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WD 2004/ 063787 PCT/ US2003/ 038039 FOLDED, TELECENTRIC
PRQIECTI ON LENSES FOR USE W TH PI XELI ZED PANELS FI ELD

WOB0HKE3ASNVENTI ON 5 This invention relates to PCT/US2003/038039

projection |lenses and, in particular, to fol ded,
telecentric projection |lenses for use in formng an

i mage of an @i, Eb Q@mﬁﬁﬂrﬂc PROTEETIONCDERSES &

DVD, a refl ectl PEXEERIMS PANRLST the
i ke. DEFINTI use Ililn this specification and

in the clains, the foIIovv| ng terns shall have the 10
fol | owi ng neani ngs: KRIELDTQFdZENINXYENTEDNcentric | enses
?Le t le? Sels MHO%rr]elaht%V{%lp%c?_]eéti%ﬁ?%ség%ﬁd qHBélthlﬂ% Jconffoidgd Y¥ecentric
| P d&hblylemeaﬁﬁ utsehmtfoﬁmﬂg o intagé plxin qb@ptsoms@hrf@hﬂetsl such as, a

the _opt I .S (&) i.n.o ct e, If the entrance
pUHEp: Q@hﬁ:l%v? ﬂﬁ)n? i’@‘%smé‘c}sw(e B)C%f ﬁiﬁ@g“é space, if 15

the exit pupil is at inf imz;memNsracti cal

applications, tel ecentric pupil, ot, act ual

at i nfAnpsed %ihfﬁcsee%fewqh@%nmw iy B o glHing P s ytave the

P owinftt @an_ﬁ-%fsfl ciently large d| st ance fromthe | ens'
opti cal aces wll in essence operate as a

tel eceﬂi)rl cledsgemtdtn  The principal rays for such a lens

wi |l elé#éht?fc%ﬂsﬁa«lré ¥nRd %héh@llavé A 1dBne phpital 1ni§ii!y3 T8Rfns of

t hus t ens w general be 20 functionally

eqnnmyal eays, laping alpupid aff infinitythesins thakthe paesinal raye pre parallel to the
G?t(li;c?é da)ﬁye no%zetclc sg)gc {;]f tﬁ@&lﬁgﬂé%r#upﬂ isSht ﬁ'}ﬁp t?fdr?ﬁgtlﬂ }nﬁacge space, if
arie kit@hm:sratmﬁmtjrens" are |ntended to i ncl ude | enses

whi ch have di star
el emen nsIfraCt’gﬁlcijﬁHCém?%S ﬁ;fe»ll I‘ﬁ‘ﬂ i r ! gc? %cbt agﬁﬂl}ﬁm at %‘[ﬁgl since a
d 6 havifg SlkHivatoeuu BXik p@tﬂ aaalsmﬂﬁglemi;sm@a distacofrom e 125" optlcal

ens' el nts. For ect i es. 0

et B erRE e R e TSR b5y M ine e 54 fyr such a lems
lQQﬁﬁ rbﬁ buﬂ@ﬁnﬁ’eﬂl If;efaﬁ&l tafRLpticd) akik BiﬁiSthﬁshthe leRn /i1l inaendral be

engt

ecti ack Foc The ect |
aﬁen@tlpla?élmeqwﬂ@tttﬁo %EPE? T bich ﬂber qgt [W o thg pupil
Pa&linfirfm@nbi nation is the dist ance between t he front
surface of the pixelized panel and the vertex
the badkcadinglcas used haneintaatevny delepsairict @*fﬁisteéfFCéﬁ%ﬁienéfare
t I'fl%eﬁ)c{egjtc?ﬁﬁﬂ;u@@ﬁhfe@% Yglﬂ'hgpe 11%’5 idng Idlsﬁgy,@from%rler(s]alements,

e pixelized Is | ocated at
i nhd ﬂlettgmahdec(eﬁt}‘lc tphpil" is used to descnbe such a pupil at a long distance from the

lens' elements. For the projection lenses of the invention, the telecentric pup11 distance
will in general be at least about 20 times the lens' focal length.

(2)  Effective Back Focal Length

The effective back focal length (BFL) of a projection lens/pixelized panel
combination is the distance between the front surface of the pixelized panel and the vertex
of the back surface of the rearward-most lens element of the projection lens which has
optical power when (1) the image of the pixelized panel is located at infinity and (2) the
projection lens is located in air, i.e., the space between the rearward-most lens element of

the projection lens and the pixelized panel is filled with air as opposed to the glasses
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projection lens is located in air, i.e., the space
bet ween the rearward-nost | ens elenent of the

w@e@ieel78bn | ens and the pixelized panel is fiP¢BEUSA03/688039

air as opposed to the gl asses WD 2004/ 063787

PCT/ US2003/ 038039 neki ng up the prisns, beam

S gilis, bRAR Ttdeys, B8 SRRABE b AwRInQl B6{4tRR lens and
@h@%ﬁ%ﬁmp pl l)r'<e |zg@ pasne BACKy\G/i%QJND = T&% Crsanca
INMENE&@NwlA Proj ecti on Systens 5 Projection systens

are used to for m@gk oX Vi ew ng
screen. Such sgg gﬁggggh eO ]¥ﬁ ont prOJectlon

or reaA. pr d}r«ge&tuoorSyStyme dependl ng on whether the

vi ewer_ an e.on the same s

screert r(’l‘eFtb%tsyﬂ?IB% %rgtuf‘ i [gm a&’ﬂma% 38 %’Jéa’clc i e\éevg e fReE™
S SRR stemeadn ‘tﬁh@ﬂﬁd’fdn@ﬁt)og ecﬂ'chﬁorbm ipfojedtionl tybegrchpﬁfdlrgtmhvhether
a systen1|s shown in th ere 10 is a l| S

s Bgrvesaef audythe objeqhare qn t il SHFGR (FoBLgieRton) or o

”%Mé’sﬂé@%@fhe's&@m ﬁeal rdjéetibd)l UM nation optics which
fornms an i mage of ght source (the "output"

of
the il Tlenﬁaﬁlﬁtstrmﬁurﬁ 39& @t@h)a systemw. showmm Figre étW]W’i"? Lhisjadight
t 9k& ﬂgr Ol Gk ﬂal(de dFa h1§h%es§tﬁ§ rﬂeﬁ:ﬂﬁ)e&p&f 1a1§1f3)e 1@ [ﬁﬁﬁ’ﬁfnatlon

I nvent a mtrix of on and pI xel s
a opticsjveudhi forms @nmagwﬁb%m swcer(me 'pype” pEthe ﬂlummatlon system),

el 2IEAL Shied 1£Bbg‘i‘) ng@gk@rgﬁﬂmugmeof% @&yeﬁt%vea&on,

on V|emnﬂg scre r front projection systens,
t hmtma cfiwarndpffipixes),and L his al pedjection drms,gomposed of mpBiplenlens

ure 4 le for r 0
Bl b SRR SELAOD AT ekl
rear me] fﬁmt projeciysdystems,vthe vibwarvelltbe ob éheHeftisidelofi sarean 16 in

b Bt “THs At SR Tegn P ERE VBT R pre
ORérbéi| For frat profeotibor dyst8me edlich @rctth @e Byt asinplesabinkt, one or

size. 20 Projectio S i n which t e obj ec ,
pieet R BRG0P 1R LR PPl et nddas Seken iy @f‘%‘ﬁ? optical
| ip§itand ﬁiuyﬁeduwthasysw&@taﬁ@izay ) are used in a

vari et pplications. Such systens preferably

enpl oy¥@16§tlﬂ@w@egwéﬁl wEh s obiSi BNz grpRl (ko W@éﬂ the art as
Ofy gﬁ%ﬂn Evab@n el o "HRARiHRY' Bra%ikb@@ 1n(ae¢a§1@@rof applications. Such

sequ ially or sinultaneously) the red, "green, and
blsystemsprrfstatbraneplesf a single priojegtion lﬁ@sg@leh fonrlﬁars@r@ée efawngle panel
an | t
S élg%ﬂg% oai?f:e @Eléeg g?cﬁl@ﬁ‘all@ or %Hlﬁltatrﬁﬁusi ?h %91 alméighblue
F(cbmpmdn’e:loﬁ tlmfmla] inage o, somegaaes ahamw qf m‘tggsapane]a,rone for red

o ection

te%tssfc(gﬂd Iggegg 1gl}tnz}%1ldffs E&F fob g{ﬁﬁ 1Sht or L am a%l?catlons e.g.,
p?ﬁgé infHgOjreae lprojmubxesysteﬁ@ﬁbulﬁplb pmlspand Mpmpmj epibort lesas are
of t vera rres tive of. the de
© e et R op P EGRNBAPop SrdSEak APaiey of LB geal

t Gmage. Trrespective of the details of the application, the projection lens generally needs to

have a long effective back focal length to accommodate the prisms, beam splitters, and
other components normally used with pixelized panels.
A particularly important application of projection systems employing pixelized

panels is in the area of rear projection systems which can used as large screen projection
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have a |ong effective back focal |ength to acconmodate
the prisns, beamsplitters, and 30 ot her conponents

woernmbi7g7 used with pi xelized panels. A parti cCRCHDE2003/038039

i nportant application of projection systens enpl oying
pi xelized panels is in the area of rear projection

S ' higdr8l EnfRéReR t@ﬁlpmefac dised
V‘%%%%le/ ym@g%ﬁ(g%d/é@gtgg%/oolssrosg&ﬁ t el e?u si ons \gy sedto

amdmufactere mperodisplaysias bdgo a Fispin dheappRlegtyi of prcm&tlon systems
glﬁglggkmg %Qh%@ﬁagg OTo Q@ig[?gt@é‘f%e p}mvﬁﬁ e 'eﬁ%lﬁﬁéﬂ QiR ab BY tube

ein popularity o oj ection systens

e (GRDytedhgology; Iprajecioh ay%emsmsqdmmp@m@d@plfameﬁém e spjatler in size
th t abl I ,
P B BTy R e RIS o snfeihech 8AECC1 POV,

smal | eB. in (Sptiz:elPeSfoanmcbovver i n wei ght than CRT

Per 1 or TRAGHT s VA & T RV Pyt gt Suplay dae), o

| B dTBlAyOfust BN Targe Buiber of plxélssﬁhc&ﬁhd@dvib)ss thémselves are small,
m crodi spl.ay nust have a.l 1a j number
|S

¢ He imiviAel sehians erlled tpica 126 Tangig 1 efJaUaM% displays to

D hﬁ&%ﬁmafef‘y sﬁi@fl elven Rss HPicA&dtivo LESk. TiZ@ednd gt the pfclﬁwﬁbﬂ #enses
DMVMD di'spl ays to 10 approximately 8g or even |[ess

f @ifedrﬂé thessctypigms moskchavey veyy highdevel pfomregtion of ahesptipnsOf
g Fufiar 111@31%1109 e @(ﬁ'%e%‘bf%{ SCBroflaat altb?féﬁoﬁ% NE Hibtolidah

orrection rrations. pal‘tICU| ar
i npor t Arigh level pfichrematicerbeirasion gprredtien wamp@rtaalbwgﬁeucehs

BB bR DR A, ' AL o2 SR i
ber, aa&ttfe;nescems, thercdaniydete dmgpmg) bf apipelmini the dnggen dhtetd celor, ie.,
?ﬁp‘% {1‘1.2() wﬁﬁﬁéatb@ Vglﬁ‘l cio)ﬁ(der,l 18 arrgc;:(h}l%rﬁrr@ou%%§§tﬁe il}l({%qt m'fmlfests

C @ke)f as d de€rease.ih bentrast e@édlzﬂly anhemﬂmlof thea’telda n exttdme cases, a
col.or, i articul arl ms since it mani fests

i BV g“&é ‘?eglé?gé’fﬁ’ﬁ gﬁ‘%\% ©%ecially at, the

edges B prbfeetidnl s§htems emipl6yihg CRHs & aﬁa@1$ améunt bA(réesiiual) lateral color
ef f ect |nthe relon of qﬁ' uII fiel d can be se

pICH} Retampensaied %}iz/ ORRITRLE, SIS B GIZR OF o imfge

(r ?(ﬁlhgéﬂadn)thé Paﬁ@f)ﬁlhe £RICHT re?a@v&ﬁ’r’chzﬁ ProiRfaARASRS Bife CRT. With a
electronlcally by, for exanple, redu0|ng the size of

t Ipixelizagigranelphayeryete 1l an peremmedatioprcanng be aerfarmed because the image
r % ﬂéﬁl\éé‘d Q tﬁlﬁaat snﬁig%edé\(}@@gnéﬁpm DR ablos e ERT fied $Vidy is not

pi xeri panel such an acconmodati on cannot

b gogsitlé. oA inifieblevel o€ Bterd eolpnag@ctmns ingludingicomertign df sepenglary
ust the full field of

vilazt coliloﬁb Jthuﬁélgésadégrfﬂé)ﬂl tgé ﬁr%g Jnolfi‘rzsvel of | ateral color

corr ectrhense dfraqaluwﬂzadgoancj ito displayodntoleadsde sridgany reg@irements

l at z rc? ng t%(e) correctlon o% (E}g[grﬁlgg ‘P’l%(s:l isfs%%gc]:atugeegd%ﬁ %e?g%tquglncy is required
even at the extreme points of the field of view of the lens when viewing data. As will be
evident, an undistorted image of a displayed number or letter is just as important at the
edge of the field as it is at the center.

Moreover, projection lenses are often used with offset panels. In particular, in the

case of DMDs, an offset is typically needed to provide the appropriate illumination
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The use of a pixelized panel to display data |eads to
stringent requirenents regarding the correction of

wale@bo6378DNn. This is so because good i mage quaPCT/yS1083/038039

required even at the extrene points of the field of
view of the I ens when viewing data. As will be

| e%éoﬁ{%% an@fd éﬂBQ'tﬁé QEE-REIABRAS nfifs the éiiu%ﬁdeﬁiﬁﬁﬂi oNMUBREE. THis dark-

ter’is Just as inportant at the e of the
f figll dightscoirespordsae thelesl rositior pf thypixels pé the j ection

lpgpf’ iegwﬁéf a Sintef}? ﬁﬁ"&? Sg‘é;\%lgtgl%fﬁE Eﬁ‘l@ %ﬂ%‘fs?reeﬂ floes not vary
t ypimatitaflynbededotizongd tvd Beough éhe ppngfrthemceeen but can increase

OB SOkl HEOA I PR e oty itk

eéﬁeh&%ﬁﬁllﬁﬂﬁmht of Histoktipnlreddsly vikitilstodhe ‘kiewérl eld Ii ght

PN, viondatopmand p e ReEet cofth Sl pB paTe et ippbtant when

\éhﬁéﬂlﬁgecﬁilﬁ{a?@lﬂf LAWESDOWS Wpé yompwél‘ﬂiﬁteﬂfao@ & pryjectbdotito & viewing
ori zonta

i ne through the center of the sg¢re bu
céeqnn Spelnisteriacarsi s Ras eylmqsd%ﬂrderf‘&rcosyz%ﬂﬁ F"éde Sgifgboxes, and -
b8 &(ﬁoﬁlﬁ@h 1:R0n Berdch RsEFuitBRB for Bikkctti6 dRCbloRBlQSs readily

even a snall anmpunt of distortion readily visible to
h@cmveemobmbtw eti¢nsminey lewtls efrflistertiph gircolqraherragipn gythe pmages of

are particularly inportant when an
céﬁgégﬁgﬁage of a WNDOWS type conputer interface is

p r oj echreaddx:um ¢ Liglvlewsls ofrolas enedistortonchrréativameieation Jgnses for
}C)g%le‘él 1xe %zi§¥aneisrﬁ?gd to kflg{edlg&qgve?so({fgﬁ&g F&fggmgﬁ %Eﬁ)eglallg twhen the

eéx coloratron n essence
pﬁtxb&zreﬂspaﬁej tis aflt]set rofléctivntyae é.go,@l IBVID drlsﬁ‘restweela(db ly

per cei e and 0 o.even nino vel s an

or col F kngya ip ihe a&fﬁ g#‘(ﬁtstcﬁn neggedo S l%fh Itﬂ éértﬁlﬁg)é(gp

| eovasdh thé 6jedt Groti @b of the &dns smfac];esotbf@rprﬁgadloﬂ ilesik. o_DblbeTn_ding upon the
correc ion, pr nses for . us t i X

o Shep o e airs Bl FJar e B o i dBecture REE T A8 can be
esRRFaEd ¥ oh@B ob& so Hifat # kééﬁiets&ﬁ@pﬂ@ Biedn 1eiss 2@l id ﬂt@ ected onto the
reflective t or reflective LCD.

k s dlone ek e fiesugﬁwgg Sk ghestdighialuavs aedyges %@@t at least to
" h%ﬁ% 6! BfdZBSe Q?s@é‘ a sE&Yi@ ffse lcBEa IS B sdch QMR \Breeh.

ens surfaces of ‘a projection |ens. Dependi n%hu pon
the sBagsethe ppreation 9ED sraeaééeﬂmavq EGDy drpgnd wpen their ability to

r larl
r géfrﬁé ];{%1 L %ﬁaknﬁf %P(%Je%ﬁ ect S gﬁ&hﬁ ﬁiel% bﬂ?%sg?l}tq’gr s the prticularly
p lsuﬁceiﬁﬁhlwin ghest sroéolemSn §hp$tmgzae1cadsed>e @enematedhey 1dht efleeting backwards
I
11 b PSR S B0 )Yt
C 3t@isce. WQWhvamzmnals amaisé(y glustssgeaeratedlby teflections from
D G ks st e ey RRS Bl R0m ol M R SerkB by § e ©
surface/plxehzed panel combination.
C. Telecentricity
The above-mentioned pixelized panels and, in particular, DMDs, typically require

that the light beam from the illumination system has a near-normal angle of incidence

upon the display.
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reflect light efficiently, projection systens
enpl oyi ng panel s of these types are particularly

waameemsbl e to ghost problens. CGhosts can al SBCDES2003/038039

generated by light reflecting backwards 25 off of one

| ens surface and then being re- reflected in a forward

di r ect 10RO e RGO b1 GRS Sthﬁ, lﬂfaﬂﬁ&@s inthaBquiRieRChat\&: lens has a
pi xel i zed panels are used, ghosts generated by

r édl¢centric enitanee pupil, teohe emecngrr leascmust by wlegaias 54 the,dipestin of its

H&é fithd L §3%ted. This makes the 1

surdf%gce elﬁﬂgzﬂedgpane g%t%o%x 6@1 Tel gcentlﬁlmgl efsy o iens
3 @sﬁﬂuaetab alvout e nper@lmﬂorpwhleh makes thegeateetionrpd latgral color more
ggﬁ’]qular , typically require that the Iight

b omthe illumnation system has a near-nor nal

angle Df i rﬁ:abdmnSfZe upon t he d| spl ay. 4 WD 2004/063787

PCT/ US2003/ 038039 n i on.l.ens

U 5 ¢ PRSI ar S IoR e TR S EEHt PIRaing S8 LA iler gebinet

te{zegﬁﬁanéreo&pﬁﬂt@nce pupil, i.e., the projection |lens
must be telecentric (n the direction of its

" egi D EOR O R RO S O i AS R idhe lons has a

| SyilOBAY Bflview il fhe ARESSN b e lirBANS (scRsa)MMBékAses MR Hield BEview
aperture stop which nmakes the correction of .| ateral

c dtogn forsrample.i2f 9, donerample, §8at5pp B¢ olsubgantigl signifigance to

Io fn&anﬁﬁuu%@s &yp%J BB td1884i6hs! ThRNs QMREarsOGIcR a8 iMdfbastoi@Reld of
for smaller cabinet sizes (smaller footprints). In

t eievsofghe priaiscinndprscaah efow geslV mpnudaciyrers refueasthp ﬁtl@nalons of its

ir %%hééc%g?? inc P%?Inofeh A Sfiflfr Qﬁ)?he? in f'ugn \ﬂ%aﬁgs d r#r@jlegtldﬁfteﬂé{rlﬁ% more

ion of 'the I mage (screén creases I n
t Riesifablel il thethighlyesemyfetitivg cohsmes xankst for PE¥s.t o, f or

exanpl ?Pﬁ Fegir‘%grg?r}lt Por aqf gsﬂgat ?Vlfgw %Lakécﬂ 1%%;1 .Fﬁo?ygl?ﬁctuﬂ to correct the

manuf a rojectron
bastedab&]&we thedensi ﬂ'hrsesiespedlailytsb evhﬁ:n ed»miblméd withi mwr@]iurelhmt for a

Pt P g whith e il Sk gy ateral color
N80, aé\mSAInkE ibovathey@fuirdnient fof RelecomK ity iga (i) fectb witich makes

teIeV|S|on e 15 de able in the highly conpetitive
s enmset Q?d{}%é?ra]f‘i? OrP%\}{:?ngl%e requi renent for a large

field O aditfON tHBHERBsih tHBVRIU JTRic, Bibidel Gikdslcah AsE BE feBided
the lateral color of the lens. 1his is especially so

wibteughothp psref afplded pischiedanss etemlenshgving an pigrgal reflective surface
({eg ?{"or Alsnt I)%ﬂéh 411%@9‘%1{?3 1¥¥E't§ Ravetad Sl dra iRl RSwilih 804fer to

I CU to correct at er al or. A|SO, as

rrentlegmweﬂﬂﬁb@vfé?r qohponentn if therpsejectionisysten eekin more¢amparts In

a tgzrrlr]rllsro(fl lefn’gl ﬁés%n, i@@'uﬁef‘oﬁéﬁbﬁ reflective surface means that two of the lens units

making up the projection lens must be separated by a distance which is sufficiently long to

receive the reflective surface. A construction of this type makes it more difficult to correct
the aberrations of the system, especially if the lens is to include only a small number of
lens elements as is desired to reduce the cost, weight, and complexity of the projection
lens.

Achieving a long back focal length, a wide field of view in the direction of the lens'

long conjugate, telecentricity, and a folded configuration, while still maintaining high
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20 the correction of lateral color challenging. In
addition to increasing the field of view cabinet

wG@rmwem68h al so be reduced through the use ofprar/istodeasso3o

projection lens, i.e., a lens having an internal
reflective surface (e.g. a mrror or prisnm which

aldvawsr iReahiG Sorbiddane 1 letilesihbstigefidriival 1 Paitisularly
easier to integrate with the other conponents of tgl;eodoso

ppl@ﬂlle@gmgmn@;tbqse YRITANG TRRITRRBTIES teRthioarark againsh ane aupther

| G ‘?ra Ying thB & Mﬁ&o@fen§él&ﬁelﬁs ULl PGl 1e%8iseVed A6R demanding,
nmeans t %/\D l'ens units neking up the

pAe Jdecmsscmaﬂdeﬂusumg belbw, theprgsant Bedipn proyides areisstighieases which
|s s tLesel e 1c 091@ receive the reflective

sur KPEORSELC |on of this type nmakes it nore

di ffi cuIt t o corr eSUMMARYADE it INVIENGIONhe system
espeC| e lens.is to ncI&J ethonl a

nunbe r é/ Ptﬁg %OHE’I fhsereae%( 1SltSSa n&SS Ir e% al'{[ P |pr0 01l1 {CHSGS for use
C@gth ,pv&/&ﬂilz@manela Rtlict g somie tapd pleferdbiy I off tb&:foillomﬂg @roperties:

| ens. hiev I focal. Ien

of vi e(/@/ in % 8 %ﬁv?lé’g?a}%‘?fﬁ cglor peFEPCHigh dnc C#i]%?@n&%}l’?ﬁ?&ﬁ?cgndary
tel ecentri Clafeysl c@lbgl @ fol ded configuration, while
still maintainjng hi gh 5 WO 2004/ 063787

PCT/ U003/ logstisiationevel s of aberration correction and
| ow | egﬁl S Plardd R ofS8REMAbd ARctidbSofRd fulagsll ar |y

chal l enging since these various requirements tend to
wor k ag"gl nsa telspentagetiieate Pulid do so  whil e mini i zing
the nuphe LIRS gl in the Fens is even
nor e dggljra Monkgﬁéctﬁd?scusse %nd illustrated bel ow,
the pr éféentafqlﬂﬁdmnfigmrqjmmu des projection |enses which
5 satigfy th ' |a. SUWARY OF THE

| NVENT I n%\%g‘\?sqgfélio%{eé a%?%gfé%ng there exists a
need i (B)t heamv\telémentpowgt ecti on | enses for use w t h

?Lée:‘ IoI %P ?P@t%!f H}gé\(’g,gﬁ; qu?ﬁ-te ﬂweg %na}gr% és\e}%f%% %%on}ieli e 2fh have

CQRbRE aﬁ&ﬁ&ﬁedbﬂyom ofitiCdbach sightdemrect i on of secondary
10 | ateral c

| ow dj stortian;
Trel d o patiae e invehtiam pietdenn Dispectb e oy Brmi cglarged
t gngsEstt arﬂlfeh@&i ﬁaﬁ@l‘iﬁ ARk, saifl Projedtib® Réls BiviriCdnl opeicddagik, a long
focaﬁ l en a fol ded caonfiguration;

5
| eRnugate Fl%@ flm@gﬁ)@tm@@h%ﬁi‘aﬁ Hart copjpgate side (obj ect or plx)ehzed panel

side), and an effective focal length f,, said lens comprising the following in order from the

long conjugate side to the short conjugate side:

(A)  a first lens unit (U1) having a negative power and comprising a plurality of
lens elements, wherein:

6)) one of the lens elements Ly is a negative lens element of overall meniscus
shape which is convex towards the long conjugate side and comprises at least one aspheric
surface; and

(i)  another of the lens elements (e.g., lens element L) has an optical surface S;

which constitutes the short conjugate end of the first lens unit;
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(8) a low elenment count. To satisfy this need in the
art, the invention provides projection | enses which

whawe/068Ne and preferably all of the above eiPgt/US2003/038039

features. 20 In particular, the invention provides a
projection lens for formng an enlarged inage of a

pi xel i @g8d nABALHID siBfRE US) o féﬂiﬁé thY SioR6fidndBn! EgtReal axis (e.g., a
havi ng"an optical axis, |l o conj ugat e side

O MixseIyas @FStS Woh, pr@dugm ﬁoldcla ﬁl}waeaé a@ﬁ Hbth% sHgeeh gqs@xample, 60-
p LisZ and an effective focal |ength
86£s§| gﬁirgﬁ%%% ?gll)lcrl]g the following in order from

the |@g mpuglel@rs witdU2} mvinge pesitive payteh prebeemprising @:plurality
25 (A s unit (Ul) having a negative power
aﬁ’afBE%r}p%P‘izﬂ§%=§Jhe‘l§ﬁg| urality of Ilens elenents, wherein:

(i) on@) of dneeftledsseleareatsils it dbosgiva lmgbmenmlhlelns)mpnses at
imgent of overal l ni scus shape which is convex

t SREHE 2PPRENT BFE°% AT ugat e side and conprises at | east

one asgheri Mothetisftackhs aétderﬁ@(e(g iL),) les @h bpticabdurfabeS,) veliich

el emsntsﬁe.g‘511 l.ens el epent 41 has .an opti cal

s Gpustifutes de lofp quipeats fod of the SCOPh ISR ¢ conj ugate end

of theyhétemt lens unit; 6 WO 2004/ 063787

PCT/ US2003/ 038039 (B) a ref|ective surface g %) for .

f ol di nfPt hethﬁ) fig ard segend lgﬁémlt%?f? Fll%’lnlydi‘i‘sém{t% g the projection lens;
mrror Stgt H Pk B, é@!ﬁbﬁ: fén@ﬁé%qliﬁﬁﬁofanefmﬂﬂndhé &rdohich S BAE conjugate

axis i e range for 'exanple, 60- 700 ,

ayhichnds ensatet tyaleg% dem apdprefgrab cﬁmerlﬂmspr Qg tO(?gf!zéegrees (e.g.a
h t ower and conprising a plurality 5
o?’\é,({e}%‘s"%grgsrggndtegé %nerel n: (i) one of the |ens

eI emsn(aa L Ahe grogecpos lens isdeleaenizic oh gheeshort vrijegatecidepr i ses

The 1 oR of BRERTLURIcfs filah P it KAPRERT, wln st

V\h]ne':ﬂalatlsﬁsh@titut es the long conjugate end of the

second | ens F]u;/'ft' g)_o wherein: (a) the first and second
lens units & "t%% only lens units of the projection

I ens; (b) b 9rd$écﬁbﬂ? Gk BA% o RdtBarices spacing Sh dbakeeni S\wnd 8, which
t he dlrectlon of, the long conjugate which is greater

t patistigs thgedatiomshiBing preferably greater than or equal

to 85 degregs/fs3%,, a

where the mechanical spacing is the smaller of the center-to-center distance and the edge-

to-edge distance between S; and S, for an unfolded optical axis; and
® the projection lens has a lateral color LC in its short conjugate focal plane

which satisfies the relationships:

LCrabue < 0.0012 * fy (preferably < 0.001 * fy),

LCred-green < 0.0012 # f; (preferably < 0.001 * fp), and

LChiue-green < 0.0012 * £ (preferably < 0.001 * fy),
where (i) the red-blue and red-green relationships are satisfied over the full field in the
short conjugate focal plane, (ii) the blue-green relationship is satisfied over at least 95% of
the full field in the short conjugate focal plane, and (iii) the red, green, and blue

wavelengths are 0.62 micrometers, 0.55 micrometers, and 0.46 micrometers, respectively.
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field of view of 88 degrees);

lens is telecentric
W0 b@4f6398ECt i on | ens
BFL which satisfies

(e) the projection |l ens has a mechanica

15 (c) the projection

on the short conjugate side; (d)

has an effective back focedT/U81093/688039
the relationship: BFL/fo > 2.0;
spaci ng 51-2

bet Ve epyeRlatiy) GheBrVRiratd is 2RaRAinhs b ise8intilely, the S1.o/f) ratio is
relati onship: S1-2/fo > 3.5, where the mechanica

s peedéraiy grsatenthan Afllapdmogifprefprably grrater thap 4 dent er

di stan J . =14t 0 ' :

52 or A TR0b e BAEih s HLRpMCTARGR RTHRE kU of the
p ffiest demb ioin addeths long sompugatet ead af thestaond le@s imit, tHeprejhesion lenses of

cgnj.ugat.e f.ocal .plane .25 ich satjsti h .

- BTG S e Bl i nyifce Wy i 88 shlfeopiyaptp epd of it
0 12 tinit (ifeq Xhe S, lsferd) grdabaprejebtidia®s' #peftare (stppe fIapatticylars the
0.001 * fo), and, LCblue-green < 0012 * fo

(vt YersSo tpenies pEgSHeflaraee y 7oq i o o hsarepige stop

r @EbfgEI1e Batlsfibathe asibhgdp:ar e sati sfied over the ful

field in the SOffho§t gnjugate focal plane, (ii) the

bl ue- green rel atyaH ﬁ?% is satisfied over at |east 95%

of thg shetlid bf h&bdihatind hi6jesie bnscan higalBydias aperfkedA6p or can
and (iii) the red, green, and blue wavel engths are

0 ugpthapepuiaftherilumigation systemsae Vsl apsHere gtopeln either case, the

m : [ ' 3 ebtive surface.

e U B R osl IR e AR AR e e
grAdrrativeihdnt RssprefSired, therapgrture plep san te/lecgtadat the r¢flpctive surface,
pr r ;

o B Py n PGP g Bt O Ao RS B IcEH B hitaco, Note that for
| segmojeptinmdensad vpeate tifieiestiyn the apertijra gtap ehauhibkither ¢conpletely clear

fi | e [ I ' f t.h .
s !éli%it%ﬂeﬁ g% %lyr i Ircﬁt: f)ra Sri’]l?lll]lé tﬂag rc%rjggl%&eﬁroow tﬁg%hgctl%g ?urgac?,tl.eg the reflective

IFon Tenses o he
I Byadeishauldhatdntprsedt endathtiy/cup bffdipae ofithe apagmresypac e

bet wee he_short conjugate.end of fir.st en nit

G o * Aityaian dnpmsahe Shiie 1978 epRbpt it of BeGectve Surfuce can
ame fubdd'if tifelRidbticd Of theinkbiRishAuch & RRatichiFaCthe gpesihreAdop is generally
bet ween the center of optical surface Sl anq th

c@nt wefeged pinee thpgscentlenssigghongpast bvaisiigresiara gbdo praguce a

I gliadeh@RSRirice plpif¥of {8 overdHl Rns, 10 It shoul d be noted

that the projection | ens can have a physical aperture
stop or can
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use the output of the illum nation systemas a virtual
aperture stop. In either case, the aperture stop is

wEe@heeHBt y on the short conjugate side of thePCT/US2003/038039

reflective surface. Alternatively, but |ess

preferred, the aperture stop can be located at the

refl eclg, s DR, (18 phjectiFIcARE bE o frSh [#@Brab§ have a
applie 0 or painteéd the reflective surface.
Nodreentaga tisfoptioni3 vihkeh: pr oj ection lens to operate

effici tly Jtﬁgﬁﬁﬁﬁeﬁ& Ha{sglrﬁggsﬁuﬁqﬂe{fllges%'tﬂﬁqro Le., atcfillbpomts of

conpl et’el y c ear ere I've surface or s

" cthepflekt the ;nagmtutihef the flisedidnielesuthimt €%);iané. |, t h e

refl ecé’,; Oé”fﬂ%{‘%ﬁ&F ﬁécld ?o kuil fge? Tan | n;?e s%%%atx n%ﬂ'g \Iaﬂlléﬁ% Cl'Ie¥nd a

off a e apertu oug anh aper

Stefimam vahe Dngln:@indommlgameere&ud&h@f the reflective

surface can nv;fd in the practice of the invention,
such a | ocdpm?@n]? <Oe aperture stop is generally 20

not pr '?ﬂe%&&ﬂ &m&g@cﬁtaea 25 i3 1dvBIN dibfirtior d¥RRctiBASE directed to
have a long focal length to proQuce a telecentric

e eriprmenepapkinovnos "gparegydstartion]” eYsen Bokipg siggimagrongyscreen,
P Stont &¥8h Such
peroe P it LR o i Pl Bt [ moes, suc

p emwmeazgﬂ adlpesif thetdistartion vemies betwedn) fcn; vramplé éhef rmdldlequ éiedop of
p e Sf:reen %)%% ﬁ%% I)ij']tﬁ%tok) Df hﬁgg‘rﬁ%r? Sf&e& ggncglk leée% fogl?l%tr, tﬂ'Je middle of
| ¢hel teys of thé1 sotech cGﬁ@spomisdo the Gla]f Yield\of viewraad tike! efdges of the top of the

field-to-ful e a

n STrgt oarAop U B AP ar B KPP R ORI
| @¥eo¥tion dIet s rangdd. bélowT014, thesoblemof appaesedistoitionris aevofdrad
a high_level of distortion correction i s directed

the phBiséwehhsthameirriiondensesfthednyentipaehiave dis was?rures of the

| aRkhileh ith RS thif?&?ﬂ Qs BlefehtS EMfost pk&YerdBIS!T vodTehe lens elements are
particularly sensitive to curvature along the top or

bén the fierex ofiaioublatsgdhat axsembly off therens aeapirps Positiogeiof lephhan seven

di aries between, for exanple, the mddle of
%%Etggﬁlb% %t he screen to the edges of the top of the

scree nAdﬂﬁdipnaé feayusescra adenBgésor Mgt inventien #re gofifertipm the degailed

t f

Pl Py SF 950, SO0 SRRAPbe sl Bl 1o bR Sl n the an

¢ dronethpmiescripton tiereaghized bxepnactt«;ﬁng\ﬁh@inve@pn kedgscmlgpdtbiaesin.

\t/):{ Io\?vt Olatolb?aﬁgg [ Ctgclél)(* t%%;]%oghstgg %03(% Q% ! ' er Vd% @Eb& al{(ﬂﬂgﬁ)HOWng

a\detailedidesciifttioh Efeabérgly ekdneplgy of ’életlm(emtldnem&me infentléxito provide an

i nvention achi eve,the aboye feat res 0 nvent .on

W I (TR e BO e dr G T bl T pon

two of the | enBRAEFTESGRETON OFTHE DRAWDNGS doubl et

so t hat  assenbl of the.len equire osi ti oni nqg of
| ess t ﬁgﬁreéelv%ﬁ%/ld 3A are schematlsc s{de uews 0 re%resentatgfe Pro ectlon lenses

constructed in accordance with the invention in an unfolded configuration.
Figure 3B is a schematic side view of the projection lens of Figure 3A in its folded
configuration. During use, the projection lenses of Figures 1 and 2 are similarly folded.
Figure 4 is a schematic diagram showing an overall projection lens system in

which the projection lenses of the present invention can be used. As with Figures 1, 2, and
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| ens conponents. 20 Additional features and advant ages

of the invention are set forth in the detailed
waele®ensysT on which follows, and in part w |l beCT/Es03/438039

apparent to those skilled in the art fromthat

description or recogni zed by practicing the invention

EAdf?E Edsk BEMubIEABh his &'guﬂe%o&sqmb ShownEle polRAsh eheh iR 18ed

e foregoing general description and the foll ow ng

d econfigniation) eSigrilagy.i temdedails ofifhe éqlsﬁeéiflémpféhglpr@ﬁcvwens are not
St @ eﬁ‘i‘d are intended to provide an 25 overview

or rramewor k f or under standi ng the nature and
char acTler fomgomg drawingsnwhigh are BROERrHESICRNPTINSuEpaiidEthe
DRAW, Ur es n V,
PP PR RS et of R, e Wicen
adesoﬂplmmx;&lew drhwmgs(eare axpdatatooynonin amishumlﬂmbdl&cbonmdered as

con on ﬂure 3B is a schematic side view of
¢ Rt ?B’P{‘P’é’s of Figure 3Ainits folded 30
conf i gur at i @ESCRIPTION DBEHEMHBMEIEMBDDIWBS of

Figures 1 and.2 are simlarly, folded.
sche fhecpraxeafgqlﬁﬁqsgﬁ ife { lav%waﬁ prest 8}63 efeﬁlﬂs OB inverted
S YeidpaBiol tfpeVatl € Bnsidd 6f HoAbRGnitQ Re), & ASREVOInit (1) & ﬂl‘é@d’ﬂg

i nventi on can be used. As with Figures 1, 2, and 9 WO
20our@bssidrrndeposityowsy (B3 onthe shof cangieats sids, which are separated by

| I, ! Hﬁé’a@&‘gﬂ?altapérﬁugét&yre does not show t he proj ection

sinits configuration. Simlarly, the
d et ai | Shesetofithis eersdldensiipmi toypresfuce reinpge peapikdized pansl has

B L

s pxethe ﬁlonﬁbcai |p1ane bf the Becandepctshwe pmef Addlmhaéadyantagmrﬂlsstmfed by
ent |

dlt e\MX?ﬁlag e%]?rgg] teésbeWW aretth gﬂleﬁ e}sé %cn%e bacﬁcl}gca?length

ex Ianafory on
c andthd abitie) taprovidest wide fieMdef Olfewtﬂi] éheidiveetivhiof the lens' long conjugate.

SCRI PTI ON OF ,THE PREFERRED .EMBCDI MENTS .The _ . . o
D%%gevﬁsﬁoam@ fihese, gharacferighigs arw&mfa‘x usgfy ip peay prgiection
r @W&ﬁ@ GUSre Tic TeAENhAD Mﬁfetaeﬁide £84d beliewhehdhidvy B safallest p0881b1e
consi st of two | ens unlts i.e ., a neg atlve uni

oRVERkPackAgE Sixcod R theie dn BhTd toaacrae@mpsi% & %p'ilttwa prisms
ORnd/Beba MYl ditPPtisHBDeRresh B8R lendBhEhe PIxRliSARPBAAI BR sdPhisnd may

physical or virtual aperture stop he use of this
oveslugie| TIR @Hsms, pplarigiag ?a@aﬁpél@eraﬁ%@(éoroﬂpllﬁlng PHENS- zed

panel ‘T'ﬁéﬁnééé of ﬁae mﬂm%ﬁlg@éa h{gﬁfn el otfa sRFEIM dobEdtiod by using

can be achieved by | ocati | ens’ erture stop
1©ne or mone afpherical furéagps iplt stdensnmr Spastfivally dles K 1¢BS element has

Mk andat)qgfe}albﬁlnc@lo a%il\éﬁ&tl A ERes. I'Il'hle Wahididh %flthpdmess 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: -

te/t; < 3.0,
where t, is determined at the clear aperture of the short conjugate surface of Ly (i.e.,
surface 2 in Tables 1-3).

10
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the exanpl es presented below, are the ability to
achieve a long effective back focal length and the

wW@pRiokiosdrst o provide a wide field of view in thBCT/US2003/038039

direction of the lens' |ong conjugate. As discussed

above, both of these characteristics are particularly

usef ul @hﬁﬁté 1l RYBAERE %ﬁlﬁ-}ﬁ 118 1drSTeBtr il,
must h%\é\?ge{aels\%&aég{s ['d v%%e to zfg |eve0¥c he snma anctepupl

pisssirkdtel tAfbugl the aikd offpme kuyeresispherical warfacheindhe Jeeend 1¢I§ ugit.

P 0 SRR DGR Y Aol 3B ARULL Do

p&lbebnmaitgeﬁm@rarmmy ipaint ini the bhjete pIEhRoﬁl‘he kms Preferably, the
ILtt

,g'f(l)ﬁlp iﬁflgcza @?ﬁf%a Q’gﬁ‘lﬂ%lﬁn ﬁe@chﬁ@g%%qta ﬁreg’o Imeé\?g p;ia.sﬁI ﬁﬁs elements.

| evel phe wlbst tofidal ﬂd&n@@fnrtﬁatmmﬂbdbonu&bmgthﬂm' Iatermwler The
aspheri cal surface]% {1 Ee first lens unit di
shagssrof hgipipntiemre oo e pamaren (s pwelgyyipersion

PLaiRs BioknbWR a@'falﬁﬁtﬁﬁ‘l'apﬁma?r dishasien" glea@s? Yadiboakde@th UfS. Patent
i ckness of the LMI ens el enent i ;’él? erably

nNm PP2eAPS; entitled (EckecenfEic ﬁasqls(ﬁyﬁgm@ Freboming dEhenef e dect
O ol g@ged ofb gﬁmand/lnrbyﬂéfntg'tﬁé"ﬂe&ﬁu% ubdb i §f ﬁftéﬂ?t\m @?% 9,

cent thlc ness t and an edge thi ckness t

S amtltbﬂmehome¢MgﬁledU@dtl@tetal Rlay foré@e\roﬁ@rl’ethéed Banels™.
det er mj, ngi al

conj ug a s ur ? a L e?’e&rfwﬁ ﬁel&{l f%%gongﬂl?% tparrgg dé?ersmn of
1la@ylic dad lmmmsamlemwumaamsmgmm including

R Wil B0 e SRR B R IPE R B 1
U&rtibhlai) s @h bttieassipihe Liydeds eaichais esmposed hfnos;éxmndi has a
unj t The seherl cal aberration of the entrance

pﬁ‘pﬁif’le%tllyo?ﬂo&gﬂﬁg R Ted to achieve telecentricity

for anTh@]fo’@sch @61y ofIRAbR13 iiliktiake sihjagedjeddion leas &f whlblelateral color
| ens era the 5 aspherjcal surfaces_of the

f PpIsqCtign i as@ezﬁ@ld oughsthe et af a gpidicrepilyepng hvislensnf conngsed of

eL&YRO BowevEh Qherﬁgﬁ, tratibrﬂnt thE 8, 1@H§ Rlehidhi Thib PRbcripHSH isRfeater than
corfected is the lens' lateral color. The |enses of

t Rdspepifieaily, 3:3), mhecfhémdm e slement Rxpensivh te Beldade tothe negd-fgr long
a%’i@hg b’}g:ledﬁrﬁ&e Frik 21} l?ng . RARES of fHe %908&ﬁ8ﬂvfbn§e§ of "Fm&f 1"%d 2, on

partl I Spersion asses as di sCussed u.
Pélteariber hhiad, h&ve626 ramgsthabem les$ bain 3 Gpeaifeatly3.& for eTnle.le 1 and 2.9 for

F
oS T 80 LIRS el SRR
Pabtwat thivothe b\ 181 cRBRnt ofé?ab]eBL é‘d:cdtﬁmg]yethb ipmscrlmms efTable 1 uses
i duced Late Use ., wi th, Pix d . .
e s SRGET Fortpise] &Pl et bpChfod Bhmit e
beleawntstiian@bgowhieh arp ashpakd dir (SHAR:N SAPDS1 glas), ydhlle thean

in sone ca?es be suffi C'ﬁnf |de ate L | or
C@Fqsgégt}ogﬁ Tplﬂggagﬁs ﬁge suc ement ement BC WhiC agaln 18 composed

of S-FPL51 glass). Other anomalous dispersion glasses besides S-FPL51 can, of course,

be used in the practice of the invention.
As discussed above, the use of reflective pixelized panels can exacerbate the
problem of ghost formation since such panels are designed to reflect light. In accordance

with the invention, it has been found that this problem can be readily addressed during the

11
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secondary | ateral color correction, wthout the need
for anomal ous di spersion glasses. In 15 particular,

W kiog/06xI87 be the case if the LM I ens el enent iBCT/US2003/038039

conposed of acrylic and has a sufficiently strong

negati ve power. The prescription of Table 3

| i R d1 ay ‘o Ed bR RE}@'
ARG5S BB B o Bk A hcosion

S Mrfsuﬁmneuhe plyojestumblngs shdiricdoajwgate f@@kﬂi@@é@t@f@m falé]il 1ﬁlns gurface of the

| t of
+ RGP b0 s inb of Rl Bnddf S el 807 L3 EHREE D)
3 8), Wi axbmphkasmnsﬁmnteif@tmtype emﬂmnmomrattcﬂ imthedlexhdesign
df A e.LMI .
creemBecprofpaC Bl pefBute BHns Had i ay e adens desin
ORs bdifedeRtlogyd, thaRbhpe bawtferddigtsutfadel o Helvhingad @ hed shis criterion.

than 3 ecf|call 2.8 for Taple 1 a

i fie gl 4t B AL mopnd B A o e e oreiqaigate end of
| eRsIeRd, BIERAKIS ohﬁ&ﬁeﬂc@%ﬁﬂﬁﬁﬁ?%ﬁ%&he IBRRFfadel ofttht G 16Ad element

| ens el ement_of Table 3. Accor di ngly, the prescrjption

ofand-am| lgnsisufaces “i’!i’ht% feomdhetorg AP Ugaie 5is 96 by ngfd not be greater
a:%ﬁ’slﬁai'.ﬁ&@%rééb 3Re eﬁmyb@lleg&ﬁaﬂ 3%. dal'®, SEFQRS tHa8NS deglretes for these

.e., enents L4 and LBC ch are conposed
Opeirces- Fi®ily.ghaks Jens glemient copgitutesy the long mrwmtwdvﬁmee

2 C

" PHOETof M 38 GERF Ty 6 ot B KR HOUICD 150k Res
dicsieiosi on gl asses beS| des S-FPL51 can, of course, be
used i

above, Q‘Pﬁ Breeﬁop 1@? 184 of, S illus?crates iy %lslpgc 8f ﬁl% 1r'1%%nt%n CHI%%I%QHGS’[ 0i

Irve

exXariedaéentd1g thjﬁﬁg}blﬁmr is @iﬁﬁ@le 1§ t.D smatnrhna fcﬁ Itlfwlﬁm Eﬂ@élement it
panel s are designed to reflect I n accordanc
wiig A82h elhisreigetionrensivas fpuidt ayd &steﬂxﬁyﬁéoqnﬁé? havgivery good ghost

pr. %%ng%? an be readily addressed during the 11 WO

% B87 PCT/ US2003/ 038039 lens. desi gn process b
ensur i Fgr a feat projectiomdelavisiomrthg disthnoe 4g/the seresnds kimvouad thus gross
! NBaRIe1l 1oBE oflaHiieddloR ks N B RABGHY Ru ) HowRNE! Lo take
conj Lﬁga e foca p I'ntersec s eac ns surface’ of
t hecoupt ofj mmmfammrihgt(ﬁeratcea malh fices mijuﬂtmmtédam oeti@ely tiiade dunng
o?th?ﬁrlggets? {)/Batglsﬂ]e%%kl%%g p?oﬁ%g pge}l%*n?o a rear egtfogﬁglg\(') ngrtl rf‘o 0111tate
C ahgpkc@EssPthe grofuttiad lehdes oDhg ipresén glveiﬁtlohljﬁowikﬁwg ﬂlnechamsms for

et{p;ces Alternatively, as a lens design is being
deOHS PRI ePhe shape of of fendi ng surfaces can be
chang e@pé@ﬁaﬁ?tthé §Hc§nd316h§ it padTerablBPRE@PISRs tieleiedublits@02s; and
t he axi al g[ ray _tends tq be sypmall

S

t the |
c Ofselgith g tdens s A on fiedongPEa sk ef e srcandens unit
t Nal dA%ciMdidhs sttt BBRg BH iHca66% c&ﬁuga{a%ldel\/lwlmﬁls%h@&@@t

and any |lens surfaces which nmay be on the |o
c olepusigiatcan b dane by movingeitienbn erisiee seendtlens upg omaﬁhq segond lens
degh&fs: i-e., O may be less than, equal to, or

greater than 1.5 degrees for these
Without intending to limit it in any manner, the present invention will be more

fully described by the following examples.

12
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surfaces. Typically, the LMl ens el enent constitutes
the long conjugate end of the projection |lens so that
wo@eiog/063187 LM | ens el enment i s excl uded from t heP@i/US2023/638039
degrees criterion. The prescription of Table 3
illustrates this aspect of the invention. The small est
QO 15 for lens elenents Lﬁd@w h LA for this
exarrple is 1.541, while for the Ejl\%llens el enent, it
SEJgur'Elsl S and a"pbics 1-3illustsats repessertiafivierpreiention damsesgonstructed in
und% hhavenvery good ghost performance. For a
rg%ﬁor PEs WY RS RVFBR i sion, the distance to the screen
is kn o(BHAmeI déskpnatians a&msectfoaﬂlg @arious gldsees emplogedin the lens

5&4@6 St IE&S@’& H‘isgl%%(%ﬁg%%ﬁ) {hﬁ ﬁnﬁlé.\f%cglﬁgrrs rg% g égm n%re%‘CH(S”PT) can

f 86 Usedanl fHe Prateied o the Bvdrtioh.| Mhstryreceptabilermateriald dreused for the
process of assenbling a projection lens into a rear
pPBSECH Bt el evision. To facilitate that process,
the prohesbht doBieRAts @bt féALinIREEBIBS ark FO+RI8E inQhe mlemnge
two nmechanisns for focus adjustnent. Specifically,
t kevatieB'ond | ens unit preferably conprises two |ens
subunits (U2si and 25 U2S2), with the first |ens
subuni t, -beingo¥ t he_Langnebaimdat By'si 9 af Hylie BEcond
| ens uni t 1+Bmd(icHeceétond yenls]i‘%u;sﬁubﬁ);n t gel ngyon Itglhe
sh rt co [

Atels Bl sBh 15 il 8 rin bt it nd R £ e
u rutvatre ¢fithd lehshﬁ th}ae:mﬁc’ai akigrand kssubenmia conWinthwhith is zero except

i nt endi to. ljmt it.in er, the present
i fﬁlpggatﬁéﬁnith%%re%]p%onsggﬁlb&%ﬁyydescr| bed by the
f ol | owrhg de&x@aRdES! askaciMéd RN 468 filTaces in the tables represents an

PCT/U82003/038039 S Figures 1- T

i [asRheriFal swt ar°8=p‘ree§é ﬁb &84 of ﬁnﬁglg G, 2 o Pin e hbove
C RpSdtioH G B 20, arﬂQﬁ‘ch[ nW'tiRdib4ies d ﬂl‘fﬁw ﬂoﬁﬁhlcﬁldﬁﬁﬁe above
desi gnat i ons are used t he various ses e
i requationfieRas z670s Fh¢ Earious E&IE?F\?‘E\‘FC@H?S nBJ“g te Slde of

[ﬁgﬁml g %lfr&catnﬁ kiR répfestnt.cortbdRnR (e. §C'ﬁﬁ§5;—i’R)3ﬁﬁch B used with or

ractice of the iInvention. Industry
a@mpm@hmﬁdmép@eh rEhey, de gotfcgpstituie parhptihe projection lens.

5@557 anglfg(?n ﬁi% i E%;Js' fe'o\ﬁ%l‘feﬁm%%ﬁrféc@g {yRtich Breli}uded in the

es are equat 1 on:
de81gn process to take account of the folding of the optlcal axis by the reflective surface.

All dimensions given in Tables 1-3 and in Table 4 are in millimeters.

The prescription tables are constructed on the assumption that light travels from
left to right in the figures. In actual practice, the viewing screen will be on the left and the
pixelized panel will be on the right, and light will travel from right to left. In particular,
the references in the prescription tables to objects/images and entrance/exit pupils are
reversed from that used in the rest of the specification. The pixelized panel is shown in
the Figures 1-3 by the designation "PP" e;nd the aperture stop is shown by the designation
"AS".

13



10

15

2 10 z = 1+ 1-(1 +k)c2y2] "2 +Dy4 +Ey6 +Fy8 +Gyio +Hyl2
+lyl4 where z is the surface sag at a distance y from

wo besog78Tal axis of the system c is the curReX/USB0338039

the lens at the optical axis, and k is a conic
constant, which is zero except where indicated in the
prescr Tﬂé fo@il%@ﬁhs@ﬁle‘i&s %hr"?s mdlGf €Le Eﬂﬁéch&men@s of Tables 1-3

associ ated with various surfaces int
r eersetforth in Bable 4 whers Sis thedagal length @EH] apd § is the facgl lengtl of U2.

f %lso\@.{ ﬁ)pth% thls8asit a@'?ﬁe Bf1, @’1 2,%1 éf 'a%(ﬁe vﬂuesofBr ﬂheéerbx‘élgﬁles

above equation Is not zero eS|gnat|on

i ndi caelde & S@tﬂ fOfﬂé(tb;e latoral mﬂpt&ndldls’fmftl@ml@rﬁme otihe axamnies

i s.not n u

t Hv&egeht%e ﬁ[egacl) ﬁola g%e;f grg% 152%1‘%1'%5 m%lth;n[léﬁe!fs a;nﬁ%lbér (gészt&tgﬁxg pQr?ormance
t abpesent. e’,ﬂteeﬁalé fitlded wjzonia ritesdieetiay. of ﬂmrlomoﬂﬁgamﬁomaclammple is

art, of .t he el,i zed
0350k i e FEeDPreoth S oheet prfimi g
Surbrs e3) whizghdk tBletdntridie pr escription tables ar e
vignetting surfac cluded in .the desj
procesdn ?Broieﬁﬂ@a]ﬁ ?elsﬁeg tﬂ Rgive e dest eHétrBﬁt"iaL%ﬂ%
aéb%oﬂﬁiﬁn&é}ﬁoﬁ&ﬁés%ché’s@d m& ﬁbﬂﬁ‘eh me¥eltheiih Fﬁﬁ&ﬂﬁﬁ&v&ll-é{ﬁ@d to the
in Tables 1-3 and in Table 4 are in ml ters

p measefariyed Qf romaRAt BEjegHien telsiisionsiandamondiors Weichharsplap preelized

Eﬂﬁdé'ght travels from left to right in the figures.
actual practice, the viewing screen will be on the

| ef t aAdthough SP%ﬁmm@dnm@ms gfdlrecinventiph hiye been delieribel gid |

ﬂlfs!l:ljatg{i] it Wtc% iﬁ d ftl{apmgﬂe%f nrlo(?hijic%{lsns Hich do nob fleé)art from
I'Cu e re erences 1n € prescription

t oheodappn:ztnsl/spm gEthe aventmtwill e evidenit to prugont of axdipary skill in the art
rever sed in the rest of the

sgg%?éﬁca?g) &$%§u%|xellzed panel is shown in the
Figures 1-3 by the designation "PP" and the aperture

stop is shown by the designation "AS'. 13 WO

2004/ 063787 PCT/ US2003/ 038039 The focal |engths of

the lens units making up the projection |enses of

Tables 1-3 are set forth in Table 4 where fl is the

focal length of UL and f2 is the focal length of U2.

Also set forth in this table are the BFL, 51.2, S1 As,
and te values for these exanples. Table 5 sets forth

the lateral color and distortion performance of the
exanpl es, 5 where the lateral color performance is
given in mllimeters and the distortion performance

in percent. The full field of viewin the direction of

the long conjugate for each exanple is 88. As set

forth in Tables 1-3, each of these exanples has an
entrance pupil (exit pupil in Tables 1-3) which is

tel ecentric.

)

—

A& nce %;li tEe)c\f’c pupil in

14



The projection | enses of Exanples 1-3 thus have the

desired structural and 10 performance properties
wale@enexret above, which nmake them parti cul arl yPCT/US2003/038039

well-suited to the manufacture of conpact projection

tel evisions and nonitors which enpl oy pixelized

panel s. Al though specific fignents of the invention

have been described and illustrated, it is to be

understood that a variety of nDdlflcatlons whi ch d@year

not t fron1 15 the scope and spirit of the

invegisLlj V)i, be eﬂ %Igt 10 PRLIRRSS of or(gll ry gﬁ“ieﬂer
inthe@rt Yomth omgé r S?l%C 6.05
2004/ 083787 PCT/U8238§?§§8039 éﬁ%& SurP
Apertufe RB6. Type Thi ckh ass Di anet ePV£8a
68. 6908 5. 00000 ACR\?E@@%G 95 27&90(21 SSNBLI2. 544987
50. 28 43 -55.9882 2230000 S- NSI23632440 87 4 25. 06063.35
25. 32549 33.35 5 9883054 5. 800GM®080N| HRSTIBR375 G2.75

- 98. 30%4 19. 00000 3283954 7 00 Oinb@@XD 22.74 8 003239
20.000Q0 22.74 9 Apgrture stopolgdogdtS/1l 14.50 106y 74

164.5208 5. 00000 S—FPL51 18. 43 0 o 7868 1. 400

S-TIH53 19. 06 1%6@56 2396 17. 0.02 13 51. g@
0 .

ac 83. 9827 4. 00000 RESWE c 27 635 9@0 %%ﬁég 4, 44%6‘@

S-TIH53 19.06

6. 00000. S- FPL51 A -51.
27.07 b7 00 26.00080-78%8s 7 26.1

12 -36.2396 17 37473 20.02
13 51.0935 6.00000  S-FPLS51 27.97
14 -51.0935 0.20000 28.14
15 ac 83.9827 4.00000  ACRYLIC 27.63
16 600.0000 4.44000 27.07
17 o 26.00000  S-BSL7 26.03
18 o 3.00000 23.00
19 © 3.00000  S-FSL5 23.00
20 0 0.43968 23.00
Symbol Description

a - Polynomial asphere
¢ - Conic section

Conics
Surface
Number Constant
2 -9.0000E-01
15 -1.2000E+01

Even Polynomial Aspheres

Surf.

No. D E F G H I

1 3.0000E-07 7.4044E-10  4.9826E-13  -9.7337E-16 5.4334E-19 4.1323E-23
2 1.3625E-06 -1.9071E-09  2.7739E-12  -4.3233E-15 -1.9743B-17 6.2349E-21
15 -1.4990E-06 -1.4775E-08 2.6451E-11 1.8371E-13 -1.5357E-15 2.9485E-18

15



18 00 3.00000 23.00 19 00 3.00000 S-FSL5 23.00 20 00

0. 43968 23.00 Synbol
W@ Pheess7 Cc -

Const ant

Pol ynom al Aspheres

3. 0000E- 07 7.4044E-10

5 4334E- 19 4. 1323E-23

PG e

PF 7003/ 038039  TA

agnticalion o 2 40 ove

9ok P8 on -0, 0154

qet §7o 30
Di a‘ﬁ n& 0 Entt
EfI?’é%ﬁ \? n Leng®H

Hﬁgg Di st ance (9

Stop

Coni ¢ section

Surf .

PR

4. 3233E-15 -1.9743E-17 6. 2349E-21 15
1.4775E-08 2 6451E-11 1.8371E-13
935 7E-15 2. 9485E-18

Description a -

W&"%{
?Be

J

Coni cs Surface
2 -9.0000E-01 15 -1.2000E+01 Even
No. DEF GHI 1
)337E- 16
-1. 9071E- 09

787
3:? 19’: gnéé O dets 570

8
t ance 18
el 2 tr i?ﬁfﬁ%i Obj g%?ﬁi
E % éi%ﬁ‘f&e 33. 159
P’teeF’upl | Di st anc&-40
98205 'SP 0B D amet er 14.9
Surface Nunmber 9 Distance to Stop 0.00 First

Pol ynom al
NeEhE82003/038039

834.750

9.37

Ofidisy OdeRyepertiessofdflenggngsnent s El enent Sur f ace Nunber

Nunbers Power f

Element Surface
Number Numbers
1 1 2
2 3 4
3 5 6
4 10 1
5 11 12
6 13 14
7 15 16

Power
-0.15141E-01
-0.30366E-01

0.15897E-01
0.26767E-01
-0.16807E-01
0.19130E-01
0.50695E-02

First-Order Properties of Doublets

Element Surface
Number Numbers
4 5 10 12

Power
0.96527E-02

16

-66.048
-32.932
62.903
37.360
-59.498
52.273
197.26

103.60



112 -0.15141E-01 -66.048 2 3 4 -0.30366E-01 -32. 932
3 56 0.15897E-01 62.903 4 10 11 0.26767E-01 37. 360

wWG21/043287 0. 16807E-01 -59.498 6 13 14 0. 19130BcD1US2003/038039

52.273 7 15 16 0.50695E-02 197.26 First-Order
Properties of Doublets El enent Surface Number Nunbers
Power f 4 5 10 12 0. 96527EpQgr#03. 60 16 WO

2004/ 063787 PCT/ US2003/ 038039 TABLE 2 Clear Surf.
Aperture No. Type Radius Thickness G ass Di angtgs,

43,“9 00 5. ggogg ACRYI:):I()OCOS6 23 2 ac 20. 020262%
19N§687i 8% 5 qgadi'ffz 419@‘/%%%00 ST R¥66 34 IDFMeter

- 69. 6643 19 qug. 4.19 75(6% (%OO cll 8

o

20. 00000%21. 1 13. 60
400. §000%%. 40

ertur
255 NSL36 ?%: 82%&68399 1.
S NPEL 18. 69 % és 6614 % 500 8 13 659742
6. 20@00 S FPL Z 06 14 gooo 52, 30000 27. 4§4 o
6 -69.6643 19.00000 34.19
7 © 0.00000 21.11
8 o 20.00000 21.11
9 Aperture stop 13.50000 13.60
10 400.0000 6.40000  S-NSL36 17.18
11 -17.8399 140000  S-NPHI 18.69
12 -35.6614 11.21600 20.08
13 65.2242 6.20000  S-FPLS1 27.06
14 -38.7852 0.20000 27.45
15 ac  61.9356 400000 ACRYLIC 26.99
16 248.0375 4.44000 26.45
17 oo 26.00000  S-BSL7 25.56
18 oo 3.00000 23.00
19 o 3.00000  S-FSL5 23.00
20 o 0.96264 23.00
Symbol Description

a - Polynomial asphere
¢ - Conic section

Conics

Surface Number Constant
2 -8.0000E-01
15 -1.2000E+01

Even Polynomial Aspheres

Surf.
No. D E F G H I
1 8.3311E-08 4.8873E-11 -2.4183E-14 1.5006E-16 1.2480E-19 -2.1695E-23
2 1.0891E-06 -3.0558E-09 -1.6537E-12 -1.3816E-14 6.1693E-18 -1.7316E-20
15 2.7425E-06 -3.2614E-08 1.0675E-10  3.0153E-13 -4.7534E-15 1.1523E-17
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15 ac 61.9356 4. 00000 ACRYLIC 26.99 16 248. 0375

4.44000 26.45 17 CO 26.00000 S-BSL7 25.56 18 00
W@20000823. 00 19 co 3.00000 S-FSL5 23.00 20PODUS2003/038039

0.96264 23.00 Synbol Description a - Pol ynom al

asphere ¢ - Conic section Conics Surface Nunber

Constant 2 -8.0000E-01 TJ@LElz?cQQ{%ﬁfé&} Even

Pol ynom al Aspheres Surf. No. DEF GH 1 8.3311E-08

4. 188378kt bata2. 4183E- 14 1. 5006E- 16 1. 2480E-19

-2.1695E-23 2 1.0891E-06 -3.0558E-09 -1.6537E-12

glﬁ%@ﬂg élg ? égggg'i%lgdozg%gEléQeraﬂ-ﬁe 1/ 425E-06 834 609
okt 17 WD 2030 963787 P ﬁz&%ggg Shagse TABLE 267

205
2 ) First Data f eral |
R e el
D'I Pfst C%’b %EO Hei ght tgfﬁa eearreI Lengt 3.558
sggéﬁfac g ance, - 653. 4% 1P Nice Pupi |
D| stance g’% v Effectlve Focal “PBHGPRF0. 5406 Exit 000

PH:?}S Heis% %ﬁgs Sf%ﬁeme | mage Di stance 0.962640 Stop

urface Nunber 9 Di stance to
Stﬂg 0.0 frst Order Properties of Elenents
ment Sur

Number Numbers Power f
1 1 2 -0.16464E-01 -60.737
2 3 4 -0.30560E-01 -32.722
3 5 6 0.18427E-01 54.267
4 10 11 0.30275E-01 33.031
5 11 12 -0.22063E-01 -45.325
6 13 14 0.20087E-01 49.782
7 15 16 0.60242E-02 166.00

First-Order Properties of Doublets
Element Surface

Number Numbers Power f
4 5 10 12 0.77986E-02 128.23

18



El enent Surface Nunber Nunbers Power f' 112
-0.16464E-01 -60.737 2 3 4 -0.30560E-01 -32.722 3 5
WG 20406842TE- 01 54.267 4 10 11 0. 30275E-01 33. PGNLUSHLA38039
12 -0.22063E-01 -45.325 6 13 14 0.20087E-01 49.782 7
15 16 0.60242E-02 166.00 First-Order Propertifes 01;. c
Doubl ets El enment Surface Nu ers Power f'
10 12 0.77986E-02 128.23 1&%‘“@%&/ 063787
PCT/ US2003/ 038039 TABLE 3 Clear Surf. Aperture No.
Ty di us Thickness dass Dianeter | a 115.7551 Clear
5.§‘6 0 ACRYLIC 68.90 2 ac 18.2247 30. 79387 46. 22Apgture
- 39\%9900TPe3000dISES| 5 35, dhickress) 49619, 06629 Diameter
32.95 5 70.9800 7.00000 S-LAH60 34.89 6 -70.9800
19. 00600 3%.63 ¥1XB°). 00000 208800 8 0ACRYIIG000 68.90
20.992 9 ASerturel&I¥p 13. 5108873880 10 151. 395046.22
5.60080 S-FSL5 173%¥0011 - 16. 36319040 4008G°SE5TI H3 1¥.584

12 -44.3200 6.94450490. 22 10.06629 32.95
5 70.9800 700000  S-LAH60 34.89
6 ~70.9800 19.00000 34.63
7 % 0.00000 20.99
8 o 20.00000 | 20.99
9 Aperture stop 13.51083 13.30
10 151.3950 5.60000  S-FSLS5 17.52
11 -16.3630 1.40000  S-TIH3 18.54
12 -44.3200 6.94450 20.22
13 88.8000 6.19200  S-FSL5 25.62
14 -32.0600 0.20000 26.32
15 ac 80.0000 3.80000  ACRYLIC 2630
16 -173.2000 7.27437 26.12
17 o 26.00000  S-BSL7 - . 2522
18 % 3.00000 23.00
19 % 3.00000  S-FSLS5 £ 23.00
20 o 0.44000 23.00

Symbol Description

a - Polynomial asphere
¢ - Conic section

Conics
Surface
Number Constant
2 -1.7000E4-00
15 -1.2000E+01

Even Polynomial Aspheres

Surf.

No. D E F G H I
1 1.6355E-06  -6.7123E-10 -2.1297E-13  4.0158E-16 -2.2958E-19 7.8973E-23
2 2.1311E-05  -1.1435E-08  2.3241E-11  -2.6878E-14 -3.3900E-17 2.7502E-20
15 -1.3745E-06  -2.6516E-08  1.2304E-10  2.2021E-13 -5.5468E-15 1.5689E-17
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13 88.8000 6.19200 S-FSL5 25.62 14 -32.0600 0.20000

26.32 15 ac 80.0000 3.80000 ACRYLIC 26.30 16
WO 103/02080 7.27437 26.12 17 00 26. 00000 S-BSLFCRESRA3/038039

18 CO 3.00000 23.00 19 00 3.00000 S-FSL5 23.00 20

(Do 0.44000 23.00 Synbol Description a - Pol ynom al

asphere c¢ - Conic section_ Conjcs Surface Nunber

Constant 2 -1.7000E+DOBLES (contippedhE+01 Even

Pol ynonm al Aspheres Surf. No. DEF GH 1 1.6355E-06
Firg Ordgdiata 0 - 2. 1297E- 13 4. 0158E- 16 - 2. 2958E- 19

7.8973E-23 2 2.1311E-05 -1.1435E-08 2.3241E-11
fnemigg78E- 14 - 3. 3900K447 2. 76padl Rengthl5 - 1. 374582084
Magnifsaton- 08 1. 230498139 2. 20ParRanidVer®xAg8ake15 171.522
ObjesGgoght17 19 WDO62004/ 0637BAredCFHgIS2003/ 03803971.0R8BLE
Obje¢icldistenceued) Fi r68.56% der DButeantd PumiliRistadced0 CB@AMI|
Effecitye fo8RbedOid  NGO63 i cat | Bxit PpilddiSéndeor war d -Y&T.058X
IibigstRistereel171. 5220.4400pkct HeBtghDiantt&. 30 Barrel 1%&mgth
Sty BuffB@ Nahpeect Di st afice - 6B3tan82ltofSudy ance Pupi | 0.00

Di stance 30.4941 Effective Focal Length 10.5063 Exit
Fiu@rler Dirgedtivs ®f ER§En1953

Element  Surface Power f!
Number Numbers
1 1 2 -0.22441E-01 -44.,561
2 3 4 -0.28056E-01 -35.644
3 5 6 0.23117E-01 43.258
4 10 11 0.32761E-01 30.524
5 11 12 -0.28149E-01 -35.525
6 13 14 0.20416E-01 48 981
7 15 16 0.89783E-02 111.38

First-Order Properties of Doublets

Element  Surface

Number Numbers Power f!

4 5 10 12 0.45117E-02 221.65

TABLE 4

Ex. f() f| fz BFL S]-z SI-AS te
1 10.50 -99.01 3437 27.0 5234 39.00 14.1
2 10.54 -118.69 32.14 27.5 5250 39.00 14.7

3 10.51 -97.28 3120 29.8  52.51 39.00 18.8
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| mage D stance 0.440001 Stop Di aneter 13.243 Stop
Surface Nunber 9 Distance to Stop 0.00 First Oder

woeopoel’ses of El enents El enent Surface Power PCT/Ns2ob&038039

Nunbers 1 1 2 -0.22441E-01 -44.561 2 3 4 -0.28056E-01
-35.644 3 5 6 0.23117E-01 43.258 4 10 11 0.32761E-01
30.524 5 11 12 -0. 28149E- Oﬂ.AB]gg 525 6 13 14
0. 20416E-01 48.981 7 15 16 O. ';83E- 02 111. 38

| " frstyEder—Rropet tli es—of —Doybtets—H enent Surface

NunBer | NiGhbas § Ioes' | Leubghd | L6 o8 1 105 0P D221 . (65/Dimex —

TABLE4| BEx. fo f, f2 BFL S, 2 Si _A$ to 1] 10.50 Dminl3
2

-9 N1124. 27 97 N E2 ha 2Q 05 10 C£A 110 _leQ

S4B A R A | T . U Jo. P IJ. XU, I L LTUTOJT

32, 14 27.09032.500.09. 00 10012 3 Hil -|970.058| 30.080 290.82
2

5251 39 0018820200406 03/-0
TABLE % B2010LCr aglodsl uel A.@sed{ g 10 Lqbiues- green’ 0.24
LObluelgreen—2 Doax3—mi-n3—-Dirax—Da--3—1- 0007

1

-
100
2797 DAT/ILIC2NN2/ N2AQN20
J T LI AL NI IS
een

0.007 0. ®%®80.01®0070. P6 0.01306 | 0. d.809 2 [C+QHO| Qp@BO8|  0.15
0.015 0. 010 +0 15 -0.09 0.24 13 0 008100070 013

0:009 +0.07 -0.08 0.15 '"Over full field in the short
conj ugate focal plane. 20ver 95% of the full field in

the shohfer GANGAHDRLT: B8R 3bnjREAN Rcal plane.
20ver 95% of the full field in the short conjugate focal plane.
30ver the half field-to-full field range; the magnitude of the distortion was less
than 0.2% throughout the field for each of Examples 1-3.
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10

15

20

25

30

30ver the half field-to-full field range; the
magni tude of the distortion was |l ess than 0.2%

wa boosgieut the field for each of Exanpl es 1- 3PCRUSAMB/038039

2004/ 063787 PCT/ US2003/038039 What is clained is: 1.

A projection lens for formng an enlarged i nage of a

p'Wﬁalthﬁ&lrrE@%e' on a screen, said projection |Iens

having an optical axis, a Iong conj ugate side, a short

conj ugdte Aipisction dens forderming am@lefrgﬁéamageeqf@twqhéed panel on a

S r |

56%1'% dllxégglg pf(ﬁéemé%%??ﬂ%vg a91 gﬁgalfa{ug@lg{ge%olnﬁggte E@tg ef%ﬁ%st%onjugate

u rside M\amra:@e@tivn doyal length yﬁmmd leancbmyppisipg irsorder from the long conjugate
u Yy enments, wherein: (i) one of the
Hff%%# ?ﬁ%onieﬂg%es?ﬁ% negati ve | ens el enment of overall

ms ni scys) shéapelenhiumibhavingaarysive powarais compridipngplurality of lens
*@gate side and conprises at |east one aspheric 10

B¥(i i) another of the lens el ements has an

0 pt i caki) sur b@os (K lendblden@n Sislatndfive IS eledbflof overall meniscus
conj ugat.e end of the ftrst lens unit; (B) a reflectlve

S GPABECBSTE PP fagrdsrie Iopgporitgatsisideand conpiseeafleagiong aspheric
andriide) a@ second lens unit having a positive power and
conprising a plurality of 15 Iens el enents, wherein:

(i) onéiiof enpther efige éqné rlemeats hoy angphcabgufacs §ewhigh gonstitutes the
elsﬁgﬁ@&nmﬁc&ﬁd%@%m%m | east one aspheric

surfac @éb another of the lens el enents has an

opt i calB)ur # sflectS? swrkiesHorfolding the preiscticndens| entigal axis; and

conj ug e

the 1HEr ang Sl RRORE w oAyt ey ko R S phkily of
urléﬁs&lenientshvhqacm; ection lens; (b) the projection |Iens

has a field of 'nth irecti. .
con uodde ik hiéhe et O £ EROUE 18l dcdfont PRSn pppgrises
prlea,seQiela@pheheel&facs, dnél ecentric on the short conj ugate

si de; t he ectjon | ens ha ef f
Focai Byt Rrages ob P lefiPu fien Spat Pufie SEHUHE porites the
BRbAd &)njhgate @id of the second lens unit;

wherein:

(a) the first and second lens units are the only lens units of the projection lens;
(b)  the projection lens has a field of view in the direction of the long conjugate
which is greater than 82 degrees;
(c) the projection lens is telecentric on the short conjugate side;
(d)  the projection lens has an effective back focal length BFL which satisfies
the relationship:
BFL/fy > 2.0;
(e) the projection lens has a mechanical spacing S;.; between S; and S, which
satisfies the relationship:
Si12/fy > 3.5,
where the mechanical spacing is the smaller of the center-to-center distance and the edge-

to-edge distance between S; and S, for an unfolded optical axis; and
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(e) the projection |lens has a nechani cal spacing S1.2
between Si and S2 which satisfies the relationship:

wQ@0she¥8T 0 > 3.5, where the nechani cal spaci nBCT/BS100&038039

smal l er of the center-to-center distance and the edge-
t o- edge di stance between S1 and S2 for an unfol ded

optic ﬁde axi e pﬁﬁgtﬁ&flem% 9 @ef’cér@l@:%fo@ 1.CREHE H%%@&@u@%@ Q231 plane

(f) t pr o] ect ens has a lateral color 'n it
smdiscfmﬂem@alf@aﬁomdaps pl ane which satisfies the

rel ati onshi < 0.0012 * fo, LCred-green

< 0.0012 * ITQ%““’ ée&%dlk%bi’ue green < 0.0012 * fo,

where (i) th@.qed-0.0612an aned- green rel ationships are
satisfied gﬁ/éer thef&g(l)]lgl%éel d in the short conjugate
focal pl ane;“bu-grgn ~green relationship is
S@Jhext%f(ig% 8Y6lued d{eﬁaﬁéep%éa(ﬁ&lfshlﬁ € sdtidhi J:dh&}e? hiled18 % the

shor onj ugate ocal ane 1 I ere green,
aslbrbdonimgatadece] plmagt i tmldu@gxe@ nﬁa@pmhwe patistigl @@r at least 95% of

2.
T B Rty ot hall AP i it (RPRE, 4 Yo e T
I &melbt@hsarqo@ 62 endrargetersdl. 83 mrctormnerE) awi] Dah :m1¢noyneterserespectively

he f ld h
and (1) ovEie Temasis e pF LlF s bf pifTh Rty adergentose
M@skotivh D &fhitd: Drex and a  mi ni mum val ue Dmi n whi ch

satisfy the rel ati hi 15 |

The ol eorpir e SHERSA B amRemiii et R B biert on

| ens caiypr i &R hd half FERLtbHHIEHiSH RRgdBiMORIXiIRA value Dy and a
refl ective surface and the secong lens unit. 4. The

pIRpiER ¥ ldnswhich egtigfyiherelgtiensipn t he spacing Sl - AS

bet ween thel ceng n<Qf4.Si and the center of the

aperture stop satléfles the relationship: 20 S1 As/fo

> 3.5.35. THe mo]cg:temtlcnsrof C@ma lofhe@imthepiojeotien ing cdnigirises an

as C . thi ess to
mp%rﬁlr%%?l? eetnht e re %Ve 8 ce af?({] e ?%%Sd feg%gﬁ:lﬁ{] where to
is detgrm nElde Iiﬁ'bjeéthﬁl ledsed Clﬂmervtrhﬂ:re&n thé spaeingshas between the
“Q nrllt rgo%tS? ar?ciJ tli‘lg ggn?er of the '\e{lperture stop satisfies the relationship:
S1-as/to > 3.5.

5. The projection lens of Claim 1 wherein Ly has a center thickness t; and an
edge thickness t, which satisfy the relationship: |
te/t: < 3.0,
where t. is determined at the clear aperture of the short conjugate surface of L.
6. The projection lens of Claim 1 wherein:
@) the second lens unit consists of first and second subunits, the second

subunit being on the short conjugate side of the second lens unit; and

(i)  the projection lens can be focused by moving either the entire second lens
unit or just the second subunit.

7. The projection lens of Claim 1 wherein the second lens unit comprises at
least one lens element which is composed of an anomalous dispersion glass.

8. The projection lens of Claim 1 wherein an axial marginal ray traced
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25 6. The projection lens of Claim1l wherein: (i) the
second | ens unit consists of first and second

W@ u063787 the second subunit being on the sheCT/US2003/038039

conjugate side of the second lens unit; and (ii) the
projection | ens can be focused by noving either the

e Qﬁl’oﬁ& ’c‘ﬁ@ PR bERAs erﬁ e 126; eéﬂéﬁtlerfs*bﬁoﬁ Bk teS FRbIYIdne intersects

. @ﬂpr ojection lens of Aaiml1l whefreln the
dhldns gea ofithe projfgfiondens ahen anglepfincifigacy thatds geeiprthen 1. 5

egﬁaeg Soif ?&Qﬁ%ﬁe e Sy fnﬂ\i&m galfyqa{s%hﬁ&eg LA aron the

he“projection’lens o el'n an axi al
mi«vrg qvajugatayide ohke dor V\Q@ch\/@ 2@b¢fi63%8Fe may be greater than, less than,
Pcpeus:;%olsé ge e% t hrough the projection I ens from

%ro ec Tens' short conj ugate focal plane
i ntersécts Thcaprebmmsiemsmf Cladim lofherdie thertatplamiribenofl lesslements in

an an den that is greater than 1.5
déﬁ?@%c&l’g&ﬁlsk ?Ifilgcﬁhe | ens surfaces of LM and
(i) any. | eMBe prdfebiopaenswiiCldimar whedsin tiieof theRgs elements are in the

con g te Sld of LMfor whi ch the angl e of incidence
9%% reeg}egfe L | ess than, 5 or equal to 1.5

degreesy. 9. Tf[é"?’ Pﬁﬁbrﬂﬁﬁsl o7 @ldlﬁflswﬁécrelﬁ:ﬁtﬁérﬂérhdwﬁé ®dng cbhj@gate
total nunber ens. elenents in the %E‘Ctl on | ens

i $idedq theysherhcqrygate sidppthe fipsh ang ssped "r‘réﬁm}t gethgr compyise the

WhsH&iin gézvgnggnsgllgﬁelll@ns elements are in the formof a
cenent e% doublet. 10 11. The projection lens of Claim

1 wher é)n i huorder fromthe long conjugate side to

t he sh%tgefgmcgg&(,gn%h%lﬁﬁs@?{ .st and second | ens

units er conprise ’ow ng seven | ens

el ement(®: ( aﬁrdLMcom@)z pesitivedemsciangsnhwlyiah coraprisenSi;

el enen fir e | ement

whi ch g@nprl 389" picony ?&?OSIt%’%q%ngn ef%%:%fﬁlslé%on$51§F§é%e

| ens eI(E)rrenhnmmdnleﬁmmmmes S2; (5) a negative |ens
a bi convex

(7y LA hHEPEIeR POHE S BBRPUE B vex pos: L1 ve T ens

el emsnt(7)andLghe negat i ve | ens elenent form a

col or-cqrrecting doubl e
wherein the second biconvex pos1t1ve lens element and the negative lens element form a
color-correcting doublet.

12. A projection lens system comprising:

(a) a pixelized panel; and

(b)  the projection lens of Claim 1.

13.  The projection lens systems of Claim 12 further comprising an illumination
system which comprises a light source and illumination optics which forms an image of
the light source.

14.  The projection lens system of Claim 13 wherein the output of the
illumination optics forms a virtual aperture stop for the projection lens.

15. A projection lens for forming an enlarged image of a pixelized panel on a

screen, said projection lens having an optical axis, a long conjugate side, a short conjugate

side, and an effective focal length fp, said lens comprising in order from the long conjugate
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12. A projection lens systemconprising: (a) a
pi xel i zed panel; and (b) the projection |lens of O aim

wa2002663r87 The projection | ens systens of C ai PCT/BS2003/038039

further conprising an illum nation system which

conprises a light source and illum nation optics which

fog R shoe&Gate fdae |1 ght source. 14. The

prd#@%tlgn Iengﬂéggten1of Cl ai m 13 wherein the out put

of the(A) || afrshien orit byyitgrsnepdivepowendndconsisting éy erderdrom the

st 15. A projection |lens
18&% L@%%%ggEghﬁgﬁgg i Qggmggfa pi xel i zed panel on

a scrébn, saegitipe bpedemmt Liveori 9vérall magysam slept mhich is convex

i e R B R ol e PR o AR i <

| n ordé€?) frabicbheve nepgtivolens danent; aﬁd WD 2004/ 063787

PCT/ US 03/0 8039 side to con ate side: .
(8 5 T o @ Pl Aot e B b et Sty i which
C Qfpfistiitbdlle EHbridodRipatt emﬂth@ﬁrst efgurenj ugat e side to

the short conjugate sjde of a negative |eps

el enentBLM dfetlsgieresurfacedps ’@kdug% theproiechien leps' précalstisegnd

5 tovaids t h8edoRMEnS B MRS bl@iee r SRRk B8 i8lorder from the
| east one aspheric surface; I concave negatlve

| dprg @In&gé‘iﬁﬁldeé%ﬂle(s@f)ﬂ %pnmge@ﬁvlé;af positive |ens el enent

whi ch a

Short &Bnj uosrer aRaRaREviLy WikR of AN TRs Blcns
r edl¢nasnt Wh@h %@ﬂ gneapsictlenrifog ISa whigh chrstipitas] ﬂea:lpng)wnllm‘s end of the

d lens unit having a

posﬁ%@$ggé%§€mﬁgﬂ8¥8%ﬁ§%5@?ﬁgﬁgﬁ order fromthe |ong
conj ugé?)e sab&oﬁﬁmmban&hbnSdmmmnuQaumiS|de of: (1) a

col or rrectin ans

b1 conued podpp e Pikent Ly BhicR RRniniien s ngspfhesp surace

surfac&mﬁ%nwhlch constltutes the long conjugate end of

the s ond ve l.en

o erront®) 6 medi ghd hieg b s il o DL b wpi RE e prcdction lens;
and ( 3)(b)a pq&lﬁr@v&loh@aﬁ h& £ARAbF Héw Whine Bir&B6R b e fongleonjugate
| east. one aspheric surface; wherein: (a) the first

aﬂ@“@é@@ﬁ@mF€W§8aﬁF$§“hre the only lens units of the
proj ect¢)on kR\Rejection lens is telecentric on the short conjugate side;

(d)  the projection lens has an effective back focal length BFL which satisfies
the relationship:

BFL/fy > 2.0; and

(e) the projection lens has a spacing S;.; between the center of S; and the
center of S, which satisfies the relationship:

S12/fp > 3.5.

16.  The projection lens of Claim 15 wherein the projection lens comprises an
aperture stop between the reflective surface and the second lens unit and the spacing Si.4s
between the center of Sy and the center of the aperture stop satisfies the relationship:

S1-as/fo > 3.5.

17. The projection lens of Claim 15 wherein Ly has a center thickness t; and an
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(b) the projection lens has a field of viewin the
direction of the long conjugate 20 which is greater

w0 b@n/08Z8tdegrees; (c) the projection lens is PCT/US2003/038039
telecentric on the short conjugate side; (d) the
projection | ens has an effective back focal |ength BFL

[ LSt |.ait, J: hip: BFL/fo > 2.0; and

2g£%£§lt %gé?gﬁgﬁ%ﬁgﬁﬁféﬁ%ﬁﬂgsga spaci ng S1_2 between
the center 6ft.<S3.0and the center of S2 which satisfies

the relatjonship:, 51.2/fo > 3. 6. The projectian

| arher Pl a e B aberes it itclmople S Bi pithe o

an apest ur Eh&proRctidl BeT dldis 156fHetsi the frojéstibakas edthe focused
tEF second I%ﬂs unit an the,spacin? S1 As. 30_between

t 1R TRureesthgt thespniine, spoprchlensaipiteyr Just the rembipation of Eagtnsid-a-

sati sfilgs t e pr6jedidnABSS ITlaimIi5vieldiPthe scboRd lehs unitfld¥enprises at
projection | ens of Claim15 wherein LM has a center

t Heaskenedensielegient which smoyppsed ofippgwgipus dispersion glass.

PCT/ US3003/ 1 L GGt © whi ch satisfy the
reIatigﬁéhig§%9§%$g%§@§§¥%% mherg%io is determ ned at
the cl éar apewelined pofeliané short conjugate surface of
LM 18, The : 0T ] . Cl aim15 wherein the

pr oj ectﬂf)on F'g:ﬁ)giﬁ%ghﬁ %gs 4’@@3%‘835 5 by noving either the
entire second lens unit or just the conbination of LBC
and LA. 19. The projection |l ens of Caim15 wherein
the second lens unit conprises at |east one |lens

el ement which is conposed of an anonal ous di spersion
glass. 20. A projection |l ens systemconprising: (a) a
pi xel i zed panel; and 10 (b) the projection |ens of
Caim15. 26
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