9 MAY 2005 WD 02/43370 PCT/US01/47291 1 5 LENS SYSTEMS FOR PRQIJECTI ON
TELEW| S| ONS CROSS REFERENCE TO RELATED PROVI SI ONAL APPLI CATION Thi s
application clains the benefit under 35 USC 119(e) of U. S. _Provisional

Appl i cation No. 60/247,978 filed Novenber 9, 2000, the conQeMA‘é(;Z%v\hi ch
inits entireta/ is hereby incorporated by reference. |. FIELD

| NVENTI ON TAY@0%433%8nt i on rel ates to projection | ens systeperisswsnse in
projection televisions and, in particulac, to |l ow cost, high performance
projection lens systens for use in projection televisions that enploy
three cathode ray 15 tubes (CRTs), e.g., a red CRT, a blue CRT, and a green

CRT. |1. BACKGROUND OF THE | NVENTI ON There exists a need in the art for
projection lens systenms and, in particular, rear projection |ens systens,
" that have some and preferably all of the follow ng features: 20 (1) The

systens can be produced at |ow cost so as to be suitable for use in high
vol ume consuner projection television sets.” (2) The systens can acconmobdate
the spectral differences in the |light produced by the red, green, and bl ue

CRTs wi thogt the cost TaIS SYBTRIM FOR PREOBICATEA Wriikidibago! of

correction. 25 (3) The systens have an optical perfornmance suitable for use
with the higher bandw dth signals of digital televisions. (4) The systens

‘mmge, e g CROS SEREMERER FORARRmnEHOVISIINRLARPEIOER, 0o han
oystens have a i LR IPHCGRONFIaNS His el Redrt 84 USKC FHOOEREER. 50 1 hat
the distance_to.the screen can.be reduced, e.g., a half field of viewin
{he direct | onPEAvifinRalApRlication No. 60{247&78:4ed Novpmbee 95306A0: tlse comdent
relatively i nosfev?ﬁiiciiﬁ?tste%tfrggni%férébn oomeratod by foronc changes
‘ by incorporated by reference.
‘I.- FIELD OF THE INVENTION
This invention relates to projection lens systems for use in projection
televisions and, in particular, to low cost, high performance projection lens
“systems for use in projection televisions that employ three cathode ray
15 tubes (CRTSs), e.g., a red CRT, a blue CRT, and a green CRT,
1.  BACKGROUND OF THE INVENTION |
There exists a need in the art for projection lens systems and, in
particular, rear projection lens systems, that have some and preferably all
of the following features: .
- 20 (1)  The systems can be produced at low cost so as to be suitable
for use in high volume consumer projection television sets.
(2)° The systems can accommodate the spectral differences in the
light produced by the red, green, and blue CRTs without the cost and
‘complexity associated with full color correction. ’
25 .(3) The systems have an optical performance suitable for use with
~ the higher bandwidth signals of digital televisions.
@ The systems exhibit a high level of image contrast.
(6)  The systems produce a bright image, e.g., the systems have
infinite conjugate f#'s that are less than or equal to 1.5 and preferably are
30 around 1.0. |



bet ween roomtenperature and operating tenperature. 111. SUMVARY OF THE
| NVENTI ON To satisfy this need in the art, the exanpl e enbodi nents provide

projection |l ens systens which nmay have sone and preferably alq]‘\NAY m[ﬁ
above seven features. In accordance with a first aspect, the i*nventi

provi des a projection lens systemfor ,use in a projection television which
has a screen and a first cathode ray tibe which produces |ight of
primarily a first color, a second cathode ray tube which produces |ight of

primeri |y ageconfle cahghe n AR Bab ibfadh SALPRNRC ALAUDS L REodges |1 ght
of primarily“a third color, sald projection Fens syscfem conprrsi ngethree
pr oj ectlistincé trnhe scre@neneapdiakd,ag., 4 R4S filldiofgiaasiiate diredioniof fheaedan of at he
cat hodgqarg%‘jtubes during use of the systemfor formng an inmage of the

C

| i ght ed by that tube on the screen, each projection |lens consisting
of: (A a firy st IrRBSyhhd a@Relbir) AUGSARIRKGES] | d
first lens (Z%it haa, ng aarpos%ti \)le p%lvsxgﬂytgn ?gfingg?gérghlggleé%’g&ﬁ% t which
(i) i sbetszarimnetnyictdiure aodvhediing @npewbeeduri ng use of the lens, (ii) has
a strong negative power when so associated, and (iii) provides nost of the
correction of the lens' field curvature; wherein in addition to any

differgnce RanpdArARy 8tk YNYENTIONSChel npflug condition or any difference
in spectral transm ssion , the second |lens unit of the second projection

| ens di f f ed's sttisdyriltiheeed an trechrt, resexamipte ephbadirecits pstvider pjogestipofensens i n at
| east gQne_optj.cal propert ai Lfference being based on said first and
second%@%inbslrjwhlﬁgpag’ﬁgrﬁis@é ?Ib‘fp@%ﬁc@f @?HE&FﬁBO‘S%ﬁ?g’F?T%FﬁE&& condition, see
for exanpl eln ddreRBAYGWIth Wit abjsdee Mie NPentonIASvi8S0 pré fefs S¥stdph for U S.
Patent No. 5,293,226; and Toide et al, U.S. Patenlt) . 5,537, 167. For any

di f f er B¥fd® ainioiepfian televisionariieh bas aereenand pdirstegathgdeay theswiehg, U. S.

, . 1 US01/ - 3 i
or ef or PRgueaPalfartl YREERRR o Rt bl RETURERbS o uelsryi ng

t he Schematifyl dxgcomnebléd, and dthignathbfié fiyaibeahich ps@Retd Rght of pAmaiyssi on, the
second lens units of the first, second, and third projection |enses all
di f f er thisdsel@nidpreiastien jaqs system SQMPEHBE B)5e PRICCHPY [Fasesy Onaspipigcion

R T e T
forming an image of the light produced by that tube on the screen, each projection lens
consisting oft

(A) afirst lens unit on the long conjugate side of the lens, said first lens unit
having a positive power; and

(B) asecond lens unit which (i) is associated with a cathode ray tube during use
of the lens, (ii) has a strong negative power when so associated, and (iii) provides most of
the correction of the lens' field curvature;

wherein in addition to any difference based on satisfying the Scheimpflug condition

or any difference in spectral transmission , the second lens unit of the second projection lens
differs from the second lens unit of the first projection lens in at least one optical property,
said difference being based on said first and second color.

For example, for satisfying the Scheimpflug condition, see for example, Hasegawa,
U.S. Patent No. 5,045,930; Yamamoto et al., U.S. Patent No. 5,293,226; and Toide et al,
U.S. Patent No. 5,537,167. For any difference in spectral transmission, see for example,
Wessling, U.S. Patent No. 5,055,922, '



meni scus el ement and the differences between second lens units are .
achi eved through differences, other than spectral transm ssign,, inh the

meni scus el enments, 'e.g., differences in at |east one of 10 “(ﬁ) Méﬁ[aﬂ[][ﬁ ‘

| ength, (2) index of refraction, (3) base radius for the screen side
surfaces of the elenents, (4) base radius for the CRT side surfaces of the
el ements, (BOY4P38rence in surface shape and/ or best-fitPcgprserarsd radii
of the 15 screen side surfaces for elenmats that have aspherical screen
side surfaces, and/or (6) difference in surface shape and/or best-fit
spherical radii of_the CRT side surfaces for elenents that have aspheri cal
CRT side surfaces. 11 fergingirglonead ambadiments; ie pddidiondniagy difiresexsond | ens

units 20 conp,i i |l {i . a l.i ng. fl ui et ween
a neni scus nggﬁ@n(?n gng H{% p %gg%ﬁg;i%ﬁ%éc%@ ﬁ‘ﬁcﬁ?ﬁ‘ W%&éfeﬁcﬁ "E‘Re(?ﬁm?o :
optical ly couptansgisditwe, themsscdnd leteufii of Aediistisecalds anfl YRl pesjeciadn a
cool i ng nedi um, agﬂé&e di fferences _bet\feen second lens units_are

achi eved thro%‘?e%l e one angiherin ok legst ope gptiealprepartaisail in t he
optical prgpeqife@enads Heltds BaeRlokge 22sif Eéﬂloﬁdg%&'cmd%lofshe second | ens

units. Such differences in the coupling flul portion of the second |ens

units include diffErehesprefared gmbodimenss  dwtsecorndlens uhitscomptisag f 1 ui d

produced thro : r andifferences i n conposition .. and/ or
di f f erences iﬁg(%sﬁtﬁgielnegé wn?tthgrcrlpflgger%gﬁ%rs eﬂ"gg‘fﬁ‘?%ﬁ fBHHET g and/ or
cool i ng of onechievetitroagh tifferanup) dther fHat gRecaalli@hsnigidiousting. Such 30
differences also.inclyude differences in_the shape (e.qg., axial thickness
d/or radii M5PICHF § % of-s &E‘gr%am Abloestiore ¢forti on. The differences
itn the 9 MAY 2005 (zg0upbéfl@eddihi d portions of the second lens units can
~include both differences in index of refraction and differences in shape.
As anot her al t er na2) ve ihdex ¢fireftactiony di fferences in second lens units, the

optical properti ot an.spectral transm.ssio of the facepl ates of
the CRTs. which fcEh pdt b R £ REE iRn AR S&ﬂ‘?ﬁer?ée‘ﬁ%’ét%f t he
projection lens, qdn bdasededids fdrehe ORT Side durie@sif thweledenthe CRTs, e.g.,

for the green and (ged %s. Such di fferences_can include differences in,
thi ckness, index @ r&iligrepcein suafge shape avd/ox hesifitpherisglyadiivfthe case

of CRT fapeplab&s LilebulMcdd @e el@?%gﬁ{ thaf ¥ S%ngﬁ&aﬁ gléreg#][sid%%%%{acgé{r face

shape and/or best-fit spherical I'1 can a e nma ere
and/or

(6) difference in surface shape and/or best-fit spherical radii of the
CRT side surfaces for elements that have aspherical CRT side surfaces.
 Inaccordance with other embodiments, the second lens units
20 comprise a coupling fluid portion (e.g., a coupling fluid between a meniscus
{ slement and the faceplate of the CRT which in addition to optically coupling
the lens to the CRT faceplate also functions as a cooling medium), and the
- differences betw_een second lens units are achieved through differences, |
other than spectral transmission, in the optical properties of the coupling
25  fluid portion of the second lens units. Such differences in the coupling fluid
portion of the second lens units include differences in index of refraction of
the coupling fluid produced through, for example, differences in composition
and/or differences in coupling fluid temperature resulting from heating
~ and/or cooling of one or more of the coupling fluids and/or its housing. Such
30 differences also include differences in the shape (e.g., axial thickness and]qr

radii of curvature) of the coupling fluid portion. The differences in the



bet ween various of the faceplates based on color. In general, this approach
of varying the faceplate is |less preferred for manufacturin d cost
reasons than varying the properties of a neniscus el enment (O éﬂﬁﬁied)
or varying the properties of the coupling fluid region of the second 1 ens
unit. In accordance with other preferrgd enbodi nents, the first lens units
of the projection I|enses are identical' to within manufacturing tolerances.
In this way, the manuf acturi ng cost of the systen1can be reduced since

COMON chihdiis 1 oﬂtiﬂhééftﬁé SecHi® b Qhid O& i ﬂ@lhc?;b‘? i g‘%#wopu C%{ g of the

proj ecti on ense l e at the sane tine per f or mance
can bereftdviiew antl dﬂﬁ&ranaa:synmgap@nl y a relati veI y smal |, sinpler part (the

second |l ens ,unit) of th s for, or all of the different
colors. In AScoplisnrisrmaoeh fcaJ % Aagfnsr&&?es ip FONh R PR the Rfcabs a

Pr oj echidpRrtle8NSFhEWBAEIPebR] tralSRiskibn %f@ﬁ@fa@@ﬂlét@s”ofttﬁé ém%' PR pdIRSE the
screen and a first cathode ray tube which produces ght of primarily a

first é@ﬂoﬁfl lenausé@iumlg vt deprogegtion leas.wah bh n}ﬁd@dlfﬁﬁesltlfomtﬂeasf twaréfitbe i |y a
second

primari Sae Eni Ortgh a%rte%l}g’n rgﬁgﬂﬂ% 3}“‘2{‘31?%%%F%¢F!§‘g2’§?&d%# ﬁeﬁﬁﬁ?qsg{‘]hﬁqﬁ?

proj ectnden of esFRHion, ARE radkiQifRGivaftite | A18S i@k B8 cATTRT Akflates that inkfhde @ﬁ@opf
t he cat hode ray t ubes during use of the@tet%/‘temfor form ng an image of the

|i ght DroaRpbedcabyutaras, swlitee shapa and/adeslelit, spberids! fadijcen elso e imads diffweitst i ng
|OfengAL H?ttufe 4 %nclu% Q)? tﬁé@aéelp?a@estbqged 81{] golgro ﬂi %%e%a? Is%ﬁar%racﬁ hF 4{?@5 \WHS ?hd( :‘ |) r ;sts

associ éaceplawuﬁ msaple&mdd@r marmfbahaengiwd gt 1easdne thahharyihei® préperiiesida a
strong negatlve power when sqQ associated, and (iii) provides nost of the

cor r ecteBIFBYE %Iﬁ%ml(@ﬁ%t prefeeed) oF yapang, ihe progseicsiof theroxpking fluid region aljthe

di fferf&%ﬁ&leﬁl@%ﬁﬁ on satisfying the Scheinpflug condition or 9 MAY 2005 4a
any differences in spectral transm ssion, the second | ens unit of the
first, secohﬁaccaniﬂmdwrtldothprpx;eﬁ:mtad@mﬂodnﬁcﬁﬁs thd firetr lefiy wiitswfeheypojeoson | N at

| east eotlcal 1y, id difference eing based on said fifst,
second DSEFE e t(’J‘”‘E \E; nnFﬁ?“%&EB’f‘@éﬂW%i“&“%‘ﬁ?%@%@ ?Cm{l%cqsﬁ()é%ﬁ on
I OVi d8ystein BAPhECHARR sIrRBSofRion YR8 1Ak uf QR AR e %&9&&3{9&@? paY f ube
and having a | ong conjugate side, a short conjugate side, P

| engt h@@rm@mndswswmledt blwetszltrnc timedughhisuels pﬁgptioabmrfca'madcd endeaosiat i ng
in ord from S|de of flrst | ens.unit

whi on' B Nep P, AR P, BTt esston rd HRR s raefeBon (SR ot

some or all of the different colors.

In accordance with a second aspect, the invention provides a projection lens system for
use in a projection television which has a screen and a first cathode ray tube which produces
light of primarily a first color, a second cathode ray tube which produces light of primarily a
second color, and a third cathode ray tube which produces light of primarily a third color, said
projection lens system comprising three projection lenses, one projection lens being associated
with each of the cathode ray tubes during use of the system for forming an image of the light
produced by that tube on the screen, each projection lens consisting of:

(A)  afirst lens unit on the long conjugate side of the lens, said first lens unit having a
positive power; and

(B)  asecond lens unit which (i) is associated with a cathode ray tube during use of the
lens, (i1) has a strong negative power when so associated, and (iii) provides most of the
correction of the lens’ field curvature;

wherein in addition to any differences based on satistfying the Scheimpflug condition or



(i) a first lens subunit which consists of a first lens elenent which has

at | east one aspherical surface and a weak power; (ii) a second, | ens
subunit which provides nost of the positive power of the prd]"chA?[f 2@@5
and consists of a second lens. element or a doublet; and (iii) a third [ens
subunit which consists of a third | ens4el ement which has at |east one
aspherical surface and a positive paraxial power; and (B) a second | ens
unit which (i) is associated with the cathode ray tube during use of the

lens, Ghi biff@scas ﬁltsﬁ%tﬂal RERAhIk 6N, ROVRL o 1R RS aﬁ% @Qﬁkﬁts%éond%@d iddi )

provi des” nost of e correction of the lens’ d curvature; erein:
(a) thergedmndetsendifioufumi danetrasthar inzedileast dR2 bptienl phepediyy @it dififerentesteing ens'

| ong onj,ugat ide and a . radiug R22 in the direction of the lens' short
conj ugg’?%éds(‘?‘cfél,% %B‘;S _‘gﬁ“ﬁé@‘gi? S(c) the third lens element has an axi al
thi ckness T3 agob®sibe With a3RREhdpedt thedtliddfion Fiddide a phGediongeld BPuRfint he |ens
| ong conjugate side, and a best-fit spherical radius R32 in the direction

of t he chEhyatienwith acathode taydube et havine aeng corgugate sijle,R3Mort conjugaty siig311 >

JR321; T34 F . 13, | ceordance with fourth aspect.. th

vent e Sl 1ehEt T Sther'sdsoq st FER LG ARaE iyt Bo B 105 ARBEE e il na i on
W th afeatl hollagkayuiibsidasgt having a | ong conjugate side, a short

conjugate side, and a focal | ength FO when associated with the cathode ray
tube, said |ens (&bnsedesitiye first knganit phink donsgists émerdenfipmdhe lensilerg of 1 (A) a
positive first. Nkt which consists in order fromthe lens' |ong

conj ugat e sicgﬁem%ﬁ?&g??ta first lens subunit which consists of a first |ens
el ement whi ch hagi)at d f@slens aubnAsyHier dopsikts 9 b Fagdetderfent@dichiomar feadti 1) a

second | ens subugit ich provides nost of the positive power of the
proj ecti on PEn&PAREC cgrad gvegk paWERd | ens el enent or a doubl et; and

((51 't i : )eagt third legy subuBldngdBlHibGEAPHhithDrifiad hbit'dt thEPssiRle IRk ophl ch has
the projection lens and consists of a second lens element or a doublet; and
(iii) a third lens subunit which consists of a third lens element which has at least
one aspherical surface and a positive paraxial power; and
(B)  asecond lens unit which (i) is associated with the cathode ray tube during
use of the lens, (ii) has a strong negative power when so associated, and (iii) provides
most of the correction of the lens' field curvature;
| wherein;
(a) the second lens subunit has a radius R21 in the direction of the lens' long
conjugate side and a radius R22 in the direction of the lens' short conjugate side;
(b) |[R22{/R21>1.5;
| (c) the third lens element has an axial thickness T3, a best-fit spherical radius
- R31 in the direction of the lens long conjugate side, and a best-fit spherical radius R32 in
the direction of the lens' short conjugate
side;
(d) R31 <0;
(e) R32 <0;
(H R31| > |R32f;and
(g T3/F0<0.13.

In accordance with a fourth aspect, the invention provides a projection lens for



one aspherical surface and a positive paraxial power; and (B) a second | ens

unit which (i) is associated with the cathode ray tube dur_igg 2q05 he
lens, (ii) has a strong negative power when so associ ated, nWi'

provi des nost of the correction of the lens' field curvature; wherein:
(a) the second lens subunit has a radiws R21 in the direction of the |ens'
| ong conjugate side and a radius R22 in the direction of the Iens' short
conjugate side; (b) JR221/R21>1.5; (c) the third lens elenent has a
best-fit spher; I : i i Wolc d { nj ugat e
side and a Egs]%lfc‘f%hbﬁ%ghg??ca %&%E@%g%ﬁ%@%}@ g?tg ?Jgﬁﬁgfldtg’%h%ﬁens'
short conj ugatjegaeé side, ahd)a (RS length FO (whyn R3aciai@d with)thd Rahdderay Rb21saidaleds ( g)
t he second | ens uni.t c ris S nmeni scus,el enent which is concave to the
leplrompif

lens' |ong ESRIY&IRO 1 laRe eEREesIds @ a fifth aspect, the invention

provides a proj egAj ongl8gifivé Afst 148 Bnit WhEH RS P8 dY fhmansRhfiode ray tube
and having a | ong conjugate side, a short conjugate side, and a focal

| engt h FO whaig canpigetieatdsdfni t h t he cat hode ray tube, said |ens consisting

in order fromitgs,long.caonjugate, side of: -9 Y . 2005, 4c ositive
ot Tens unt Ohi of TSR RBU: Shich Phoie pe b i R Slemn i SaP B8tL 'S: ce
of: (i) a fbﬁ§5sphm1§Miahdwe@japgﬁa§i sts of a first |lens el enent which
has at |east one_aspherical surface and a weak power; (ii) a second |ens

subuni t whi ch pr@ii de8 seeesd lers suhenipwdiohiprevigesmapstoft the pesitiiedjoseer 06n | ens
d i : . doubl et : iii hird |
and consi st e%fé%]%ct%qflgﬂ%#d:&?ﬁlgg %‘?F @écocﬁ{i Ileahs e?etlfn%ﬁ%% %gﬁ%slét;i%ﬂd) athr ens

subunit whic nsi s ens el emen | east one

aspheri cal surf a@i) anghid pasistibustt WwisicRsdristpeiethird 36 eldBenawhih®asal 1ems
unit which (i) is associated with the cathode ray tube during use of the
lens, (ii) PRfsasREHGabAYTacegad ppesiivRaraipleiowes; alfssoci at ed, and (iii)

provides nost of (Eﬁ)he 6 Q5dofi6 idrl H‘mﬂfwthéhe(d £98socfated! Whth the cathode ray

tube during use of the lens, (ii) has a strong negative power when so
associated, and (it1) provides most of the correction of the lens' field
curvature;

wherein:

(a) the second lens subunit has a radius R21 in the direction of the lens' long
conjugate side and a radius R22 in the direction of the lens' short conjugate side;

(b) [R22|/R21>1.5;

(©) the third lens element has a best-fit spherical radius R31 in the direction of
the lens' long conjugate side and a best-fit spherical radius R32 in the direction of the
lens' short conjugate side;

(d) R31<0;

(e) R32 <0;

() [R31|> |R32|; and

(g) the second lens unit comprises a meniscus element which is concave to
the lens' long conjugate side.

In accordance with a fifth aspect, the invention provides a projection lens for
use in combination with a cathode ray tube and having a long conjugate side, a short
conjugate side, and a focal length FO when associated with the cathode ray tube, said

lens consisting in order from its long conjugate side of:



curvature; wherein: (a) the second | ens subunit is axi aI_I_g mgegﬂg omthe
third lens elenent by a distance T23; (b) the third | ens €l t an
axi al thickness T3, a best-fit spherical radius R31 in the direction of
the lens' l-ong conjugate side, and a best-fit spherical radius R32 in the
direction of the lens' short conjugate side; (c) the third lens elenment is
axially spaced fromthe second lens unit by a distance T34; (d) R31 < O;
(e) R32 < 0; (f) JR31 > JR321; (g) T23<T34;and (h) T3/FO0<0.13 In

accor dance wi th pupi X Bo8R0CRL 1hl it DR dABRIRYIAPROA L R GohPN | ens

for use in conbrnatioh wt cat hode ray tube an aving a ng" conj ugate
si de, a shorenjugaefidgat:e si de, and a focal |ength FO when associated with

t he cat hode ray t.ube, saj | ens.. consi sting i.n order fromits _lon

conj ugate side 0?15' (A?)grﬁ{ %8%?‘%%“&‘ ‘E"“F’é%é)f&rﬁ?ffthﬁe&?{n%ﬂé'i‘@t%asi%ﬁieﬁ?‘tder
from the | epge hphbricat ARKHIALE a SedR pQbver; 9 MAY 2005 4d (i) a first lens
subunit which consists of a first Pens el ement which has at | east one

aspherical surfa@Gd and seconddénspobnit which)pravidemnst dfding pesitbyerpawentof ¢ h

provi des nogt of. the positive power of the rojectign.lens and consists of
B Second | ol rRpighi BGTend e 87 & sdoent ffs Bt Bt p Ay Buni ¢ i ch
consists of a thiify |£MmedebREERinitWhieh cbasstabf a tBAIENnsUMEN @S REEH KR lat sur f ace
and a positive paraxial power; and (B) a second lens unit which (i) is

associ at ed Igestionelssphericalouefapegnd anasiivemararipl powesknd he lens, (ii) has a
correation of ) end UERaFG IR VbE s Rt Viod o P¥E RN 1 ens
subunit is abeduliyg agacfate fehgnii) e 4 dtiohg negabreglodEMhe®dyo @ di stance T23;
associated, and (iii) provides most of the correction of the lens’ field
curvature;
wherein:
(a)  the second lens subunit is axially spaced from the third lens element by a
distance T23;
(b) the third lens element has an axial thickness T3, a best-fit spherical radius
R31 in the direction of the lens’ long conjugate side, and a best-fit spherical radius R32 in

the direction of the lens' short conjugate side;

(c) the third Iens element is axially spaced from the second lens unit by a

distance T34;
(d) R31 <0,
(e) R32 <0;

(H  [R3[>[R32;

(8  T23<T34;and

(h)y T3/F0<0.13

In accordance with a sixth aspect, the invention provides a projection lens for use
in combination with a cathode ray tube and having a long conjugate side, a short
conjugate side, and a focal length FO when associated with the cathode ray tube, said
lens consisting in order from its long conjugate side of:

(A)  apositive first lens unit which consists in order from the lens' long

conjugate side of:



(b) the third lens element has a best-fit spherical radius R31 in the
direction of the lens' |long conjugate side and a best-fit rﬁg\caq di us
R32 in the direction of the Ilens' short conjugate side; (c)“t | ens
elenent is axially spaced fromthe second lens unit by a distance T34; (d)
R31 <0; (c) R32 < 0; (f) JR3 11 > JR&21; (g) T23<T34;and (h) the second
| ens unit conprises a neniscus elenment which is concave to the 1lens' |ong
conjugate side. In accordance with a seventh aspect, the invention provides
a projection |eng)for, filgRnb E‘utﬁﬁmlﬂ@ltl Qi b ﬁrﬁ%@@%én@%h‘i&%s%ﬂd
having a long conjugate side, a short conjugate side, and a focal [|ength
FO when asslﬁaﬁmr@(ﬁsmmalﬁmfacaambdweahpowme said | ens consisting in

order fromits | con at e_si de .of pos e first lens it which
consists in or defrbgar IH: i g IVY)}H'@hf’E%’h‘feﬁ t%ﬁé’oﬁ‘fw???wsr "ﬁut?‘ | ens
subuni t  whi ﬁfbjé‘&ﬂéﬁlléissan@fcoﬁsﬁt!s bbh s 1a1seaﬁaﬁént\es@h<abum§aﬁa | east one
aspherical surface and a weak Eomer -9 Y 2005 4e (ii) a second |ens

subuni t whi ch pr 6#) desthirgdensofubumie whidi Qqnvlétsmfwéhlréiens ietement vihédthasiat | ens
and consi st§a9tf0n% aiﬁ]f %Su%ﬁﬁgnfnegé%ggrp%%ﬁrp% c?\ndﬂd (iii) athird lens

subuni t V\/mc consi as at | east one

aspherical surfaem and @c@ﬁsuénsvempam&haﬁ] ) ROWBdociabeild wittBihed caead dal ens
unit which (i) is associated with the cathode ray tube during use of the

lens, (ii) dyrigg use gt thedesi (18 hes asirons 8asally e 4936 whea §o amla(@d .ayld
provi des  mRg} ook id 0% 0L GELL AR Jiife [§8%iad bfkthugr vat ure; vherein
C e

(a) the se ns subunit has a ra the rectlon of the Iens
| ong conj ugavkersinde and a radius R22 in the direction of the | ens' short
conj ugat e si de; JR221/ >~1.5; (c) .the second |lens subunit is axiall
spajceg fromthe gqgl r dtheéﬁgogé]l@pﬁewﬁmw 1sa2x1ally spacec? from the third lens element by a Y

distance T23;

(b)  the third lens element has a best-fit spherical radius R31 in the direction
of the lens' long conjugate side and a best-fit spherical radius R32 in the direction of the
lens' short conjugate side;

(c) the third lens element is axially spaced from the second lens unit by a

distance T34;
(dy R31<0;
(6) R32<0;

®  [R31}>[R32);

() T23<T34;and

(h) the second lens unit comprises a meniscus element which is concave to the

lens' long conjugate side.

In accordance with a seventh aspect, the invention provides a projection lens for
use in combination with a cathode ray tube and having a long conjugate side, a short
conjugate side, and a focal length FO when associated with the cathode ray tube, said lens
consisting in order from its long conjugate side of:

(A)  apositive first lens unit which consists in order from the lens' long
conjugate side of:

(1)  a first lens subunit which consists of a first lens element which has at least

one aspherical surface and a weak power;



di stance T23; (d) the third I ens el enent has an axial thickness T3, a
best-fit spherical radius R31 in the direction of the |lens'] on an ate
side, and a best-fit spherical radius R32 in the directi orrg)fM%n d@ﬁ
short conjugate side; (c) R31 < 0; (f) R32 < 0; (g) JR311 > JR321; (h)
T3/ FO<0.13; (i) the third lens elenment.is axially spaced fromthe second
lens unit by a distance T34; 0) T23<T34;and (k) the second |lens unit
conprises a neniscus elenment which is concave to the lens' |ong conjugate

Si do. WAY 2005 ) AhAPTey SOCTRNEY BERNSRPOPEEBEHLOROL RS 0T Use 1

conbination with" ‘a an ng con conj ugat e
si de, and apfcgemﬂonllmghth coxﬁ.ﬁtwsfemaasmblenaéleﬂhem ctrla dobbleCRARd said | ens

Cens. ani t (U 1 (Rl che BBHarSyBRAt BRGBIon et bR IrbAg MEgkiigat e o de
of-. (i) a first 'ensleﬁé{%ﬂé‘hé h\éﬁbeﬁ@uﬁ?&%§tﬁﬁao@1ftw mgﬁr‘aﬁi%f%ﬁéls el ement (L1)

whi ch has at | east one aspherical surface a ak po MAY 2005 WO
02/ 43370 PCT/ USQa#d47291 -5- (ii) a second | ens subunit (focal |ength F2)

which is prefera bi conv and. row des nost , of 0S| ower
of the projecti oﬁéyl eﬁ§e°8H %Hﬁ‘}t%c}b@ 1§ a8%¢ ‘1’1 g‘%ﬁ&‘ﬂ&‘ﬁ? Y(T%X'HFP
doubl et ( DBhse @HitHe lehnb, (i) Hastamtﬂ’oﬂéhﬁgeﬁwﬁ hawRE %vh%écﬁ:&s&ﬁ’é’c@dl $hd (B p?oxﬁdusr d l'ens
elenment (L3; 5 focal length whi ch has at |east one aspheri cal

surf ace andH@SbesIh@PQréeCtl%mEﬁlelmﬁdﬁelé)cuwaﬁl;@,ond lens unit (U2; focal length
= F4) which Q |§Vhela§nsom ated with the CRT during use of the lens, (ii) has
a strong negative

{(a) the second lens subunit has a radius R21 in the direction of the lens’ long
conjugate side and a radius R22 in the direction of the lens’ short conjugate side;

(b)y |R22//R21z1.5;

(c} the second lens subunit is axially spaced from the third lens element by a
distance T23;

(d)  the third lens element has an axial thickness T3, a best-fit spherical radius
R31 in the direction of the lens' long conjugate side, and a best-fit spherical radius R32 in the
direction of the lens' short conjugate side;

{e) R31<0;

() R32<0;

(® R31|>[R32;

(h) T3/F0<0.13;

(i) the third lens element is axially spaced from the second lens unit by a

distance T34;
(3  T23<T34;and
(k)  the second lens unit comprises a meniscus element which is concave to

the lens' long conjugate side.



power when so associated, and (iii) provides nost of the correction of the
10 lens' field curvature; wherein: (a) the first |lens el enent S

best-fit spherical radius R11 in the direction of the |ens' "Ig)ggkﬁraﬂﬂﬁate
side and a best-fit spherical radius R12 in the direction of the |lens
short conjugate side; 15 (b) the secondflens subunit has a radius R21 in
the direction of the lens' long conjugate side and a radius R22 in the
direction of the lens, short conjugate side; (c) the second | ens subunit
is axially spaced fromthe third lens elenment by a distance T23; 20 (d)
the third I ens el ement has an axial thickness T3, a best-fit spherical

radi us R31 in t heAnbthechibodinpnt previdesngrojectipndemy fogateainsoobinating wath

best-fit spheri.cal ,radius R32 i.n the direction. of the | epns.shart conjugate
order  and (SCHREN biFhe T iong cobiBnfioret SorednpRus sibol et eicond  ens
25 unit by FodithaRéRialeddyitiRid ORErBidNeA@nBk@iERld8d @R ks g some and
preferably all of the following characteristics: (i) | R2 1 1TR1 ~ 1.5

(or 2.0 or ZogpgategidepfiR31 < 0; 30 (iii) R32 < 0; (iv) | R311 > 1 R32 1; 9
MAY 2005 WD 02/ 43370 PCIIrJdSQ /472 -§.. T3[FO. 5.0..13 (or:5,0.1);
(vi) T23:~- T34;(ﬁfvi??°%‘£c st fgn mE@]l)\%{}ﬁ/% nsjts il OTqer f@“tﬁ%‘?)le‘ﬁl‘?n& 0;
(x) R11l > Rbt3njugitbeideby F2 ~! 0.9;

(i)  afirst lens subunit which consists of a first lens element (L1)

which has at least one aspherical surface and a weak power;



(xii) FOF3:5 0.42 or 0.4 or:5 0.3); (xifI') 0.64:5 FO | F41 < 0.85 (or _
.0.75 < FO | F41 < 0.85); and/or 10 (xiv) the second lens unit conpri ses'a

meni scus el ement which is concave (preferably, strongly COQCM@ ?@%
| ens' | ong conjugate side. Characteristics (H and (iii) ne t when

described in terns of best-fit spherical radii has a neni scus shape convex
towar ds t he W43 conj ugate side of the projection |ens, PGHyI0&47291
characteristics (viii) and (ix) 15 nean-B-hat L1 when described in ternms of
best-fit spherical radii has a neni scus shape convex towards the | ong

conj ugate side of ft. pro |on l.ens ertai rred nbodl ments of
this aspect of the t} ezh?‘% I?Wegubb‘?’%ﬁ@@?wlfﬁ’ﬁ‘ %ﬁ&ﬁ&&‘&‘ ﬁBIIYe field
of viewin th%1d$!nfr@:€&h&'9v}ﬁéhb%&e@riﬁodt%%eﬁ&lﬁ%m&tﬂép Jg&gﬁft 35

degrees (e.g., greater than or equal to 370 as I n Exanple ow. In
ot her pref erré@:mearmbmnﬂmgfasmnéﬂe;}saiemmtﬁ@hsrardagbhh(Dmanﬂer for an

infinite conjugate an 1 efer | n fur
preferred enbodi mamli secon F%lﬁswq%l%u?ﬁsfs i{%gm&}) %8"18? §f ass (or,
nmore gener &l | Yocahlehfge}i ﬁBFS)wv]ﬁt:]&lhh@amﬁa@t o18d dspReichherfdce asld d gorstigd enent,

the third lens elenment, and the neniscus elenent of the second lens unit .
(when used) aP@WEbﬁﬁgsed of ‘plastic. This choice of 'materials provides a

number of advantaggg tq, {Hen@iQisShht @%Lfgé%éel@é?a dhlgF@§ the | ens

i nexpensi ve to manuf'acture. As discu I"strated in the
exanpl es, t heapiastted withetleTRT diurinigaideaf shd ke, (i:'&ihaé Bglromipiregativdi ch al | ow

themto bereadil ded i n. al.so MAY 2005 i1 str edlnthe
Kanpl es, thepg‘gg%ﬁgo Péﬂ?sﬁqcé@ﬁ‘@%taﬁ{%ﬁﬁpv’(%ﬁﬁ}oéf %&)"%’?@ﬁ‘:’?{i Yehe second
Rens subumot has' gldeateahrsur f aces which all ow these conmponents to be

readily nmade in gl ass,. Accor di ngly, each of the conponents of 'the Iens-can
be readily nanuf'a‘é’bﬁﬁe@é‘ at l'ow cost. Second, the plastic-glass-plastic

construction of thgl e@ﬁgﬁrgélemaeﬁmm%eswQ%anglgmﬁg Hi3ihiRl Dei ng

of strong power, enses i nsensitive s I'n "tenperature.
Also, athir ddirectmredafeti!neriens(‘ Idngwionpizaits side mad selsksbiit sphheaticad radicks RAL a

Cecond | ens. it AisBomiat diF Fpe Sheah GeoFHoelior at ur e of t he coupl i ng.
fluid norgml |y use@)inthbatcowdiléns alfhdif Bad'® vading Roiis BhoAGHEti@Sof he uni t
heats up fromroom tenperature to operating
. the lens' long conjugate side and a radius R22 in the direction of the lens’
short conjugate side; .
(¢)  the second lens subunit is axially spaced from the third lens
- element by a distance T23;
| 20 - - (d)  the third lens element has an axial thickness T3, a best-fit
( ‘ spherical radius R31 in the direction of the lens' long conjugate side, and a
- best-fit spherical radius R32 in the direction of the lens' short conJugate
side; and ‘
‘(&)  the third lens element is axially spaced from the second lens
25  unit by a distance 71'34; . '
| and wherein the projecﬁon lens has some and preferably all of the
following characteristics:
@ IR22]/R21 = 1.5 {(or = 2.0 or = 2.5);
@) R31<0; | |
30 (1) R32<0;
iv)  |R31] > |R32[;



tenperature. "Again, this thermal stability is achieved for a projection
| ens that has both a high |level of optical performance and a | ow cost. For
exanpl e, when the above aspects and preferred characteristics of the
invention are used in conbination, each of the seven desi r_e$i M;{gy for
CRT projection televisions, |isted above, are achieved by the rtg ion
| ens systens?BPYFE® i on 1 enses of the invention. As usedPEEE#IM729the term
"weak" nmeans an el enent, unit, or subunitgwhose focal |ength has a
magni tude which is at | east about 8 tinmes the effective focal |ength of the
~entire projection lens, and the term"strong" nmeans an el enent, unit, or
subunit whose focal®™ | eRgtH RAd3{ong @i ude which is | ess than about 2.5 -
times the effective,foc I h of the entire lens system Also, the
effective focal length of the entire projection lens, as well as the
effective focal |enggih wh3theisegond lens unit, are determined for the
projection Ilens associated with the CRT and includes the optical
properties of the ORI sREledpl ate. 9 MAY 2005 WO 02/ 43370 PCT/ US01/ 47291
-8- As ‘used herei n,(ixgheRtlggﬁ_"pr ojection television!' included televisions .
and nonitors, e.g., tonputer’nonitors. As used herein, the term"best-fit:
spherical radius" g®ansRibe R&jius determned for a surface by fitting the
surface with a best fit ’%gere in 5 accordance with the procedures -
described in Dunhafft gﬁ? 228Pni max Approximation by a Sem-Crcle,” SIAM

J. Nunmer. Anal. 17'(}g§-6§®/F%9_<8@423|§3§80g10§%@j.cal surface, the best-fit

spherical radius and the base ra (radius at the optical axis) are.

i(denti cal . For an 6sjined.b¢ & FOUFLhee.85 (e 0. TR0V | F4 [Splvegs)cand/sadi us and
tthe base r.adius wll. inhgener be different. 10 _1V. BRI EF DESCRI PTI ON OF

THE DRAW Fi gur 89 1he sgeandlens pingt coppaisgs anerrisqus elementywhichyis

construct ed | RondeepRIaBISED | | O 1ok ' - \MTF/ OTF pl ot
for the prescri%ti o(ry)of Taby}_Mg j_n%ggﬁh%zgd%tﬁﬁﬁ%%%ﬁcﬁg%% "= 546 nm).
15 Figure IC is a Vhmraowrigicstiif and (iipmerndbai b3 whenalesdikad in termhefi used

e OBt e Bl b R L A
conjugate side of the projection lens, while characteristics (viii) and (ix)

15 mean that Ll when described in terms of best-fit spherical radii ha:s a
meniscus shape convex towards the long conjugate side of the projection
lens. '

In certain preferred embodiments of this aspect of the invention, the
projection lens has a half angle field of view in the direction of the lens' long
\ 20  conjugate of at least 35 degrees (e.g., greater than or equal to 37° as in _

(- . Examples 1-8 below). In other preferred émbodiments, the projection lens
has an f-number for an infinite conjugate of less than 1.5 and preferably
~1.0. | |

In still further preferred embodiments, the second lens subunit is
25  composed of glass (or, more generally, a thermally stable material) and the

| first lens element, the third lens element, ‘and the meniscus element of the
second lens unit (when used) are composed of plasﬁc. This choice of

materials provides a number of advantages to the projection lens. |

\ First, it makes the lens inexpensive to manufacture. As discussed

30 below and illustrated in the examples, the plastic elements of the lens have
configurations which allow them to be readily molded in plastic. As also



Figure 1E is a MIF/ OTF plot for the prescription of Table 1when 20 used
with red light (2, = 644 nm). Figure IFis a AITF/ OTF plot for the
prescription of Table IR when used with red light Q. = 644.gnmAANﬁg@@§s
2-7 are schematic side views of |lens systens constructed in Taccordance
with the invention. 25 Figure 8A is a7schematic side view of a |ens system
constructed in accordance with the invention. Figure 8B is a MIF/ OTF pl ot
for the prescription of Table 8 when wused with green light (X = 546 nn).
Figure 8Cis a MIF/OTF plot for the prescription of Table 8 when 30 used
with blue light (X = 480 nn. MAY 2005 WO 02/ 43370 PCTI US01/47291 -9-
Figure 8D i sillwtﬂhféﬂliﬂﬂé qxlample&,dhe sdvengias eleipht (12) of ddiﬁabebtcéDBBuWMor thesed

with blue I| 480 n re 8E i F/.OTF ot for
prescriptioﬁ d%ﬂms W?éﬁphfﬁ%’ t\ﬁfaf:w@aﬁﬁ g thepsea wnmheseaémjure 8F

is a MIF OThyfieGh gfa@i Ac@@rd g@ﬁ%ﬁ&%ftﬁ@c&ﬁg&ﬁﬁis%f%eﬂ%ﬂ beYeREyW th red

light (2, = 644 m). Figure is a schematic diagramof a prOjectlon TV
enpl oyi ng anﬁmwﬁwénﬁidHOWQns system constructed in accordance with the

i nvention. The fjoregoi,ng.dr.a whi ch are | porat and .
consti tute 10 partegtt PR EHEHAT Rl HER R o RN of By hige, wit
enbodi ment s (e glhdieortidhisdiid GtroaR fowed alaRed thWildrled iAGndifivs kd EHlan@s inserve to
expl ain the prlnC|pIes of the invention. It is to be understood, of

course, t hatterpprrfurch &l a@hmijsns edﬁaemtr(whwbwhumqr@vsqi of wagticandtes § onl y

and are not inv nt| DETAL LED SCRIP | ON OF
e e ERETE kb Eallied MompelRah iinadits th opibenEos el Tbnd) LT |
its prefer i, @etigdalng lﬁhﬁlgﬂi mvceﬂpsraﬁ@el bf e PRt ud ﬂ(blﬁféllly(m@ed Bnagsnitor
use in prolectlon tel evisions (PTVs). The Bour co Efonents are organi zed

into two | @Rd1tsAPYsing whichqecunay thery hepisap from room fempeEAit o APHang i ve

power and temperature. Again, this thermal stability is achieved for a projection lens that has both a

high level of optical performance and a low cost.

For example, when the above aspects and preferred characteristics of the
invention are used in combination, each of the seven desired features for CRT projection
televisions, listed above, are achieved by the projection lens systems/projection lenses of
the invention.

As used herein, the term "weak" means an element, unit, or subunit whose focal
length has a magnitude which is at least about 8 times the effective focal length of the
entire projection lens, and the term "strong" means an element, unit, or subunit whose focal
length has a magnitude which is less than about 2.5 times the effective focal length of the
entire lfins system. Also, the effective focal length of the entire projection lens, as well as
the effective focal length of the second lens unit, are determined for the projection lens

associated with the CRT and includes the optical properties of the CRT's faceplate.



20 containing three of the four conponents (i.e., LI, L2 or DB, and L3),
and the second unit (U2) having a negative power and contai-ning the fourth.

‘conponent (i.e., L4). Preferably, the four conponents conprds r
plastic elements (LI, L3, and L4) and a glass singlet (L2) g)rﬂéiﬁs@ﬁﬁ)ubl et

(DB). The four conponent projection |enses of the invention have inproved
25 optical peMSHEnce and manufacturability conpared to prigofinw
conmponent systems, e.g., the projection |gnses of comonly assigned U. S

. Patent No. 4,776,681 (referred to in Tables 9-11 as "'681"). A Optical
Performance 1. Conpensation For Variations In Aberrations Wth Color 30 To

control their costAsfsed hetedngibe teandprjectied teloviRigh ivaulsetclsanswrer Pl V
sets desi gnhed ta di SPl ay NTSC si gﬁr}al s .are not normally MAY 2005 WO 02/ 43370
PCT/ USQl / 4729 #2¢ IGRCTE - & CUUPRETE BRYHHES. Because such | enses are not col or

corrected, their f ey : i - as their
ir fagaked hengh hnaneyhipek 18 sﬂﬁ%gﬁl‘%&&{ 'tﬁfe%%h&ﬂdlﬁé '

in
monochromatic aberrations, vary wth.color. a resul en such’ | enses
are used to detgsmagedifogaeyurface by fitingdhe sutfaceawith mbest isspheare idi gi tal  TVs,

not as good ALFRErebnine BB AR RS R i e AL RN o
Vari ous appr oAppeskinarion bpgenSeniclictts, egIAM X MNnddl An@1.alteess tdsE  probl em
of differencez?@i n performance w color.. At one _extrene,_ ful fy_ col or '

t
corrected | end88aggherieplsnr %:\é\fg,he t-Eherherieabrading pyd Shebanei radivso
proposi tion Neladhi 438k eptith SBSPaIRRARcaR! PAUEL Sopfelidht Bhusf@ BRET I ON Of

chromatic aberrations re ting Tromthe spectral ‘spread e phosphors
used in CRTs heg-ficpheridalr mdiwdatny thesharg rhdius velignteenetil bb diffeeat.e as

- flilters tQ,m pjni ' or purity. Such el enents
- have erst??yplﬁé'al I%ﬁﬁ%ﬁ@tﬁggﬁwééee Wessling, 15 :
5,055,922, Note tRigutdi4 ié hlscRékBEC SR VARE B £ Bhsh9stese Condirictdiinnat i on

with the color gé)rrect_l n%é%_echni_ques of the present invention. In a-
manuf act ur i ng2ceoEdanch gvith toainvieptiepi ng has the advantage of . providing a

simpl e means .fo ?r)pei?i i es',iﬁg% gmfmﬁﬁ' pldi B 11/ r8sip AP TS Widh
used with green light (A = 546 nm). ,
15 ~ Figure 1C is a MTF/OTF plot for the prescription of Table 1 when
used with blue light (A = 480 nm). | |
Figure 1D is a MTF/OTF plot for the prescription of Table 1B when
used with blue light (A = 480 nm). |
Figure 1E is a MTF/OTF plot for the prescription of Table 1 when
20  used with red light (A = 644 nm).. N
' Figure 1F is a MTF/OTF plot for the prescription of Table 1R when
used with red light (A = 644 nm).

Figures 2-7 are schematic side views of lens systems constructed in
accordance with the invention. | '
25 Figure 8A is a schematic side view of a lens system constructed in
accordance with the invention. |
Figure 8B is a MTF/OTFT plot for the prescription of Table 8 when
used with green light (A = 546 nm). '
_ | Figure 8C is a MTF/OTF plot for the piescription of Table 8 when
30  used with blue light (A = 480 nm). |



20 the second lens unit for the green CRT can have a green-col ored | ens

el ement, the second lens unit for the red CRT can have a red-col ored

el ement, and the second lens unit for the blue CRT can have Mﬁ‘arzgqﬁ

el ement. As di scussed above, in some enbodinments of the invention, onl'y two
25 opticall ‘}jifferent second lens units are used as opposed to three
optically §Y PEPEMt second lens units, e.g., the blue scRGHESOEHE unit is
different from the red and green second-3-ens units, which are the sane as
each other. Although only two |l ens elenents having different spectral

transm ssion propertie re LhLent o distinguish the second |ens
units in such a Cag‘%g:urgélf ¥ %ﬁ@bﬁ‘??ﬂ?ﬁf@%@%ﬂ@%@ﬁ%@ﬁ#@ §Bavhemer ent
spectral transgedsithbluenRerk =emomd), typically be used. This is so
because the green projection-MAY 2005 WO 02/ 43370 PCTf[JSO /47291 lens is

normal |y nost in n&ighreBE is|a MIEQTE pdotdoyytheepresatipricadof Batse 6 verent

generally can be %dj Lth g red projection lens. Thus, for -purpdSes
of avoi di ng cgl(rgl'gf‘%?f%ln% n Vﬁtrénuél‘%lc’f"ﬁ'i ng setting, the blue second |ens

unit needssto haveF?g@@%@ti%%JMM%&&&Q&&!;{&E&?M&MET&HE BRGLeen and

red second-lens units, and for purpoSes of filteri'ng, the green and red
second | ens ulpedwidaediligli{y& @4 dml.ent spectral transm ssions. As a

result, three diffgrent .spectyral t.ransm ssions for. t second |l ens units
of the red, gr een,ﬁ © |l§é‘sﬁﬁ%‘?@%‘?%$wr?£é§rmepﬁ°¥ | FAPIOYNERe used,

e.g., a greenpehé@icddiehsBsiehesmRBirutied iR h8sBRMAnce Wih the i888n 10 Proj ection

lens, a red-colored lens elenent (L4 element) for the red projection |ens,
nd a clear |ens elkgisresqipg dspwinga: yhichare inconparetes o) oot ¢opstitutens. (A

| ear, ragper e d; .S.preterred for..t he bl ue
proj ect i otil\bl eﬁ%ﬁg’gég%éﬁeﬁéﬁoﬁﬂgl%éﬁ%%%ﬁ%&;%#%%ﬂ%O%télgd filtering
and because i inviestigenendtdgetiarefith theldésariptinnderee thexgpdamuhb peinclyiale | i ght
15 whi ch reach t.he screepn .of roj ecti.on tel evisiqn.) A ong the sane
lines as the ?@Z‘ed’fw%fl??]}f]&ﬂs ]t?)ﬁe gﬂ&@?"é’@n&@’ﬁseﬁ F’hqu%"tﬁﬁb%aﬂwlﬁﬁ%s ed to
use proj ecti ofind GRS@SscOlptdDnGRe bxPRhhERY o d el Rt rb&tFicBvE B heCRT.  See

Hrata et al., U S Patent No. 5,200,814 (five element projection |ens
used for the BYWVEBHOERT: four el ement |enses used for the red and bl ue 20

CRTS) andifSaye etnaiar EpDEBUABITON oF 18RS AP ANFIA 0l ass used for

_ As discussed above, the present invention in accordance with its
preferred embodiments provides four component projection lensesl for use m ¢
projection televisions (PTVs). The four components are organized into two

_ Jens units (U1 and U2), the first unit (U1) having a positive power and

20  containing three of the four components (i.e., L1, L2 or DB, and 1.3), and the
second unit (U2) having a negative power and containing the fourth
component (i.e., L4). Preferably, the four components comprise three
plastic elements (1.1, L3, and L4) and a glass singlet (1.2) or glass doublet
(DB). The four component projection lenses of the invention have improved

256  optical performance and manufactmqbﬂity compared to prior four
component systems, e.g., the projection lenses of commonly assigned U.S.
Patent No. 4,776,681 (referred to in Tables 9-11 as "681").

A. Optical Performance '
1. Compensation For Variations In Aberrations With Color
30 To control their cost, four element lenses uséd in high volume-

consumer PTV sets designed to display NTSC signals are not normally



the L2 elenent of at |least the green CRT; flint glass used for the L2
el-enment of at |least the red CRT). The change in the focal length of a |lens
w th color nmeans that the field curvature (Petzval curvatq_rg)wgér1 t?@;ﬁens,
being a function of the power 25 of the |lens, changes. ThisYc Ee t he
field curvat‘gégy{&% be noticeable, causing degradation in the imge quality
when a | ens ‘dest’gned for a green CRT is used with red anB¥HPSBATRL CRTS
(see the discussion of Figures 113-1F adf- 8B-8F below). In accordance wth
the invention, it has been discovered that by 30 adjusting the power of
the field flatten for sach,of the "red" and "blug" lenses, jt is
possible to aé:hl éa\%/%edafgr ?‘ﬁg{- rgﬁca]uﬁpa@'édﬁ ]ﬁn?'?‘f’ea‘rPéjc?Qﬁﬁﬁr B‘PIiF%CtWi\EhQE'CfBC%

02/ 43370 PCTI Usitdth4ddbfirst odder éﬁbﬁé&ﬂ@éﬁasaﬁeli As thar GiReBmelaRRel . This

adj ust rent can_be acconplished by, for exanple, changing one of the base
radii of the GRPFTatIoRs YAZUTiHaeolor nds areswhbwhembendhdenses axpasedbta ect i on of
the field cur ' Jen ni U2) . As

di scussed aboyg%ﬂ%fhieghe% %gﬁg‘gsm}ég%n%'és %%%Zast%%ggpﬁ%lg%g%ﬁ% 8%‘51&%% to
achi eve thbs iforpmed/bylthe kendes dsaodizteidrgith ohe tdibarid bllie CRMwardhdtals gooases. | f

Col or can b POPERLPFREH Yo dg™ 1P IR A A BRSA GaT. cur face in the |

~second lens unit aWdriadsdpbidadhddtedamesorfidasananhs abyoofddtdihgd surface

for the "red" and "bl ue"” lenses conpared to the "green” lens. By neans of

this appr oachpreblempiditiersncepingpriosmanes wipht dolare Atrmmecchreormfully | enses,

each adj usted ' | I 1 S, gapabl e.af displaying a
(iligi tal TV si anlglE c%ﬁgﬁgﬁﬁéﬁﬂﬁ%}ﬁ%& %%Edf ?@tefhllgﬁ a?z?ﬂg ﬁéﬁ?‘b‘ﬁ e noted that
t hough 16 i proposftiomr net suitabll fos indshenadedprbdults. | BA%iallBbtsctin dFot h t he

"red" and "blug" |lenses, the secand lens unit of only aqne of these |enses,
e.g., the "r egﬁrqné%é‘f gt,&aé-ﬁa%@lsafﬁf drom tg‘é%ﬁ’ﬁ"‘%ﬁ’.j spriag ofdhe phogphors wi Il in

general provi dged BSERIEHAQWEER BldieQsdd ¥y QMBE A e1b RIS HHRA chi eved
when the second | ens uni tas of both ?he "redé an%l "bl ue” er?ge%&gg?e

“adj usted. 20 fltepsbominimizeestrabmmeed nad impreescolor purity. Such elements

have most typically been used with the green CRT. See Wessling,
15 5,055,922 | -

Note that this filtering approach can be used in combination with the
color eorrecting techniques of the present invention. In a manufacturing
setting, such filtering has the advantage of providing a simple means for
identifying second lens units by their spectral transmission properties, e.g.,

+ 20 the second lens unit for the green CRT can have a green-colored lens

o element, the second lens unit for the red CRT can have a red-colored

element, and the second lens unit for the blue CRT can have a clear
element. _
‘ As discussed above, in some embodiments of the invention, only two
25 optically different second lens units are used as opposed to three optically
different second lens units, e.g., the blue second lens unit is different from
the red and green second lens units, which are the same as each other.
Although only two lens elements having different spectral transmission
properties are sufficient to distinguish the second lens units in such a case,
. 80  in practice three lens elements with different spectral transmission

properties will typically be used. This is so because the green projection



A further inprovenent in the inmage quality provided by the projection lens
can be achieved by correcting the lens for axial color. Achieving a fall
color correction over a visible spectrumfor a 70 - 80 nm fmgx qugth 411
|l ens is not sinple. Fortunately, in accordance with the 2'59i t Coit
has been di sg@ya4:98 that such full color correction is n ry.

Rat her, the image quality requirenents for HDTV applicat ?%%gfﬂsgﬁg‘%guch t hat
a partial color correction over ‘the speC'Hum of the green CRT phosphor can
be sufficient to achieve a significant inprovenment in the 30 optical

per formance of ' J: | 0 t1.30% O that of
a | ens not coﬁ?%%§é18?’?‘§yyc§g%g?ﬁ§§?%§§ﬁ$§éﬁé%%gé‘o%%% Icc?é’x%;dole%s ?%%ePtfrom -9
MAY 2005 WO @2hd3dlyG:aR€dt hiSQdd B the rd@prdjectiondays.addi ti onal correction
of color is not particularly notigceable to the _user bu; requires a
~significant increas@"frt REROGAHPRI ﬁﬁﬂnt%‘ﬁ’é’_ ndp g maRuiagringsriting,
correction of tRXbRle seeb leh8 ubitensodk e hat® Alsboned PRRWEEBR rent
acconplished fairly econom cally by the use of a cenented doubl et .(DB)

i nst ead of ba $iowykke gtegnandawnd seedndnlens upivp, arthier puttmses of filbetingyghdoubl et
preferably consist i five hico Xeleneat on th ong conj ugate
side foll owe?‘%)e?/l Eamfriéer%flsseg%zd %éé%?ﬁ?enegﬁgmeca*\}%’% ﬁp(?cﬁ'ﬁ% short conjugate
side. To m nitrdrseisdiens. aAs anssidt)dhice di€fdtan shberdensddn Meibhe fortthe

manuf acturing 10 errors,. the doull et conpppents are preferably cenented to
each ot her. | £eRgJeRe HRits ot he refagreepnansd bie regiegiionsnses wilbivnieallyor ful |,

T St Bl 6l Eedorkdiid dulent ok ADoRh S BTpleeRoes ad) ust od |

for change in the Petzval curvature, as evi ous section.
_fhe col or 10copraestiongledadtedtcolered bens meienh(lidaeihgnidor theeresl only or in

the "green" |en 5 and one, or, note of the ~red" a "blue | enses. as
hoei v o t"s. ! PReed Rt 200 SHeTE It Rlen i Cfiilm 8l e blus BREERCRS o
the quality ofersheAictrgerathbr thad BlueGblossd, D4 demehtisGRbidrasd for BdBlwef t he

factors affecting |inage ,contrast_are: {11 aberrations of the |ens, which
affect a | ocaPraedipndgrs pegause the blue CRT does not particularly need filtermg

and because it is generally preferred to maximize the amount of blue light

15 which reaches the screen of a projection television.)
Along the same lines as the use of a filter for the green CRT, it has
been proposed to use pro_jection lenses of highef optiéal quality for the green  :
CRT. See Hirata et al., U.S. Patent No. 5,200,814 (five element projection '
lens used for the green CRT; four element lenses used for the red and blue
20 CRTs) and Osawa et al.,l U.S. Patent No. 5,659,424 (crown glass used for
f the L2 element of at least the green CRT; flint glass used for the L2
* element of at least the red CRT). |
The change in the focal length of a lens with color means that the
field curvature (Petzval curvature) of the lens, being a function of the power
25  of the lens, rchanges. This change in the field curvature can be notideable,
' causing degradation in the image quality when a lens designed for a green
CRT is used with red and/or blue CRT's (see the discussion of Figures 1B-1F
and 8B-8F below).
In accordance with the invention, it has been discovered that by
30  adjusting the power of the field flattener for each of the "red" and "blue"

lenses, it is possible to achieve as flat an image in the red and blue



20 close to the transition fromlight to dark areas, and (2) ghosts,
internal reflections, scattering, veiling glare, etc., which affect the
broad area contrast. To faithfully reproduce video images IN%& Z@%

i nportant to have a broad dynam c range of |ight intensiTBe en.
Any non-i mageo bodselong | ight getting to the screen will c VS
contrast. Low contrast results in 25 black |ooking |ike gray, the overall
i mge | ooking flat, and the | oss of detd#1s in the shadows. A typi cal

. configuration for a fast, wide angle |lens used for projecting |ight

produced by a £RI, LV %5 [ (a%;‘.& | nt act
with the GRT E):r ece%ggsg[)l/%%é osfl[&?l\g/‘gﬁ%'sgﬁgrl aﬁth]é%ﬁgﬁ%{bg i p&i%d%% ght
sel f -1 um nous fomemgecrfierdraigorg ¢deeofGRE bpeosliionf the uhicihal prowdes200Ei0M0

02/ 43370 PCTf (JSO,/ 47291 . -14- Projecte war ds th creen, Sonme of that
Clight will re%?lgcc':'{b %Sfth?ﬁ%rre%?’#%@i‘&%&idoﬁf _af}FBj"_gE‘fi? S hsP8nd may get
back to the Cidcdnddemd ahi-(UR). AslieResedabaés otBerCMAnd8atsn BE nelde$s t 0 being
. conjugate with the faceplate, the reflected |ight may forma bré;g’ht ghost

i mage on t Re 5hepresphdenssunit he achipve this ommoveth Seldgfiaisening for their

re-imaged all aLay the screen, resulting in an observabl e secondary
"ghost " inage.ahP/DPig@ (lﬁlisg% than not, the light reflected off of the |ens
surfaces does not IHoretessary aesigoblkedligionsadasiipmbtiemvand oihey of the CRT

faceplate, but.sinply adds to the npoi.se of t qverall level of brightness
of the phosphapegﬁﬁf’é%@g’i %Oﬁqrscwﬂmﬂi@leﬁa?é@eagvep aﬁ%g %§%3h8_§l°§]ont rol | ed
to keep the biaaH AfmheGRRIAERhs hWOSPE] AGusiBndMHY d8HRe bf‘as%@gﬁéi'tft@%éo the

se of antireflection coatings, it is inportant to assuré that

urfaces dPosékat sugfacedoxOpe "red’epiditbductdensss combareshtp thadgreent lemges . .
anywhere near the hospbos... . Keeping_ the ov | | _.shape of. 15 surfaces
near the CRT conve%e%tn(r%é)@ % ag)gg%%c:baggnag%horn Z@etsﬁ?ft%maﬁ?ngﬁ%rﬁg formed by
tEe Iihght re; ma?fohf]aﬁamhmeemicﬁ?%d\ﬂ :Jts]sc b?nprfﬁﬂdrk tfo&f]r, ﬁvms?blfero@m t he
phosphor surfgace, of the, ~ht.is also helpful to keep the surfaces
sendi ng the r&*?@ﬁ%a&%ﬁ%‘&wﬂ#ﬁl h’@h‘ldeﬁeef%frﬁdﬁi!@_ as possible from
the CRT. However, It@ﬁoﬁ%@ﬁbt%ﬁ'th#&tﬁ&&% 8 LSRN d BF&88G0B0HEedH0at | ve

power field flattener cannot be placed
15  lens units of both the "red" and "blue” lenses, the second lens unit of only

one of these lenses, e.g., the "red" lens, can be adjusted if desired. This, of
course, will in general provide less improvement to the overall image than
that achieved when the second lens units of both the "red" and "blue" lenses
are adjusted..

20 . - 2.  Partially Color Corrected Lenses

( ' | A further hﬁprovement in the image quality j;)rovided by the

projection lens can be achieved by correcting the lens for axial color.
Achieving a full color correction over a visible spectrum for a 70 — 80 mm
focal length ~f/1 lens is not simple. Fortunately, in accordance with the

25  invention, it has been discovered that such full color correction is not
necessary. , A _ _

Rather, the image quality requirements for HDTV applications are
such that a partial color correction over the spectrum of the green CRT
phosphor can be sufficient to achieve a sign.iﬁcanf irnprovement in the

30 optical performance of the lens. Reducing the axial color to about 30% of

that of a lens not corrected for color brings the image quality to a level from



too close to the main power group or else it will not be able to provide a
sufficient degree of correction of off-axis aberrations. Characteristics
(i), (iii), (iv), (vi), and (vii) above address the various aspects of
this problemof inmage contrast, while also providing a posig WAY32(85

el enent whi ch conpensates for changes in the optical properfies of the -
second | ens WRAP430T2) with tenperature. B. Lens Manuf act geabidusbag A maj or

factor contributing to the cost -of plastijg optics is the "cycle time,"
i.e., the tinme between the nonent a raw plastic material is injected 80
into a mold and the nonent a finished elenent is taken out of the nold. -9

MAY 2005 WO 02712k poyRaitisel caiadion dtelos Ii@ﬁbtegliaﬁi&&latrgfmoﬁ Shledb gRE the
' oftinme. One of the

nunber of part C be produced in a,given perio

main factors det IérB%E Fﬁ'ﬁﬁrets é)lg]é AplRCcrapes Hg thegomnlexiie and gha enst of thehe
plastic materileths.in a lens elenent. Smaller volunmes require 5 shorter
cooling tinmes in the nold for the elenent. Therefore, using the thinnest
possi bl e I ens el el Ereffipn ofpRiahtaler torde eatantenanmtibnvdsbood carphast i ¢

ial agd ' ' i red | d I :
ovever, oomply e TR e BTl S B 34 BFS chmertaknebe oSl 1 10

The cycl e ti mindtsadbbo shtgloggby pabéradénonbil) MBhe 806 sEfRBhod0ab1E he i nal
eeds.to fall within a ver tigﬁt range of

shape of an optical,.el enent

manuf act ur i ngB%%)ff%’éﬁb%SWW%SP??WQ_S%VHQCOBY@} elemenh ondhe lang wopigaid sideopt i cal
performance r &llowed $henilua! ; ' rti.es of .plastic
materials, | o[%ger‘ _mogl i ngggé%?téﬁﬁﬁégﬂfgéﬁ%ggﬁgéﬁ%gﬁ?%?%a&ﬁ@é‘%of t he
sur.f ace shape ‘8fuirpgizeigheregtiansaindriemeduce thheessititiee ts heperfadfuting nol d. To

nim e e | ' 11 1s,desirable to have plastic part with as
uni f orm aigi s%@‘ia éti?' ?%%Blglwgr'ﬁ}sléonaegtsp%rfsﬁrﬁgéglf]g c&wgﬁ’tﬁ% &tharenper at ur e
gradient and a uni]ft@hnulcblkﬁhﬁtbd@ﬁaﬂdiﬁ%@%lorhbﬁ@&%ﬁiSﬂiﬁur{?%n%iﬁ hat it
i s desirable é I ati ‘of "t hi ckness

across the di ‘%ée[@?alig‘? hgﬁe %513(11 : g} ‘%Sdl %%Z%&g{q%ﬁ,?e;w?gé&%&deMes urface
shapes af f ectid #ie Elé”t_ﬁeﬂrcm%u?& as described in the previous section. The color
' correcting doublet can be used in the "green" lens only or in the "green" lens
15 ' and one or more of the "red” and "blue" lenses as desired.
3. Image Contrast .
One of the most important characteristics of the quality of the image
- of a projection TV set is contrast. Some of the factors affecting image
contrast are: (1) aberrations of the lens, which affect a local area contrast
20  close io the transition from light to dark areas, and ‘(2) ghosts, internal
reflections, scattering, veiling glare, etc., which affect the broad area
contrast. To faithfully reproduce video images it is very important to have a
broad dynamic range of light intensities on screen. Any non-image forming
light getting to the screen will cause lower contrast. Low contrast resulis in
25  black looking like gray, the overall image looking flat, and the loss of
' details in the shadows. _
A typical configuration for a fast, wide angle lens used for préjecting
light produced by _ét CRT has a strong negative power lens unit (U2) in
- contact with the CRT preceded by a positive aspherical element (L3). A
30 . bright self-luminous image formed on the CRT phosphor surface is



the tenperature gradient distribution across an elenent, and require

'onger cycle tines to achi eve shape confornmance specifications. 25
Consequently, elenments with snoother, nore nonotonic surfa re
easier to nake at a faster rate, resulting in reduced cost?.ehﬂjﬂ?{p?@g5
Characteri stweeadasto), (iii), (iv), (y), (viii), (ix), (X)Pcﬁﬂﬁn&¥%i) above
address various aspects of this problemaqf, | ens manufacturabiTity.” C Lens
Architecture so As di scussed above, the g%bjection | enses of the preferred

] ~ enbodinents of the invention consist of four conponents, i.e., fromlong -9

MAY 2005 VO 02ré3aid toGhaiSile A%l SombGf tEA LA feRest e be 1@ i1 St
conponent (LI) O'Eﬂ a ‘ﬁkl‘} optical _ power. having at |east one aspherical
surface, a sectifticp? é%%"’l%‘ﬁ%}?éﬁtw@@aﬁbget%cm the ORT faceplptarer

provi di ng nost of t WRH-£.QE 3 . .0f a. ther Ly stable
material, usually glgéési% a ta}%{aﬁ%&?éﬁﬁgﬁpﬂf%dg%mgﬁ?@flﬁ? eg’gilﬁﬁ r havi ng
~at |east one depindatectlie wfie¢tad dighhntiyafofmur bligltiosiebanigd #2)he Of negati ve
~power which ingludes a_goupli,ng oling fluid sandwi ched between an outer
el enent on%t h&ﬁl\ogﬁlborcs f%&g%@%{%@ Jghﬁl ghoskamay ihen bsrre-imagaé pll thRavdyeadi ng
air-glass surfiaehe Sfrebherestltie iﬁ'aﬁ%@éﬂaﬁlééelbeﬁkﬂh? «gg‘ggé%a et_m ds .t he
ARt T

| ong conjugate. 10 In the_above described | ens, I S 1 npo or the

second conponéiien than xob.\4ba dichb zeflasted offofideileny suimes doed néthformens as a

whol e, to m ni.Ji-ze: . :ation. of.. t he.f | engt h .of the |le due to
refcactive i nég%(é?hzgaﬁgee%%ehﬁ%g %}1)02?155% ﬂf%’.e% f?(fepgte’alﬂﬂ‘ SPWBIX?FF 0
conponent s serthentise optheoteralldevedbf Brightmesk e HREshdehies. RIPHSK cal
surfaces. 165 As. di sgexzﬁed above, t%ﬁn' nim ze the chance of undesirable
decondar y 10r e PPIEFER] Shalomupt brdoniralied fo nep therbysad e eontrastilesseekpf ul t o
keep the surhasResmsefidi ng the reflected Iight back to the CRT as far away
fromthe CRT as possible. However, the aspherical third conponent cannot
be - pl aced too cl oEvadditioppdo thg wsepefieartireBentimmamntings, dt emyortsidtitonot be

Sberrations G a (BaEH' B aBRRE EF R AT e @ oot s She bt ur e
aspheri cal suihagssriywiire ecpt et CRT pholshoSHBEFingdhe BV E&EALEpELE Made out
15  surfaces near the CRT convex to the CRT faceplate assures that any image
formed by the light reflected from these surfaces will be formed far away
from the phosphor surface of the CRT. |
- It is also helpful to keep the surfaces sending the reflected light back
to the CRT as far away as possible from the CRT. However, the aspherical

- 20 lens element preceding the negative power field flattener cannot be placed

e too close to the main power group or else it will not be able to provide a
sufficient degree of correction of off-axis aberrations.
Characteristics (if), (ifi), (iv), (vi), and (vii) above address the various
aspects of this problem of image contrast, while also providing a positive 1.3
25 element which compensates for changes in the optical properties of the
second lens unit (U2) with temper;alture. ' |
B. Lens Manufacturability
| A major factor contributing to the cost of plastic optics is the "cycle
time," 1.e., the time between the moment a raw plastic material is injected . -

30 into a mold and the moment a finished element is taken out of the mold.



of plastic. In practice, the coupling structure that holds the | ens next to
the CRT undergoes sone expansion. To conpensate for variations in the CRT
25 faceplate position associated with that expansion, the t;fe‘ngrmnt
shoul d have sone finite positive power. Then, as -tenperaturevr ,

I ndex of refraction of that el enent changes, increasing the focal |ength of
t hat el enent (g?%“ﬂqe back focal distance of the |ens as aP&HeI0&4729h s
change counteracts the change in the reiflative position of the CRT due to

t he 30 expansion of the coupler. The fourth, conponent (U2) has a strong
negati ve MAY 2005 02143370,.P USQl /47291 -17- power, providing a major
contri bution @%%%Sgﬁﬁgﬂ%weﬂﬁ Pi er@ﬁP@%‘Fiﬁh@‘@Pﬂ}?WOﬂ@h@glﬂrhe

- second conpon@idivéd gefbd BBlimidas only spherical surfaces, and the axial
beam uses the full dianmeter of that conponent, which makes this 5

" conponent a maj or ©O@etofithe msin fastensaleienniningniheriequiredbpde sitenis the t he

| ens. To m ni g}.%¢ kcal ,abar.ration contriutions fromthis
conponent , t&gﬂgﬂ% nghé%(}%&#%%#%%ag‘ ) nljeﬂ%%eglegf:'d T YOP RS s agre
curvature &t khestr dodiingttimesirstherheld b éie dlbRenfditesefofe, GidingaHer € on the
opposite side of the c nent. In this way, the first conponent does not
have to "wor k¥bipge fop??ﬁﬁ’ggfeﬁs TReRis velrapiiaze theaekyape spdmase®ineans t hat
it can be nadglactiigR : ' hstics (i),
(viii), (ii), Placy (5&&%%&%{3%@2%%@@%&% pide @?39&%@*@%@%@% ion.) The
aperture stopelstnatie lens is in the vicinity of the second conponent. It .

i s al ways easier tg nmake and test,.s rical surfaces th 15 aspheri cal
rfaces. In generaP ooy SHaRlY Iﬁ?hﬁgﬁg?ﬁ&‘?ﬁq%ﬁ&milfnf’ S%ﬁelﬂﬁlﬂ E;S?P]é have
moot h sullf acEheichielt tilte BOils6 BRoBLly GiRcIddIR) Thy raghiossehEhAREE B Of the
el enent . Todgscrl be the shape of the aspherical surface it is convenient

~to use the co Ofcﬁn?waﬂ)él epitmesphiy fadlavithineg weny tightymese ofil surface
profiles that nhRigeuRROebRAGAL f fibHRAI BEoRARIT 1080 1] leePRUGHASOr have a

m ni rum of deflection points In ose proxi y ~‘changes In sag occur

sl ow y al | ow pefomamicerreqfirstrents.and nore accurate manufacturing of nolds

hopds O e e CUSIEY, Sue 3 HiinkndS probRHEM S b1 WRteialk Tohngte "9 1"

.15 cooling periods result in better conformance of the surface shape of the
finished element to the surface shape of the mold. To minimize the cooling
period it is desirable to have a plastic part with as uniform a distribution of
mass as possible to assure an even temperature gradient and a uniform
shrinkage throughout the part. This means that it is desirable to reduce as

20 much as possible the variation of thickness across the diameter of an

element.

N

In addition, more complicated surface shapes affect the uniformity of
the temperature gradient distribution across an element, and require
longer cycle times to achieve shape conformance specifications. _

256  Consequently, elements with smoother, more monotoniclsurface shapes are
easier to make at a faster rate, resulting in reduced costs.

Characteristics (i), i), (v), (), (viii), (ix), (x), and (xii) above
address various aspects of this problem of lens manufacturability.

C. Lens Architecture

30 As discussed above, the projection lenses of the preferred

embodiments of the invention consist of four components, i.e., from long



To achi eve these conditions, the first and third conponents should "~ 25 have
an essentially neniscus shape convex to the long and to the short
conjugate, respectively. Wen the angle of incidence of a-ga;Mﬁ{Yg face
is zero, i.e., theray is normal to the refracting surface, e I S not
aberrated. Lw@ltsBwndl es converge towards the aperture St?B’pﬂgﬂlégﬁll ens
from one conjugate and diverge towards t opposi te conj ugate.

Therefore, nmeniscus el enents concave to ttfe stop and placed on each side
of the aperture stop will have light bundles fromall field points that -9
MAY 2005 WO 0Zdotpife B5dhdEQ £ 1SAIGITR irly
close to nornmal angles and Wfiﬁs%%ig%ippgﬁﬁzggyﬁ?&nﬁaaggg??%lontsf.ia\?\%l ﬁt he
surfaces of tHead Aeanphercalsarfage,pheacpedbicotyesi songmment fdhdi BE) pf of i | es

are preferably; t ) 0 t han_o i.nflection pgint where

| ocal curvatu é),%{{%% %@%@@%‘ﬁ%@m{g@%& PUEYE ﬂt}ﬁgl% S ap mar&ﬁ\r’i’g?her ,

advant age of uhbngaliystabieimattsapabsallysslhigt thecoeddnbst (MHELpbdipe Wil e
preserving requi red. m ni jum edge éhi_c ness and a _mnimal variation of

t hi ckness &cr &?g’eﬂ'l]i’é‘vﬂ?ga 8t e aspbexdrad pugiace, padsa fauath egmppnent ides t he

material Mass deShal baRe: FARhGHALACd 4 BIEMEAH: Hid QullBlithdde ©f ement.

When described in terns of best-fit spherical” surfaces, 1nh the exanples
shown bel ow, thegween ar ogberpderaant drathedong nirgugstestidmpand arGRE fiaceplatdie | ong

conjugate wt L kst..radi us of curvature hei | onger, than the second,
and the thi rd%%%%gfﬁee;ﬁadﬁlé% - Efﬁs%%s?e Q#Qifeo‘gﬁﬁ%i?%%t RO pencpge
conj ugat e, andowheddthedbng aghjusatef curvature is also |onger than the .
cond. aracter'hgtics (h) i_ii% (iv), (viii), (ix), and (x) above set
~ forth thedd® desirefn theaberecdeserbedhleng, it iy impeytariifoxithenieontbenmapamient he
~projection le ' an. i qures M.2:7,..and 8A
18 $8oRfle kSt of mée}fbtgir@% SPOR’GI‘%%?’?Q?@?% 8391 tlr:h(ﬁg, 5 Jainidize the he

illustrate various projection cons I ' naccor
i nvention. Corpsigpondi hbe foceblengiit ofdhs lerspheato vefradidid Relet chdfge wRh 2- 8,

813, and 8R HQYA or S T. designati.ons are used for the gl asses enpl oyed
in the |ens s&%?@ﬁ?twegﬁg\/%ﬁsgﬁ?agﬂ%@@gc BHR FO FREReftact urers can’ be

used in the aberrations and therefore include aspherical surfaces.

15 As discussed above, to minimize the chance of undesirable secondary
reflections reaching back to the CRT phosphor, it is helpful to keep the
surfaces sending the reflected light back to the CRT as far away from the
CRT as possible. However, the aspherical third component cannot be
placed too close to the main power component or else it will not be able to

20 provide a sufficient degree of correction of off-axis aberrations.

Since most of the economical processes used to manufacture
aspherical surfaces involve plastics, the aspherical elements are made out
of plastic. In practice, the coupling structure that holds the lens next to the
CRT undergoes some expansion. To compensate for variations in the CRT

25 faceplate position associated with that expansion, the thixd component
should have some finite positive power. Then, as temperature rises, the
index of refraction of that element changes, increasing the focal length of
that element and the back focal distance of the lens as a whole. This change
counteracts the change in the relative position of the CRT due to the

30  expansion of the coupler. The fourth component (U2) has a strong negative



25 practice of the invention. Industry acceptable materials are used for
the plastic elenents, The aspheric coefficients set forth in the tables
axe for use in the following equation: 30 Z CY 2 C2Y2J_11"2 + KY4 +_EX6
+Fya +G-10 +HY12 + V4 MAY 2005 WD 02/ 43370 PCTI'USQ /47291 — G104 A%h3085z i s
the surfacewp@gyakna distance y fromthe optical axis of phg . SysLem c is
the curvature of the lens at the optical _axis, and k is a conic "constant,
which is zero for all of the prescriptio‘ﬁ “of Tables 1, 1B, 1R, 2-8, 6 8B,
and 8R. The designation "a" associated with various surfaces in the tables
represents an. 61 Bk | . : . Whi | east one of
D e R G e oI L aor colteibaflol W LG r ol Bl b1 Do are
constructed enrvdioraskibedenson that light travels fromleft to right in the

figures. 10 Simla ...the sign conyenti sed.in this.spegification and
in the clains ass%fe?%gtcoﬂ%ﬁﬁfmﬁ %ﬁ@ﬁ} ﬁ%?rfl&spﬁ?%cqlisgﬁé"?%a? e

figures. In aghelakial Beaghisesthd fel Hh@WabITEASInMirdeht APhRA d e dl@ld and
the CRT will be on the right, and light will travel fromright to left.

The CRT fafeplcamporgisa majaresniiihytiar 6atheiaxial spherignl ahernations)f thRlens15 and
2-5, and surf k2= | %H? . ' e coupling fluid
Is | ocated be'?\%:%]rfa%# A:igghg-ﬂ %bgﬁr#lgﬁ%ggﬁ%u%ﬁ%? ancgn%-o ,en{:;nd
surfaces 11-12he puifads @stle lodg c@yjuBiie sidalhS rddias ohitwvhthrededéqgundts on for
the CRT faceplate and t coupl i fluid js set. forth as.a sjx digit nunber
in the tabl esWe&@r’éﬁﬁqﬁ%?&ﬁf%ﬁg%#ﬁwaﬂﬁ?QPit_QP OPROSH5 SAF 1 hgy addi ng 20
1,000 to the thingbnddil Betidh SayStiRf fitdd RoMBEhGIHoRE RoPfish oyl 0ad he T esul t
25/ 1,000, and a V. value is obtained fromthe last three digits by placing
- d

I R

eci mallOpoihard beewrect shbeticed abeingtion vdueh meess dhatnit cso be vilsl es 1, | B,
and 2-5, I 7 i 0. Tahbl . 8B d 8 re
vignetting - sﬁgpg%h}g .afnglctﬁﬁa??r%%lg?oo%gﬂ 81 \@Q?]ﬁ%ﬁt%ir ﬁglbsp&)éégf?p r}b?fl‘fgfgl es are
in mllimeteraboRbreldte tplithisfeatirdbfitHeciavémidi) Bhel apdrgtirecsto Bf 8fe show t he -
t hrough- focus MIE on .the lLeft-and the optical transfer function (OTl) at
best axial f 5t rYl‘f’ﬂngPfgt?‘ﬂs.ecmc%P e shown for five field points,

viz., the axis, It is always easier to make and test spherical surfaces than
15  aspherical surfaces. In general, for ease of manufacturing, it is desirable to
have smooth surfaces that do not change drastically across the aperture of
the element. To describe the shape of the aspherical suxface it is convenient
to use the concept of the best-fit spherical surface. -
Aspherical surface profiles that change monotonically from the best-
20  fit spheres or have a minimum of deflection points in whose proximiiy
r | changes in sag occur slowly allow for easier, faster, and more accurate
manufacturing of molds used to make the elements, as well as improved
elements made using the molds.
To achieve these conditions, the first and third components should
25  have an essentially meniscus shape convex to the long and to the short
conjugate, respectively. When the angle of incidence of a ray on a surface is
ZeTo, 1.e., the ray is pormal to the refracting surface, the ray is not
aberrated. Light bundles converge towards the aperture stop of the lens
from one conjugate and diverge towaxds the opposite conjugéte. '
30 Therefore, meniscus elemeénts concave to the stop and placed on each .

side of the aperture stop will have light bundles from all field points that



0.35H, 0.70H, 0.85H and LOH, where His the maxinumfield height on the
screen. The actual field heights are shown for the right hand plots. These
30 field heights apply to both the right hand and | eft hand_g:lel\(ﬂ%s{ mtjare
in mllinmeters. MAY 2009 WO 02/ 43370 PCT/USO /47291 -20-"

t hr ough-f oc re at the indicated spatial frequency_in cycles per
mllineter, L{?ng}ﬂﬁg}f‘ 3 cycles/nm Both the through-focus BhHUBBE21f ocus
data indicate tangential (solid curves) dfd sagittal (dashed curves) MIR
The nmodul us scale is on the left of each block and runs fromzero to 5 one.

The phase of t j a,dotted cyrve in the best-focus plots.
The scal e for %8%3%@2%%?%&%%&C?CFTG’SL%PPBHPMO‘FH e A" -focus bl ock
and is in radiiatrodeesmirimadibetitiths Woea thbbhifadcddf eRERLIARONS Jhe
best-focus plots,is relative to the zerg position of the through-focus

plots The bedsPheRcRl: thedheorrespapdingprptiler age praferably smoety ansyhateomus pl ot .
10 Figure |B %Mh%%nwﬁﬂ%épﬁd%ﬁgﬂﬁéggﬁa@&mu% SihbBldpR of  Table |

when used with green |ight, I. was designe 0 be used

Wi th. Figure |d@rbhbiwe, disaghTHRETF perfor mance when the sane prescription
is used for blue light, after havi been refocused for use with that |ight
as is conventional I‘ﬁgmh}b%eadﬁspp?ﬁepﬂr}g’@fq%ﬂﬂl’éﬁ‘ése e’ﬁ'@@%ﬁ"ﬁ Rt Beycanhe The
degradation i rmpés fifibRAeE pisseVingNlequirk @ Wilinh nSUR8 hidkGe MG O] F

per f ormance when the prescription of Table 1B is used for blue [ight. This
prescription dr¥EEalvarighon phthiglness peress thendinmeten ofdhe etamérgs g nn

{he constrai nt rHar ARG PP ebiENelaG QRN stk Bl ins shiied ) o 1O
i‘npr ovenedf | m@dritheelearod. conpared to Figure 1Cis evi dent. Fi gures |E
and | F show t he cogrespondi. | ot s f regd light, i.e., Figure 1E shows
the behavi or of thg‘ghﬁé’g‘%@%gg‘?&%’P&ﬂ%ﬁ?ﬁ%ﬁw}'%wa}i}?g&%ﬂ&t Ped |ight and
Figure | F showsaipteshabav tilow] tHe sl @fthSodeBt BRS 8 GhéRELR 12T Sbhditgd by

. refocusing for_red light and then re-optimzing for that light , subject

to the constr&paiongreniugsse withsthe finst rading of wiryaiure beitelogeer thagahn, - t he
i nproved perf QpoRACE, Qb ALNES c&ﬁp&iﬁ%tt UL % AnitdE SHap2 %gnxlrgxntso tﬂgishort
15- conjugate, and the first radius of curvature is also longer than the second.
Characteristics (ii), (ii1), (iv), (viii), (ix), and (x) above set forth these desired
features of the first and third components of the projection lenses of the
invention. o
D. Examples
20 Figures 1A, 2-7, and 84 illustrate various pi‘ojéction lenseé
( constructed in accordance with the invention. Corresponding prescriptions
appear in Tables 1, 1B, 1R, 2-8, 8B, and 8R. HOYA or SCHOTT
designations are used for the glasses employed in the lens systems.
Equivalent glasses made by other mﬁnufacturers can be used in the
25 practice of the invention. Industry acceptable materials are used for the
plastic elements.
The aspheric coefficients set forth in the tables are for use in the

following equation:

2

. cy .
30 z= 1.+[1_(1+k)c2y2}112 +'Dy4 +Ey6+Fy8 +Gym +Hy12 +Iy14




based on color is evident. Figures 8B-8F show the correspondi ng MIF/ OTF
plots for the 30 prescriptions of Tables 8, 8B, and 8R As with Figures

| B-1F, these figures denonstrate that custom zation of the w bggz
unit provides an MAY 2005 WD 02/43370 PMUS01147291 -21- €T ' Iz

effective t ue for inproving the color perfornmance o rojection
| enses. Bl ugﬁgnd red versions of the prescriptions of Tabﬁt(éﬁ‘y}%
obtained in the sane manner as for Tabld% 1 and 8, i.e., by ref ocu3| ng the -

green 5 prescription for blue (red) Iight and then re-optimzing for that

| i ght subject to the constraint that the first lens unit (U) is
unchanged. Tables 9-11 summmarize the properties of the |enses of Tables 1,
1B, IR 2-8, v8@BreandtidRsurfscomeigl atasdittemcpy dman thespiddal talvix dfehses of Tabl es

11 and V of U.S. Patent No..4,7 681, referred.to.abo As can be seen
from 10 theseSY%\tSFné?S?ﬁeécWﬁg%f? %gh‘f %@S@%%P%QC%%P?M%}H%P’&H stics Q -
to (xiv) di seusstedt,afiovB is Eérgwslea@ofﬁze@r@@bmhs%fdhméqmgf 1R, BT
projection tel evision 10 constructed in accordance with fhe i nvention. As

shown in tRis8B gaf8R. projection television 10 includes cabinet 12 having
proj ection screen bl f ) 18 al ong
Its back face. ’%ﬁ h??% enntallﬁ{:sg‘ﬁ?{eavﬂ? g?%é‘ﬁggc g(ﬂlé@f ?ag)ﬂl 9 ens
constructed i memsmiﬂaxmmsphehh sutfhee, Im\;@rﬁmfﬂ&e dndwhiztlultdeddt ohb bfBf Eates its
associ at ed l.n ractice, three proj ectjon nses 13 and t hree CRT
tubes 16 are st%?'f&rldp&?‘ °Yee"cﬂ“3§1”é‘e‘ﬁn°‘é?ﬁc¥°bm@ F‘i%léﬁé‘é'e tdeen 14.
20 Al though spaghé Iass@ﬁgaghmﬁmﬁgk&ftrm@sframeﬁlteeagmﬁm@ﬁgu%scr' bed and
gl lustrated, it is to_be understood that a variet nodi Ti cati ons which

not depdrt Snmdmlvhﬂless;gpeomt@pmed impthig Heemﬁﬂﬁémna aonl i thelsbpimei dent to
950 b MBS B A Sl BSBRLAD hisagier e 25 -0
practice, the viewing screen will be on the left and the CRT will be on the
right, and light will travel from right to left. |
The CRT faceplate constitutes surfaces 11-12 in Tables 1, 1B, 1R,
15 and 2-5, and surfaces 12-13 in Tables 6, 7, 8, 8B, and 8R. The coupling
fluid is located between surfaces 10-11 in Tables 1, 1B, 1R, and 2-5, and
surfaces 11-12 in Tables 6, 7, 8, 8B, and SR. The material designation for

Q)

the CRT faceplate and the coupling fluid is set forth as a six digit number
in the tables, where an N, value for the material is obtained Ey adding
20 1,000 to the first three &igits of the designation and dividing the result by
(- 1,000, and a Ve value is obtained from the last three digits by placing a
‘ | decimal point before the last digit. Surfaces 3 and 6 in Tables 1', 1B, 1R,
and 2-5, and surfaces 3 and 7 in Tables 6, 7, 8, 8B, and 8R are vignetting
surfaces. All dimensions given in the prescription tables are in millimeters.
25 The plots of Figures 1B-1F and Figurés 8B-8F show the through-
focus MTF on the left and the optical transfer function (OTF) at best axial |
focus on the right. The data are shown for five field points, viz., the axis, -
0.35H, 0.70H, 0.85H and 1.0H, where H is the maximum field height on the
screen.. The actual field heights are shown for the right hand plots. These
30 field heights apply to both the right hand and left hand plots and are in
millimeters.



TABLE | Surf. O ear Aperture No. Type Radius Thickness G ass Dianeter | a
51. 5080 5.00000 ACRYLIC 86.04 2 a 55.0776 16.91225 79.82 3 7.50000 73.25

4 66*5671 21, 00000 BACD5 77,56 5 -172.3992 11.06055 76.01 M %?m
62.86 7 -581.3852 7.30000 ACRYLIC 64.53 8 a -84.6132 SpaCel I é!G .

-37.1570 4. QAPPusseRYLI C 71.12 10 -44.0000 9. 00000 43750f 1602472061

14. 10000 563500 130.00 12 -350.0000 Ima @g di stance 130.00 Synbol
Description a - Polynom al asphere Even Polynom al Aspheres Surf. No. D E
FGHI | -1.6060E-06 -2.4391E-09 -1.4654E-12 2. 3224E-15 -8.4118E-19

8. 7791E-23 2 -7. AThaEhibghfodie3ddta@9e 4t YUY Bididaded spatid Freluendd #8SI E- 19
-2.6357E-23 7 -2.3299E-06 2. 4195E-09 -5. 810CE-12 4.4490E-15 1. 6512E-19

_1.040GE-21 @velss pepmilligetey; 195 @bS.cydes/mymsBethithe threehsorasanl betar. 15
O L
Distance 1 ZMTEBThé) nRidluddscalss of taﬁ lefBdf ed@hTd8ck ndOdhs flom gexcGoder Dat a
Focus Posi %I ©lone. 'fhe pfnasemﬁﬁe :b'leA' is shown as ag 3(')1?‘5('—3 g&livgr%n]:}ge %es% :}oc g 1037

plots. The scale for the phase is indicated on the right of each best-focus |

block and is in radian measure. The axial focus shift indicated above the

best-focus plots is relative to the zero posiﬁon of the through-focus plots

The best-focus plane is at the peak of the axial through-focus plot.

( ' 10 Figure 1B shows the MTF/OTF performance of the prescription of _
Table 1 when used with green light, i.e., the light it was designed to be used
with. Figure 1C shows the MTF/OTF performance when the same
prescription is used for blue light after having been refocused for use with
that light as is conventionally done for projection lenses used with CRTs.

15 The degradation in performance is evident.

Figure 1D shows the MTF/OTF performance when the prescrlptlon of =
Table 1B is used for blue light, This prescription differs from that of Table
1 in that the lens has heen refocused for blue light and then re-optimized
for that light subject to the constraint that the first lens unit (U1) is
20 unchanged. The improvement in performance compared to Figure 1C is
evident.
Figures IE and 1F show the corresponding plots for red light, i;e.,
Figure 1E shows the behavior of the Table 1 prescription when refocused
for red light and Figure 1F shows the behavior of the Table 1R prescription. .
25  obtained by refocusing for red light and then re-optimizing for that light
subject to the constraint that the first lens unit (U1) is unchanged. Agam,
the improved perfbrmance obtained by customizing the second lens unit
based on color is evident.
‘Figures 8B-8F show the corresponding MTF/OTF plots for the
30 prescriptions of T_ables 8, 8B, and 8R. As with Figures 1B-1F, these figures

demonstrate that customization of the second lens unit providgs an



bj ect Height -609.60 -660.40 Object Di stance -764.11 -824.73 Effective
Focal Length 77.114 77.449 |nmage Distance -.46434E-02 -.29979E- rall
Length 895.82 956.06 Forward Vertex Distance 131.70 131.3-2'9 35 QélZﬂﬁgth ‘
131.71 131.33 Stop Surface Number 5 5 Distance to Stop -4.15 -4.15 Stop
Di aneter 75wlb@4359918 Entrance Pupil Distance 41.314 4lpcFivkor/ept  Pupi |

Di stance -58.470 -58.317 MAY 2005 WD 02/43370 PCT/ USOI /47291 -23- TABLE 1
(continued) First Order Properties of Elenments Elenent Surface Number
Nunmbers Power f 1 1 2 0.90896E-03 1100.2 2 4 5 0. 11913E-~01 83.942 3 7 8

0. 50106E- 02 189&neicAl shdldffecfivd f2hAfnR3For BRProting thelddlok berrR940696f 02
-100.59 6 11 12 0.16086E-02 621.67 First Order Properties of Units Unit

Surface NunbeCHRUpIsigcsiopdoRsesf 1 1 8 0.14711E-01 67.974 2 9 12
- 0. 10002E- 01 - 99. 9%% 2@&%@0‘%@@,&%%&@%&%&&%&15%?%BEB%-’FQfé&?otEﬂféc_lt on

Nunber Power f |
; in the same manner as for Tables 1 and 8, i.e., by refocusing the green

5  prescription for blue (red) light and then re-optimiziﬁg for that light subject
to the constraint that the first lens unit (U1} is unchanged. '
Tables 9-11 summarize the iaroperties of the lenses of Tables 1, 1B,
1R, 2-8, 8B, and 8R, as well as the properiies of the lenses of Tables IIl and
V of U.S. Patent No. 4,776,6_81, referred to above. As can be seen from
( 10 these tables, the lenses of the examples satisfy characteristics (i) to (xiv)
discussed above.
Figure 9 is a schematic diagram of a CRT projection television 10
constructed in accordance with the invention. As shown in this figure,
projection television 10 includes cabinet 12 having projection screen 14
15  along its front face and slanted mirrox 18 along its back face. Module 13
‘schematica]l-y‘i]lustrates a projection lens constructed in accordance with
the invention and module 16 illustrates its associated CRT tube. In
practice, three projection lenses 13 and three CRT tubes 16 are used to
project red, green, and blué images onto screen 14. _
20 “ Although specific embodiments of the invention have been described
- o 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.

25



2 0.12912E-01 77.449 NAY 2005 WD 02/.43370 PCTIUSO /47291 -24- TABLE | B .
Surf. Clear Aperture No. Type Radi us Thickness d ass Di arreEngil'az?Eﬁ]’bEgOSO
5.00000 ACRYLIC 85.26 2 a 55.0776 16.91225 79.14 3 - 7.50000
66. 5670 21. 00000 BACD5 77.04 5 -172.3992 11.06055 75.40 6 - 8.67071 62.85
7 a -581. 3880 12/435000 ACRYLIC 64.75 8 a -84.6132 Space 1P@EHUBH4IT2Y g
-37.1100 4.00000 ACRYLIC 70.92 10 -44.8800 9.00000 442101 76.05 11 -
14. 10000 569101 130.00 12 -350.0000 Inage di stance 130.00 Synbol
Description a - Polynom al asphere Even Polynom al Aspheres Surf. No. D E
FGHI .1 -1.6060E-06 -2.4391E-09 -1.48Y4E-12 2. 3224E- 15 - 8. 411BE- 19
8.7791E-23 2 -7.4115E-07 -3.1537r-09 1.2078k-13 1.1316E-15 -2.6881E-19
-2.6357E-23 7 -2.3299E-06 2.4195E-09 -5.8100E-12 4. 4490E-15 1. 6512E- 19
-1. 0406E- Zurf. 8 - 3. 7383E-07 - 3. 6568E-10 1.5762GedrApertres60439- 15 5. 9384E- 18
- 2. 49BCE- Mp- Typeq, 43@8Is07 1TOSNSE- 08 Glgss7056Higmets. 6550E- 14 - 2. 4099E- 17

6. 3324E- 21 , Vari abl e Spages Fogcus,qpac EHE cal ;lpage Pos. T(8) Shift
Distance 1328 614 - Gedd/he0. 00D 9y5926. 15, 248065000
- 3 w 7.50000 73.25

4 66.5670 21.00000 BACD5 77.56

5 -172.3992 11.06055 76.01

6 ® 8.67071 62.86

7 @ -581.3852 7.30000 ACRYLIC 64.53

g8 a -84.6132 Space 1 66.45

9 a -37.1570 4.00000 ACRYLIC 71.12

10 -44.0000 9.00000 437500 76.24

_ 11 _ s 14.10000 563500 130.00
( . 12 ~350.0000 Image distance 130.00

Symbol Description
a - Polynomial asphere

Even Polynomial Aspheres

Surf. )

No. D E F G H |

1 -1.6060E-06 -2.4391E-09 -1.4654E-12 2.3224E-15 -8.4118E-19 8.,77%1E~-23
2 =7.4115E~07 ~3.1537E-0% 1.2078E-13 1.1316E-15 -2.68BlE-19 -2.6357E-23
7 -2.3239E-06 2.4195E-09 -5.81C00E-12 4.449%0E-15 1.6512E-19 -1.0406E-21
8 -3.7383E~07 ~3.86568E-10 1.5762E-12 -4.6043E~15 5,9384FE-18 -2.4880F-21
9

~5.0314E~07 1.082%E-08 -2.7057E-11 3.6562E-14 -2.4088E-17 6.3437E-21

Variable Spaces

Focus Space 1 Focal Image

Fos. T(8) Shift Distance

1 27.165 -0.273 -0.005

2 ‘ 26.784 -0.133 -0.003.
First-Order Data
Focus Paosition - 1 ‘ 2
£/number 1.24 1.23
Magnification - =0.1123 -0.1037
Object Height ~609.60 -660.40
Object Distance -764.11 ~824.73
Effective Focal Length 77.114 77.449
Image Distance -.46434E-02 -.29979%9E-02
Overall Length §95.82 956.06 -
Forward Vertex Distance 131.70 131.32
Barrel Length i31.71 "131.33
Stop Surface Number ] 5 - 5
Distance to Stop : ~4.15 ~4.15
Stop Diameter ' 75.850 75.518
Entrance Pupil Distance 41.314 41.314

Exit Pupil Distance ~58.470 - -58.317



First-Order Data Focus Position 1 2 f/nunber 1.24-.1.23 Magnification
0.1123 -0.1033 bject Height -609.60 -660.40 OCbject D stance -760.42
-820.61 Effective Focal Length 76.755 77.074 1 mge Di sta.nge NW\S(Z%?Q? 03
0.37637E-03 Overall Length 891.58 951.41 Forward Vertex Di“stance .16
130. 80 Bar M0 04433gt h 131. 16 130.80 Stop Surface Nunber ECTRUSID#IB2Iance to
Stop -4.61 -4.61 Stop D aneter 75.769 .gh. 818 Entrance Pupil D stance
40.686 40.686 Exit Pupil Distance -58.296 -58.152 9 MAY 2005 WD 02/ 43370
PCTI US01147291 -25- TABLE | B (continued) First O der Properties of
El enents El ement Surface Number NI&Erdcopbwed f 1 1 2 0. 91899E- 03 1088. 2
2 45 0.1201 CE-01 63.263 3 7 8 0.50563E-02 197.77 4 9 10 -0.16966E-02
-589.42 5 10 11 -0.10043E-01 -99.569 6 11 12 0.16251E-02 615.33 First
Order Pr opgretorgs pberkddiol Slekitid Surface Nunber Nunbers Power f 1 1 8

0. 14814E-01 67.502 2 9 12 -0.10117E-01 -98. 644
Element Surface
Number Numbers Power 1
1 1 2 0.90896E-~03 1100.2
2 4 5 0.119138-01 83.942
3 7 8 0.50106E-02 198.58
4 8 10 -0.16674E-02 -5805.74
5 10 11 -0.994098E-02 -100.59
) 11 12 0.16086K-02 621.67

First Order Properties of Units

Unit Surface
(’ ' Number Numbers Power f
1 1l 8 0.14711F~01 67.974
2 9 12 -0.10002B-C1 -99.978

First Order Properties of the Lens

Focus Position
Number Power f .
1 o .0.12%68E-01 | 77.114 -

2 0.12912E-01 77.449



First Order Properties of the Lens Focus Position Nunber Power r 1
0. 1302BE-01 76.755 2 0.12975E-01 77.074 -9 MAY 2005 WD 02/ 43370
PCT[USO /47291 -26- TABLE | R Surf. Cl earAperture No. T_pg Wm{ﬁ
Thi ckness d ass Dianeter | a 51.5080 5.00000 ACRYLIC 85.95¥2 5 6
16. 91225 79wibo2/4337¢ 7. 50000 73.28 4 66.5670 21. 00000 BAGI&E/7H1/9291 5
-172.3992 11. 06055 76.55 6 - 8.67071 65; 37 7 a -581.3852 7.30000 ACRYLIC
64.76 8 a -84.6132 Space 1 66.68 9 a"-%’?. 2527 4.00000 ACRYLIC 71.43 10
-44.0000 9. 00000 433155 76.56 11 - 14.10000 558155 130.00 12 -350.0000
| mage di stance 130.00 Synbol Descri ptARbB1B - Pol ynom al asphere Even
Pol ynom al Aspheres Surf. No. DEF GH I -1. 60C0E-06 -2.4391E-09
-1.4654E- 12 2. 3224E-15 -8.4118E-19 8. 7791E-23 2 -7.4115E-07 -3.1537E-09
1. 2078E- 13,4. 1316E- 15 - 2. 6881E-19 - 2. 6357E- 2 jeaf Apediuv@299E- 06 2. 4195E-09
-5.81002- M3, 4rypd 90E-Fliivd . 651 Zhickhéss- 1. (HARASE- 21 D.aaqetea 7383E-07 -3. 656BE- 10
. 1.5762E- 12 -4.6043E- 15 5 9384B- 18 -2.4980E-21 9 -6.8201E-07 1.0829E-08
-2. 7016E—111336582E- % 20408§g~g$?§ 3281?@191 82aff abl e Spaces

2 79.14

3 7.50000 72.52

4 66 5670 21.00000 BACD5 77.04

5 -172.39%82 11.06055 75.40

6 o0 8.67071 _ . 62.85

7 a -581.3852 7.30000 ACRYLIC 64.75

8 a -84.6132 Space 1 66.64

9 = -37.1100 4.00000 ACRYLIC 70.82

10 -44.0400 9.00000 442101 76.05

- 11 e 14.10000 569101 130.00
( iz ~350.0000 Image distance 130.00

Symbol Descriplion
a - Polynomial asphere

Even Polynomial Aspheres

Surf.

No. . b E F G H ! ‘
1 -1.6060B~06 -2.4391E-09 -1.4654E-12 2.3224E-15 -8.4118E-19 8.7791E-23
2 -7.4115E-07 -3.1537E~-09 1.2078E-13 1.1316E-15 —~2.6881E-19 -2.6357E-23
7 -2.3299E-06 2.41%5E-09 -5,8100E-12 4.448%0E-15 1.6512E-12 -1.0406BE-21
8 -3.7383E-07 -3.6568E~10 1.5762E-12 -4,60438~15 5.9384E-18 -2.4980E-21
9 -~4.4366B-07 1.0848E-08 -2.7056E-11 3.6550E-14 -2.4099E-17 6.3324E-21

Variable Spaces

Focus  Spacet Focal Image

Pos. T(8) Shift Distance

1 26.614 ~0.411 0.000

2 26.255 -0.248 06.000

{ First-Order Data

Focus Peosition 1 2
f/number 1.24 1.23
Magnifiecation 0.1123 -0.1037
Object Height -609.60 -660.40
Object Distance -760.42 ~-820.61
Effective Focal Length  76.755 T7.074
Image Distance 0.123328-03 0.37637E-03
Overall Length 891.58 951.41
Forward Vertex Distance 131.16 130.80
Barrel Length . 131.16 130¢.80
Stop Surface Number 5 5
Distance to Stop -4.61 -4.61
Stop Diameter 75.769 75.818
Entrance Pupil Distance 40.686 40.68B6

Exit Pupil Distance -58.296 . =58.152



Focus Space | Focal Image Pos. T(8) Shift Distance 1 27.737 -0.082 0.000

2 27.316 0.006 0.000 First-Order Data Focus Position 1 2 f/nunber 1.24

1.23 Magnification -0.1123 -0.1037 bject Height. -6009. 60_—7%691 [ ect

D stance -767.24 -828.41 Effective Focal Length 77.424 77.791""| e

D stance -. ¥yY®BEM03 -. 23490E-03 Overall Length 899. 52 9%Or@séusfzer war d

Vertex Distance 132.28 131.86 Barrel Lgsgth 132.28 131.86 Stop Surface

Nunber 5 5 Distance to Stop -4.27 -4.27 Stop Dianeter 76.413 76.527

Entrance Pupil Distance 41.173 41.173 Exit Pupil Distance -58.999 -56.829

MAY 9009 WD 02/ 43370 PCTAJS0114729%BLE tBfcommBHE | R (continued) First Order

Properties of Elements Elenment Surface Nunber Nunbers Power f 1.1 2

0. 89964E- @3stbldblPlpertiesdf Befentsl 819E- 01 84.609 3 7 8 0.496SIE-02 201.29 4 9

10 -0.16227E-02 -616.26 5 10 11 -0.98444E-02 -101.58 6 11 12 0. 15930E-02

627. 76 FiBegentOr @afacPr operties of Units :
Number  Numbers Power A

L 2 0.91899E-03 1088.2

4 5 0.12010E-01  83.263

7 8 0.50563E-02 197.77

9 10 -0.16966E-02 -589.42

10 11 -0.10043E-01 ~99.56%
11 12 0.16251E-02 615.33

Oy LA s L DY

First Order Properties of Units

Unit Surface
Number Numbers Power f.
(' 1 1 8 0.14814E-01 67.502
. 2 9 12 -0.101175-01 ~-98.844

First Order Properties of the Lens

Focus Position
Number : Power T
1 0.13028E-01 76.755

2 0.12975E-01 77.074



Unit Surface Nunmber Nunbers Power f 1 1 8 0.14613E-01 68.434 2 9 12
-0.98768E-02 -101.25 First Order Properties of the Lens Focus Positiagn .
Nunber Power f 1 0.12916E-01 77.424 2 0.12855E-01 77.791~8 MhY2085v0
02/ 43370 P 7291 -28- TABLE 2 Surf. Cear Apertur . e Radi us
Thi ckmess GRS o k0 5. 00000 ACRYLI & 03 6%“’%?“5"‘%?1830
27.79806 85.02 3 - -1.00000 75.64 4 6€65924 21.00000 BACD5 78.26 5
-171.5276 13.30545 76.90 6 - 4.17071 60.30 7 a -400.0000 6.00000 ACRYLIC
61.19 8 a -87.9944 Space 1 62.37 9 EA-L%:%' 0597 4.00000 ACRYLIC 71.09 10
-45. 0000 9. 00000 437500 76.07 11 - 1 F’}L 080 563500 130.00 12 -350.0000

| mage di stance 130.00 Synbol Description a - Polynom al asphere Even

Pol ynom al pheres Surf. No. DEF GHI1 1 -1.2265E-06 -2.3882E-09

- 6. 4006E- 131 _4984E- 15 -5.827%%&%9 6. 8378E- 23Cleor Apsrtggy ABE. 07 - 2. 7724E- 09

1. 51926 131, T#E1E- 1559 1374RO8SS, ogdE. o3 Diameter
1 a 51.5080 5.00000 ACRYLIC 85.95
2 a 55.0776 16.91225 ) 78.75
3 = 7.50000 73.28
4 66.5670 21,00000 BACDS 78.02
5 —=172.3882 11.06055 76.55
6 ea 8.67071 63.37
T a -581.3852 7.30000 ACRYLIC 64.76
8 a + —84.6132 Space 1 66.68
9 a ~37.2527 4.00000 - ACRYLIC 71.43
10 -44.0000 9.00000 433155 76.56
11 e 14.10000 558155 130.00
(” 12 ~350.0000 Image distance - 130.00
Symbol Description
a — Polynomial asphere

Even Polynomial Aspheres

Surf.

No. D E F G H I '
1 -1.6060E-06 -2.4391E-09 -1.4654F-12 2.3224E-15 -8.4118E-19 B.7791E-23
2 -7.4115E-07 -3.1537E-09 1.2078E-13 1.1316E-15 -2.6881E-19 -2.6357E-23
7 =-2.328%E-06 2.4195E~09 ~5.8100E-12 4.449%90B-15 1.6512E-19 -1.0406E-21
8 -3.738B3E-07 -3.6568E-10 1.5762E-12 -4.86043E-15 5.9384E-18 -2.49808-21
9 -6.82018-07 1.0829E-08 -2.7016E-11 3.6582E-14 -2.4083E-17 6.3287E-21

Variable Spaces

Focus Space1 Focal Image

Pos. T(8) Shift - Distance
1 27.737 -0.082 0.000
2 27.316 - 0.006 - 0.000

s First-Order Data

Focus Position ' 1 2

£/number 1.24 1.23

Magnification -0.1123 -0.1037

Object Height- ' ~-609.60 ~-660.40

Object Distance -767.24 -828.41

Effective Focal Length 77.424 77.791

- Image Distance ~-.22718E~03 -.23430E-03

Overall Length 898.52 . 960.27

Forward Vertex Distance 132.28 131.86

Barrel Length 132.28 131.86

Stop Surface Number 5 5

Distance to Stop -4.27 -4.27

Stop Diameter 76.413 76.527

Entrance Pupil Distance 41.173 41.173

¥xit Pupil Distance -58.9389 -58.829



7 -7.3999E-07 -4.0344E-10 2. 7663E-12 -3.5022E-15 4. 4633E-18 -2.1176E-21 8
7.2290E-07 -6.1251E-11 -1. 3445E-14 3. 3606E-15 -1.8271E-18 3.2661E-23 9
-4.7004E-06 1. 7256E-08 -3.4844E-11 3. 7322E-14 -1.980CE-17 3. 8942E—21
Vari abl e Spaces Focus Space | Focal Imge Pos. T(8) Shlft?inlgs ﬂnﬁ ,
30.819 -0.0680088% 2 31.589 -0.292 0.000 First-Oder Brokfaio: Posi tion
1 2 f/nunber 1.23 1.25 Magnification -0Q.1037 -0.1198 | ect Her ght
-660. 40 -571.50 Object Distance -818. 287:712. 57 Effective Focal Lengt h
77.536 76.987 |Inmage Distance -.40704E-03 0.00 -overall Length 952.40
847.53 Forward Vertex Distance 13hpilR1A@dntlq) Barrel Length 134.19 134. 96
Stop Surface Nunber 55 Distance to Stop 0.21 0.21 Stop D aneter 72.324
72.601 Entrance Pupil Distance 49.502 49.502 Exit Pupil Distance -58.216
-58. 597 CT/USQ /47291 -29- TABLE 2 (continued) First
O der Pr%lr@gezp}c??@%eoﬁgﬁ%gmﬁa ement Surface Number Nunbers Power r 1 1 2
0. 66386E- (B3erdnf)6S3face 4 5 0. 11925E-01 83.857 3 7 8 0.4404BE-02 227.02

Number Numbers Power f

1 2 0.89964E-03 1111.6
4 5 0.11819E-01 84.609
7 8 0.49681E-02 201.29
9 10 -0.16227E-02 -616.26
10 11 -0.98444E-02 -101.58
11 12 0.15930E-02 627.76

O WM

First Order Properties of Units

Unit Surface
{ Number Numbers  Power £
) 1 1 8 0.14613E-01 68.434
2 9 12 -0.98768E-02 -101.25

First Order Properties of the Lens

- Focus Position

Number Power f
1 0.12916E-01 77.424

2 0.12855E-01  77.791



4 9 10 -0.15751E-03 -6348.7 5 10 .11 -0.97200E-02 -102.88 6 11 12

0. 16086E-02 621.67 First Oder Properties of Units Unit Surface Nunber

 Nunbers Power f 1 1 8 0.14449E-01 69.208 2 9 12 -0.82679E-02 - 0. 6
b MAY.3605

First Order Properties of the Lens Focus Position Number PO .
0. 12897E- 01 wiyp2236:p 2 0. 12989E-01 76.987 -9 MAY 2005 WO {

PCT/ USOl / 47291 — -30- TABLE3 Surf. O earAperture No. Typegéﬁlf%mhickness
G ass Diameter 1 a 50.3339 5.00000 ACRYBIC 87.68 2 a 53.0103 24.84693
79.67 3 - 2.00000 69.00 4 59.6426 19.00000 BACD5 72.83 5 -192.5244
11.61157 71.56 6 - B.00000 57.60 7 zaddlz28461 7.00000 ACRYLIC 61.04 8 a
-104.5012 Space 1 63.13 9 a -34.6426 4.00000 ACRYLIC 67.01 10 -40.0000
8. 00000 426500 71.90 11 - 14.10000 560500 130.00 12 -350.0000 |mage

di stance 13@. 00 Synbol Descdption a - Pol ynogllegrlApgrﬁjpehere Even Pol ynom al

Aspheres pno, Type Radius Thickness Glass Diameter
1 a 53.7740 5.00000 ACRYLIC 93.60

2 a - 56.1830 27.793806 B5.02

3 S o= -1.00000 75.64

4 66.5924 21.00000 BACDS 78.26

5 -171.5276 13.30545 76.90

6 o2 _ 4.17071 60,30

7 a ~400.0000 6.00000 ACRYLIC 61.19

8 a -87.9944 Space 1 62.37

9 a -43.0597 4.00000 ° ACRYLIC 71.09

. 10 -45.0000 9.00000 437500 76.07

(”' 11 Ll 14.10000 563500 130.00
12 ~350.0000 Image distance 130.00

Symbol Description
a - Polynomial asphere

Even Polynomial Aspheres

Surf. :

No. (M E F G H !

1 -1.2265E~-06 -2.3882E-09 -6.4006E-13 1.4984E-15 ~5.8274E-1% 6.8873E-23
2 ~3.604BE-07 -2.7724E-03 1.5192E-13 1.1811E-15 -5.1374E-19 7.0884E-23
7 =7.3999E-07 -4.0344E~-10 2.7663E-12 -3.5022E-15 4.4633B-18 -2.1176E-21
8 7.2290E-07 -6.1251E~11 -1.3445E~-14 3.3606E-15 -1.8271E-18 3.2661E-23
9 -4.7004E-06 1.7256E-08 -3.4844E-11 3.7322E-14 -1.9800E-17 3.8942E-21

Variable Spaces

Focus Space 1 Focal Iimage

Pos. T(8) Shift Distance

1 30.819 -0.068 0.000

2 31.589 = ~0.2892 0.000

( First-Order Data

Focus Position 1 2
£f/number 1.23 1.25
Magnification -0.1037 ~0.1198
Object Height -660.40 ~-571.50
Object Distance -818.20 -712.57
Effective Focal Length 77.536 76.987
Image Distance -.40704E-03 0.00
Overall Length 952.40 847.53
Forward Vertex Distance 134.19 134.96
Barrel Length 134.15% 134.96
Stop Surface Numberxr 5 ‘ 5
Distance to Stop 0.21 0.21
Stop Diameter 72.324 72.60L
Entrance Pupil Distance 492.502 49.502

Exit Pupil Distance -58.216 -58.597



Surf. No. DEF GH1 -1.1919E-06 -2.0822E-09 -1.6166E-12 2. 3016E- 15

-8.4967E-19 9.2699E-23 2 1.2041E-08 -3.0791E-09 2. 2114E-13 1. 0685E- 15
-2.9072E-19 -1.0694E-23 7 -1.2221E-06 6.4250E-10 -4.6001Es MN{S 5
-3.6797E-18 -1.6723E-22 8 1.1519E-06 -3. 1235E-09 5. 3427E-12" - 6. 812SE- 15
5.1321E- 18 WO ®R3IW-21 9 -1.2127E-06 1.4555E-08 - 3. 3800RQUMSIEBIBE- 14
-2.7959E- 17 7.4638E-21 Vari abl e Spacesgpocus Space 1 Focal |mage Pos.
T(8) Shift Distance 1 25.247 -0.110 0.001 2 24.977 -0.028 0.003
First-Order Data Focus Position 1 2 f/nunber 1.25 1.24 Magnification
-0.1317 -0.1254 (bject Height -545°8§2ERsfined) Di st ance -609. 10 - 638. 48
Ef fective Focal Length 71.446 71.675 |nmage Di stance 0.14560E-02

0. 25459E-02 Overall Length 737.91 767.02 Forward Vertex D stance 128; 81
128. 54  Bdhireidirddr @rpgertiesiopPBle®dnts] 28. 54 St op Surface Nunber 4 4 Distance to
Stop 17.20,17.20 top Diameter 70.943 70.949 Entrance Pupil D stance
46. 490 46. nt g@upi l,_Di st ance F 54.444 -54.330 9 MAY 2005 WD 02/ 43370
PCT/ US01/ T T—Srﬁ'Ag_l:%gaE(_gpntigb%_eg) First Order Properties of Elenents
El enent Surface 4 5- 0.119258-01 83.857 :

3 7 8 0.44048E-02 227.02
4 9 10 -0.15751E-03 -6348.7
5 10 1t -0.97200E~02 -102.88
6 11 12 0.16086E-02 621.67

First Order Propertie'sr of Units

. Unit Surface
(‘ Number Numbers Power f
’ 1 1 8 0.14449E-01 69.208
2 8 12 -0.8267%E~-02 ~120.95

First Order Properties of the Lens

Focus Position

Number Power f
1 0.12897E-01- 77.536
2 0.1298%E-01 - 76.987



Number Nunbers Power f 1 1 2 0.80116E-03 1248.2 2 4 5 0.12624E-01 79.212
37 8 0.57271E-02 174.61 4 9 10 -0.14379E-02 -695.47 5 10 11 -0. 10650E-01
-93.897 6 11 12 0.16000E-b2 625.00 . First Order Properties-g-f MAYt 2006i t
-Surface Nunber 'Nunmbers Power f 1 1 8 0.15721E-01 63.609 2 12

-0. 10540E- 0WQ 84438783  First Order Properties of the Lens PSHUSPB®Sti on
Nurmber Power f | 0.13997E-01 71.446 2-30- 13952E-01 71.675 -9 MAY 2005 WO
02/ 43370 PCT/USQO /47291 32 TABLE 4 Surf. Cear Aperture No. Type Radi us
Thi ckness 3 ass Dianeter 1 a 48.2818 q.g%ggo ACRYLIC 84.50 2 a 50.6927
17.81595 75.64 3 - 7.50000 71.02 4 Sf. 1530 19. 00000 BACD5 68.05 5

-184. 8429 9. 65566 66.40 6 - 6.20000 55.41 7 a -1368.4931 8. 00000 ACRYLIC

55.73 8 a -74.3722 Space 1 58.34 9 a -32.2393 4. 00000 ACRYLI C 62.60 10
- 38. 0000 q?luo‘ogoo 426500 68.57 11 - 14 10000 SE@B@ertual. 70 :
adius Thickness Glass Diameter
1 a 50.3339 5.00000 ACRYLIC 87.68
2 a 53.0103 24.84693 79.67
3 e : 2.00000 69.00
4 59.6426 15.00000 BACDS 72.83
5 -192.5244 11.61157 71.56
6 © e B.00000 57.60
7T a 481.8461 7.00000 CACRYLIC 61.04
8 a -104.5012 Space 1 63.13°
8 a -34.6426 4.00000 ACRYLIC 67.01
10 ~40.0000 8.00000 426500 71.90
- i1 o 14.10000 560500 130.00
( : 12 ~350.0000 Image distance 130.00
Symbol Description
a — Polynomial asphere
Even Polynomial Aspheres
Surf. ,
No. D . E F A G H : H
1 -1.1S19E-06 -2.0822E-09 -1.6166E-12 2.3016E-15 -8.49678-19 9.2699E-23
2 1.2041E-08 -3.07%1E-09 2.2114E-13 1.0655E-15 -2.9072FE-19 ~1.0694E-23
-7 -1.2221E-06 6.4250E-10 -4.6001E-12 5.7333E-15 -3.6797E-18 -1.6723E-22
8 1.151%E-06 -3.1235E-08 5.3427E-12 -6.8128E-15 5.1321FE-18 -2.5124E-21
5 =-1.2127E-06 1.4555E-08 -3.3800E-11 4.3653E-14 -2.72598-17 7.4638E-21
Varigble Spaces
Focus Space 1 Focal Image
Pos. T(8) Shift Distance
1 25.247 -0.110 0.001
2 24.977 -0.028 0.003
(" First-Order Data
Focus Position 1 2
£/number 1.25 1.24
Magnification ~-0.1317 -0.1254
. Object Height =520.00 -546.10
Object Distance -608.10 ~638.48
Bffective Focal Length  71.446 71.675
Image Distance 0.14560E~-02 0.25459E-02
~Overall Length 737.91 767.02
" Forward Vertex Distance 128.81 128.54
Barrel Length . 128.81 128.54
Stop Surface Number 4 4
Distance to Stop ' 17.20 17.20
 Stop Diameter . 70.943 70.949
Entrance Pupil Distance 46.490 46.490
Exit Pupil Distance . —54.444 -54.330



- k. 12 -350.-0000 I'mage di stance 124.15 Synbol "Description a - Pol ynom al
asphere Even Pol ynonmi al Aspheres Surf. No. DEF GH1 -1:6519E-06
-2.2063E-09 -1.5806E-12 2. 3455E-15 -8.3472E-19 7.4111E-23 “29721)4‘3\1%@7
-3.0635E-09 3.0620E-13 1.0863E-15 -2. 7800E-19 1.3038E-23 7 -3.7496E-06
5. 0056E- 10 6O YHEBE. 12 3. 8274E- 15 - 2. 3407E- 18 2. 4054E- 21 PEUISIABIOE- 07
-3.7034E-09 3.85329-12 -6.4432E-15 5. 6683E-18 - 1. 2687E-21 9 -1.8070E-06
1.3298E-08 -2. 7646E-11 3. 8134E-14 -2.7761E-17 9.0371E-21 Vari abl e Spaces
Focus Space | Focal |nage Pos. T(%%\B@ift Di stance 1 23.315 0.185 0.000
2 22.965 0.325 -0.001 C First-QOrd it GEYEHs Position 1 2 f/nunber 1.25
1.24 WMagnification -0.1348 -0.1254 (bject Height -508.00 -546.10 bject
D stance -555.75 -595.56 Effective Focal Length 66.686 66.990 | mage
Di st ance -FiaB@derErqperies fFppars 03 Overal | Length 678.34 717.80 Forward
Vertex Distance 122.29 122.24 Barrel Length 122.59 122.24 Stop Surface
Nunmber 4 4y, Blst ghee to St 16.50 16.50 Stop D aneter 66.190 65.907
Ent rance Pupyl D st apcegdgha ég..0§4. 4246 2Exit Pupil Distance -51.363 -51.216

-9 MAY 2005 WO 02/433700PCERUSQL/ 472212
3 7 8 0.57271E-02 174.61

4 9 10 -0.14379E-02 -695.47
5 10 11 -0.10650E-01 -53.8857
6 11 12 0.16000E-02 625.00

First Order Properties of Units

_ Unit _Surface
( ‘ Number Numbers Power f
1 1 8 0.15721E-01 63.608
2 8 12 -0.10540E-01 -94.873

First Order Properties of the Lens

Focus Position

Number ‘ Power f
1 0.13997E-01 71.446
2 ‘0.13952E-01 71.675



-33- TABLE 4 (continued) First Order Properties of Elenents Element
Surface Nunber Nunbers Power f 1 1 2 0.81983E-03 1219.8 2 4 5 0.13704E-01

72.973 3 7 8 0.62913E-02 158.95 4 9 10 -0.17889E-02 -559. Q0 i&}%%ﬁjﬂj& .
-0.11211B-01 -89.202 6 11 12 0.16000E-02 625.00 First Ord M s of

Units Unit goNunber Nunbers Power f 1 1 8 0.16988E- 29 12
-0. 1147BE—0?%E%122 First Oder Proper |es of the Lens E&E@%ig%;&}tron
Number Power f 1 0.14996E-01 66.686 2987 1492SE-01 66.990 MAY 2005 WO

02/ 43370 PCT/USQ /47291 -34- TABLES Surf. Cl ear Aperture No. Type Radius
Thi ckness d ass Dianeter 1 a 51.8175 109900 ACRYLIC 86.41 2 a 51.3029
23.04390 79.75 3 4.00000 69,96 4 73.8000 18.00000 BACD5 73.52 . 5 '

-149. 6273 12. 60000 72.54 6 - 13.27802 63.86 7 a -595.3640 6.50000 ACRYLIC

67.83 Surf. \ Clear Aperture
Ne. Type Radius Thickness Glass Diameter
ia . 48.2818 5.00000 ACRYLIC 84.50
2 a 50.6927 17.81585 75.64
- 3 oo 7.50060 - 71.02
4 54,1530 19.00000 BACDS 68.05
5 ~184.842% 9.65566 66.40
6 oo 6.20000 55.41
7 a -1368.4931 8.00000 ACRYLIC 55.73
g a -74.3722 Space 1 58.34
9 a ~-32.2393 4,00000 ACRYLIC' 62.60
10 =38.0000 8.00000 426500 68.57
(”' 11 oo 14.10000 560500  111.70
12 -350 0000 Image distance 124.15

Symbol Description
a - Polynomial asphere

Even Polynomial Aspheres

Surf.
No. D E F G H |

1 -1.6519E-06 —-2.2063E-09 ~1.5806E-12 2.3455E-15 -8.3472E-19 7.4111E-23
2 =2.8153E-07 -3.0635E-09 3.0620E-13 1.0863E~15 ~2.7800E-13 1.3038E-23
7 -3.7486E-06 5.0056E-10 -6.1860E~12 3.8274E-15 -2.3407E-18 2.40548-21
8 =5.1890E~07 -3.7034E-09 3.8532E-12 -6.4432E-15 5.6659E-18 -1.26878-21
9 -1.8070E-06 1.3298E-08 -2.7646E-11 3.8134E-14 -2.7761E-17 9.0371E-21

Variable Spaces

Focus Space 1 Focal Image

Pos.  T(8) Shiit - Distance

1 23.315 0.185 0.000

2 22.865 0.325 -0.001

. ( _ First-Order Data

Focus Position 1 ‘ 2
£/number 1.25 _ 1.24
Magnification -0.1348 -0.1254
Object Height ‘ -508.00 -546.10
Object Distance -555.715 -585.56
Effective Focal Length  66.686 - 66,330
Image Distance -.48092E~03 ~.537864E-03
Overall Length 678.34 717.80
Forward Vertex Distance 122.59. 122.24
Barrel Length 122.5% 122.24
Stop Surface Number 4 4
Distance to Stop - 18,50 16.50
Stop Diameter 66.190 65,907
Entrance Pupil Distance 44.427 44.427

Exit Pupil Distance -51.363 . =51.21é



8 a -98.1725 Space 1 69.85 9 a -41.0654 4.00000 ACRYLIC 78.42 10 -50.0000
9. 00000 435500 83.79 11 14.10000 562500 135.00 12 -350.0000 | nmage .

di stance 135.00 Synbol Description a - Polynom al aspheg_gl Eﬁm@ﬂgnom’ al
Aspheres Surf. No. DEF GHIl 1 -2.5164E-06 -3.1781E-0 . 3

9. 0785E-16 +wh &3k~ 19 6. 5479E-23 2 -2.0075E- 06 - 3. 28936@9gshydRILE- 12

6. 6158E-16 -3.8870E-19 3.7080E-23 7 93§221E-07,-6.3343E-10 1. 9162E- 12
-2.8194E- 15 1. 9415E-18 -5.9326E-22 8 17°2956E-07 9. 0572E-10 -2. 6712E- 12

4. 3006E- 15 -2.8414E-18 6. 1162E-22 9 -1.8419E-06 1.32SIE-08 -2.4200B-11
2.4210E-14 -1.2250E-17 2. 5283E- 21 TARLE4qinninuelaces Focus Space | Focal

| mage Pos. T(8) Shift Distance 1 31.252 0.223 0.000 2 32.345 -0.016
0.000 First-Order Data Focus Position 1 2 f/nunber 1.39 1.40

Magni fication -0.1056 -0.1263 (bject Height -698.50 -584.20 hject

Di st ance F8&M@rdkt PropatiesbBEiehdntsect | ve. Focal Length 82.274 81.389 | nmage

D st ance 0 00 0 00 Overall Length 1000.6 866.40 Forward Vertex D stance:
140. 17 14 % Len th 140.17_141.27 Stop Surface Number 5 5 '

. m
Di st ance 5?50 933§t6’3° qégeg er 67.551 68.348

5 0.13704E-01  72.973
0.62913E-02 158.95

9 10 ~0.1788%E-02 -5539.00
10 11 -0.112118-01 -~-89.202

~ 11 12 0.16000B-02  625.00

O\U‘Il&-wl\)

First Order Properties of Units

("' Unit  Surface
v Number  Numbers Power - fr
1 1 8 0.1698BE-01 58.864

2 9 12 -0.11478E-01 -87.122
First Order Properties of the Lens

Focus Position

Number ) Power f
1 0.14996E~01 66.686

2 - 0.14828E-01 66.9290



Entrance Pupi| Distance 46.989 46.989 Exit Pupil Distance -61.675 -62.133
9 MAY 2005 WD 02/43370 PCTIUSO01/ 47291 TABLE 6 (continued) First O der

Properties of Elenents ‘
0. 21140E-03 4730.3 2 4 5 0.11608E-01 86.146 3 7 8 0. 421858

6.26 5 10 11 -0.87000E-02
622.78 First Order Properilles of Units Unit Surface Nu
f 118 0.13594E-01 73.565 2 912 -0.8
Properties of the Lens Focus Pasition Nunber
2 0.12287E-01 81.389 -

10 -0. 183063832y

Surf C ear. Aperture

5..00000 A
67. 7300 2

& S

El ement  Surface Nunber

Nunmber s Power

-114:94 6

M5 4 o

O57E-02
s Power

RO

g¥78E-02 -112.51 First O der

Power

9 MAY 2005 WO Opdef8370 PCT/ USQ /47291

1 0.12155E-01 82.274
-36- TABLE 6

r

No. Type Radi us Thickness G ass Dianeter 1 a 50.8103
| C 84.42 2 a 52.5368 10.16775 78.19 3 W7.50000 78.32 4

Exit Pupil Distance

Y,
%Lﬁ% . Clear Aperture
No. c?’3(7)|r30e BACR&%diu?J' 05 Thickness Glass Diameter
1 a 51.8175 5.00000. ACRYLIC ‘B6.41
2 a 51.3029 . 23.04390 79.75
3 o 4.00000 . 69.96
4 73.8000 18.00000 BACDS 73.52
5 -149.6273 12.00000 72.54
6 o 13.27802 63.886
7T a ~595.3640 6.50000 ACRYLIC . 67.83
8 a ~98.1725 Space 1 69.85
9 a -41.0654 4.00000 ACRYLIC  78.42
g - -50.0000 9.00000 435500 83.72
11 ca : '14.10000 562500 135.00
12 -350.0000 Image distance 135.00
Symbol Description
a - Polynomial asphere
Even Polynomial Aspheres
Surf.
No. D E F G H o
1 -2.5164E-06 -3.1781E-09 6.8174E-13 9.0785E-16 -4.9563E~19 &.5479E-23
2 ~-2.0075E-06 -3.2893E-09 1.1892E-12 6.6158E~16 -3.8870E-19 3.7080E-23
7 ~95.7221E-07 -6.3343E-10 1.9162E-12 -2.8194E-15 1.9415E-18 -5.9%326E~22
8 1.2556E-07 9.0572E~-10 -2.6712E-12 4.3006E-15 -2,8414E-18 6.1162E-22
9 ~1.8419E-06 1,3281E-08 -2.4200E-11 2.4210E-14 -1.2250E-17 2.5283E-21
Variable Spaces
Focus Space 1 Focal image
Pos, T(8) Shift Distance
1 31.252 0.223 0.000
2 32.345 ~D.016 0.000
First-Order Data
Focus Position 1 2
£/number 1.39 1.40
Magnification ~-0.10586 -0.12863
Object Height -698.50 -584.20
Object Distance ~860.41 -725.13
Effective Focal Length  82.274 §1.389
Image Distance ~ 0,00 . 0.00
Overall Length 1000.6 866.40
Forward Vertex Distance 140.17 141.27
Barrel Length 140.17 141.27
Stop Surface Number 5 57
Distance to Stop 0.78 0.78"°
Stop Diameter 67.551 68.348
Entrance Pupil Distance 46.989 46,989
-61.675 ¢ =62.133



-5 -67.7300 5.00000 F2 76.04 6 -119.2142 8.30147 73.09 7 - 8.67071 60. 10
8 a -318.9673 7.30000 ACRYLIC 61.10 9 a -83.1955 Space 1 63.93 10 a
-36. 9497 4.00000 ACRYLIC 69.82 ~- 11 -43.0000 9.00000 437508 J sy Z%S
14. 10000 563500 130.00 13 -350.0000 Image distance 130.00 Synbol
Descri pti ony grfphynom al asphere Even Pol ynom al Asphejcayspuihes No. D E
FGHI 1 -1 6427E-06 -2.4320E-09 -1.5053E-12 2. 3008E-15 -8.4731E-19
9.1176E-23 2 -7.1469E-07 -3.1506E-09 7°9027E-14 1.1139E-15 -2.6303E-19
-2.8511E-23 8 -2.3508E-06 1.4105E-09 -6.3228E-12 4.1530E-15 -2. 0700E- 19
-1.4310E-21 9 -7.8771E-07 -1.4709%Af18 skeohfliedy- 12 - 4. 8930E- 15 5. 6562E- 18
-2.6673E-21 10 -2.1861E-06 1.1653E-08 -2.6999E-11 3. 6009E-14 -2.4483E- 17
6. 8304E-21 Vari abl e Spaces Focus Spacel Focal Image Pos. T(9) Shift _
Di stance 1 25.453 -0.353 0.000 2 25.069 -0.222 0.000 First-Order Data
Focus Posipjkt@del PiperfidsdtmBifidntsl. 24 1.23 Magnification -0.1123 -0. 1037 ”
bj ect Height -609.60 -660.40 Object. Distance -764.72 -825.16 Effective
Focal Lendidmen. 88dacg7. 170 | nmage Di stance -.16624E-03 0.00 Overall Length

896. 21 95dlupper FoYuiierd Verawek Di st Ance 131.49 131.11 '
1 2 0.21140E-03 4730.3
4 5 0.11608E-01 86.146
7 8 0.42185E-02 237.05
9 10 -0.18306E-02 -546.26
10 11 -0.87000E~-02 - -114.54
11 12 . 0.16057E-02 622.78

oy O > L) N =

First Order Properties of Units

¢ Unit Surface
Number Numbers Power f
1 1 8 0.13594E-01 - 73.565
2 9 12 -0.88878E-02 -112.51

First Order Properties of the L.ens

Focus Position

Number ‘Power ' f
1 0.12155E-01 82.274
2 0.12287E-01 81.389



Barrel Length 131.49 131.11 Stop Surface Nunber 6 6 Distance to Stop
-6.13 -6.13 Stop Dianeter 73.419 73.480 Entrance Pupil D stance 40.319
40.319 Exit Pupil Distance -57.116 - -56.956 -9 MAY 2005 V\Dg)QMAS@?gUﬁ
PCT/ TJS01/ 47291 -37- TABLE 6 (continued) First Oder Properties of

El ements Elgg®iMsspur f ace Nunber Nunbers Power f 1 1 2 0. f2fQFaRe 1599. 8

2 45 0.16170E-01 61.841 3 5 6 -0.38308E-02 -261.04 4 8 9 0.44320E-02
225.63 5 10 11 -0.14694E-02 -680.56 631 12 -0.10172E-01 -98.308 7 12 13
0. 16086E-02 621.67 First-Order Properties of Doublets El enent Surface
Nunbers Nunbers Power f 2 3 4 6 0. 126444 79. 073 First Order Properties
of Units Unit Surface Nunmber Numbers Power f 1 1 9 0.14787E-01 67.626 2 10
13 -0.10044E-01 -99.560 First Order Properties of the Lens Focus Position
~Nunber Powgr. f | 0.13015E-01 76.832 2 0. 1295[§5-A%du?e7. 170

No. Type Radius Thickness Glass Diameter

1 a 50.8103 5.00000 ACRYLIC 84.42

2 a 52.53468 10.16775 78.19

3 w 7.50000 78.32

4 67.7300 27.00000 BACDS 77.05

5 -67.7300 5.00000 F2 76.04

6 -119.2142 B.30147 73.08

7 oo 8.67071 60.10

8 a -318.92673 7.30000 ACRYLIC 61.10

9 a -§3.1955 Space 1 63.93

B 10 =a ~-36.9497 4.00000 ACRYLIC 69.82
( 11 -43.0000 5.00000 437500 75.50
: 1z . 14.10000 563500 130.00
13 -350.0000 Image distance 130.00

Symbol Description
a - Polynomial asphere

Even Polynomial Aspheres-

Surf.

No. D E. -F G H : |

1 -1.6427E-06 -2.4320E-09 -1.50538-12 2.3008E-15 ~8.4731E-19 9.1176E-23
2 -~7.1469E-07 -3.1506E-09 7.9027E-14 1.1139E-15 -2.6303E-19 -2.8511E-23
8 -2.3508E~06 1.4105E-09 -6.3228E-12 4.1530E-15 -2.0700E-19 -1.43108-21
9 ~7.8771B-07 -1.4709E-09 1.1503E-12 -4.8930E-15 5.6562E~18 -2.6873E-21
10 -2.1861E-06 1.1653E-08 -2.6999E~11 3.6009E-14 -2.4483E-17 6.83048-21

Variable Spaces
Focus Space 1 Focal Image
Pos. T(9) Shift Distance
7 1 25.453 «~0.353 0.000

;\*" 2 25.069 -0.222 0.000
First-Order Data
Focus Position 1 2
f/number 1.24 1.23
Magnification -0.1123 -0.,1037
Object Height -609.60 -660.40
Object. Distance ~764.72 - ~825.16
Effective Focal Length  76.832 77.170
Image Distance . =.16624E-03 0.00°
Overall Tength 896.21 © 856.27
Forward Vertex Distance 131.453 131.11
Barrel Length 131.49 131.11
Stop Surface Number & . 6
Distance to Stop -6.13 - -6.13
Stop Diameter - .73.419 73.480
Entrance Pupil Distance 40.312 - 406.318

Exit Pupil Distance -57.116 - -56.956



No. Type Radi us Thi ckness 3 ass Dianeter | a 54.5799 5. 00000 ACRYLI C 90. 35
2 a 58.6349 23.95383 83.94 3 - -5.00000 75.12 4 62.5000 36-Q0 :
75.94 5 -62.5000 6.00000 FDI 73.97 6 -109.4412 7.91182 71.1 7 - 9.00000
56.98 8 a ivdp46980 7.30000 ACRYLIC 60.53 9 a -155. 2043p&hagshkep4. 01 10
a -36.3132 4. 00000 ACRYLIC 67.29 11 -ng 0000 9.00000 437500 72.88 12 -

14. 10000 563500 130.00 13 -350.-0000 I"aé di stance 130.00 Synmbol
Description a - Polynom al asphere Even Polynom al Aspheres Surf. No. D E
F GH1 -6.1440E-07 -1. 751 OE-09 - 1188 K ednnudd)2461E-15 -7. 9927E-19
9.4647E-23 2 3.8379E-07 -3.1875E-09 2. 7201E-13 9. 8151E- 16 - 3. 8636E-19

4. 0804E-23 8 -2.3042E-06 1.3927E-09 -6.305BE-12 4. 6078E-15 -2. 3532E- 18

- 1. 3804E- st Shasr PrdpéddSorBibmierss /147E- 09 3. 3365E-12 -4. 8130E- 15 2. 4878E- 18
-1.6154E-21- 10 -2.9061E-06 1.2990E-08 -3.2841E-11 4.4971E-14 -3.1733E-17
B. 8946E- 21Elenvémt | &btfaee Spaces Focus Spacel Focal Inage 'Pos. 79) Shift

D stance MNunpgr OBimder855 Fowe00 2 2fl. 625 0. 187 0. 000
1 1 2 0.62509E-03 1599.8
' 4 5 0.16170E-01  61.841
5 6 -0.38308E-02 -261.04
8 9 0.44320E-02  225.63
-0.14694E-02 -680.56
11 12 -0.10172E-01 -98.308
12 13 0.16086E-02  621.67

SN
=
o
=
e

First-Order Properties of Doublets
( ' Element Surface
Numbers Numbers Power f
2 3 4 6 0.12647E-01 79.073

First Order Properties of Units

Unit Surface

Number Numbers Power f
1 1 9 0.14787E-01 67.626
2 10 13 -0.10044E-01 -89.560

First Order Properties of the Lens

Focus Position
Number Power T
1 0.13015E-01 76.832
2. 0.12858E-01 77.170

TN,



First-Order Data Focus Position 1 2. f/
-0.1123 -0.1037 bject Height

-824.34 Effective Focal Length 76.649 76.989
-.45355E-03 Overall Length 897.28 957.23 Forward Vertex Di stance
132.89 Barmabodussmgt h 133. 27 132.89 Stop Surface Nunber dcdusobymbpnce to
Stop 25.47 25.47 .Stop D aneter

70. 957 éo 989 Entrance Pupi
80 -54.912 9 MAY 2005 WO 02/ 43370

45.096 45.096 Exit Pupil Distance -55.

PCT/ US01/ 47291 -39- TABLE 7 (continued) First Order

nunber 1.24 1.23 Magnification

-609. 60 -660.40 bject Distance -764.01

| mge Di stanc§ MAY3

El ement Surface Nunber Nunbers Power fTabLAd72 0. 88066E-03 1135.5 2 4 5

0.17237E-01 58.013 3 5 6 -0.46962E-02 -212.94 4 8 9 0.35704E-02 280. 08 5

10 11 -0.80382E-03 -1244.1 6 11 12 -0.10935E-01 -91.449 7 12 13
0. 16086E- 0g,621. 67 First-Order
Nunber s Nm&)ew@ePoweRaa‘usz 3 AnburPssl 298201 77

Pr opert

1 a 54.5799 5.00000
2 a 58.6349 23.95383
3 oo ~5.00000
4 62.5000 30.00000
5 ~62.5000 - 6.00000
6 ~109.4412 7.91182
7 oo 9.00000
8 a 1245.7090 7.30000
9 a ~-155.2043 Space 1
10 a ~-36.3132 -4.,00000
(" 11 -40.0000 9.00000
12 o 14.10000
13 -350.0000 Image distance

Symbol Description

a - Polynomial asphere

Even Polynomial Aspheres

Surf.
No. D : E

1 -8.1440BE-07 -1.7510E-03
2 3.8379E-07 ~-3.1875E-09
8 =-2.3042E-06 - 1.3927E-09
9 -2.0737E-07 ~3.7147E-~-D9
10 -2.90¢lE-06 1.2990E~08

Variable Spaces

Focus Space 1 Focal

Pos. T Shift

B 1 22.008 0.05
( - 2 21.625 0.18

First-Order Data

Focus Position

f/number

Magnification

Object Height

Object Distance
Effective Focal Length
Image Distance

Overall Length

Forward Vertex Distance
Barrel Length

Stop Surface Number
Distance to Stop

.Stop Diameter

Entrance Pupil Distance
Exit Pupil Dlstance

5
7

F

-1.8974E-12 2.2461E-15
2.7201E~13 9.8151E-16 -3.8636E-19 4.0804E-23
-6.3058E-12 4.6078BE-15
-4.8130E-15

-11 4.4971E-14

3.3365E~12

-3.2841E

Image
Distance
0.000
0.000

1
1.24

-0.1123
-60%.60
-764.01

76.
-~.43139E-03

649

887.28
133.27
133.27

- 4

25.47

70.
45.
~55.

857
026
080

i es of CEEF%%E
Pifdter

ACRYLIC 90.

BACDS 75.
FD1 73.

ACRYLIC  60.

ACRYLIC = 67.
437500 72.
563500 i30.

G

2
1.23
-0.1037
-660.40
-824.34
76.989 -

-.45355E~-03

857.23
132.89
132.89

4
25.47
70.98%9
45.096
-54.912

fls El ement Surface

H i
=7.8927E-19 8.4647E-23

-2.3532E-18 -1.3804E-21
2.4878BE-18 -1.6154E~21
-3.1733E-17 8.8%46E-21

1998,7°

Di st ance

Properties of El enents



First Order Properties of Units Unit Surface Number Nunbers Power f 1 1 9

- 0.14792E-01 67.605 2 10 13 -0.10171E-01 -98.314 First Oder Properties.of
" the Lens Focus Position Nunber Power f 1 0.13047E-01 76.6 MAY §

0. 12989E-01 76.989 9 MAY 2005 WD 02/43370 PCTI US01/ 47291 -40- TABLES

Surf. C ear wpesdastee No. Type Radi us Thi ckness d ass.D anpgfisorls7d; 52. 1461
5. 00000 ACRYLIC 89.31 2 a 53.8801 23.19770 82.48 3 - -2.00000 74.21 4
64. 0000 30.00000 BACD18 75.95 5 -64.0000"7.00000 FD14 73.58 6 -116.2797
5.22161 70.23 7 - 12.00000 58.14 8 a -264.3354 7.30000 ACRYLIC 60.74 9 a
-92. 7348 Space 1 64.31 10 a -35. 4980 @EHRRNHACRYLI C 67.60 11 -40. 0000

9. 00000 437500 '72. 40 12 14.10000 563500 130.00 13 -350.0000 I mage

di stance 130.00 Synbol Description a - Polynom al asphere Even Pol ynoni al

Aspher es & order Properties of Elements

Element Surface
Number  Numbers Power T
1 2 0.88066E~03 1135.5
4 5 0.17237E-01 58.013
5 6 =-0.46962E-02 -212.94
0.35704E-02 280.08
10 11 -0.8038B2E-03 -1244.1
11 12 -0.10935E-01 --91.449
12 13 0.16086E8-02 621.867

~I s Wk
o0}
o]

First-Order Properties of Doublets
( Element Surface
’ Numbers Numbers  Power T
2 3 4 6 0.12982E-01 77.027

First Order Properties of Units

Unit Surface
Number Numbers Power f
1 1 9 0.14792E-01 67.605
2 10 13 -0.10171E-01 -98.314

First Order Properties of the Lens

Focus Position
Number - Power f
1 . 0.13047E-01 76,649
2 0.12989E-01 76.989



No. DEF G
9. 1471E- 23
1. 0905E- 23
5. 6175E- 22

H1 -1.5805E-06 -1.5334E-09 -1.8486E-12 2.2341E-15 -8. 0476E-19

2 -6.0069E-07 -2.7534E-09 1.1799E-13 9.930 E-16 -3.2345E-19
8 -3.9273E-06 1. 7096E-09 -5.6384E-12 3. 6138E-15 -2. 0924E-18
9 -1.8177E-06 -1.9054E-09 2. 0396E-12 -4. 0608E- 1—593

-1.0959E-21 10 -1-6986E-06 1.4046E-08 -3.5551E-11 4. 7576E- 14 - g 1@@17
8. 2450E- 21 Wp3/4ablte Spaces Focus Space 1 Focal |nage PorCT/TR08%728hi ft

Di stance 1 20.228 -0.087 0.000 - 2 19. 8_2%610.- 039 0.000 First-Order Data
Focus Position 1 2 f/nunber 1.23 1.22 gnification -0.0963 -0.0869

bj ect Height -711.20 -787.40 Object D stance -880.38 -971.88 Effective
Focal Length 77.148 77.544 |mage Di siTARBde8 0. 00 0. 00 Overall Length 1015.4
1106.5 Forward Vertex Distance 135.05 134.62 Barrel Length . 135.05
134.62- Stop Surface Nunber 4 i Distance to Stop 22.87 22.87 Stop
Di-anet er Burf657 71.760 Entrance Pupil D stancieardderidd® 44.279 Exit Pupil
Di stance No5. 508 - 5RAGHE MAYTEODESWO 024s43370 DRdmletddSOl / 47291 TABLE 8
(continued)_ First Order. Properties of Elenents S!EI enment Surface Nunber

) a 20l46d - 5.080 RYLIC 89.31
Numbers Powgr 2f 1 1 250359520 49595807 3531
3 o ~2.00000 74.21
4 64.0000 30.00000 BACD18 75.85
5 ~-64.0000 7.00000 FD14 73.58
6 -116.2797 5.22161 70.23
7 b 12.00000 58.14
8 a -264.3354 7.30000 ACRYLIC 60.74
9 a -92.7348 Space 1 64.31
(' 10 a ~35.4960 4.00000 ACRYLIC 67.60
11 -40.0000 9.00000 437500 72,40
12 - 14.10009 563500 130.00
13 -350.0000 Image distance 130.00
Symbol Description
a — Polynomial asphere
Even Polynomial Aspheres
Surf. I
No. D E F G H . . I
1 -1.5805E-06 -1.5334E-09 -1.B486E-12 2.2341E-15 -8.0476E-19 9.1471E-23
2 -6.006%E~-07 -2.7534E-09 1.1799E-13 9.9301E-16 -3.2345E~19% 1.0905E-23.
8 -3.8273E-06 1.7096E-09 ~-5.6384E-12 3.6138E-15 -2.0924E-18 5.6175E-22
9 ~1.8177E-06 -1.5054E-09 2.0396E~12 -4.0608E-15 3.0507E~18 -1.0958E-21
10 -1.6986E-06 1.4046E-0B -3.5551E-11 4.7576E~14 ~3.1232E-17 B8.2450E-21
Variable Spaces
Focus  Space 1 Focal Image
Pos. T(9) Shift Distance
{ 1 20.228 ~0,087 0.000
2 19.803 0.039 0.000
First-Order Data
Focus Position 1 2
f/number 1.23 1.22
Magnification -0.0963 -0.08653
Object Height - =711.20 -787.40
Object Distance -880.38 -971.88
Effective Focal Length 77.148 T1.544
Image Distance 0.00 ) 0.00
Overall Length -1015.4 1106.5
Forward Vertex Distance 135.05 134.62
Barrel Length . . 135.05 134.862
Stop Surface Number 4 4
- Distance to Stop 22.87 22.87
Stop Diameter : 71.8657 71.760
. Entrance Pupil Distance -44.279 44.279
Exit Pupil Distance -55.5818 -55.342



2 45 0.18205E-01 54.930 3 5 6 -0.50851E-02 -196.65 4 8 9 0.35052E-02"
285.29 5 10 11 -0-11065E-02 -903.72 6 11 12 -0.10935E-01 -91.449 7 12 13
0. 16086E-02 621.67 First-Order Properties of Doublets El enent Surface
Nunbers Numbers Power f 2 3 4 6 0.13575E-01 73.665 First Oggi\a ?2@@ ties
of Units Unit Surface Nunber Nunbers Power f 1 1 9 0.14914E é 2 10
13 -0.10474Bv0%2/439M. 471 First O der Properties of the LepgriamugoPosition
Nunber Power f | 0.12962E-01 77.148 2 (. 12896E-01 77.544 9 MAY 2005 WO
02/ 43370 PCT/ US01/ 47291 -42- TABLE 813" 3urf. Cear Aperture No. Type
Radi us Thi ckness 3 ass Dianeter 1 a 52.1461 5.00000 ACRYLIC 89.31 2 a
53.8801 23.19770 82.48 3 - -2.0000@8[=s @dntindedp4. 0000 30. 00000 BACD18 75. 95
5 -64.0000 7.00000 FD14 73.58 6 -116.2797 5.22161 70.23 7 12.00000 58. 14

First Order Properties of Eiements

Element Surface

Number Numbers Power T
1 1 2 0.595208-03 1680.1
2 4 5 0.18205B-01 54.930
3 5 &6 -0.50851E-02 -196.65
4 g 9 0.35052E-02 285.29
5 10 11 ~0.11065E-(02 -903.72
6 11 12 ~0.10935E-01 ~91.449
7 12 13 0.16086E-02 621.67

First-Order Propertieé of Doublets
Element Surface
Numbers Numbers Power F
2 3 4 6 0.13575E-01 T73.665

First Order Properties of Units

Unit Surface

Number Numbers Power f
1 1 8 0.14914E-01 67.050
2 10 13 -0.10474E-01 -95.471

First Order Pfoperties of the Lens

Focus Position
Number  Power T
1 0.12962E~-01 - 77.148
2 0.12896E-01 77.544



8 a -264.3354 7.30000 ACRYLIC 60.74 9 a -92.7348 Space 1 64.31 10 a
- 35. 3700 4. 00000 ACRYLIC 67.60 11 -40.0000 9.00000 437500 72.40 12 -
14. 10000 563500 130.00 13 -350.0000 |Image di stance 130.00 Synbol
Description a - Polynomal asphere Even Polynonial Aspheres-SuMAY 205D E
FGHI -1.5805E-06 -1.5334E-09 -1.8486E-12 2. 2341E-15 -8. 0476E-19
9. 1471E- 23 WO MB3IBO69E- 07 -2. 7534E-09 1. 1799E- 13 9. 9301E- #61/v312BA6E- 19
1. 0905E-23 8 -3.9273E-06 1. 7096E-09 -5,46384E-12 3. 6138E-15 -2. 0924E-18
5.6175E-22 9 -1.8177E-06 -1.9054E-09 2. 039CGE-12 -4. 060SE-15 3. 0507E- 18
-1.0959E-21 10 -1.6986E-06 1.4046E-08 -3.5551E-11 4. 7576E-14 - 3. 1232E- 17
8. 2450E-21 Vari abl e Spaces Focus SpadéBLUE8Bocal |Inmage Pos. T(9) Shift
Distance 1 20.020 0.000 0.000 2 19.580 0.100 0.001 First-Order Data
Focus Position 1 2 f/nunber 1.23 1.22 WMagnification -0.0963 -0.0869
Obj ect  Heigynt -711.20 -787.40 vject Di stancelea®pernsfd - 968. 09 Effective
Focal Lendich T#e802 Rai@l7 I[ThiekpessDi st @asse 0. 2uibd&er- 03 0. 79645E- 03 Overal |

1 52 - ) ‘
Length 101116 2102.5 F?&%@rd&§§§$§§ DiXREH€e 139:384 134.40 Barrel Length
ol _

134.84 134.40° Stop SU, N o 4 Distanc8tff stop 22.87 22.87
4 64.0000 30.00000 BACDLS 75.95
5 -64.0000 7.00000 FD14 73.58
6 -116.2797 5.22161 70.23
7 e 12.00000 58.14
8 a ~-264.3354 7.30000 ACRYLIC 50.74
9 a -02.7348 Space 1 64.31
10 a : ~35.3700 4.00000 ACRYLIC 67.60
( 11 ~-40.0000 9.00000 437500 72.40
. ‘ 12 w - 14,10000 563500 130.00
13 -350.0000 Image distance 130.00

Symbol Description ' .
a - Polynomial asphere

Even Polynomial Aspheres

Surf. , _

No. D E F G H i

1- -1.5805E-06 -1.5334E-09 ~1.8486E-12 2.2341E-15 ~B.0476E-19 9.1471E-23
2 =—6.0069E-07 -2.7534E-09 1.1799E-13 9.9%301E-16 -3.2345B-19 1.0905E-23
8 -3.8273E-06 1.7086E-03% -5.6384E~12 3.6138E-15 -2.0924E-18 5,61758-22
9 -1.8177E-06 -1.2054E-09 2.0396E-12 -4.0608E-15 3.0507E-18 -1.0959E-21
10  -1.6986E-06 1.4046E~08 -3.5551E-11 4.75768E-14 -3.1232E-17 8.2450E-21

Vartiable Spaces
Focus Space 1 Focal image
Pos. T(9) Shift Distance
1 20.020 0.000 0.000

(””- 2 19.580 0.100 0.001
First-Order Data
Focus Position 1 2
£/nunber 1.23 1.22
Magnification -0.0963 ~0.0869
Object Height -711.20 ~787.40"
Object Distance -876.74 -968.09
Bffective Focal Length  76.802 77.217
Image Distance 0.24545E-03 0.79645E-03
Overall Length 1011.6 1102.5
Forward Vertex Distance 134.84 134.40
Barrel Tength 134.84 134.40
Stop Surface Number 4 4
Distance to Stop 22.87 . 2Z.81
Stop Diameter 71.184 71.322
Entrance Pupil Distance 44.248 44.248

Exit Pupil Distance -55.170 ~54.987



Stop Dianmeter 71.194 71.322 Entrance Pupil D stance 44.248 44.248 Exit
Pupi | ‘Distance -55.170 -54.987 MAY 2005 WD 02/43370 PCTI US01/ 47291 -43-
TABLE 8B (continued) First Order Properties of Elenents Ele & ?ugéage
Nunber Nunbers Power f 1 1 2 0.60240E-03 1660.0 2 4 5 0. 183@2 A 57
356 -0.51837E-02 -192.91 4 8 9 0.35374E-02 282.69 5 10 11 -0.11621E-02
-860.50 6 MOY4330 11048E-01 -90.518 7 12 13 0. 16251E- ORCHINLEBI1
First-Order Properties of Doublets Elenggt Surface Numbers Numbers Power f
2 346 0.1364BE-01 73.268 .First Order Properties of Units Unit Surface
Nunber Numbers Power f 1 1 9 0.14990E-01 66.709 2 10 13 -0.10626E-01
-94.105 First Order Properties of BHe88 &pdingsdtus Positi on Nunber Power f
1 0.13021E-01 76.802 2 0.12950E-01 77.217 9 MAY 2005 WD 02/ 43370 :

PCTI US01/ 47291 - 44- .
First Order Properties of Elements

Element Surface
Number Numbers  Power - P

1 1 2 0.60240E~03 1660.0
2 4 5 0.18363E~-01 54.457
3 5 & ~0.518378-02 -192.91
4 8 9 0.35374E-02 282.69
5 10 11 -0.11621E-02 -860.50
& 11 12 -~0.110488-01 ~90.518
7 iz 13 0.16251E~02 615.33
First-Order Properties of Doublets
(- Element Surface
Numbers Numbers Power f

2 3 4 & 0.13648E~-01 73.268

First Order Properties of Units

Unit Surface

Number Numbers - Power f
1 . 1 9 0.14%90rR-01 66.709
2 10 13 -0.10626E-01 -94,105

First Order Properties of the Lens

Focus Position
Number Power f
1 0.13021E~01 76.802
2 ' 0.12950E~-01 77,217



TABLE 8R Surf. C ear Aperture No. Type Radius Thickness dass Dianeter 1
a 52.1461 5.00000 ACRYLIC 89.31 2 a 53.8801 23.19770 82.48 3 - -2.00000
74.21 4 64.0000 30.00000 BACD18 75.95 5 -64.0000 7.00000 mmzé%
-1.16.2797 5.22161 70.23 7 12.00000 58.14 8 a -264.3354 733 \05 LI C
60.74 9 a -92.7348 Space 1 64.31 10 a -35.6500 4.00000 ACRYLIC 67.60 11
-40. 0000 9. OODOH3ZW7500 72.40 12 - 14.10000 563500 130. OP@x/BR1/4B50. 0000

| mage di stance 130.00 Synbol Descripti %Q_a - Polynom al asphere Even

Pol ynom al Aspheres Surf. No. DE F G -1. 5805E- 06 -1.5334E-09
-1.8486E-12 2.2341E-15"-8. 0476E-19 9. 1471E-23 2 -6.0069E-07 - 2. 7534E- 09
1.1799E-13 9. 9301E-16 -3.2345E-19 1. 008BESRS 8 -3.9273E-06 1. 7096E- 09
-5.6384E-12 3. 6138E-15 -2.0924E-18 5.617SE-22 9 -1.8177E-06 -1.9054E-09
2. 0396E-12 -4.060BE-15 3. 0507E-18 -1.0959E-21 10 -1.6986E-06 1.4046E-08

- 3. 5551E- Blrf4. 7576E- 14 -3. 1232E- 17 8. 2450E- 21 cieMatpefod € Spaces Focus Space
| Focal | mimgeTyp@os. R&iusShi f tThiBknedsanceGlass 20. 45Bmetér. 180 - 0. 010 2 20. 000

-0.080 -0. 0®5a First f@réj'éﬁrl Datzg %93315 P&8YRICoNn f923% f/ nunber 1.23 1.22

3 o -2.00000 74.21
4 64.0000 30.00000 BACD18 75.85
5 ~64.0000 7.00000 FD14 ) 73.58
6 ~116.2797 5.22161 70.23
7 = 12.00000 58.14
8 a -264.3354 7.30000 ACRYLIC . 60.74
9 a - -92,7348 Space 1 64.31
10 a -35.6500 4.00000  ACRYLIC 67.60
(‘ 11 ‘ —-40.0000 9.00000 437500 72.40
12 v 14.10000 563500 130.00
13 —350.0000 Image distarice 130.00

Symbol Description
a — Polynomial asphere

Even Polynomial Aspheres

Surf. :
No. 3] E F G H l i
1 -1.5805E~06 —~1.53345E-09 -1.8486E-12 2.2341E-15 -8.0476E-19 $.1471E-23
2 =-6.0069E-07 ~-2.7534E-09 1.17992E-13 92.9301E-16 -3.2345E-15 1.0905E-23
8 -3.8273E-06 1.7096E-09 -5.6384E~-12 3.6138E-15 -2.009824E-18 5.6175E-22
9 -1.8177E-06 -1.9054E-09 2.0336E~-12 -4.060BE-15 3.0507E-18 -1.095%E-21
10 —1.6986E—QG 1.4046E-08 -3.5551E-11 4.7576E~14 -3.1232E-17 8.2450E-21

Variable Spaces

Focus  Space 1 Focal Image

Pos. T(9) - Shift . Distance
1 20.450 ~0.180 -0.010

2 20.000 -0.080 -0.005

_ First-Order Data

Focus Position 1 2
f/numbex 1.23 1.22
Magnification ~0.0963 ~0.0868
Object Height -711.20 -787.40
Object Distance ~884.01 - -976.13
Effective Focal Length  77.49%4 77.910
Image Distance -.10365E-01 ~.45926E-02
Overall Length 1019.3 1110.9
Forward Vertex Distance 135.26 134.81
Barrel Length 135.27 134.82
Stop Surface Number ‘ 4 4
Distance to Stop 22.87 22.87
Stop Diameter 72.122 72.258
Entrance Pupil Distance 44.308 44 .308

Exit Pupil Distance -55.880 ~55.690



Magni fication -0.0963 -0.0869 C(bject Height -711.20 -787."40 (bject

Di stance -884.01 -976.13 Effective Focal Length 77.494 77.910 | nmage

D stance -.10365E-01 -.45926E-02 Overall Length 1019.3 11]é).sﬁ' Fmd
Vertex Distance 135.26 134.81 Barrel Length 135.27 134.82 appY ce
Nunmber 4 4 Distance to Stop 22.87 22.87 Stop D anmeter 72.122 72.258
Entrance PupY?%¥3Pance 44.308 44.308 Exit Pupil Di'stancRCVEHUEEHN - 55 690
9 MAY 2005 WO 02/ 43370 P&tI USQO /47291 =4:5- TABLE 8R (continued) First
Order Propertiés of Elenents Elenent Surface Number Nunbers Power r 1 1 2
0.58853E-03 1699.2 2 4 5 0.18054E-Q01 55.390 3 5.6 -0.49975E-02 -200.10 4
8 9 0.34753E-02 287.75 5 10 11 - 0/ARb%3Reopueddsg 58 6 11 12 - 0. 10829E- 01
-92.345 7 12 13 0.15930E-02 627.76 First-Order Properties of Doublets

El ement Surface Nunbers Nunbers Power f 2 3 4 6 0.13499E-01 74.079 First
Or der Pr ogdiérstQreer Pefoertips of Eleprits Sur f ace Nunber Nunbers Power f

Element Surface
Number Numbers Power f

1 1 2 0.58853E-03 1699.2
2 4 5 0.18054E-01 55.390
3 5 6 -0.,49975E-02 -200.10
4 g 9 0.34753E-02 287.75
] 10 11 -0.10421E-02 -858.58
6 11 12 -0.1082%E-01 -92,345
7 12 13  0.15930E-02 627.76
" First-Order Properties of Doublets
( Element Surface
Numbers Numbers Power . f

2 3 4 © 0.134399E-01 74.079 .
First Order Properties of Units .

Unit Surfice

Number Numbers Power . F -
1 1l 95 6.14837E-01 67.400
2 10 13 -0.10319E-01 -96.909

First Order Properties of the Lens

Focus Position
Number Power f
1 0.12904E~01 77.494
2 0.12835E-91 77.910



1 19 0.14837E-01 67.400 2 10 13 -0.10319E-01 -96.909 First Order

.‘Properties of the Lens Focus Position Nunmber Power f 1 0.12904E-01 77.494

2 0.12835E-01 77.910 -9 MAY 2005 WO 02/ 43370 - PCTI USOl /47291 -46- TABLE 9
Ex. No. FOFl F2 F3 F4 1 77.114 1100.2 83.942 199.580 -99. 9% MA 208755
1088.2 83.263 197,77 -98. W 1R 77.424 1111.6 84.609 201.29 -101.25 2
77.536 1506.Y508%438%7 227 020 -120.95 3 71.446 1248.2 79. DIDUNHATEY o
-94.873 4 66.686 1219.8 72.973 158. 950 -487.122 5 82.274 4730.3 86. 146
237.050 -112.51 6 76,832 1599.8 79.073 225,630 -99.560 7 76.649 1135.5
77.027 280.080 -98,314 8 77.148 1680.1 73.665 285.290 -95.471 1 8B 76. 802
1660.0 73.268 282.69 -94.105 8R 77.49HABEBS. 2 74.079 287.75 -96.909 ' 681,
ex 111 68.2 501.471 76 201 246209 -98.271 _'681 _ex \/ 84.3 384.932 89.206
669. 048 A25.446 Ex. ENolo. FO/ FIFOFQ F2 FO' F3 FG21174[ #s 0. (7069 0.]91866

0. 38464 0 76468 2-0-obas? |0 bilsal o Hhoh BUELde Pt (eITD lo0100
4

Q. 40917 0. 75307

o

0. 0846707671884 0“.@&@5& @32@543 19570. 01-28844./95505
0.34707 0.73126 1R 77.424 11118 84609 | 20120 | -101.25

2 77.536 15086.3 83.857 227.020 -120.95
3 71.446 1248.2 79.212 174.610 -94.873
4 66.686 1218.8 72.973 158,950 -87.122
5 - 82274 4730.3 86,146 237.050 -112.51
6
7
8

76,832 1599.8 78.073 225,630 -99.560

( 76.649 | 11355 | 77.027 | 280.080 | -98.314
77448 | 16801 | 73.665 | 285290 | -95.471

8B 76.802 | 16600 | 73268 | 28260 | -04.105

8R 77494 | 16992 | 74079 | 28775 | -96.909

681, extll | 682 501471 | 76201 | 246209 | -98271

'681, ex V 84.3 384.932 89.206 669.048 -125.446

£x. No. FO/F1 FO/F2 FO/F3 Fo/|F4]
1 0.07009 0.91866 0.38638 0.77131
1B 0.07053 0.92184 0.38810 - 0.77653
iR 0.06966 0.81508 0.38464 0.76468

2 0.05147 0.92462 0.34154 0.64106
3 0.05724 0.90196 0.40917 0.75307
4 0.05467 0.91384 0.41954 | 0.76543
5 £.01738 0.95505 0.34707 0.73126
8
7
8

0.04803 0.97166 0.34052 0.77172
0.06750 0.99509 0.27367 0.77963
0.04592 1.04728 0.27042 0.80808

8B 0.04627 | 1.04823 | 027168 | 0.81613
8R 0.04560 | 1.04810 | 0.26931 0.79965 "
'681, exill { 0.13510 | 0.89500 | 0.27700 | 0.69310

'881, ex V 0.21810 0.94500 | 0.12510 0.67200




"6 0.04803 0.97166 0.34052 0.77172 7 0.06750 0.99509 0.27367 0. 77963 8

0. 04592 1.04728 0.27042 0.80808 88 0. 04627 1.04823 0.27168 0.81613 8R
0. 04560 1.04610 1 0.26931 0.79965 '681, ex 111 0.13510 0.89500 0. 277
0.69310 '681, ex V 0.21810 0.94500 1 0.12510 0.67200 N%N’QEEQ% 370
PCT/ USO01/ 47291 -47- Table 10 Best-Fit Spherical Radii R11 R12 R21
R22 R31 R32 wd 044537060 86. 170 66. 567 -172. 399 -162. 10 - 80. BZRusciB72d47. 60
86. 170 66.567 -172.399 -162.10 --80. 320 £§ 147. 60 86.170 66.567. -172.399
-162. 10 -80.320 2 129.10 77.530 66.592 =171.528 -1224.0 -133.60 3 101.10
67.620 69.643 -192.524 -307.10 -90.550 4 92.350 62. 300 54.153 -184.843
-86.030 -57.400 5 182.30 93.350 73. 80fghia4d. 627 -220.50 -108.30 6 165.80
79.110 67.730 -119.214 -91.610 -57.710 7 167.30 83.640 62.500 -109. 441
-113.70 -65.590 8 146.30 98. 330 éﬁ&b 75.400 -57.040 8B 146.30
98. 330 64.000 -116.280 -75.400 5?6% %ﬁ%@i@ﬂgﬂ 98. 330 64.000 -116.280
-75.400 -57. 04¢—68%; +4+-1+93-0-166-30-"15% 9322539931107
693R&

I, T LIS L 0~

'681, ex V 74.82% NG 3 11oR%5 . 28215 31@228 WM 5885 o B 49370
PCT/ USO1/ 47291| -48- Tablw7.60 Ex86.N0. |THB560 28280 134162QRP2-80BAL [TVO 1

0.317 0.256 0. B67 2590 G085 | Lol I18e8675] 387 (2-n3%00] 0850
1R 147.60 86.170 66.567. -172.399 -162.10 -80.320
2 129.10 77.530 £6.592 -171.528 -1224.0 -133.60
3 101.10 67.620 59.643 -192.624 -307.10 -90.550
. 4 92.350 62.300 54.1 53 -184.843 -88.030 -57.400
( : . 5 182.30 93.350 73.800 -149.627 -220.50 -108.30
>
7
8

165.80 72.110 67.730 -119.214 -91.610 ~57.710
167.30 83.640 62.500 ~109.441 -113.70 -65,580
146.30 98.330 64.000 -116.280 -75.400 -57.040

8B 146.30 98.330 £4.000 -116.280 -75.400 -57.040
3R 146.30 98.330 64.000 -116.280 ~75.400 -57.040
'681, ex IH 193.0 168.30 81.03 ~83.225 ~199.1 -110.7
'681, exV 74.32 98.02 69.47 -118.732 -234.5 -319.8




R 0.315 0.255 0.358 2.590 0.095 2 0.346 0.225 0.397 2.576 0.077 3 0.376
274 0.353 3.228 0.098 4 0.380 0.238 0.350 3.413 0.120 5 0.329 0. 307

380 2.027 0.079 6 0.230 0.221 0.331 1.760 0.095 7 0.247 0$8£§'20@§

. 751 0.095 8 0 275 0.223 0.262 1.817 0.095 8 B 0.276 0.224 6 817
.095 8R 0,274 0.222 0.264 1.817 0.094 '681, ex 111 0.254 0.372 0.316

.150 0. 117 ‘é‘é‘i Bxv 1 0.263 1 0.160 1 0.398 1.724 0. 095PFFHEY4%H05 WO

02/ 43370 PCT/ USO1/ 47291 -49- What is cl-agied is: 1. A projection |lens
system for use in a projection television which has a screen and a first
cat hode ray tube which produces |ight ﬁ; primarily a first color, a second
cat hode ray tube which produces |ight ble ﬂﬂlnarlly a second color and a
third cathode ray tube which produces light of primarily a third col or
said projection | ens systemconprising three projection |enses, one
projection | ens_being associated with each of the cathode ray tubes during

~use of the systenEiom_foknnagFan | megyeroof thm/#dgntnmppggucedTgygth t tube
on the screen, [each, project]] TS Hblblll of-—A) f-st—tens{ unit on
the | ong conjugate side jof 77 z | nnqgb aid fi rg? pn§5ﬁ‘ﬁ| ha@i”ﬁﬁ
positive power] andB(B) la $38nd | eM857unijt \WHHEh i) 2i580 asqocicaped with a
cat hode ray tuybe dgring u:‘@,@f {hep bans, (|0|358 has a 55k 0Ng ngg iVie power
when so associate &t “d' pt-ovi-aes—Host +he—correettoen the | ens
field curvatute. vhereiln ddl t i 9725 o an\93Tffereﬁé§6ba<ed°8Ws tisfying
the Schei npfl ug canditijon o@7sany di).ﬁ?fd.erencessm spectsjzm t fansoessijon, the
second lens upit of the s d proj sl ff fromtiesgcond
l.ens unit of he—f+.st prgﬁggtian ?gﬁc a] ﬂga?naaL_§nZiapLchﬁ§deperty,
' 6 - 0.230 0.221 0.331 1.760 0.095
7 0.247 0.221 0.287 1.751 0.095
8 0.275 0.223 0.262 1.817 0.095
8B 0.276 0.224 0.261 1.817 0.095
8R 0.274 0.222 0.264 1.817 0.094
‘681, ex i 0.254 0.372 0.316 1.150 0.117
'681, ex V 0.263 0.160 0.398 1.724 0.095




being based on said first and second colors. 2. The projection |ens system
of Caim3. wherein: (i) the second lens unit of the first projection |ens
conprises a first meniscus elenent and the second |lens unit OLQQVSZQS ond
projection |ens conprises a second neni scus el ement; and (ig) I

di fference between the second lens units conprises a difference between
the first md3¥W8u487el enent and t he second neni scus el eneptr/usviAtol east one
optical property other than spectral trqaépission. 3. The projection |ens
systemof Claim2 wherein said differencé” in neniscus elenents results
fromat |east one of (i) a difference in focal length, (H a difference in
i ndex O refraghaiois claitheldy: 2005 WO 02/ 43370 PCT/ USO1/ 47291 ~-50- (iii) a
difference in base_radiys for the screen side surfaces_of the_ elenents,
(iv) a difference in bagé’rw&eﬁl%l%uswtﬁ@%&v%abapa@e@tmteﬁq%onsurf’aces of

th I ts, | S  f ,
€ g enents véﬁiélbﬂ%?%de%ﬁ YR %?g]:gai\ilé r?%?ﬁlgtﬁvgﬁg rS&&&Q hiige surfaces

a difference in best-fit spher een si de surfaces,
(vi) where thermhenira Srdiavloras pdrend cathoda i theberwtichpredwied dighbof f aces, a

difference in best-fit spherical radj,. for,.said cathode ra ube,. side
Sur f aeen S (i PRt sRBRgeuRE i bt Snndt frRind e Sodibottiebho s o
di fference incospaptr{ipla thddeolst! 6AA prbfdeticIcha ePSftomAdtyisify thiep Where the

el ements have aspherical cathode ray tube side surfaces, a difference in
shape for sai 8r@aetimauienses, ongprojesiinn lens being assocpted matlpeaghedthon | ens

Pretem ol O ALt Sl i 55 G508 bARe 1Rl REeL Pl R 510"
the second pr pp@hicedby thahsuteanpitieseseen, sathondjectivplémugonbistidgpfir ti on; and
R A T L T W R TR
' lens unit having a positive power; and .
(B) a second lens unit which (i) is associated with a cathode ray
tube during use of the lens, (i) has a strong negative power when so
associated, and (iii) provides most of the correction of the lens' field
curvature; . N |
wherein in addition to any difference based on satisfying the.
Scheimpflug condition or any'djﬁ'erence in spectral transmission, the second
lens unit of the second projection lens differs from the second lens unit of
the firgt projection lens in at least one optical property, said difference
“being 'based on said first and second colors.
- 2. The projection lens system of Claim 1 wherein:
(i)  the second lens unit of the first projection lens comprises a
first meniscus element and the second lens unit of the second projection
lens comprises a second meniscus element; and
(@) said difference between the second lens units comprises a
difference between the first meniscus element and the second meniscus
element in at least one optical property other than spectral transmission.
3. The projection lens system of Claim 2 wherein said difference
in meniscus elements results from at least one of: |
® a difference in focal length,

(ii) -a difference in index of refraction,



fluid portion in at |east one optical property other than spectral
- transm ssion. 5. The projection |l ens systemof C aim4 wherein said

difference in coupling fluid portions results fromat |eas i, f nce
in axial thickness. 6. The projection | ens systemof C ai"&l%ri@gﬁt he

first lens ﬁits of the first and second projection |lenses are identi cal
to within r?g 458 %r i ng tol erances. 7. The projection | eRSTEJMUBH of O ai m
| wherein the first color is green and fshe second color is red or blue. 9
MAY 2005 WO 02/43370 PCT/USQ /47291 8. .The projection | ens systemof Caim
1 wherein the second _lens  units of the first and second projection |enses
addi tional |y diff el opdHerengnin base rpdivsfor thegcreamzidersuriness of he The
proj ection | eng.g¥sisem of A aiml wherein the second Iens unit of the
third projection ['ens differs fromeach of the second lens units of the
first and second piis} echidifferdencsisbase radrstionthet satheds Bi5itabe sil@. The

of .Claim2 wherein the first and second neni scus

projection |ens ste
el ements addi tﬁ%‘? therelemenisom one another in spectral transm ssion.

11. The projecti on@)ensyhkss £8 QmEhiHive Qs Phes&il Rercehsidd GuBREORd | ens
unit of the third projection lens conprises a third nmeniscus element; and

(ii) the thirdlifferenee usbestditaphericdliradl for sond ecrebn sidetdvafaces,st and second

meni scus el ements i, sp t i.ssion. A42. The.projection.l.ens system
of Cl aim 11 wher ei r@) (i %ﬁ%‘%&ﬁ %@?gégoslﬁ%arlvgi%p%?ré%%,caﬁ% e§%%%‘ﬁk? S8 or s red,
and t he third suefakes, al diffordife mabekifit sphbfiealfda@Etfoedil setfodehr&y e | S

gr een-col or ed, Hihe econd neniscus elenent is red-colored, and the third
meni scus el enétft® ¥ €ar. 13. A projection lens systemfor use in a

- Broj ection televi sig Wahh R%B1AnSHEERe 205haidl & of QidiaY ol UDe Which
produces light of 'primarily a first color,” a second cathode ray tube which
produces | i ghtdifffrence in shape for said screen side surfaces, and/or
(viii) where the elements have aspherical cathode ray tube side
surfaces, a difference in shape for said cathode ray tube side surfaces.
4. The projection lens system of Claim 1 wherein:
)} the second lens unit of the first projection lens comprises a
first coupling fluid portion and the second lens unit of the second projection
lens comprises a second coupling fluid portion; and
(@)  said difference between the second lens units comprises a
difference between the first coupling fluid portion and the second coupling
fluid portion in at least one optical property other than spectré.l
transmission. . '
5.  The projection lens system of Claim 4 wherein said difference
in coupling fluid portions results from at least a difference in axial
thickness, | -
6. The projection lens system of Claim 1 wherein the first lens
units of the first and second projection lenses are identical to within
manufacturing tolerances.
7. The projection lens system of Claim 1 wherein the first color is

green and the second color is red or blue.



primarily a second color, and a third cathode ray tube which produces |ight
of primarily a third color, said projection | ens system conprising three
projection | enses, one projection |ens being associ at ed wLth#AQhZQﬂSthe
cat hode ray tubes during use of the systemfor formng an inmage of the
light produgeddxg7et hat tube on the screen, each projectigprl@iaepnsi sting
of: (A a first lens unit on the |ong co%'ugate side of the lens, said '
first lens unit having a positive power?’*and (B) a second | ens unit which
(i) is associated with a cathode ray tube during use of the lens, (ii) has

a strong negative @mr%@gojg&&wggggﬁl}f@lg_gﬁﬁ%@g&e%g@?gﬁﬁéggl -52-

associated, and (iii) provides nost of  the correction o ens ield
curvat ure; wheamatapfithe fosli andsecond pngjedionf lensascallitiosdly diffes fbinsdnd ng t he
Schei npfl ug caondition or differences in spectral transm ssion,=the

second | ens uﬁ?¥%ﬁ%ﬁn%ﬁﬁgd%g%§?9m§5%5Wﬂ, and third projection |lenses differ

from one another ign at Thepssjectivh I0At bRALmMUTAIRIh Y. wisaketh fHefkehfIteas bei ng
based on said first, second, and third colors. 14. The projection |ens

system of O aiitof tedhindprogeciion fpmsghidensdrema pack of the speondiiens s of second,
and third proj Wolgi : ' BN . ment; and (h)

sai d di fferengggbﬁget m%ﬁ&?ﬁgpg@g%%%%ég%%%p?% coﬁpa(rﬁlé%%asgio I fferences

bet ween sai d neni sdls eThepndjsction lahs bysiein afiidat iveladreir Updirkyandt her t han
spectral transm ssjon..15. The projecti lLens ,system of _Claim 14 erein
enid | differortBdd Meniss eladiente.atdifionslle piffer n¢ apother yspectral () 4
di fference in i¢Qeabisdighgt h between at | east two of the elenents, (h) a
difference in index of refraction between at |east two of the elenents,
@ii) a differencelin biBeprqietien lpns systemad (daim dPacheseint aces of at | east

two of the el ement g (i il dofihd feBb GAfEriHe S bt o8 cbllfrigal fode ray

t ube side
third meniscus element; and

(i) the third meniscus element differs from each of the first and
second meniscus elements in spectral transmission.

12.  The projection lens system of Claim 11 wherein:

@) the first color is green, the second color is red, and the third
color is blue; and

(iy  the first meniscus element is green-colored, the second
meniscus element is red-colored, and the third meniscus element is clear.

13. A projection lens system for use in a projection television

which has a screen and a first cathode ray tube which produces- ]ight of

primarﬂy a first color, a second cathode ray tube which produces light of
primarily a second color, and a th_ird cathode ray tube which produces light
~of primarily a third color, said projection lens system comprising three
projection lenses, one projection lens being associated with each of the
cathode ray tubes during use of the system for forming an image of the light
produced by that tube on the screen, each projection lens consisting of:

(A)  afirst lens unit on the long conjugate side of the lens, said first
lens unit having a positive power; and ‘ '

(B) a second lens unit which (i) is associated with a cathode ray

tube during use of the lens, (ii) has a strong negative power when so



surfaces of at |least two of the elenents, (y) where at |east two of the
el enents have aspherical screen side surfaces, a difference in best-fit

spherical radii for said screen side surfaces, (yi) where_gt - of
the el enents have aspherical cathode ray tube side surfaces,g M%ﬁ,fs?gﬂggce

in best-fit wphemiscel radii for said cathode ray tube sigdergyfifsamgs, (Vvii)
where at |east two of the el enents have herical screen side surfaces, a
difference in shape for said screen side Surfaces, and/or MAY 2005 WO

02/ 43370 PCT/US01147291 -53- (viii) where at least two of the elenents

have aspheric addobiated, aad (@) proviiss Slogofihe BaesHoRotin18h$RER | N Shape for
sai d cathode ray tube side surfaces. 16. The projection |ens system of

C ai m 13 wher ef'HVat¥P: t he second lens units of the first, second, and third
rojection lens e ] | 3 i r£ion.. an h aid
brorection. | ens <o eBaTAasBod £ PR LLAABOLL B BLT) o2

di fferences between t ens u conprise bet ween
sai d coupl i ng $¢heigpfugconditiohnor any|diistenonsinaptiteal trapsaieiohytket her than

B0 11 er entPBn IPieot g Barepope: end SRl et ioatos i e
difference in ofhdlthbPit4mast dRIMRAL HopbRGoleil MACHLAGEAUP A | Ul d
e

portions. 18. The projection |ens System of alm13 erein irst lens
units of the feaiddirsissewnd, ardthirdiolgrsor oj ection | enses are substantially

id i cal it hi ' ’ I 9. JLh ' [ | _
Cystem of Clalm 13 hor oA e i s ShBRTS Cofipdd el o ond color i

red, and the third @ol othé secohddensifhits of Bhe fRE) sewhtlOand B138d pacséimnof O ai m
F1)6'3 wherei n thﬁgsecond | ens. units of the first, second, and third
o ection | en€BESERGPCPEREISPS 2 Argrisqus efementsaBdanot her in spectr al

transmssion. 21. THE PkdSENERAAERIweYS LRILQbnEIdls Uk fleh the
meni scus elenents additionally differ fromone another 1n spectral
transm ssi on. differences between said meniscus elements in at least one optical property
other than spectral transmission.
15.  The projection lens system of Claim 14 wherein said
differences in meniscus elements result from at least one of:
® a difference in focal length between at Iéast two of the
elements, '
(i) a difference in index of refraction between at least two of the
elements,
(i) a difference in base radius for the screen side surfaces of at
P least two of the elements,
(iv) a difference in base radius for the cathode ray tube side
surfaces of at least two of the elements,
(v)  where at least two of the elements have aspherical screen side
surfaces, a difference in best-fit spherical radii for said screen side surfaces,
(vi)  where at least two of the elements have aspherical cathode ray
tube side surfaces, a difference in best-fit spherical radii for said cathode
ray tube side surfaces, '
(vil) where at least two of the elements have aspherical screen side

surfaces, a difference in shape for said screen side surfaces, and/ox



22. The projection | ens system of Cl ai m 21 wherein: (i) the first color is

green, the second color is red, and the third color is blue; and (ii) the
meni scus el enment of the first projection lens is green- c;o_l_grw Yt ?]QO%
meni scus el enent of the second projection lens is red-coloréd,” and the
meni scus el eWeAEH4BF0 t he third projection lens is clear. 2BcrAsqrsoiesacti on
lens for use in conbination with a cathogg ray tube and having a Iong
conjugate side, a short conjugate side, and a focal -9 MAY 2005 WO 02/ 43370 .
PCT/ US01/ 47291 -54- |ength FO when associated with the cathode ray tube, '
said lens con i tirgiiswhene et thast twoof theldmags tark ugstdrisal 8ahelc (4) a
positive firstt ens urLi_%avmm ..Lonsists_in Prder fromthe lens' |ong

conj ugat e si de"BF Siqe gurfaces, & fifieronce an shaps fofsaidrathods radube sidef i r st | ens
el ement whi ch sd¥gmeqit | east one aspherical surface and a weak power; (ii) a
second | ens subunit which provides nost of the positive power of the

proj ection | ens andScondbsipsoiseiicn lens systemerfLlalreA8whegeiva  doubl et ; and

(iii) a third | ens gubugyi | | SIS, O third | .e] enent. which
has at |east one aé%her F%%félg%ﬁb e]{lf:ég&gihsao fzh%%ﬁ%t ?‘?F8ngaﬁ"§}§’£ip’iﬁ’ D and
03) a second |lenseanhi donyhiisEs o ¢ouplisg flusdpordioagdamit h t he cathode ray tube

during use of the |ens, %ibi%ghas a strong negative power when so
associ ated, and (ii(’i%) pFaYi GHerenss beyweem the-shcprd tangmmdls comprisens' fiel d

curvature; whefifdrdnced BotwleBf sARCRNPL : g‘%ﬂ. : | 4s:. R21 in the
direction of the Fg?\s' | ong SCOI’IJ ugg%lg@@lﬁ anggé#rgg%ﬁ%ﬁ{s%@fcn t he
direction of turepdrsnstherdhenisredraligansmissice; (b) | R22 | /R21 ~t 1.5; (c)

't{l-e ‘t h' rd lens el elﬁ_nt 'Elﬁé p%%ec i(olnafeng rsljlrs%grrr]leo%%lgi:i%ﬂ lg W %%éi:nfsla}d ‘

differences in coupling fluid portions result from at least a difference in
axial thickﬁess between at least two of the coupling fluid portions.

18.  The projection lens system of Claim 13 wherein the first lens
units of the first, second, and third projection lenses are substantially
identical to within manufacturing tolerances.

19.  The projection lens system of Claim 13 wherein the first color |
1s green, the second color is red, and the third color is blue.

20. . The projection lens system of Claim 13 wherein the second.
lens units of the first, second, and third projection lenses additionally differ
from one another in spectral transmission.

21.  The projection lens system of Claim 14 wherein the meniscus |

,-k.\l

elements additionally differ from one another in spectral transmission.

22. The projeqtion lens system of Claim 21 wherein:

® the first color is green, the second color is red, and the third
color is blue; and |

@) the meniscus element of the first projection lens is green-
colored, the meniscus elerhent of the second projection lens is red-colored,
and the meniscus element of the third projection lens is cléar.

23. A projection lens for use in combination with a cathode ray

tube and having a long conjugate side, a short conjugate side, and a focal



spherical radius R31 in the direction of the |ens'|long conjugate side, and
a best-fit spherical radius R32 in the direction of the lens' :short

conjugate side; (d) R31 < 0; (e) R32 <0; MI R311 > |
T3/FO 5 0.13. 24. A projection lens-for use in conbination 3\9 Mfg?@[ﬁf

ray tube and having a |ong conjugate side, a short conjugate side, and a
focal MAY 2008 %4380/ 43370 PCTI USO1/ 47291 -55- | ength FOPGIERe1a8M0Ci at ed
with the cathode ray tube, said |l ens congdsting in order fromits |ong
conjugate side of (A) a positive first Iens unit which consists in order
jugate side of (i).a first |lens subunit which

fromthe | ens’ g1i}(nlg &@
consists of alfR ¢ ® nasmdmtlewe%éi@hrayéabe, soidleasishesisting sur face

and a weak po"iﬁrordérﬁrbin)m@lo %ﬂ% gNggsPuni t which provides nost of the
positive power of prole ens and consists of a second | ens

el ement or a doubl(A) apdsitiveificsialehl unit wisioh condistaiih ovdurghors @hs lglss of a
third lens el >e}ment Wmtch (geﬁs at | east one aspherical surface and a
positive para P%C%V&ﬁ?em ?Jf (B) a second lens unit which (i) is

associ ated W th the)cat hers: kay subie whitdh di‘ﬁsié%@oioi ﬁfslﬂ@eﬂseé(}émeﬁf {rhidpas a

strong negative power when so associated, and (ii1) provides nost of the
correction of hagateast onpiagpherical surface and W&lmwer;( a) the second |ens

and o radius Rez 1 0% het e Bl IBnE SRR iR peobdgs mRETor ST e (b) 1
R22 | /| R21 ~! pbwer of the phogectiohlehd anbeoglkRieol a fasnad Iéiésileﬁlbﬁt &Q{]er i cal
radius R31 in doublet; and, -

(_ (i)  a third lens subunit which consists of a third lens element
which has at least one aspherical surfacé and a positive paraxial power;
and

(B)  asecond lens unit which (i) is associated with the cathode ray
tube during use of the lens, (ii) has a strong negative power when so
associated, and (iii) provides most of the correction- of the lens' field
curvature;

wherein:

(a8)  the second lens subunit has a radius R21 in the direction of
the lens' long conjugate side and a radius R22 in the divection of the-lens’

| short _conjugate side;
o ()  |R22]/R21>1.5;
- ' (c) the third lens element has an axial thickness T3, a best-fit
spherical radius R31 in the direction of the lens' long conjugate side, and a
best-fit spherical radms R32 in the direction of the lens' short con;;ugate
side; ' '
D R31<0;
e R32<(; _
® |R31{ > |R32}; and
(2 T3/F0 <0.13.
24.  Aprojection lens for use in combination with a cathode ray

tube and having a long conjugate side, a short conjugate side, and a focal



the direction of the lens'long conjugate side and a best-fit spherical
radius - R32 in the direction of the |l ens' short conjugate side; (d) R31 <
0; (e) RB2 < 0; MI R311 > 1 R32 1; and (g) the second | ensqu ‘2@ bi ses
a meni scus element which is concave to the Iens' |ong conju ate S|de 25.
A projecti oVPEXE3Fbr use in conbination with a cathode ragr/usubezoand
having a | ong conjugate side, a short copjugate side, and a focal MAY 2005
WD 02/ 43370 PCTI US01/ 47291 -56- | ength FO.when associated with the cathode
ray tube, said lens consisting in order fromits |ong conjugate side of.
(A) a positivdenglhsi0 whas agsiciatedivith gensitbede ray tubdesaid lomcbheistiags’ | ong

conjugate sid ens whi ch consists of a first |lens
el enent whi chqn??gg&l%oﬁné%#mgﬁgnjggﬁ flll # surface and a weak power; - (ii)
a second | ens subugd} waipetitive Grsiliess MREIwRich chasiPRTH bird& FrRWRE 1&fs' t he

proj ection Ie s and. con5|s%iﬁs of a second | ens elenment or a doublet; and
(W . athird | %ggtmau&a @h consists of a third lens el ement which has:

econd T ens umi © wion 11y 2oE oBEwRIAl Lkl R IR YRpeny BB, 1 0,

use of the | elss ﬁﬂes)stloae aap]se:maﬂ]gurfamnd/evm\quwmen so associated, and
(ii1) provides nost..of the cqrrection.of ns' fiel curyature;
wherein: (a) the g]é)con%l 8¢, I%IEPo‘iHh“P“iE i e%wéﬁﬂpﬁhe(ﬂ?ﬁ’ctm? third lens

el ement by a goRleaBE thelRdjectiBh léﬂbeaﬂd"écfn@lsltﬁﬂﬁa 84cBHR Mnd AemaR; G4 @l

thi ckness T3, a best-fit spherical radius R31 in the direction of the
| ens’ | ong conjdaghl% afide, and a best-fit spherical radius R32 in the

%' rection of the | ﬁﬂf S PRk le%%ryuﬂgﬁ{t%vhich consists of a third lens element

which has at least one aspherical surface and a positive paraxial power;

and

(B)  asecond lens unit which (i) is associated with the cathode ray
tube during use of the lens, (ii) has a strong negative power when so
associated, and (iii) provides most of the correction of the lens' field
curvature;

wherein: _

(a) the second lens subunit has a radius R21 in the direction of
the lens' long conjugaie side and a radius R22 in the direction of the lens'
short conjugate sxde,

) |R22|/R21=1. 5

(¢  the third lens element has a best-fit spherical radius R31 in
the direction of the lens' long conjugate side and a best-fit spherical radius
R32 in the direction of the lens' short conjugate side;

d R31<0 '

(& R32<0;

@®  1R311 > [R32]; and

(g the second lens unit comprises a meniscus element which is |
concave to the lens' long conjugate side.

25. A projection lens for use in combination with a cathode ray

tube and having a long conjugate side, a short conjugate side, and a focal



side; (c) the third lens elenent is axially spaced fromthe second | ens
unit by a distance T34; (d) R31 < 0; (e) R32 < 0; (f) JR311 > JR321; (9)
T23:5 T34; and (h) T3/FG 5 0.13. MAY 2005 WO 02/ 43370 PCT/ 0MAY2@@B5-57-
26. A projection lens for. use in conbination with a cathode ray tube and

havi ng a | oo enssmwgat e side, a short conjugate side, andp@yfiggater ! ength

| TO when associated with the cathode ray_fube, said lens consisting in
order fromits long conjugate side of. (Rﬁs a positive first lens unit which
consists in order fromthe lens' |ong conjugate side of (i) a first lens

subuni t whi ch len#thi Bl heh adsdeidtsd Witthedath®Rtraytubd) saltbRndoh§ahg ONE
aspherical surface and a weak power; (ii) a second |ens subunit which

provi des nost iBforderdreysdis lons copjygete sde ?ﬁh_e_ projection | ens and consists of
a second lens ele ogpe iﬁ%@éﬁ\%ﬂ?g‘ véﬁihh);o%éégggﬁgrde?}?mﬁldﬁé‘w » whi ch

consists of a thir ens ement has at one aspherical’ surface
and a positivdopncojugdte golessf; and 03) a second lens unit which (i) is

associated with the, cathade .ray .tube during use of the lens, (fi), has a
strong negative po@ér v%gﬁse”%ng/%&l%‘ﬁﬂgg@%{mgﬁﬁ%(?fﬁﬁ}”ﬁiﬁﬁeg%e%ﬁ f the
correction of HiaewN&as vhé Absherfddl ¥atELand R HekBowefa) the second | ens

subunit is axially spaced fromthe third lens élenent by a di stance T23;

(b) the third | ens@@® eneerconddens Hbamit whichpmevidenmostaef the pR3itiven  t he

direction of thGel 6hthe' fHORABRIMAALS ErlRtdiih oBEE tos! diedBRSH £ Fadi us
doublet; and

(' (i) a third lens subunit whic]i consists of a third lens element

which has at least one aspherical surface and a positive paraxial power;

and .

B a second lens unit which (1) is associated with the cathode ray
tube during use of the lens, (ii) has a strong negative power when so
associated, and (3ii) provides most of the correction of the lens' field
curvature; ‘

~ wherein:

(a) the second 1ens subunit is axially spaced from the third lens
element by a distance T23; |

(b) the third leﬁs element has an axial thickness T3, a best-fit
spherical radius R31 in the direction of the lens' long conjugate side, and a
best-fit spherical radius R32 in the direction of the lens' short conjugate

o
~

gide;

(¢)  the third lens element is axially spaced from the second lens

unit by a distance T34;
(d R31<0;
(&) R32<0;.

® IRl > |R32I;
(g0 T23<T34;and
) T3/F0<0.13.



R82 in the direction of the lens' short conjugate side; (c) the third |ens
element is axially spaced fromthe second lens wunit by a distance T34; (d)
R31 < 0; (e) R2 <0; (f) | R311 > 1 R32 1; (g) T23:~ T34Q AMAY- 9088y
2005 WD 02/43370 PCT/USO /47291 -58 (h) the Second lens unit conprises a
meni scus el epent which is concave to the | enS |ong conjugate side. 27. A
proj ection |' 8RB use in conbination with a cathode rayPCT@BM4md havi ng
a long conjugate side, a short conjugate-8i-de, and a focal |[|ength -FO when
associated with the cathode ray tube, said |l ens consisting .in order from
its long conjugate g de ,of. ,(A%) q positive first lens unit which consists
in order fromthe I“hs, AP’EPA%F)” Brif ase jryeorghinatipn yvith a sathodagagubuni t
whi ch consi st stk aadidvibe ha BHEAL i le 0 spheri cal
surface and a weak Eower;g(i gﬁggdseconqug’eﬁghglﬁ%éﬁﬁga%%?@% arﬂr%%%)&gj; nost of
the positive JogkyFowhemeassrcpiedivich thecshadmirayoibesiad Mnsconeiang | ens

el ement or a 0] and; (ii1).a third lens subunit which consists of a
third | ens el eirgfleotr#?&eﬂ {nCtShoggcg%}qugg%PdBHt aspherical surface and a
positive paraxial @ayer apoaitiveGBht Bnd @@ WhicRRonMMstin WG &) ihb Seng'

associ ated with the cathode ray tube during use of the lens, %ll |F) has a
strong negativlén%S%Pgﬂ?eﬂd%eﬁ associated, and (iii) provides nobst of the

correction of the lgns' ,fd e, i N ), the second.l ens
subunit has a radi 192 RZ%f%r%J; %ﬁgggﬁ@gwhg%h %gfq&g{s?%%fqg‘gﬁg'le?%‘ﬁﬁmﬁﬁﬁ g‘ﬂﬁ‘t e side
and a radi us FB dtdeadtendiasphotie saffatdignd 8R&ak power;

(i  asecond lens subunit which provides most of the positive

( ' | power of the projection lens and consists of a second lens element or a
doublet; and |
(i)  a third lens subunit which consists of a third lens element
which has at least one aspherical surface and a positive paraxial power;
and
(B)  a second lens unit which (i) is.associated with the cathode ray
tube during use of the lens, (i) has a strong negative power when so
associated, and (iii) provides most of the correction of the lens' fisld
curvature; |
wherein:
_ (@) the second lens subunit is axially spaced from the third lens
(" | element by a distance T23; |
- - ()  the third lens element has a best-fit spherical radius R31 in
the direction of the lens' 1ong conjugate side and a best-fit spherical radius
R32 in the direction of the lens' short conjugate side;
(¢)  the third lens element is axially spaced from the second lens

unit by a distance T34;
d R31<0; .
(&) R32<0;

® IR31] > [R32];
(& T28<T34;and



short conjugate side; (b) | RR2 1 /R21 ~: 1. 5; (O the second |ens subunit - -
Is axially spaced fromthe third lens elenent by a distance T23; (d) the

third I ens el ement has an axial thickness T3, a best-fit spherj \?I éﬁgl us
R31 in the direction of the |ens'long conjugate side, and a-gbyE& f2
spherical radius R32 in the direction of the |ens'short conjugate side;

MAY 2005 WOYO2PA43$3%0 PCT/ USO1/ 47291 59- (e) R31 < O; (f R0t (9)
JR311 > JR321; (h) T3/FG5 0.13; (i) th% third lens elenment 1Ts aXidally
spaced fromthe second lens wunit by a di 5 ance T34; G T23:5 T34, and W
the second lens unit conprises a neniscus elenment which is concave to the

| ens' | ong conj ugat €b)si dthe 28ond letis el @RdRslS08 ' .24, or 27
wherein: Wthe first Itﬁni&uetﬁnent has a _bﬂest -Sf It %%R‘lesﬁlgg%fgﬁ?(ﬁ?sRll i n
the directi of B EHR PR fRos ong coniveatpide.si de and a best-fit spherical

0-(i11) Ri2 5 0 and (Egre EaR s WS A fostht vy Q) ai m 25

26, or 27 whetWphand haging a ngBorogaROsiddheshprObaGhiae diRNn8h Ghal M 24, ’

2 27 wh ' ' | f. th d | It d

of plastic 3 Lretad b AESs EnEighe cnthade zay o, sai lens pousistis whor of

(i) the fir st it erderdtantitlo Shkidadf- spherical radius Rl in the
ReSorjulfs kide dr:

direction of the I{_er}s' | ong .copj ugate side and a best-fit spherical radius
R12 A a positive first lens unit which consists in order from the lens’

long conjugate side of:
® a first lens subunit which consists of a first lens element which
( has at least one aspherical surface and a weak power;

(i)  asecond lens subunit which provides most of the positive
power of the projection lens and consists of a second lens element or a
doublet; and

(i)  athird lens subunit whick consists of a third lens element
which has at least one aspherical surface and a positive paraxial power;
and ,

(B)  asecond lens unit which (1) is associated with the cathode ray
tube during use of the lens, (i) has a strong negative power when so
associated, and (iii) provides most of the correction of the lens' field
curvature; '

( - wherein:

(@  the second lens subunit has a radius R21 in the direction of
the lens' long conjugate side and a radius R22 in the direction of the lens' -
short conjugate side;

(®)  IR22]/R21215;

(© fhe second lens subunit is axially spaced from the third lens
element by a distance T23;

(d)  the third lens element has an axial thickness T3, a best-fit
spherical radius R31 in the direction of the lens' long conjugate side, and a

best-fit spherical radius R32 in the direction of the lens' short conjugate
side; '



in the direction of the Iens' short conjugate side; (h) RI > 0;  and (iii)
R12 > 0. 32. The projection lens of Caim?23, 24, 25, 26, or 27 wherein the

second |l ens subunit has a focal length F2 and FO F2 -~! 0.9._383. }
projection lens of Claim?23, 24, 25, 26, or 27 wherein the t%SMAWEIZQUS

- el ement has wofeegshe | ength F3 and FO F3: S 0.42. MAY 20 9/%%@%%)9
PCT/ US01/ 47291 -60- 34. The projection |lens of Caim23, & , or 27

wherein the second lens unit has a focatf%ength F4 and 0.64:5 FO | F41 <
0.85. 35. The projection lens of Caim23, 24, 25, 26, or 27 wherein the
second | ens subunityys gofjpeged of glass. 36. The projection lens of Caim
23, 24, 25, 26, or wherein'the first lens elenent and the third | ens
el enents are conpos®d ofR3A«asiic. 37. The projection lens of Caim23, 24,

25, 26, or 27 wherein t l.en 'ahalf angle field of viewin the
direction of the | ﬁg' ng?r‘?g”c%iﬁgggte of at |east 35 degrees. 38. The

projection |ens of (&} ai M3 <Ph3;25, 26, or 27 wherein the f-nunber of the
lens for an infinite conjugate is less than 1.5. 39. A projection
t el evi si on set cong®i si tie bhicdidmediement it ul]lyapasat frofm, thandeondiens ect i on

| ens for proj ect.ggg lciig{'t f;lggyt he cathode ray tube onto the screen to
forman i mage, a‘p BIEEE i*0 | ens conprising the projection |ens of
G aim23, 24, 25, 7§, om28%&T4H.and projection television set conprising

three cathode ray tubes, a screen, and three projection |enses, one
projection | ens beiky athosdcand ienswinihcoramtisasfa mbeiscad Hedent ahidhiees f or

projecting li %BIJCJ‘;BQ@tEIQ%D%'xoglegpcl?)g]tl%gﬁ%ﬁe.screen to forman inmge, each.

projection | ens conprising | ens of O aim 23, 24, 25, 26, or
q7. 41. A projecti @8. t el ipséjecticitlens N0l 25) 24D6L27 GRbhade ray tubes, a

sereen, and a'proj ggtiof | gne SyStem coirl plna the projection Tens system
| direction of the lens' long conjugate side and a best-fit spherical radius R12
in the direction of the lens' short conjugate side; '
@ Rii>0;
@) R12>0;and
@iv) Rli>RIi2.
29.  The projection lens of Claim 25, 26, or 27 wherein:
T23 > 0.15 FO. | ,
30. . The projéction lens of Claim 24, 26, or 27 wherein the
meniscus element of the second lens unit is composed of plastic.
s - 81 The projection lens of Claim 23, 24, 25, 26, or 27 wherein:
| (i) . the first lens element has a best-fit spherical radius R11 in the
_direction of the lens' loﬁg conjugate side and a best-fit spherical radius R12
in the ‘direction of the lens' short conjugate side;
(i R11>0;and
(@) ‘R12>0.
32.  The projection lens of Claim 23, 24, 25, 26, or 27 wherein the
second lens subunit has a focal length F2 and FO/F2 > 0.9. |
33.  The projection lens of Claim 23, 24, 25, 26, or 27 wherein the
third lens element has a focal length F'3 and FO/F3 < 0.42,
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34. The projection lens of Claim 23, 24, 25, 26, or 27 wherein the
second lens unit has a focal length F4 and 0.64 < F0/|F4| < 0.85.

35.  The projection lens of Claim 23, 24, 25, 26, or 27 wherein the
second lens subunit is composed of glass.

36. The projection lens of Claim 23, 24, 25, 26, or 27 wherein the
first lens element and the third lens elements are composed of plastic.

37.  The projection lens of Claim 23, 24, 25, 26, or 27 wherein fhe
lens has a half angle field of view in the direction of the lens' long conjugate
of at least 35 degrees. | _

38.  The projection lens of Claim 23, 24, 25, 28, or 27 wherein the
f-number of the lens for an infinite conjugate is less than 1.5.

39. A projection television set comprising a cathode ray tube, a
screen, and a prqjection lens for projecting light from the cathode ray tube
onto the screen to form an image, said projection lens comprising the |
projection lens of Claim 23, 24, 25, 26, or 27.

40. A projection television set comprising three cathode ray tubes,
a screen, and three projection lenses, one projection lens being associated
with each of the cathode ray tubes for projecting light, from that tube onto
the screen to form an image, each projection lens comprising the projection
lens of Claim 23, 24, 25, 26, or 27.

41. A projection television sef comprising three cathode ray tubes,

~ a screen, and a projection lens system comprising the projection lens system

of Claim 1 or 18.



