, projection systems based on microdisplays need to be smaller in size
and lower in weight than CRT systems having the same screen size.

C. Optical Performance
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3 WD 2004/ 095108 PCT/ US2004/ 003464 To displ ay i mages

having a high information content (e.g., to display
wal2aa0a)p9s1e8 m cr odi spl ay nust have a | arge nunmbePCD1S2004/003464

pi xel s. Since the devices thenselves are small, the

i ndi vidual pixels are small, a typical pixel size

ranging from 17p. for DMD displays to approximtely

S, T5 diepian ihess HaOfngraqﬁglﬁﬁﬁ%rnﬁuaﬁ @oﬁt@ﬁ'tr(%@ 36 Hiéﬁlalyr@ﬁa),

Thi,s nmeans that the oj ection |enses Used in th
ml%%%pé%mﬁﬂétam avaee nw@bf;x qu ibitely. Sinwte thyf deviges élmnn@iweg fare small

the R BV el & bIaPigel % o R E ol Byl ph ity o
appodamelelr 3p actweadedsiier iefltdtive ahil ehtspiksivh eCehia ﬁh@baﬁs that the

high ] evel of chromatic aberration correctiaogn.
projseROThenses disehin thess sysiss must baves vy ala%hde\r%aégorf@twn of
abeﬁiaﬁéﬂégﬁmarﬁ@lﬂ&ﬂ 'Elferﬁ@ﬁ‘steg_ﬁéé& tb REA QE%Q 1E08 of %EQiuHBh Qeng 0f small
e projection | ens 'S SO cause good |
RM&mbt digmieter, acemp ithecehtiew feld aff tienensasdrahigh ﬂm/lehbﬁchvémhﬂlre
field of %/lew of the I ens when viewing data. As w |
abeAlR FPEHFHON, | ear, undistorted i mage of a displ ayed
NUMPRY 1@k
herpusRoragh ie@fz?@%‘%&ﬁ%@%ﬁi@?%ﬁgw fthgen of Byifiefs
regardingrthe fesolabien pétlieqmojectiandens. drhis & sprbpomtsa lgt)odbmwgﬁvsmahty is

reagifecivt SefeSaliBe Pom s & e BrbE el SFEA 1 ateh g date. As
wilEhd &v8daRt, GAes, uddifoRaI 2L %fﬂﬁ%&{y@& néthbér a1 i fu@f‘é\s
thelrme Lateral col or, he vari ati on of

lmmﬁt@hﬁﬁtﬂmdg@@f\thetfﬁﬁlé@‘ﬁ tris atltlée gratari cul arly troubl esome
s_a decrease !%"3 cont

oo pa ik} oD Ne FRinvatis b Thlon e Ty i) B et 850t

abe€@686E, ca be leadinReh &f theGhagdoft \sixE1e@H pandlfas E'%ﬁluﬁ?ing of a pixel
field can be seen. 20 In projection systens e oyin

or, WReTdreHesAas) th&ﬁ@mpdet@dropp@guoa a@iyel rapethgimags- ater@bw or, i.e.,
the Qg%ﬁ%%?%%ﬁgcaﬁgﬁ v&ﬁ %iorr iﬁg&q ch}ﬁﬂg’g{?u%gﬂso&x ?ln e ft mamfests

ucl ng

itsefffas taliRcrieast i0Roniradt adsp&tﬁallwat tlth’ﬂédgﬁi ofifhe gidld NntdxereMe ldﬁses a
CRT. Wth a pixelize anel , however, such an

winfexgfisi boraampishs Gl flian Retspecause the | mage

= A5 A Ry R, AN AR 05l P coler

canftieghapehsetel footlebadwcaly o Ifa:trexampreerddumng itlse divwisf the image

progie R (e EP obibetet BRI iNaE 9 G BIPU OGS B PHEIGRT. itha

At
plxéﬁ%@ E)t L, kllor}){@éfr%? s8bh SDhRbBRthda g%ggalﬁ’it)t Be Wr%é@ be¥REe the image

ace 1s project onto a * view
is dsgmmelrandmm smoeth fadinetnent tnrsizeeross e Gl fedld bf Vnew is not
hoxes, and

co and di.al o c | e .

oSSl orra PIEURT AP oL el eston Bubygiiedeq G the projection lens

di SErhtrb@uditakio] High leLJ%F«Sﬁco:ﬁQ cbﬁ@é’tidrb’aré’ Eéﬁi%h)éﬁy%ﬂortant

object to even mnor |levels of resolution |oss oOr
whedmenlarged imaageorf a WINDREVS tgesmpiutes imthrfacetie pfogested onto a
viewing screen. Such interfaces with their parallel lines, bordered command and dialog
boxes, and complex coloration, are in essence test patterns for distortion and color. Users
readily perceive and object to even minor levels of resolution loss or color aberration in

the images of such interfaces.
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4 WO 2004/ 095108 PCT/ US2004/ 003464 In addition to

hi gh Il evel s of resolution and col or correction,
wEe@peetidon | enses for use with pixelized panePGI/NEm®A4/003464

to have low | evel s of ghost generation, especially

when the pixelized panel is of the reflective type,

e.g., a DMD or reflective LCD. As known in the art,

g hﬁﬁi@lﬁcﬂﬂohﬁ HORRPEE af BdoYioh BRGE01bI Eftfectio, | R6febtieh 126 for
5 towards the object fromone of the |ens ‘Surfaces of

use withpehead mnels aed torkaye et iryelspdighodi@enerplapm capecidly when the

e C ati obj ect,
pixclifRibantit BF e 3ofrcliv? ek, AU M THF 07 Phe
objAg&howa i ftari, bhéfetineieSzehbRtddts) ikt tight efisctatach
projected onto the screen along with the desired

tow e O bisgichioneastof thegrps wrfiassotagupiestionghs.  Repenging upon the
shape%?ﬁ{e 16 su?ﬁ?g aﬁ?ft?&%aﬁdrﬁe%@ cOBRED ﬁuéh %ﬁ%@c@@ llght can be

ge can ac seen on the screé ecau
re-rdﬂeeted péff dthoshjedt sBN/]iH itaentes fthesmojector s anké jseprdjenisd onto the

sorogyy é}bée?v? b destrar it i Sy s dish vy eruchs oyt aglesst to
somb @Hehtf 1!ré’me cakes, eaossbg{cﬁ]rﬂ ge ghpsd a‘?{:yﬁ%l L85 on WOkt Sn.

can a e gener at ref ng backwar ds
of tBeoéuse the dpera;mamfﬂi&\zfé)s and| rdﬂwetnvdob@ﬁg dcleendemOﬂcth@Uabihty to

. d dj t b I
relGhe ke St RElrSn Sysar Soapemsges PhIEE Sen Bdgipularty

susc yig1etd ﬁﬁfs‘t PH3B1ekisO MHbRtsIOAR als8 B oBhkrhide 92 lﬁh?re@l%ﬁt%{gﬂﬁdckwards
l'ess troubl'esome than ghosts generated | ens

off csfwmf: deve [Spifacs anzléherp‘mmg reexsfipttadiin fprwad di c‘el@le hy rise¢angl lens

surflet” PRe EnER R ReR bed £ 5aBE Biets B8Rty peficgtiqnfrom

two g Rlirfided B3 g¥etallll/Ubss RidubRBorhY fHaf Bhidls Séhekdied By b oI
the image at a near- 20 normal angle to the display.

urf&er‘ﬁlxelme@pambpombmagmssu ve panels, the |ight passing

t hr, ugh entpl?pel typically exits the panel at a near
nortal ¥ Yterns of the projection lens, this

tr ﬂih‘é|aﬁb‘%mleﬁlﬁ<§hea pigdized pﬁlﬁlﬁ aﬂdbﬂipatrtlitmlérﬁm/ﬂbasmcally operate
tel ecentric entrance pup f| ection | ens
by reflesting éhe lghéc@mrthellmmmﬁ@n@wteetwfwh ’éfto oran therigage at a near-

w405, SR S0 KR RSB Mo padlurove

the pdie]l BprallyvesLitsho pamﬂiachn%keﬁnmmngleor rection of
| ateral color npre djifficult i net Size

r edR tg5PI8{0h i Rsﬁl cgljan lshy, thig ﬁrépeatrﬂ% m&ha ERARTeMa} @a%ﬁ'ilﬁ dens has a
tele?e% el 5 I1 gr t@;}gﬁ%% l%hgﬁﬁst(t%r@ile&éfrﬁnnc in the direction of its

prints e projection his
shoit nmm@hgbmugz’ut wharerthq objeeinpixlizeipanblyis obaed. eﬂimshmd«:eathe lens
w de fleld of view F% in the dlrec ion
¢ g

f .
asypRericeAbPut i 8P PIBHE 5108 osby gorgRe tipRygf fRRaboqlpt more

diffRYgN nore difficult to correct the Iateral

E. Cabinet Size

For rear projection systems, there is an ever increasing demand for smaller cabinet
sizes (smaller footprints). In terms of the projection lens, this translates into a requirement
that the lens has a wide field of view (FOV) in the direction of the image (screen).

The requirement for a large FOV makes it even more difficult to correct the lateral

color of the lens. This is especially so when combined with the requirement for a long
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color of the lens. This is especially so when conbi ned
with the requirenment for a long 5 WO 2004/ 095108
weROnAEAM4/ 003464 effective back focal | engtPCTEI04/003464
itself nmakes it nore difficult to correct |atera
color. Also, as nentioned above, the requirenent for
telecentricity is a third factor which makes the
effectiVt bEK fo04) 18gth dhethatseFrahakes &hadre Aifficlg o Atucelididl color.
telecentr|C|ty a relatively |l ong back focal | ength,
AlSOai!ﬁdnanthéé abovesh thegpquirmiang friteleeaniriadiyris e thishfagtor fHich makes
| en n le still maintaining high
the PRV aono g%ergg%¢1§19@‘ gﬁn%{ﬁ rection and | ow | evel s of

g hAsmegmg eflatentivity] 8 rqdativielClohabhyk ol 1b@113,| amg mmieeield of
t hese various requirenments tend to work a
ViewiRghEFectiys ORBled eIy oPE CORTIEN whitggstilhpan HB8 higglovels of

aber%gh%%?jﬂlr%cg@ﬁ%gﬁ ?(ﬁi feodfet ggest%ﬁer t%hs 1§ Mﬁﬁlﬁa{aﬁlen%lgg since

ustrat es pr esent
thesdredrivus réduerements eatd to werkapainstione |amsth¢1r éfceda sdwhile minimizing

nts. 10 provides ction |l enses whigch .
the TSRS PO ISR ST (B 1819 S on TSTR AP Bpe g llustrated
by tﬂel\é%% Qﬁrésgnt@& Ql%@aﬁfe rg‘éeh{‘m@eﬁtidiﬁh 1@%?&%% tfiodiments

I nven provi es a projection lens for formng an

provétes prajedionrienyes which sptlsfg Itlnese doflictég @iiea.scr een, said
projection | ens having a 15 |ong conjugate si de
(image or screen side), a short conjugate side (object

or pixelized pageMMASey OFTHE frevekNagoNcal |ength
fo, and an f-nunber F/# sald Iens conprising in order

fr hraqchaiangwltb @rﬁrstgpép@ct,sth@l gventiathproyides & prcaeqtipgdens for

TN R N e

longSdoHf gffe:sideQirhhge o stiekh kidey AThoM Boﬁjﬁgdte kids (objbe\or Pikelized
negative power_ and conFrl sing a %uél ve | ens el epent
panel mdmhuanh: £@t)verfagalée@% ot ancoar) LpERker SV salddensyganepyising in order

ﬂon%@lﬁ,gari/g:cotn?ugt s?destto%hé gﬁ) gccﬁl@%a & side and (b)

ohe as ¢ surface (preferably,

t heA§ i r atfirbtdes usilry Rbhsistingsh stder flond th ey sonjidatr side to the
(2) the conmbination of LM and a 25 negative | ens
shorgparegate fidewit hat all ows LM to have a configuration

(1) o cond FREn SR D RS ek Ry or i Somprising o

second | ens segetiveiléns e(te:mmtiﬁvswmth ¢1)|hps asbord pd)mjugdte surface
conmponent which, nost prefer ,, 1S a. positive.l

ol omont | ( LPLIVHH Bifopsedrss 3 %a%o% CPwE%FF serat

and can have gp, 300l QUYsInk dsﬁl‘ﬁérfé' SHARES(pPeTerablyf the ﬁrst 1ens

sub-unit consists of (1) only Ly or (2) the combination of Ly and a

negative lens element (Ly) that allows Ly to have a configuration
which permits more rapid molding (see below)); and

(i)  asecond lens sub-unit (Us,) (preferably, the second lens sub-unit
consists of only one optical component which, most preferably, is a
positive lens element (Lp;) which preferably has a low dispersion

and can have an anomalously low dispersion);
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WO 2004/ 095108 PCT/ US2004/ 003464 (B) an aperture stop
(AS) (preferably the aperture stop is a physical
wa@pmnpesies st op, but, if desired, the output of PCTIES2004/003464
i1lum nation system can be used as a virtual aperture
stop); and (C) a second lens unit (U2) conprising in
order fromthe |l ong conjugate side to 5 the short
CO(B)Ugatasdraee stop (AS) (@@afﬁaﬁly thé Brturastdp (is i physlcal aperture
positive | ens el emani1 (LP2) . (preferably, e onl
stop,dptts .1€a¢81r@énﬁbe eefpuoighe ilhpgaieiyysiernen fisi l%se AY2 Vel periure
Stop)l"% wherein: (a) the first and second lens units
,U2) are the only lens units of the projection
| e(®) 16 sédm)ndtlém upitqJY toropridiepni drdert fiadre dlemlong congatheide to

hort t i,d th | I h
the shetspmebrae: o fortteSEhmemtt G0 Ao s i red
(plefeﬁbwl hdorly %ﬁé@%@lﬁmﬁoﬁtd SHfth&sechh@ 1elh§hﬂit laﬁﬂl%ﬂ 88 Lp,);

t
ed-green < F/# (preferably, LCred-green < 3.5
* Wh#I)e;n and LCbI ue-green < 5.0 * F/# (preferably,

L Iue < El#
Dot P g erond sy s Py s R Rpl e bt pe
pmj@ﬁ@n%ﬂge wavel engt hs are 0.62 mcroneters, O. 55
m croneters, and 0.46 nicroneters, respectlvej (d)

t hépr o Jﬂ@cmrmﬁtwrewgs irdelearmtrgem tsshordcanugE s

in ts 0

T BN O T Y oo g
which ib/ictomietére satifigs tHB relatienshig®: 5 * F/#), 20 where t he

rel ati onshi [ tisfied the full fiel
green I| etdgdma\sﬁsa IS()(%aQPéq gﬁ%{m @fe;dgrf(l;n §53'|§1€ g/g;\%;’ rs;
and (e) gklfle secgrgdol er@y‘%ye}a% thlconp4 8P g/#)ayer

(M of BFFEbl € e EF“t'o t'he doubl et
whefd-thB)cl@fiortsRips Af: fasfidd ner tierfall €lekingidl thé tqd) green, and blue

(preferabl o Lp), said  layer having an external
wavglﬁngta& ére\/%%%mlqrgms £t 8150 anicposnqters nd S HLRIGEOTEeFs, fespectively;

_ I
ey a?ﬁtl Maiec Eggg%nn%ﬂ%f ﬂoﬁgﬁg{)&feﬁ’ (I;vamsﬁlg%s short conjugate

focal plaﬁé Iv@nﬁtﬂfmpﬁlcﬁjmbtematsﬁps ﬂfeee]aﬁblgshipal | of these

rel ati onships; FOQV > 70 and/or 30

BRL/ fo Pra0s 4h* gé%(ﬁ%%ﬁ@b’ \Hntlsh< § %’&E@Eﬁ{j aspect, the
wheré] ﬁﬁg %la@&hsﬁ{é)oﬁ 'sgtfs?iea oREA fu? Bl A% % eérpﬁghtfhg{/ Eg'&ggﬁ%gngth of

a pi xelTzed pane scree
OSSDthr@ﬁéﬂefsl;lalhcens havi ng a

(e) the second lens unit (U2) comprises a layér (M) of a formable material
attached to the doublet (Lpg) or to the positive lens element (Lp) (preferably, to Lp), said
layer having an external surface which is aspheric.

In accordance with this aspect of the invention, the projection lens preferably
satisfies some of the following relationships and, most preferably, all of these
relationships:

FOV > 70°,
BFL/fy > 1.5, and/or
BRL/f; <10.
In accordance with a second aspect, the invention provides a projection lens for

forming an enlarged image of a pixelized panel on a screen, said projection lens having a
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7 WD 2004/ 095108 PCT/ US2004/ 003464 | ong conjugate
side (image or screen side), a short conjugate side

w@ opeetioor pi xel i zed panel side), an effectiRer/iismad/003464
l ength fOa and an f-nunber F/#, said | ens conprising
in order fromthe |long conjugate side to the short
conjugate side: (A a first lens unit (U ) consisting

long Ebnugded siflé @Mab Br scadtd stde))j drgitteonjugetetstdet (BBjectorgidlized

first lens sub-unjt (Us

conj ugat e_si de of. é!g% a ! D R
panﬂa;ﬁeapganaﬁffﬁégm foral lspeil o, andae ramber Y, sat legs porppising in order
frong ﬁ%%g%?%ﬂjﬁé}aﬁ? §l4€ F@mﬁe g&&%o%@%a@@sigl@) has a short

onju S ace cave towards the short
10 (@9nj ugfatstlent deit @0L) dobjistiaiprardedrauh thedasg caegate side to the
aspheric surface, and optionally, a second negative
shoyt RYUGHE SSOT(LN); and (ii) a second | ens sub-unit

(US2) which copst fhs s@fwdt fiid, phaish hédk@ivh Bhwer £1d0MSikting
(Lpi) whi'ch, as discussed above, preferably has a | ow
15 di spersi orofand can have an anonal ously | ow

di spersion; (B) an aperture st AS), (as, abave.. t
aperture stop is pr eferaaﬁllsgn%igagﬁ?/gepé }e egbg;r@uelgclgpag&asa
but can be a Vi rt udlorapajugiie SuFh@prhicR contavero®eaBike short
lens unit (U2) consisting.in order fromthe | ong

conj ugat e side to camigateide anddh) eqyaprases phleasifone agpheriy

a doubl et (LDB); ii))sa second positive |ens

el ement (LP2); mha%]?fealgéﬁiza)l?a) the first and second | ens
units (UL, U2) are the ositionhgyna secoridneghtitdlens element (Ly); and
projection lens; 25 (b) the oj ection lens.i ..

Lel ecent@c ohsderad ks ﬁqb-%hﬁﬁfgtwﬁwbica@%lst@ ef a fifg positive lens
pr oj ect i on | esmBASL ) WAL & aAlsRd dovh brbletastRida

conj ugat e focal Ellig(ngl) whi ¢h in r?l crorrgt’e%rrs sglysfiaegw

t he rel ati onsdispssion @ndeangrage an anemalotslFigwv dispersion;

bly, LCred- 3.5,.* FI # d .
{ RHENe! Sty SAETEs hoe e abpire s8R T arefirehly a physical
apeftuf® stogBitt)can BE 2 WAL apdiiré &bFY; bRMShi ps are sati sfied

over the full field and the red, green, and blue )
waviéenga sesond teng usit (W2 qonaistieg ) ordergBomitlg lone cejygate side to

tne 0 Qoo GLOURL 7S, respectively:

1) a doublet (Lpg); and
(ii))  asecond positive lens element (Lpy);
wherein:
(@ the first and second lens units (U1,U2) are the only lens units of the
projection lens;
(b)  the projection lens is telecentric on the short conjugate side;
() the projection lens has a lateral color LC in its short conjugate focal plane
which in micrometers satisfies the relationships:
LCreg-green < 4.5 * F/# (preferably, LCreg.green < 3.5 * F/#), and
LChive-green < 5.0 * F/# (preferably, LCpiye-green < 4.0 * F/#),
where the relationships are satisfied over the full field and the red, green, and blue

wavelengths are 0.62 micrometers, 0.55 micrometers, and 0.46 micrometers, respectively;
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8 WO 2004/ 095108 PCT/ US2004/ 003464 (d) the projection

| ens has an RVS spot dianeter D, .,,, 5inits short
weovpgrade focal plane which in mcroneters sapCEUB®E4/003464
the followng relationship: D,,,,, <4.5* F#

(preferably, Dm < 3.5 * F/#), where the relationship
is satisfied over the full field for green |ight
hayiyng andyérl-a891tchs Bds axﬁRMs%'éofraﬁfrefB?mLﬁn ité @ﬁoﬁ Bénjugate
aErOJectlon l'ens has a full field of viewin the

focagiplene wihenh mﬁnmmqt@sﬁ gptistionibgJoll @vingirelptionshigy eat er t han

70 degr [ tion an effective
back Tolir T e“h%t :ﬁ‘%?ﬁ %ﬁlﬁ@hbé‘%it% Y E&S’t he
Whefdi‘dh@frélﬁtﬁk%ﬁhﬂy is $8isBEA bT& the Auibficld Sor %r@ﬁl l@gl@lh@@lhg QRvdveRsgth of
has a barrel Iength BRL which satisties the
055rfélca<tm%tﬂl§h| p: BRL/fo < 10; and (h) the second
t Y '
?{; qﬁh% gl%iec?lgg [r%g ﬁaas( Ar‘ﬁél)e%élg H? gﬁ%ﬁ ’?ﬁﬂec &g‘%#lﬁﬁ?g jtﬂerllgng
conﬁﬁ@ﬁeuﬂﬁclolfs gaemammmd@rdesve | ens eI enment which is
gl ass-based and conprises an , aspheric surface . i
pr &Vi dedhs Preigstion E0p by SieStiyg Phek @a@é@aﬁt{l RET phich satisfies
the Rdibhsts: 1t is heated from roomtenperature to its
operatihg tenperature (e.g., -40C), while at the sane
t| ne aIBRIsﬂ(/forPglﬁhe second lens unit to have a single
ptical

oLt ROPRETGOh s bl & Barflfels BREL bR Suias Frliplarignship:

an asphespc/fpdnbagR i s most 20 effective in correcting

aberrations, e.g., aberrations associated with the one

or (haor e tkw sesnad pesitivralens cloment (ki) s easnpased pijeast in part of glass
n accordance with either the first

and8f’m§8§e(§r?& a%@be% Sgﬁlg‘fe the invention, the projection

| erhenise beh akdoyid patitisd 1eas elehent which v glgssipdsad hhsdihrises an
fflfo < 3.0, 25 where fP is the focal |ength of

LP2.
asp@ylcwfa@q Brpwgle@ fhiegreiestion lensstith reduped thespa drifors if ishsated from

roorp b€tk g Wbt St “APLH IR R R e
alloﬁlﬁgg)t;lie 88dond ﬂ@lisuﬂ@t&o KOS ﬁﬁﬁle Iopticdl icbapener axibng dsPhdéric strface

ends to nmake the aspheric surface nore effectlve
in thewiginity o€ therpitsearprespedhe lpsatiahyherg s asphoris surfaceig most

effe? (].)\?éa]?l Q kl%gtln{liéeb?eﬁ?tlgﬁs E? fabéwzﬁfbglg%]so?fa A&haPinY olﬂé\l)?m%re prisms

our’ oF’five conponent s,
normbil isedrveidti teflestiveapikélized pasdenbl y and by m ni m zi ng
the nunmber of  surfaces, f whi.ch 1igh fl :
r edg@ggoremwﬁkbglﬂaﬂ fb@rﬁrstro%rgecondcaspeclts oft the %r\]ferrlt?on ehet projection

lens preferably satisfies the following relationship:
fp/fp <3.0,

where fp is the focal length of Lp;. By satisfying this relationship, the projection lens can
be telecentric on the short conjugate side and still have a short barrel length. Also, when
the Lp, component includes an aspheric surface, having fp/fy < 3.0 tends to make the
aspheric surface more effective in correcting the projection lens' aberrations.

The projection lenses of the invention preferably have a total of either four or five
optical components, which greatly simplifies assembly and, by minimizing the number of

surfaces from which light can reflect, reduces ghost formation.
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9 WO 2004/ 095108 PCT/ US2004/ 003464 The reference

synbol s used in the above summari es of the various
w@spentdonf the invention are only for the conRENUSV0E003464

of the reader and are not intended to and shoul d not

be interpreted as limting the scope of the invention.

More generally, it is to be understood that both the

f oThgoifagngesimitalls aeddn thptabove aumthnhdies dfahd caiong aspects of the

detail ed descrlptlon are 5 nerely exenplary of th

inven{iQrb e 08l foa the comEenipicsod g rerrss Yn) Acgehoa mitvisr o vl gould not
be 1ﬂt§1§f@é’@a{skhmft tHE gé band 'nli\%n;l&? DRk é&le?zﬂgr N8 AEE @lderstood
he 1 nventi’on tional features and advantages
that béthttheforegodmg gmer@ descgiption and theifolldving detagid ddscnptlon are
r

merd SSeraen{E PR S an g pibare Rotded oV B YatEien o Hamework

for 1#36&fahBinlcRe BhtufLmABRhAEEr BYtheiBehiiéh.Ng the invention
as descri bed herein. The 10 acconpanying draw ngs are

i néydditismal Gapresandedgarttages hétheunvration ariich fprof intthedetailed

T U005 b BB T4 e
fronDIRAV NG tidrosireso ghided by wadutiding ke BBttt dscleséritRd\esis The

of representative projection_|enses 15 constructed in
ACCORERABY G FEBVIRIZE ﬂreﬂa@uﬂm PEeade a fsther yegdeagtanding aﬁ@lean@nﬂon

and bfdSnd ¥ Siaic'h aRd cdystibE BB B I BebiBloafich, Shown Lhi Ckeer
actual ylsto e It edsrier to see in the
draw ngs. Figure 6 is a schematic di agram show ng an
overall pro 8 ']Qf ]
proj ection mmw n be
US §8lyrd01 Blrstidtl £ h&atib i RRETERED SR \bibstidSlenses
di scussed above, in accordance with certain of its
consimp@dtns acqom@qu sstrthe invertion. dn Figires/1-dead #rb; tb@laiym{M) ofa

tormgff i B R i LB aT0 ArRLE G R e

drawiigsh is a conbination of a glass Iens el ement 25
havi ng spherical surfaces and a |ayer of a_ formable
natfégyrap i echematic dismam showias an pyeral Ppoieptica lenneysigein
[ ction to the
whih 48 4E o ERADSF e BruE, BB BPBIAG: ' 2 no 1o
the projection lens' elenent count or its overall
t ot al

ass ‘el ement lastic "30 asphere
proxeﬂésqnbj ecmdrelehgds rfoxjplablllabmismtdtmilqﬂ@hmpj actcu'nmhmbt dnaployh habnd

G NN T A S

havAgRPEErIcal surfaces and a layer of a formable material whose external surface is

CRIPTION 5 RE] ,
Spher . gbﬁ %{Q%@@t Pg&o?(flank]‘!‘ﬁnﬂh%eﬁalﬁloﬂ@ ragp%ctsl - ﬁ)res%nt ivention

aspheric. The use of such a component gives aspheric correction to the projection lens'
second lens unit without adding to the projection lens' element count or its overall total
path. Also, in high volume, one hybrid component of a resin asphere on glass can cost
less than the combination of two lens elements, i.e., a spherical glass element plus a plastic
asphere.

In effect, the hybrid allows the aspheric correction of a plastic element to be moved

into intimate proximity with a glass element. In this way, the benefits of an aspheric

10
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10 WO 2004/ 095108 PCT/ US2004/ 003464 surface

correction are provided to a glass elenent w thout the
wo owg/0ef108 he fundanental properties of gl ass PENEERN4/003464

nanel y, ease of fabrication and | ower thernal

expansion and variation of refractive index over a

broad operating range of tenperatures. Hybrid
surfacergoomeitinsaré prosddeadad arglad eletmehewithoutale loky bf the fundamental

er_of a

| enses") are forne b a.la
PropeFiGR R sf@ lspass %m? % %’?S% eﬁ@gﬂw@ épd%?a‘ﬁ%rth@mal §kpppsion and
Vanﬁt?d?l%f?é’ﬂ%@@ $ndek over 4 BRfad %R&Hﬁﬁgjran BObARthJERIRs OF @

hin fabricated plastic. I's asphére-to-sphere mating
ef f}bfbnd\ﬂenyooamt@(/@wdﬁ&mdr‘m bereint aSt"bylpmd tensasl') dre formed by

f unct. on 1 re
applyEt 578 o8 e SRR iy B Bl i ineloa) BRRARS By Hcans of
eith@yduiréel, eIRQNesih of @mhth’aEﬂUafbﬁﬁilashBarTHly\éhph%&b Bere mating
conmponents. 10 (2) In fabrication, only one surface

effeptivehi AWV syBesaEpOReTtie peform the functiga ofSfhekpreriouslydequired two

I nce the other, mated
Comggﬁ acgﬁ{m gifveé %‘)%agvm%gg Dt% udmcgof t he spheri cal
sur(tlace (afe lybeid gbmpsendrevan bé hinnkh thah o iselpz&sqa ketfi@onents.
ion_of the |ens has by itself the

B(r)g#)ect B fpbrigatien, §91§/c@§ﬁu5fﬁ?q qreatioy RS PG e, tae aspheric
side{ageﬁgﬁﬂas;&%f vt YRR B, SR ohitky ! d;ﬁQt%&%lg‘fé’c% tD&s o%liﬁéj

Patents Nos. 4,738,516 an 9,062,
propeoiksetie sphenidal stlrfwee)ﬂtlm:giaqsdcrwt ed herein by

referen ch | ses I‘CI al |

£ 6 Toy e bbies sssherporpiro gt Bk e 32t By SERS Dples Yo the
proﬁ@&f'ﬁrl}ns ﬁ&ceﬁ%'llﬁty@@ tHekR 8N &Fﬁl’ﬂfs@ﬁmﬁﬂi@e(@anon in

connection with canera taking |enses. In general,

t hdiemplano hebrid lenses 0@9 bﬁﬁ@mdby U8 Rsitends Nosn, 638, 2l and

5 2§9§(§@§Sth§ §8§t€$§ o(fl’w i é% 1%03 r%tggslérﬁnntqﬂlt %{“?tr?ﬁecepguéﬁ ?%ﬂ%s are
avaﬂldbn@mxliméﬂaﬁnglfﬁﬁﬁ Toydec 06 &itd, I(mGydmlwd-d@@Aﬁdlﬁ-P@ﬁn lTepdng, as

rofile of the finished hyhrid, surface. Materi al
Welgw&wt Tpzon gk (Cqnon i sanndsHen itk sapera tRking danses. | ayer

BRSSO OS5 Ry ol
and sutisg it ahte the pdlishied giass slgnsuuuel(mem:aldwsb nathugeé lght euring
trojfaiheabibe. A FergriTRAE K 5P R B g SAghed hybrid
surfgélé gﬂaﬁérfég%rogﬁlgieé Festriok dhehi cRREK X tHEREGh Yaybr 2P Hs @éh@er-to edge

and 1.519 and 53.7.” A suitable
variptemi. rifcmmudyeslim matelhé qan@p@ctthmlnydarem pub foffdizghp Elassisubatsate

ol l owi ng,i ndi ces of r ctio .1.529705 at 460
cithfy Goring e BPouia G us e S iRl i2e "8 00 o 1
genRkeral feSinEtre eﬁraﬂélth& helvia S MAaRe oF réﬁ@ﬁowndmcﬂaﬁﬁerﬁohév(vd (F-

curable resin pr ef erag satisfies the fol

ng,
C)) of anpéwaratedyt) 52%&1@& Shvét bpl dt%Veﬁ,QuéétiIQta@dﬁé 7 A suitable
resif! empfbyeg i the %%c% ecgtl%%%l?s c%lﬁxam%lenl iléllsl tﬁg%c?lfoswing indices of refraction:

1.529705 at 460 nm; 1.521307 at 546 nm; and 1.515568 at 620 nm.
In general terms, a hybrid component made by molding a UV curable resin
preferably satisfies the following criteria:

(1)  The diameter of the substrate is preferably less than about 28 millimeters.

11
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11 WO 2004/ 095108 PCT/ US2004/ 003464 (2) The substrate

gl ass preferably transmts UV light in sufficient
w@rmyn9d08 o al | ow curing of the resin in the nmed™Uk004/003464

passing WV light through the lens. In particular,

transm ttance of 360 nmlight is preferably nore than

60% (3) The thinnest portion of the resin |ayer is

pr g er atvhy suirhie $tast preterablytiaasmans UValigndn suficichi akewtts to
portion is preferably no nore_than 400 n'hcr ons. hfé4 .
allow pering:ef the resin inthe molddnerassing ShY {ight theayeh the lsns. lar,
. j e nore than 5:1,
trans\?é 1?%‘{%% r?ffgéb 8184 g@%ﬁ E)srﬁer?%ﬁ%f%ﬁgég@% 62%’& ded since they
ar ) nofhe diififdscpdrtion of theresin layer i ipreferstiye®. leFhan 20 microns

roj.ection |enses. of the present .jnvention have an
and @‘9 é‘%‘lﬁ]ﬁ“ POHIAR &Prﬁfei‘@tw B? Bfot‘i% ﬁla& 60{3 PP ted tel ephoto
lepy W trhe b Rgationlid khibieRss fUB-tHOLdntdrds e ddgelofehdretifillayer is
lens unit (UL having a relatively strong negative

prefgrablymoanete i 5:&rmwitnthck estces prsfarably belngzavorpd Hiage Higydre
Lti.ve power. The |enses of the invention differ
mor?ﬁ%ﬁq%ﬁgﬁ% B0 F88F%enses in that rather than
havhe grajéctidResdstd 6f the presbetiiration hevewoaicralbfoamebf a retrofocus

_positive parts of the lens, the aperture_ stop of the
or inyerspdistapbotol lenfswith e f’trﬁfelemwbrﬁm%ﬁi)sof it Sxsk leng wpihke b

. L its. ieh 4 .
iy S RaRi e S08 ey ol ) gl i
posititié powoste Tkliedsenst the inmehtiopdidttn flermamanymegefaiis fenses in that

pi xel i zed panel has vari ou&@advant

ages. .Thus,
ratherghaLeing & IRFrUEEIEROAVRPR BOBY e GRAPPREVE Ry ffle lons, the
aperﬁgﬁ étro fof tI?etﬁg\g] g_c’ﬂicgh feh&sforatinf Qfdh iPlorRNed BEtweRE 15e6:RNshd

nit I'tional advantages, illustrated by the
second derplumds PU 82N tvbichidgbically wilkbothdanba posifrve povaerhi eve a

e S bR o BREkl §F Madihr pifiod Bt S
variGis’ o’%@ﬁﬁtﬁﬁesprh}lQﬁelE@éiﬁfici{}ﬁ%ﬁ beGRRie VWA ElocAtingtihg GérsSrrture stop

~ above, both of these characteristics are particul arl %
in thesfedng fodahplaeapf the sejond d¢nsmnity Srdsitionalpientagps illustgted by the

t hav ide field.of .viewto ' I
a8 PR st s i g0 of S AR BN phE B8Rt foca
lenglte g6l fhe aBLEPIIMOGIde abedeisld dftviéwn éh thp dirsctoncofdhetenldany

guiding prisns between the lens and the pixeliz?d )
conjygae AS ygsep abayes PQ@ aflese ﬁb@raﬁ@lmcmﬁmmlér y useful in rear
proj Qaio%aée/%fe \Qﬁ&@t}?eolleh% ﬁlﬁﬁtsha.vgg%i@é 60! PViHPld a{ch%]e@g the smallest

prisns. e lTenses of the invention achieve a high
posdibi¢@lverall paciegk sizepamdoyhdts threge Brameed tomcemnasiatedydamedplitting

.surfaces in the first lens sub-unit, Specifically,.the .
prispmandios beang giding RIS mshetuRg thleas é?%%&eyl’f%efggﬁr%rﬂtea‘f prisms
i i ' isiRape
A6 RSB Sy bl et BN RIS
t heTherlenses bf the ihvention Ttdevea high lovel of resdividdmies usiggond or more

o b B g BBSL SRl 5 S oo
preﬂg%hgﬁg{ax?déﬁsﬂéa{oal hiYeREeT Brefphbly Nashas Vel tbhiskiReBEpd Which is
convex towards the long conjugate side of the projection lens. The variation of thickness
of the Ly lens element is preferably minimized to reduce the molding time and thus the
cost of that element. In particular, Ly, preferably has a center thickness t; and an edge
thickness t. which satisfy the relationship:

12
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t hi ckness to which satisfy the relationship: 12 WO
2004/ 095108 PCT/ US2004/ 003464 tel/tc <_ 3.0, where to

w0 200d@9an8n ned at the clear aperture of the shPCT/US2004/003464
conjugate surface of LM (i.e., surface 2 in Tables
1-5). Spherical aberration of the lens' entrance pupil
is corrected through the use of an 5 aspheri cal
surfaceteypdgma second lens unit, e.g., the aspheric
surface of a hybrid conmponent see Exanples 1-2 and

wherp tg}s dstermieedzat plkectleas apertyrg €€ thsfshart gonjvaee gudacs ofLontst

g 3). The spherical aberration of the
surk Cﬁ?eﬁgr?c%é?egﬂ ﬁ shoul d be mininized to achieve

t elSph&idal higdrtayioh OF thrrynsheditantapypipiBicotrettad tHreugibthe ate of an

pl.ane of the lens. As discussed ahove, the L%%j‘l %f_
aSpheQP‘IﬂéE’EfPQFemﬁh?( eacpad lens M| S2-cthis 28RherE SWHRee qlRd1yPrd component
B SRERRCE A58 of BTEUER L5 G DUBARRLE IRy o
Exainplﬁeiﬂt iThie sphéeridahsbenmtion 6Oiha dntrivee papil ahtlﬂdé b minimirérbtior

I ow nent. and l.ow ele ectl on
achip G S{eGOR O &P Y SR IR Betopie Pt Bt
| el ﬁscusé@ﬂ%@vé Q¥ BRQThe RUGE pixdliLed ﬁnél@b%e%éfbaﬂﬁﬁe
to the reduced nunber of surfaces from which 812:;9
cordance

protdem of ghoss cfwnnafnheyslmp suchl w@eld @ee designpé t%wéls@tshghfc

T N

elenSert PO, "ﬂl& BlofectiaR Rins&adfitidinRentermald edBom s ow ghbe devels.
January 7, 2003, and entitled "Folded, Telecentric
Thesg lopeghiasblevels atsdn large puss équ the rqsuged puraberpi swifaces fiogpwhich
{
hgh%’ e@%@e%ﬁg}eﬁ acgu% tP eve g&%:a e ac%%éc;v\y hremam once the
nunﬁl@ﬁdfsmﬁtcéﬁwsuebaermcal mar gi nal ray traced thr ough a
praqj ectj o ens fromthe ction lens'  sh
Gl B o isepesiien porprib Ui GueliFeHin SuuiF QL 5959, led
J anﬁa!?§7 ﬂfO@J §1’ftf élﬁﬁlehepc?ld@(‘i T%‘Ibc@ﬂtﬁb@r&ﬁ%cﬁdiﬂéi‘ﬁ@scﬁr Uagwiths
great th .5 degreés. Ve he nunber of Iens
Pixalized aamis éﬂ@ aoawmse:f vdgch arenmr@rmm@qeé beteonby refigresceplow ghost
he pre venti.on S riteri IS er al |
tevely e e by DY SRR e i s By e PR b prajecton
lensbl?éih%ef Bojdchien 1dn8Wheh @shjubsy Edcal plﬁﬁd: ﬁl‘(&gecl@é/eabﬁ qeeds SBEEG of the
of the invention. 25 Wthout |nten|n(ﬂ; limt it in

projgejomignhatran ante qfrne@émce ity érarpder than Stykegrﬁw e Wheg|thgnumber

d bed_b
oSSR SRR GO Sy R oo
critdHc i€ gbheilly fuisRaticOyshtidfitdeehich sed@s acapaidditiverl basisfor the

the invention. Briefly, these exanples illustrate the
IOnghpptdgwq{@achleved by the lenses of the invention.

Without intending to limit it in any manner, the present invention will be more

fully described by the following examples.

EXAMPLES
Figures 1-5 and Tables 1-5 illustrate representative projection lenses constructed in
accordance with the invention.

Briefly, these examples illustrate the following:
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13 WO 2004/ 095108 PCT/ US2004/ 003464 Exanple 1 -- the
use of a hybrid conponent (LP2) in a projection |Iens
whaovisigsidour opti cal conponents and desi gned fRECT/USHI04/003464

with a reflective pixelized panel in which a prism is

| ocat ed between the projection | ens and the panel.

Exanple 2 -- the use of a hybrid conponent (LP2) in a

Pr ek &apleaN. hifNTeRAYINYBrid SsthpornP@lyh)idla [FEfFPRRERhS haisl four

designed for use with a transm ssive pixelized panel .
optidahcavhpastents andalesighedsfor use With azefidoiive pixelized pmgh igvhich a prism
. . bet n the projecti I and, t he panel. Exanple 3
18 1093-?64/\%3‘”8 ﬁ’ﬁﬁ)r‘gjeéfoélslg&aaglgﬁ@? %an(etPZ) in a projection

| eBgahiphéi Ng theOtke of apiybsia kopsman@nt sinastoftetoglashivang four

optiea comieReElF TGREEREA IS U Bt SCTBTIEHE PR HEBLOy i o
nNote t - f fil
pola&%% (g. 2 Gﬁ&lg%gg gﬁéa%ﬁmﬁt%vﬁex?ﬂég gb@ %tﬁ'm]l&lssdﬂa tREFarfe].OT 11 €

I"as ere ciently accurate to
ac [Fixempled ghhd escadfa giss agihera @ki)dn apovjeatomi lons havipg fous

b i al . duri f . d..th . . .
T (G O
is loEMEd SWG&)I jéﬂé%fg}'ﬁgtlfigf lﬁﬁgarﬁitnﬁﬁé’ﬂéﬂ@ (Mote Bat Sﬂgﬁcsent, to produce a

I nvention). -- the use of a hybrid conponent
surf{dePB)filleforma ghasy asphérewhidris shificiontly aoenrate 16 aghpevedigh levels of

conmponent s and desi gned. for use wth ' P
b BT Bt par e i Gorg e el Rl il Brojcetion
lenst@n PO Ping GybAA cb@Psnetitdart berrganehe predéreed dratodimest ofthe
~ the Tayer of formable material on LP2 generally
invenieh t s i n higher | evels of aberration correction than

| ogating it ; [ ref ar. . :

| O O us R AL Ser (B3t ploie AT Sy bing four
optit#Rempanmgarid dsign2d fapise edth aceflpaiveptixeliand paes igwbidh a prism

~ for use with a refliective, pi xelized panel i.n vaéi ch %%)
is logatefh peisypen dhq Relecden 5ot o etpﬁléelfwf ;‘fcz?ﬁt% ¥y
fom%%?)e @%ﬁlal %ﬁeﬁaﬁ? réshftsc‘fr} ﬁ.—l;gl?% 16V $ibkrrafidiSdorrddBSn than

ens ele so"as to ve the noldability of
locatilvl itOMARA aeishgnatprefomedr e used in the prescriptions

of Tables_1-5 for e _various | asses enpl oved in the

e gl s meihe oA e sorironed (FRaa pgBiin Tos hatitg five
opti%%&@%héﬁt? Al d@b{’%'r{eﬁ £8r use MY RileSHIPIIliZea pakd ineAith (1) a

Int practice of the invention. Industry acceptable
prisneis dodatdddetweenutbe grojention hens phd she nanel @mflgm firpidensgbxunit

R A R T T S Py

st apdARA géstorhtiohd ark A6 inith@pres@iptioyz of Witdel-6 ferdthalvarious
and v = xy.z. The aspheric coefficients set forth in

glassereernplbyesinghe lans sysierss. | Bauivrlert glasessi tgle batothermeudppturers
(e. g?, HOYA or SCHOTT) can be used in the practice of the invention. Industry

acceptable materials are used for the plastic elements. The index of refraction and
dispersion of the layer of formable material used in the hybrid components is given in
standard six digit form, i.e., abcxyz, where n = 1.abc and v = xy.z.

The aspheric coefficients set forth in the tables are for use in the following

equation:

2

T 1+[1-A+E)cy?]

© —+Dy* + Ey® + Fy® + Gy + Hy" + Iy™
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z = 1+[ 1- (1+k)c2Y2] "2 +Ey4 +Ey6 +Fy8 +Gy10 +HY12 +ly14
14 WO 2004/ 095108 PCT/ US2004/ 003464 where z is the
wGaoagaosag at a distance y fromthe optical BXI/BESmWD4/003464
the system c is the curvature of the lens at the
optical axis, and k is a conic constant, which is zero
except where indicated in the prescriptions of Tables
wheile bis tHhaurfaae sapis qodistande phomcheiomval adadLiheapstenge is the
short oqiugate side of U2 Ln the 5 figures and tables
curvagise eKBR {ons ghtsrratieal /s, gnd k e %W“ﬁ%&t’w 1S 2810 Poppt
whetllindi2ar b HRGHcsoblin s AbRsg.Hart of the pixel | zed
panel . They do not constitute part of the projection
| edde vapdus anee strivgtness dgooated dnrthd shisirecpnjugateside pHU2 in the

mlli ers _except wher ther. units are .indjcated.
fgofs g LS PR Gt PP e P iR e BB Wit are used
witl PGSR bin® Of thRHixd1iz80 batkdl.aTRESAd EFoR&ithteiphartlod thid @bfectitn lens.

the figures. I'n actual practice, the view ng screen
All djmensigas given Helahdes 1-amee nHeillipeters| gxeent erepthey yitstise
indi?fﬂ he right, and light will travel fromright to

eft. In particular, the references in the
pr e hrgttipiod @ablee ard @nobiotal & theagsampiod that light travels from

entrance/exit pupils are . reversed fromthat used in
left oydeli s thedieurste 18 petiakpragtioeotte viImEns Forem ‘Z@i}lb%% ghe lpfg and the
pix QY flvill BT IRMAR, et v R RoRDAAD I lp ARfEule,
the fefiSenced rethe préscaptietables tmolyectgimidee and empnes/exit pupils are

o BB S S B et H e L
the gfgﬁre% hoﬂ"ﬁ‘}fl s dE@i%%?t%nl"Iﬁ’"'aﬁd tHeepRRuRfstdp 8 sRéwWN b itkdesignation

lameter Tor a diffraction limted system As known in
"A¥'he art (see, for exanple, Snmith, Warren J., Mdern

i.cal .. [ i ng: ~Ih ' f. i cal
ol RS e B S b B DA
red/&fetn ldvdaibdiford et RY spodt ARimettr Foiegieén higaark BRowR M bl 1-5 in

the airy disk to the first dark ring 1s given by; Z
termsjofhe airy-disk dignester for p diffijastondipitad sypiceh Avknopabindge art (see,

= :ho 3 Cr { e i), - .
o B S PR, R DA ERR oo o i
Sys®neo(eBEEdision), McGrawvsHRE Ntineoki 09000 padestlse- 16@tandal52-453), the
. performance of %he [ enses shogz\s q&?gat_ for ,eacg exanpl e,
distangs fromn the/cgpise AT thgaay diskdg thy firs dagk rlag iy given byat er al

col or, d 4t EIM? spot dianeter are all less than a

pi xel . Tabl'é"6 sets forth the BFL/fo and BILL/fo

whar@h iewatdéndix ampher Tables AS veRRhB&NI6 88 0.35Mmidibis (green light).
tabl e, each of Exanples 1-5 has a BFL/fo val ue above

1. 5A sapesaniBiRve pielsirais alsoshowran Toakles 1-0. Angoraparisga of this
dlrnglgﬁ% n %tg FﬁfT%?icgf%e\}vfo%aﬁéé of¥he RS SEATPLES i g@a\ffpl& the

blue/green lateral color, the red/green lateral color, and the RMS spot diameter are all less

than a pixel.

Table 6 sets forth the BFL/f, and BRL/f, values for Examples 1-5. As can be seen
in this table, each of Examples 1-5 has a BFL/f; value above 1.5 and a BRL/f value less
than 10. As can be seen from Tables 1-5, all of the examples also have a full field of view
in the direction of the lens' long conjugate which is greater than 70° and an entrance pupil

(exit pupil in Tables 1-5) which is telecentric.

15



in the direction of the lens' |ong conjugate which is
greater than 70 and an entrance pupil (exit pupil in
waaimees108 5) which is telecentric. 15 WO 2004/ POBLARI04/003464
PCT/ US2004/ 003464 I n sunmary, as discussed and
illustrated above, the invention provides projection
| enses for .use with pixelized panels which have sone
andh?1 Fl[rmfnl eryabs &1|saisbecb:indt 1h|&stfa‘0éd aboiveghe frwaﬂmxrmprov{db& pfb] ection
eve ateral ca correction;
lenswef%é PS%WL 5sliaeg Wis(‘@?"%ﬂ?"&sﬁ@e@fﬂé uoaefsnagly aﬁfmﬁ the f«ﬁl@wmg

feaugjeg ection of the inmage; (4) a telecentric entrance

pupil; (5) arelatively long effective back focal
Ielﬁg)t h a hig}) lemelsifdaterabesloetortestigi:h; 10 (7) a | ow
nent. count, e.g., 4 or 5 conponents; (8)
3 g‘ﬁ%ﬁ’t% %(ﬂfﬁ?solﬂ’g , b or 6 elenents; (9) a |low

Iewj ofalglg@sffelcg@ﬂx@émmﬂfédu@@t«i’dr%fthéﬁﬁagea | ow | evel of
thermal drift. The projection |lenses are well-suited

to(‘ﬂ)ne r&é?ﬂ@#’@@ﬂwféra@f?eﬁmlbact light weight, 15
gaect ' ‘C’fglaﬁ%lﬁ\f&lsgﬁ‘}%%tﬁ@ﬁa&qn&él1‘1’&%&"“' ch enpl oy

speci énbodi ments of the
| n\(é)‘ltl @rshbﬁ‘benblaeﬁgtﬂescrl bed and illustrated, it is
to be ugjerst ood that a variety of nodifications which
10 do (Abt a\gmtlf:@&ﬁmppﬂ%n@ewee gmé 0% BiCPIPOBENtE N e
|n ti t of ordinary skill
\( e gﬁ?we'}érr%%ﬁt eaté’?ﬁg '(r§| sclosure. 16 WD
200{&) 095168 I%Tbﬂgﬁmgém{LMﬁéfandTﬂBLE 1 Surf Radius

Thi ckness d.as Jype OBJ Infinity 733.00 1
175?@00 i devip&hegn 6 pl astic asphere 2 16.411

43. 183 ) eQfdnNbaRt b \@&Pgﬁfe% to theABartBhbtreF cdmp hé'ﬂ6h%ht weight,
28.00 4 Infinity 20.27 30.00 Stop Infinity 4
15 projection televisions and monitors which employ pixelized panels.
Although specific embodiments of the invention have been described and
illustrated, it is to be understood that a variety of modifications which do not depart from
the scope and spirit of the invention will be evident to persons of ordinary skill in the art

from the foregoing disclosure.
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10

6 -16.225 3.50 S-TIH1IO 11.60 7 18.964 6.50 S-BSM25
18.80 8 -18.964 8.83 17.00 9 40.115 0.07 521369 25.50

w@zpheviles resin 10 40. 115 10.50 S-LAL14 26. 00PAI/US2004/003464

-40.115 3.33 29.00 12 Infinity 26.00 BK7 27.00 13
Infinity 3.00 27.00 14 Infinity 3.00 S-FSL5 22.00 15
Infinity 0.44 22.00 Image 5 Even Pol ynom al Aspheres
Surf k DEF G 1 -1257. SABLB3079E-06 - 1. 95684E-09

9. 06899E-13 2 -2.92 3.96302E-05 -6. 10837E-08

5. 83808E- 11 -2.23766E-14 9 2.83 -1.82745E-05

0%10147135&&% -9 iddfesd ! GhRDO7E ;g By OderT‘{pe

er of EI7 ts: El enent # Sur ace #' s EFL
. 64 3 0-
19 11 A%S ropert?lg EI erre g S SLPr %%Sgg?ere

2E|=|_ 3 i 10 Unéh_, EFL Pro 14 es Rsphcte

3 s S e#'s@ﬁL 1-2 1 6112524 17

4o 2008fipdp108 REGE US2004/ 003464

Stop Infinity 4.09 0 31

6 -16.225 3.50 S-TIH10 11.60

7 18.964 6.50 S-BSM25  18.80

8 -18.964 8.83 17.00

9 40.115 0.07 521369 25.50 aspheric resin

10 40.115 10.50 S-LAL14 26.00

11 -40.115 3.33 29.00

12 Infinity 26.00 BK7 27.00

13 Infinity 3.00 27.00

14 Infinity 3.00 S-FSL5 22.00

15 Infinity 0.44 22.00

Image

Even Polynomial Aspheres

Surf k D E F G
1 -1257.53  1.35079E-06 -1.95684E-09  9.06899E-13
2 292  3.96302E-05 -6.10837E-08  5.83808E-11  -2.23766E-14
9 2.83 -1.82745E-05  1.11478E-08 -9.57933E-11  1.50867E-13

First Order Properties of Elements:

Element # Surface #'s EFL

1 1-2 -36.55
2 3-4 50.64
3 6-7 -19.00
4 7-8 31.60
5 9-11 29.90
Doublet Properties
Element #'s Surface #'s EFL
34 6-8 -181.30
Unit EFL Properties
Element #'s Surface #'s EFL
1-2 1-4 64.07
3-5 6-11 25.24

17



TABLE 1 (continued) First Order Data: F/ Nunmber (F/#)
2.4 Magnification 56053 Object Height 576.0 bject
wore@saraes 733. 0 | mage Height 10.2 Effective MODEE2004/003464
Length 13.48 Barrel Length (BRL) 106.0 Front Vertex
D stance (FVD) 142.3 Entrance Pupil D stance 29.1
Exit Pupil D stance -204.1 Stop Dianeter 10.3 Field
Angl e (sem -di ag; dedfABEE B(Gofitinldahk Focal Length
(BFL) 25.7 to/tc for LM 3.8 5 Performance m crons
Rel ative to F/# Diffraction limt airy disk (DL) 3.2
Flrétércﬂérﬁﬂtarel ative to DL 13.7 5.7 Lateral Color (R -
% Lateral Color (B - %) 8.8 3.7 RMS spot
?)36527 1 For a 53edgepomts 620 -
zﬁj or all edge points, Wﬁ) 550 nM 10 3 Less
ISR 21 field points 18 4/095108
95‘ 003464 TABLE 2 Surf |us Thi ckness d ass
T pe OBJ Infinity 796.864 1270.0 1 248.713
Effme/ﬁep%wg@o 0 plastic asphE#8

Barrel Length (BRL) 106.0
Front Vertex Distance (FVD) 142.3
Entrance Pupil Distance 29.1
Exit Pupil Distance -204.1
Stop Diameter 10.3
Field Angle (semi-diag; degrees) 37.0
Back Focal Length (BFL) 25.7
te/t; for Ly 3.8
Performance
microns Relative to F/#
Diffraction limit airy disk (DL) 32 1.3
Pixel relative to DL 13.7 5.7
Lateral Color (R - G)’ 7.2 3.0
Lateral Color (B - G)* 8.8 3.7
RMS spot diameter (G)* 6.5 2.7

! For all edge points, 620 - 550 nM
% For all edge points, 460 - 550 nM

3 Less than for all field points

18
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10

2 18.230 55.272 44.0 plastic asphere 3 41.495 5.000
S-TIH4 24.8 4 -1507.600 16.053 25.0 Stop Infinity

wWQ2008/pos108 8 6 -15.777 1.800 S-TIH6 13.7 7 31PADUS2004/003464

8.500 S-BSM25 18.0 8 -19.166 2.711 20.3 9 40.115

0. 070 518375 25.0 aspheric resin 10 40.115 10.500
S-LAL14 26.0 11 -40.115 25.212 28.0 12 Infinity 0.750
BK7 28.0 13 Infinity 2. 997 226.0 14 Infinity
1.000 26.0 Inmage 5 Even Pol ynom al Aspheres Surf k D
EF 1 -1257.525 4.25749E-06 -5. 49870E- 09 3. 77213E— 12

%‘gféog’ﬁ%ﬁ‘iﬁfgé 9&“ oo o sl T @ | Tpe

1/-975 OE-19 2.4533 - 9. 60 5E-

1 073 -19 9 1 %ri’ st O deitstic asphere
roper of El s: Elenent # SlfIAance #' $laspp asppere

> 2 3-2088 09 3 6-FIIHY 6348 7-8 32.77 5

11 30I 6090 P%t Properties El éfht # Surface

&tog EF[nfinity 7. 757 11.8

6 -15.777 1.800 S-TIH6  13.7

7 31.101 8.500 S-BSM25 18.0

8 -19.166 2.711 20.3

9 40.115 0.070 518375  25.0 aspheric resin

10 40.115 10.500 S-LAL14 26.0

11 -40.115 25.212 28.0

12 Infinity 0.750 BK7 28.0

13 Infinity 2.900 BK7 26.0

14 Infinity 1.000 26.0

Image

Even Polynomial Aspheres

Surf k D E F
1 -1257.525 4.25749E-06  -5.49870E-09 3.77213E-12
2 -2.915 3.85561E-05  -4.91525E-08 5.43639E-11
9 25.500 -1.83E-05 1.11E-08 -9.58E-11
Surf G H I
1 -7.57586E-16  -4.88590E-19 2.45339E-22
2 -9.60685E-16  -1.07329E-16 1.28864E-19
9 1.51E-13
First Order Properties of Elements:
Element # Surface #'s EFL
1 1-2 -40.18
2 3-4 53.09
3 6-7 -17.60
4 7-8 32.77
5 9-11 30.31
Doublet Properties
Element # Surface #'s EFL
34 6-8 -96.7

19



10

3 4 6-8-96.7 19 WO 2004/095108 PCT/ US2004/ 003464

TABLE 2 (continued) Unit
wEagaost' s EFL 1-2 1-4
Order Data: F/ Nunber 2.4
Hei ght 576.0 Object Di st
10. 20 Effective Focal Le

EFL Properties Elenent #'s

50.6 3-5 6-11 27.9 PGI/BR2084/003464

Magni fi cation 56.53 Object
ance 796.7 | mage Hei ght
ngth (EFL) 13.34 Barrel

Length (BRL) 101.6 FABILE Ygedminuedyt ance (FVD) 140. 3

Entrance Pupil Distance 3
-172.0 Stop D aneter 11.

0.4 Exit Pupil D stance
17 Field Angle (sem -di ag)

Unii?’ﬁ Focal Lengt h (BFL) 28. 60 to/tc for LM
EI‘} (ie crons |ative to F/# Diffraction
] alry dIS i 3.20L. 3 Pixel relative to DL
1270 5.7 Lat Col or é G 10.50 4.4 Lateral
300? or (B e .90 4.5%7Rvs spot dianeter (G 3
9.00 3.8 10 1 For all edge points, 620 - 550 nM 2 For
Firs§Qrdeg Batdoi nt s, 460 - 550 nM
F/Number 2.4
Magnification 56.53
Object Height 576.0
Object Distance 796.7
Image Height 10.20
Effective Focal Length (EFL) 13.34
Barrel Length  (BRL) 101.6
Front Vertex Distance (FVD) 140.3
~ Entrance Pupil Distance 30.4
“Exit Pupil Distance -172.0
Stop Diameter 11.17
Field Angle (semi-diag) 37.00
Back Focal Length (BFL) 28.60
te/te for Ly 4.07
Performance
microns Relative to F/#
Diffraction limit airy disk (DL) 3.20 1.3
Pixel relative to DL 13.70 5.7
Lateral Color (R - G)' 10.50 4.4
Lateral Color (B - G)* 10.90 4.5
RMS spot diameter G)? 9.00 3.8

! Forall edge points, 620 - 550 nM

% For all edge points, 460 - 550 nM

3 Less than for all field points

20



10

3 Less than for all field points 20 WD 2004/ 095108

PCT/ US2004/ 003464 TABLE 3 Surf Radi us Thi ckness d ass
wor@aeeans Type OBJ Infinity 733.000 1148.2 1 RTBUSDO4/003464

4.500 Acrylic 60.0 plastic asphere 2 16.411 43.293

40.0 plastic asphere 3 42.380 5.000 S-TIH6 28.0 4

Infinity 20.274 30.0 Stop Infinity 4.094 10.2 6

-16. 225 3.500 S TIHIO 11TABI/E 38. 964 6. 500 S- BSM25

18.8 8 -18.964 8.416 17.0 9 39.626 10.000 S-LAL12

28.0 gl ass asphere 10 -39.016 5.288 28.0 11 Infinity

000 0 0 f
%ﬂ ?" e E‘Ckoééﬁrltty éliagé(s) 2?3153‘2“ g | nf TSy
4 5 Pol yn Asp h EFG.1

Sur here
2 1257, 53500850704 4 |1 BEag oesgseﬁi g0
2. 915 3:¥pH025E. 0B .10837§§§%§ 076E- 1Pyastic aspnere
35 23766938 9 3, 1.70 233635E- 10
4. 6. 705536801y Fi r s20-&Her Propert | es Qa@ El ement s:
Senent Wiigiyf ace #®4EFL 1 1-2 -3616%8 2 3-4 50.64

63 6-7 -196.025 4 7-8.30 60 55-9IHN10 301106

7 18.964 6.500 S-BSM25 18.8
8 -18.964 8.416 17.0
9 39.626 10.000 S-LAL12 28.0 glass asphere
10 -39.016 5.288 28.0
11 Infinity 26.000 BK7 27.0
12 Infinity 2.000 27.0
13 Infinity 2.400 BK7 21.8
14 Infinity 0.188 21.5
Image Infinity 20.4

Even Polynomial Aspheres
Surf k D E F G
1 -1257.525 1.350794E-06 -1.956845E-09 9.068988E-13
2 -2.915 3.963025E-05 -6.108372E-08 5.838076E-11 -2.237662E-14
9 3.508 -1.700834E-05 9.233635E-10 -6.705536E-11

First Order Properties of Elements:

Element # Surface #'s EFL
1 1-2 -36.55
2 3-4 50.64
3 6-17 -19.00
4 7-8 31.60
5 9-11 30.06
Doublet Properties
Element # Surface #'s EFL
34 6-8 -181.30
Unit EFL Properties ‘
Element #'s Surface #'s EFL
1-2 1-4 64.07
3-5 6-11 25.24
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Doubl et Properties Elenent # Surface #s EFL 3 4 6-8
-181.30 10 Unit EFL Properties Elenent # s Surface
Wo2@4@9H108 1- 2 1-4 64.07 3-5 6-11 25.24 21 WD PCT/US2004/003464
2004/ 095108 PCT/ US2004/ 003464 TABLE 3 (conti nued)
First Order Data: F/ Nunber 2.4 Magnification 56.53
(bj ect Height 576.0 Object D stance 733.0 | nmage
Hei ght 10.2 Effecti 7TABFE 3 (continged) 13. 48 Barrel
Length (BRL) 106.0 Front Vertex Distance (FVD) 142.3
Entrance Pupil D stance 29.1 Exit Pupil D stance
: top Dianeter 10.3 Field Angle (sem -di ag)
First O elll%%tc?‘k Focal Length (BFL) 25.79, to/tc for LM 3.80
efr{)(r)mance m crons Rel ative tQ kh# Diffraction
%gﬂﬁﬁijgé y disk (DL) 3.2 1.3 Pix g 6e| ative to DL 13.7
Qpjept lﬁllh ral Color (R- §1 8.1 §§t Lateral Col or (B
Objeef Pisgange 3 5 0

33.
Image Height 10.2
Effective Focal Length 13.48
Barrel Length (BRL) 106.0
Front Vertex Distance (FVD) 142.3
Entrance Pupil Distance 29.1
Exit Pupil Distance -204.1
Stop Diameter 10.3
Field Angle (semi-diag) 37.0
Back Focal Length (BFL) 25.70
te/te for Ly 3.80
Performance
microns Relative to F/#
Diffraction limit airy disk (DL) 3.2 1.3
Pixel relative to DL 13.7 5.7
Lateral Color (R - G)1 8.1 3.4
Lateral Color (B - G)° 8.4 3.5
RMS spot diameter (G)3 7.0 29

! Forall edge points, 620 - 550 nM
% For all edge points, 460 - 550 nM

3 Less than for all field points
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RMS spot dianmeter (3 7.0 2.9 1 For all edge points,
620 - 550 nM 2 For all edge points, 460 - 550 nM 10 3

waemg/oodieh for all field points 22 WO 2004/ 0950OBUS2004/003464

PCT/ US2004/ 003464 TABLE 4 Surf Radi us Thi ckness d ass
Di aneter Type OBJ Infinity 733.000 1,148 1 300.000
4.500 Acrylic 53.2 plastic conic 2 14.238 31.817 39.0
pl astic asphere 3 98. 84 ABOEY S-TIB6 34.9 4 -98. 846
25.947 33. Stop Infinity 9.630 14.0 6 -45.697 4.000
S-TI H10 19 0 7 16.445 9.000 S—BSNQS 24.0 8 -43.394

Ry 121 SRl o OTMRE%L%EQ%W 1 B 010 130

Inf| 727 3 Infi 3.00
Y4 Infi n%O )60 FSL5 2% i “16 In ‘E?/ty ol’iﬁﬁ cpomjo
2 mage In n Poly ges surlplagticrgsphege
31 -4, 164 82 6. 105 1@3 5 ‘g 460E- 07
41530E9§<§ 9 35946 3. 05382E-05 6. 4 §2E- 08
S&olsooegénﬁmltySqu@@; H 2 -1.94589E- 131490-8. 62105E- 13
63. 47336E438697  4.000 S-TIHIO  19.0
7 16.445  9.000 S-BSM25  24.0
8 -43.394  0.050 518376 22.0 aspheric resin
9 43394  3.876 22.0
10 121.958  10.000 S-LAL14 320
11 24741  9.019 32.0
12 Infinity  26.000 BK7 27.0
13 Infinity  3.000 27.0
14 Infinity ~ 3.000 S-FSL5 24.2
16 Infinity  0.440 23.6

Image Infinity

Even Polynomial Aspheres

Surf k D E F
1 -4,164.177
2 -2.582 6.10971E-05  -1.33460E-07 2.41530E-10
9 2.149 3.05382E-05 6.48692E-08 8.50069E-11
Surf G H
2 -1.94589E-13
9 -8.62105E-13 °~  3.47336E-15
First Order Properties of Elements:
Element # Surface #'s EFL
1 1-2 -30.43
2 3-4 61.77
3 6-7 -48.41
4 7-8 89.40
5 10-11 30.24
Doublet Properties
Element # Surface #'s EFL
34 6-8 -318.9
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First Order Properties of Elements: Elenent # Surface

#'s EFL 1 1-2 -30.43 2 3-4 61.77 3 6-7 -48.41 4
w(@2@48%1490 5 10-11 30.24 10 Doubl et PropertiBGI/US2004/003464

El enent # Surface # s EFL 3 4 6-8 -318.9 23 WO

2004/ 095108 PCT/ US2004/ 003464 TABLE 4 (conti nued)

Unit EFL Properties Elenent # s Surface # s EFL 1-2

1-4 831.0 3-5 6-11 7TABLE 5 (fdutifuedy der Data: F/ Nunber

2.4 Magnification 56.33 Object Helight 576.0 Object

Di st ance 796 7 Image Height 10.20 Effective Focal

E? 13. 34 Barrel Length (BRL) 105.6 Front

angc 147 Entrance Pupil D stance
é{{?%& ngef? s% ance }82 0O Stop Dlpamst er 11.17
15eI d Angl e (sé - di ag) 3%37]% Back Focal Length (BFL)
First Order Data:
F/Number 24
Magnification 56.33
Object Height 576.0
Object Distance 796.7
Image Height 10.20
Effective Focal Length (EFL) 13.34
Barrel Length (BRL) 105.6
Front Vertex Distance (FVD) 147.3
Entrance Pupil Distance 304
Exit Pupil Distance -172.0
Stop Diameter 11.17
Field Angle (semi-diag) 37.0
Back Focal Length (BFL) 31.7
te/te for Ly 3.9
Performance
microns Relative to F/#
Diffraction limit airy disk (DL) 3.20 1.3
Pixel relative to DL 13.70 5.7
Lateral Color (R - G)' 9.70 4.0
Lateral Color (B - G)* 6.20 2.6
RMS spot diameter (G)* 9.80 4.1

! Forall edge points, 620 - 550 nM
2 For all edge points, 460 - 550 nM

3 Less than for all field points
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te/tc for LM 3.9 Performance mcrons Relative to F/ #
Diffraction limt airy disk (DL) 3.20 1.3 Pixel
wo edoavpses to DL 13.70 5.7 Lateral Color (R - E)TUS2080003464
4.0 Lateral Color (B- G 2 6.20 2.6 RM spot
diameter (G 3 9.80 4.1 10 1 For all edge points, 620
- 550 nM 2 For all edge points, 460 - 550 nM 3 Less
than for all field pointTABL.E4 WO 2004/ 095108
PCT/ US2004/ 003464 TABLE 5 Surf Radi us Thi ckness d ass
D aneter Type OBJ Infinity 867.1 1148.2 1 186. 359
4.800 Acrylic 46.0 plastic asphere 2 17.426 20.123

34 0 pl .asph . [.24.0 4
b?lS?? 51 27% ﬁk gg@z Sa1hs %oo%@‘ 15.6 &/Pe
81 020 oplnflnlt 21(%

280 S Tl 16 0 @Clzyzl}/% Hiﬁ%ﬁé‘sphefe
1 0 10! 713 620023 21. 0 11 44. 314 G4dro Plasite@sphere
263 0 asp h@ﬁﬁb resi 3-0002 44, 31BK§. 000 SMALM 26.0 13
- 44, 314 —59.1157 29.027.941 Infinity 26.00028K¥ 30.0 15
| nf i nity32334100 30. 050016 | nf SATEHS 3. 0005% FSL5 24. 0

Cﬂ)

6 -219.816 0.800 20.0
Stop Infinity 10.291 13.6
8 -23.280 2.750 S-TIHS3 16.0
9 24.713 9.000 S-PHMS53 16.0
10 -24.713 6.909 21.0
11 44314 0.070 518376 26.0 aspheric resin
12 44314 6.000 S-LAL14 26.0
13 -44.314 5.417 29.0
14 Infinity 26.000 BK7 30.0
15 Infinity 3.000 30.00
16 Infinity 3.000 S-FSL5 24.0
17 Infinity 0.440 24.0
Image
5
Even Polynomial Aspheres
Surf k D E F
1 1.180700E-05 -3.117928E-08  5.420886E-11
2 -0.68818 1.087223E-05 -2.704129E-08 -2.194379E-10
11 8.10382 -2.646302E-05  7.474352E-08 -1.381647E-09
Surf G H

1 -4.086549E-14  8.670902E-19
2 1.439643E-12  -4.743224E-15
11 8.442319E-12 -2.525340E-14

10 First Order Properties of Elements:

Element # Surface #'s EFL

1 1-2 -39.31
2 3-4 -280.66
3 5-6 35.22
4 8-9 -21.20
5 9-10 62.94
6 11-13 32.55
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17 Infinity 0.440 24.0 I1mage 5 Even Pol ynom al
Aspheres Surf k DE F 1 1.180700E-05 -3.117928E-08
wWG20020886E- 11 2 -0.68818 1. 087223E-05 - 2. 704 10CFUSB04/003464

-2.194379E-10 11 8.10382 -2.646302E-05 7.474352E-08
-1.381647E-09 Surf G H 1 -4.086549E-14 8. 670902E- 19
2 1.439643E-12 -4.743224E-15 11 8. 442319E-12
-2.525340E-14 10 Fi TABIE d¢¢onfinmedy ti es of El enents:
El ement # Surface #s EFL 1 1-2 -39.31 2 3-4 -280.66
3563522 4 8-9 -21.20 5 9-10 62.94 6 11 - 13

%%) 2004/ 095108 PCT/ US2004/ 003464 TABLE 5

é}{t% Prope es Element # Surface #'s
5 8-1 EFL Properties El enent
s Surface #%

L 1- 3 - 24 31 4-6 8-13 33.71
) it Order Data: F/ Nunmber 2.4
Unit EIE" Properties
Element #'s Surface #'s EFL
1-3 1-6 24.31
4-6 8-13 33.71
First Order Data:
F/Number 24
Magnification 56.30
Object Height 576.0
Object Distance 733.0
Image Height 10.2
Effective Focal Length (EFL) 13.90
Barrel Length (BRL) 99.1
Front Vertex Distance (FVD) 1371
Entrance Pupil Distance 25.3
Exit Pupil Distance 175.6
Stop Diameter 13.7
Field Angle (semi-diag) 36.9
Back Focal Length (BFL) 28.1
te/ 1. for LM 2.3
Performance
microns Relative to F/#
Diffraction limit airy disk (DL) 3.2 1.3
Pixel relative to DL 13.5 5.6
Lateral Color (R - G)’ 5.8 24
Lateral Color (B - G)* 10.8 4.5
RMS spot diameter (G)° 8.8 3.7

! Forall edge points, 620 - 550 nM
2 For all edge points, 460 - 550 nM

3 Less than for all field points
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Magni fication 56.30 bject Height 576.0 Object

Di stance 733.0 |Inmage Height 10.2 Effective Focal
woemgbds10EFL) 13.90 Barrel Length (BRL) 99. 1 PEr/U81004/003464

Vertex Distance (FVD) 137.1 Entrance Pupil D stance

25.3 Exit Pupil Distance 175.6 Stop D aneter 13.7

Field Angle (sem -diag) 36.9 Back Focal Length (BFL)

28.1 to/te for LM 2.3 TQAHIeEkOr mance m crons

Relative to F/# Diffraction limt airy disk (DL) 3.2

1.3 Pixel relative to DL 13.5 5.6 Lateral Color (R -

G1582.4 Lateral Color (B- G2 10.8 4.5 RMS spot

di aneter (G 3 8.8 3.7 1 For all edge points, 620 -

550 nM 15 2rFer—alt——ed |||Lo, 460—550—+M 3 Less

than for al| fBEmeplpoi ht s EFE/0 2004 F895E08

PCT/ US2004/003464 TABLE 6 15%E sarrpl e J;E_g_/fo BE /f0O 1

1,

1.9 7.9 2R1 7.6 -3 2.4 7. O
2 2.1 7.6
3 1.9 7.9
4 2.4 7.9
5 2.0 7.1
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52.0 7.1 27 WO 2004/095108 PCT/ US2004/ 003464 \hat
is clainmed is: 1. Aprojection lens for formng an
wepdoangaos | nage of a pixelized panel on a scrREnUSHad/ah3464
projection | ens having a | ong conjugate side, a short
conjugate side, an effective focal length fo, and an
f-nunber F/#, said lens conprising in order fromthe
Whak @ndaimed ¢9Nnj ugate side to the short conjugate side:

(A) a first lens unit consisting in order_from.the
| ohg cofjmigigetéonsiennior doropag amsplarzed smpgryek wpizpigsdgnel on a
i) o.afi | - uni i na.. i ve:
e
effecivefbcat temigthofat adsnrffraceber ¥, waid ddnsicomposing e otdewdnodsthe long

.the short _conjugate side and (b) conprises at | east
conjigte %‘gﬁffb‘ihf?éﬂérﬁg?r%%a,%e %‘ﬁ%‘ (i i())a sggond | ens
Supapni & ifirdt BinsaMitAR AL EInTr QR frod the(16d g Sor§REANSIAE B Mhe short

uni't” conprising in order fromthe | ong conjugate side
conjugnt¢ kide ofi5 short conjugate side: (i) a doublet; and

(i) a siti lLens el ement. wherein: ) fI:Ls

and sec@g d | @:ﬁStl}?ﬁstSgg'aanéﬁ'{aﬁiélgoanrfe&aﬁ“ée Oéje%iaflzsl Igglfnp%l%@é 2
proj ection | @Bsitive 2hs(Emdnd €\ PyEER ¢f) hada kiedts cdrfugate surface
telecentric on the short conjugate side; (c

Ln ). the
proj ecti on | &fhichnissoncavg teyards heIshert conipgate fide sad ()

conjugate fo ' L0, i s satisfies
the relati ongﬁ#gggéggegw&%ggﬂégmjﬁggﬁéﬁ% and
LCbl ue- gii)een asefond 1&nsFsB-un> where the rel ati onshi ps

are_satisfied over the full field and the red, green,
an@Bb| uén aperiee st ¥ are 0.62 nicroneters, 0.55

m ne . ; . . . the
i g R
short tenjsgade sideonj ugat e focal plane which in mcroneters
sati sfi ’3 t he etﬁéi onship: Drnns < 4.5 * F/#, 30
where t B rePdtPM"BiY5H™P is satisfied over the full

field fegn) or egoshiveMnshinhdng a wavel ength of
wherein:
(a)  the first and second lens units are the only lens units of the projection lens;
(b)  the projection lens is telecentric on the short conjugate side;
(c)  the projection lens has a lateral color LC in its short conjugate focal plane
which in micrometers satisfies the relationships:
LCreg-green < 4.5 * F/#, and
LCplue-green < 5.0 * F/#,
where the relationships are satisfied over the full field and the red, green, and blue
wavelengths are 0.62 micrometers, 0.55 micrometers, and 0.46 micrometers,' respectively;
(d)  the projection lens has an RMS spot diameter Dy in its short conjugate
focal plane which in micrometers satisfies the relationship:
Dims < 4.5 = F/#,
where the relationship is satisfied over the full field for green light having a wavelength of

0.55 micrometers; and
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0.55 mcroneters; and 28 WO 2004/ 095108

PCT/ US2004/ 003464 (e) the second lens unit conprises
wa@2doapexionf a formable material attached to theECTHUSID€003464

or to the positive lens elenent, said |ayer having an

external surface which is aspheric. 2. The projection

lens of Caiml where LMis the only optical conponent

of (35 t RRe §dcbRd 1ehS it EApHEHs - 1ayer of B Sort{aBiEhhicARl dtRBRed to the
of aim1l where LM and a negative lens elenent are

doubletominlthe pysitivedbncderpontesaidlayer having dn esternalrpyrface which is
sub-unit. 4. The projection lens of Caim3 where LM
asP}heglg' a center thickness to and an edge thickness to

whixh sattesfyjettie 1ead 6 CRns hivitierd Dy tiethe@®ny oficdl comgii@nt of
tois determned at the clear aperture of the short
the Gesh oy 848l f ace of LM 5. The projection |ens of

Caml meqrgjg%rp%@ SFCOYf ﬁ%ﬁeréfgﬁiaﬁ& %eggtﬂfégenéeleﬁaﬁ are

proj ection S O aim1 where e seco ns
the enilg-opticdl chmpomeityofthe fired pdnsgab-uabnponent. 15 7. The

gg%gﬁtel nei;{ggjgcs:ticﬁ%f Jg}% 8 a?rg\éw;v&?éﬁ% hﬁ?g Qg_er(l)t ! %c?clness 1, and an

edgPREIGREd QWhl NGt t@ﬁ:‘ldﬁoﬁsmﬁfere the doublet and the
positive lens elénent are the only optical conponents

of the dgta0) ens unit. 9. The projection | ens of

Clai.m 1 where the | ayer of formabl e, materi al i 20
wheit bR HEETo HeDS Hem AR BTt dh Rty Egt sugee Of L

Prog ect i dr6fastidt 1ehd 8 Clafin Wieh&e LN1&aR a8 bl nhéiRus shape.

el ement has a focal Ilength fp which satisfies the

r el@t i oriBiteigrojebipdif lonsoBChim 1wheTh thepeoinddenombhunishasfonly one

t.Cllal m1 \Arlgere LCred-green and LCbl ue-green satisfy the
OPUsH GO Bnshi ps: LCred-green < 3.5 * F/#, and

LCof ue- grigitofectiorPlens &f ¢lairk 4 wﬂ—éi}@tﬂ%rdi&ie%?ﬁbél Rolpbherfis a
Caim1l where D,,,,5 satisfies the relationship: D,,,
positivg lenseelment. 30 13. The projection lens of daim1

wh et hﬁlel p%QJ%CE&? lefls gf"biaig‘iilevlvﬁerg ]Ehevc{o%%\ieit AN {111% positive lens
element are the only optical components of the second lens unit.
9. The projection lens of Claim 1 where the layer of a formable material is
attached to the positive lens element.
10.  The projection lens of Claim 9 where the positive lens element has a focal
length fp which satisfies the relationship:
fp/fy < 3.0.
‘11. The projection lens of Claim 1 where LCreg.green and LCpiue-green Satisfy the
relationships:
LCredgreen < 3.5 * F/#, and
LColue-green < 4.0 * F/#.
12.  The projection lens of Claim 1 where Dy, satisfies the relationship:
Dims < 3.5 # F/#.
13.  The projection lens of Claim 1 where the lens has a full field of view in the

direction of the long conjugate which is greater than 70 degrees.
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direction of the long conjugate which is greater than

70 degrees. 29 WO 2004/095108 PCT/ US2004/ 003464 14.
wab@4pozpecti on lens of Claim1l where the | ensPCEESENG/003464

effective back focal Iength BFL which satisfies the

rel ati onship: BFL/fo > 1.5. 15. The projection | ens of

Claim1l where the lens has a barrel length BRL 5

whieh sartesirbétidrens 6f @laiRNSithdde thBRéds s an Effecth® batR€ocal
r%ectlon lens of daiml1l where the first and second

P . € A d

lengtle BFL whick satisfigetheaplationsbiny total of five opti cal
corrponert_%];st/f 71 5The projection lens of Claim1l where
the first ‘and sétond I ens units 10 together have a
totld. ofTHequojeopsn leak ofOlpaneriice thkdensthap ndjaaet icapth BRL
Jlens, systemconprising: (a) a pixelized panel; and

Whlflbfat’csﬁgs %‘Fé?léfé‘%qs@d’:l ens of aim1l. 19. The projection
| ens sysg@mf(pé 1§l aim 18 further conprising an
illumnation 15 system which conprises a |ight source
andl6. | | ubiermapjectioroisns oS Claiih dhwheratieffastsand seeonaf lenswenits

ljght fr t i ght .source towards the pixelized
tog%i&%&ave&ﬁgom?%og'%ﬁrpcﬂ%gg%licgmppgmg. 20. A projection |ens
f or17 or nTigprafecesd RhYSECIaBASN RS e theirsteindZesoriaBad uii
a screen, said projection |lens having a | ong
togetherjhaga o éotali efdouropitealqomenemipigat e si de, an effective
fo l e f- her F/#, said | ens
cocngér’i signg£gl]%gt%P&§%dsfyrgtg% %Oﬁlﬁ’r;sgl{r%g 20 conjugate side
to he shgikélizzdpangpiugl side: (A) a first lens unit
consisting in order fromthe long conjugate side to
t helby horthe pragesiiggdens of (dempt: (i) a first Iens

subrquni tTﬁ@Q@%@ﬁi&a 1449 F§sjtéf§ oP@¥&‘r’ﬂa 1%%{%&@5&%{3% ag]gﬂuﬁination

first negative lens elenent o ve ni'sc
systsinapkichvoommhrises adight sourt®avat itlamtidatioh opticscwhich gahsfessi sdme of the

SENTE R T T T
a SgLondp :p?d] SctQedtol fMHiSHaf QISESd fndlle F alfikdized R%nel ona

positive Iens elenent; 30 (B) an~aperture stop; a
screen, said projection lens having a long conjugate side, a short conjugate side, an

effective focal length f;, and an f-number F/#, said lens comprising in order from the long
conjugate side to the short conjugate side:
(A)  afirst lens unit consisting in order from the long conjugate side to the short
conjugate side of:
@A) a first lens sub-unit having a negative power and consisting of:

a first negative lens element of overall meniscus
shape which is convex towards the long conjugate side and
comprises at least one aspheric surface, and

optionally, a second negative lens element; and

(i)  asecond lens sub-unit which consists of a first positive lens
element;
(B)  an aperture stop; and
(C)  asecond lens unit consisting in order from the long conjugate side to the

short conjugate side of:
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(C) a second lens unit consisting in order fromthe

| ong conjugate side to the short conjugate side of 30
wODd0200:0995108 PCT/ US2004/ 003464 (i) a doubl BCT/US2904/003464

(ii) a second positive lens element; wherein: (a) the

first and second lens units are the only lens units of

the projection lens; 5 (b) the projection lens is

tel ecent@)i ¢ onidupetsd@rt conjugate side; (c) the
projection lens has a lateral color LCin its short

conj ugat(®) f ocedecpndpnsitivgHersel¢menti cromet ers sati sfies
th%irl{e%iﬁ“ onshi ps: LCred-green < 3.5 * F/#, and
LCbl'ue-green < 4.0 * F/#, 10 where the relationships

ar gapat ithé fied and edcohd &enk uhits ik eheadordn tenk haits efithe@ieiestion lens;
and bl ue, wavel engths are 0.62 njicroneters, 0.55

mi dPbnetBf Brojestign densas telecepipe vathe shoggoapgatrastide; (o)

th roj j 1 en BB &% i it QERIE '

[ tgcghorttﬁgfé%)%bgggtl%spggglw%l ané | (I:Igit}én m %:or te$02a1 plane
whishin midresetetsesafisfidsdb refptiogbldps:onship: Drns < 3.5 *

Fl#, 15 ere the relationship is satisfied over the
full fi e]"l‘vlg”edfgmn ﬁr%éﬁ ﬁ%@‘?ﬂ havi ng a wavel engt h of
0.55 m meters;, (8)g/hhe projection lens has a full
field o?ﬂ%‘“g%{feTn %’Ee Fd/%’r ection of the long conjugate

whetb itehreladogsh@intes sitihfiad éCerdrgfitiefisld aiid thehied, prégne atid Ble
| ens has an_effective back, focal | encgt h BFL which .
wavelgngths japs V.02 grignemetess, £ 3 omigreetersFand 46 mictometeys, regpectively;

PRREF | (BOplERFiofTihshad 3 K8ks pER AT DANOR short copiugete
foca etame dvHignis miwremetorspatfises tie folywingaktlatiohsiviprabl e

material_attached o the 25 second positive |ens
el ement ,D@afé-ﬁﬁfé% havi ng an external surface which

o UESIECfp Bhpe 09 LSO A0 730k RO o
0.55 misvhmeterssat i sfies the relationship: fr/fo < 3.0. 22.
A p{es)j ectilie 8Poj éc?irc])% lg ] tag g]flcl:l? %E{di osfiv?egx:r in the direction of the long
conjugate which is greater than 70 degrees;
® the projection lens has an effective back focal length BFL which satisfies
the relationship:
BFL/fy > 1.5;
(g)  the projection lens has a barrel length BRL which satisfies the relationship:
BRL/fy < 10; and
(h)  the second lens unit comprises a layer of a formable material attached to the
second positive lens element, said layer having an external surface which is aspheric.
21.  The projection lens of Claim 20 where the second positive lens element has
a focal length fp which satisfies the relationship:
fp/fy < 3.0.
22, A projection lens system comprising:
(a) a pixelized panel; and
(b)  the projection lens of Claim 20.

23.  Aprojection lens for forming an enlarged image of a pixelized panel on a
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30 (a) a pixelized panel; and (b) the projection |ens

of Caim20. 23. A projection lens for formng an
we@ndoagaos | mage of a pixelized panel on a 31 REX/US2004/003464

2004/ 095108 PCT/ US2004/ 003464 screen, said projection

| ens having a | ong conjugate side, a short conjugate

side, an effective focal length fo, and an f-nunber

scrdehfsaid piofectin Sers QEPing i 168 édhjRiabedidd, R Bsmh/g\aw side, an
conj ygate side to the short conjugate side: (A) a
effgcfiyg focpllgasth i and gn SingmbayFitnsaid leap comprising én prdayfrom the long

con?%&éet’ﬁfét%tﬁé r{é)onﬁ tesﬁfl)é-t 5 conjugate side of (i) a

ens sub-uni avi ng a negative power and
con@i)st | mfjrsolena uhit cenhsistigdh owdzr rensthe lanednjvdatcdidd @)the short
has a.short conjugate surface which is concave
co Wsdée?he short conjugate side and (b) conprises at

| east ong) asplerfd: fendQuis i BSAng 3R AREIPRVRL hid c%xs'stin of:
second negative |l ens el enent; %nd (1i) a secon 1°ens
sub-unit which consi st sa &ifst acgative lens elanény svhidn@) has a short

[ t; (B t t op; 15 (C d
Cens uni t opnat st FOPToRUEP PRTHIE FRtGebn e g abert
side to the shortcagjadad®asd @§ cehpfites a@le@gtﬁﬂ!e%phfaic

and (ii) a second positive lens elenent; wherein:
(a) the first and sE8sadnlens units are the only |ens

units of the projection I ( .0l ection | ens
is telecentric on the sﬂé)tr ?11& naﬁs%é%rie eég{i‘éé;l%?%fﬁ?]ﬁgt’ and

proj ecti@n | ensecbnsd lens lsali-aniaivhiohl @hisiks oif & firktHoSHRE lens
conj ugat e foc%I plane which in mcronmeters satisfies
the rel ati onsHPPSEL LCred-green < 4.5 * F/#, and 25

L e- ge[lp%gﬂﬁ xtSh:anfi/ #, Where the rel ationships are
sac?dlBgfi ed verrth ’faall field and the red, green, and

bl UE) wevssicemdjtens uait eotkiBidgin ordermbbar the Idhgonjugate side to the
h ?t] cronet e{gfe’ and 0.46 mcroneters, respectively; (d)
shopi oM SIACi%n | ens has an RMS spot dianeter D,. 117,

inits siort casivaaim
(i)  asecond positive lens element;
wherein:
(a) the first and second lens units are the only lens units of the projection lens;
(b)  the projection lens is telecentric on the short conjugate side;
(c) the projection lens has a lateral color LC in its short conjugate focal plane
which in micrometers satisfies the relationships:
LCred-green < 4.5 * F/#, and
LCue-green < 5.0 * F/H#,
where the relationships are satisfied over the full field and the red, green, and blue
wavelengths are 0.62 micrometers, 0.55 micrometers, and 0.46 micrometers, respectively;
(d)  the projection lens has an RMS spot diameter Dy in its short conjugate
focal plane which in micrometers satisfies the following relationship:
Dms < 4.5 + F/#,
where the relationship is satisfied over the full field for green light having a wavelength of

0.55 micrometers;
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15

focal plane which in mcroneters satisfies the
followng relationship: 30 D,,,,, < 4.5 * F/#, where
wo ba4ediet | onship i s satisfied over the full fPer/tiS5004/003464
green |ight having a wavel ength of 0.55 m croneters;
32 WD 2004/ 095108 PCT/ US2004/ 003464 (e) the
projection lens has a full field of viewin the

dl NG | QRe ﬁxfo écIﬁ%n lléh@ Gas & i HEILE VI i@lthé BirGdtRALTLY 18P
e

gibees ﬁ(ﬁr oj ection I ens has an effective
COHM@&@ enis gr@&ﬁgtthalB degaeesh satisfies the

relatio BEL/ f ' -0 .

8L 050 iRl ey B B 20nk st
the refdtbildpshi p:  BRL/fo < 10; and (h) the second

positivre%l_L ens el errent is conposed at least in part of

gl ass a fPSGS an aspheric surface. 10 24. The

pr c@act Itﬁyﬁfﬁﬁgﬁﬁm@}ﬁg m)%]é W%%@Bkiew Q@sffé@?ﬂetlje}éﬁonship:

| enS” el emrent a focal fp which satisfies
the rel #Rbligkilp; afdo/fo < 3.0. 25. A projection |lens

TSR BB 3 M B P 5o s ARk s
comprises an aspheric surface.
24.  The projection lens of Claim 23 where the second positive lens element has
a focal length fp which satisfies the relationship:
fp/fo < 3.0.
25. A projection lens system comprising:
(a) a pixelized panel; and

(b)  the projection lens of Claim 23.
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