; e3eBZ37?. ./ L0hQh263TZ3-1f . RELAY LENS USED IN AN | LLUM NATI ON SYSTEM OF A
« LI THOGRAPHY SYSTEM BACKGROUND OF THE | NVENTI ON Fi el d of the Invention

- [0001 ] THewl r relates to a system and nethod for sharply

il lum natmi\“mmm‘mmmer m ned region of a reticle during exposure.

~Backgroun rr. 1.0002] A relay objecti-ve (e.g., lens) or a reticle edge
maski ng assenbly (REMA) objective (e. g., lens) is an objective that imges
an internediate plane onto a plane of a reticle. The reticle supports a
mask for |ithogr RBBAY EYNSIISHED AN BIAIMINATION S& STEM @F Al | um nat ed on
the reticle is sharply defi nEiTHOGRANHY SYBFEMet i cl e maski ng device is
assenbl ed with adj ustabl e edges. Conventionally, the relay lens is utilized

in mcrolithographic exposg{rle f‘%s‘te .St gers, or 'scanners, although the
relay | ens can be ysed in Ot Hpt i 8\'&@5 ¥vs. Di aphragm edges, which lie
in the obje \@&of the relay | enStaBSHEGVaged precisely onto the
reticle MN posed corrected pupillary internediate inage is often
desired sgsghen, at the location of the internmediate imge, further

di aphr agns atf’the like can be nounted, for exanple, to mask parts of an

al i gnnent system [ 0003] BAGKGROUND OFI'BHE DEWENIYONens have very
conplicated structures (e.qg., fromabout 7 to 10 |l ens elenents). These
optical systens have high Nunerical Aperture (NA) (e.g., about 0.6 to 0.7).
Basi cal |y, tFieklofdlysingengionncl ude of three parts: a front portion (this part
decreases NA), an internedi ate portion (for pupil aberration and pupil
shape correction) and a field portion {to create essential field size on
the ret[08DH) . Fol Timinmentionaelates to/a systesn andanhethod foraharply illimindting laogr aphy

tool is a prﬁ‘j gction (fb'ective .\i\/nich normal |y operates in reduction and
can i ncl ude BROFIREURS SQ?WSOSﬁﬁ?tH SAYMG SXRSWSr non-tel ecentric input. A
wafer follows in an image plane. An additional task of the relay |ens
systemis to_cqrrect telecentricity on the reticle. [0004] Conventi onal
systems haveB&KEMWMAEy of the optical elenents in each of the
above-nentioned front, internediate, and field parts. The front part has

3-4 len the internedjate rt has,2-4 |ensges,, and the fiel art has
2-4 Ieni@?l Conve F%%PL’F&%@%F-% ?‘?qure?mre ?/é’d_gﬁ\/‘g’i‘%!“gd?%@ggﬁt ages
because of t(REMAY fiéétb('e%,gt.,hﬁnﬁ)pfs' £ bbjLtBREIGS ithilged 36T iMéidediatd1€Se ar e:

(1) a large volunme of CaF2 i's needed for 157nm Ilthg&raphy systens, which
i s quite cosplape o) a plne @fjasretidey (Tharretigle sppneris aumask foy lithngraphlyy gl ass
absorption, Leac X X are
al i gnnent di g#’lt \gﬁf{gﬁﬁ&’ég& elgg%?%crt%g‘gﬂ ﬁgﬁ&?enggéﬁ;ge{ela%zsqst}m%}e%%@%é al i gned,
and (4) ther @suallyyi b rwticle thaskipardevizk|ig dsserhbled | witly eadyuskabie edfesCa F2

requi red. These high costs are then,. passed on tp chasers of the systens,
whi'ch can maieenSeRERalynBiedrY (IBHais SRiFEan Ly hRETRRR, BPORVE. [ 000S]
What is needegstbsis,Sstépplerty of BBdmbRaklthough thé f8MElens Tah BeSuse@ M lotherdesi gn,
and that reduces costs involved in manufacturing, and thus in custoner

costs, whi ch opticalsystemws. Riaphsagra edgesy whishiliegindbe pbigrt plremehthe relayt he rel ay
| ens. BRI EF . I : [ ay.d i visded in an
il lumnati on§%ﬁ %b‘g @@3@ %@ @%Q{lic%ﬁ%%&%péy S@éseédf?e éa'gtepens can be
used to unif gupiliary idterfiedibteimagel ieloften desdredddecaise than, aethecletdtioncofl | ght
beans with variable gperture size. The relay |lens can |nclude first,
second, and t'Re igfe t@%@%ﬁ?s?‘“ﬁl"rld@& agﬁﬁé‘%Gftﬁ? ﬁ%e sa Baanommteds B8t d | ens
groups can i fe iagglg | #1238 alidithent SAferh €duce costs and increase
transm ssi on%ﬁedﬁ?% n #tesss Cgl%émcl)eca se fewer optical elements are used
conpar ed0083]pr i or TFypcallys relay lens systems have very complicated structures (e.g.,

from about 7 to 10 lens elements). These optical systems have high Numerical

Aperture (NA) (e.g., about 0.6 to 0.7). Basically, these systems include of

three parts: a front portion (this part decreases NA), an intermediate portion
(for pupil aberration and pupil shape correction) and a field portion (to create

essential field size on the reticle). Following the relay lens system in a



[0007] Some advantages of enbodi ments of the present invention over

* conventional systens are sinplicity of design and manufacture and reduced

- costs of manufacture based on reducing an anount of optical material (e.g.,
3 fewer optical elenents, and thus fewer optical surfaces) to reduce
‘the amount of CaF2 required. This is _gone without effecting optical output
of the illum nating systemor the relay | ens. A | ower volune of the CaF2

can be used (e.g.,, about .30-50% | ower). than venti o stems There is
a hi gher traf@ﬁig’é@%@ oleiyy 2 PHYeRloN3 ﬁ}vﬁhé’?’ﬁ)‘nli ‘?SSnaH‘ syst ens.

Al gnment  di fdal,Gitnt dfiScAT Belhibs %H%ﬁe‘é lﬁh% 'Eu@rﬁ'a@dn?faﬁé%ksﬁo@wlééeﬂﬂé | ens may
be used in certain parts. The relay I'en | ess expensive than
convent i onal irpys t & weafer\ibildves 1prandmagemganeheA1$adchtlonahgaskqﬁﬁielrelﬁy 14r8008] Still
ot her advant a}gses pf the ergegodl nent s present invention is that it has

a simpler stf L, 150 CRrEget BIFCITS AR e§9‘ﬁ%ms because i nternedi ate and
field greueRf can B “dﬁ?eﬁf Aghsyd nfaﬁrﬁhyeaeﬁ{esopuwlseeﬁeu@ﬁn phcur al i ty of
the |l ens el enents. K er enbodi ments, features, and advant ages of
t he present bphthermbovmentionedufiont, Memﬁedlasa,tan@ﬂalde)aatﬁdelpémt pahhast t he

vari ous enbodi jrent s f the p ent tjon cly be etai|l bel ow
with refer eng1 B5%h %rl gegse’sBﬁchlganE aﬁ%‘ THE

DRAW NGS/ FI Gigs&. [ @Q&Qhuéfﬁw réla,e m%?éféxﬁﬂ heNePvaIES diswiVambhges Beda§eor por at ed
herein and form a gsrt of the specification, |IIustratethe pr esent

i nvention an®f thfbg Ay Q;ﬁnthh optieal cedesrantspin each paytk tthese arer (19 & Wrespl ai n t he
principles of i ti. I perti nent
it to make aRirtl BFVRE: i HeBR dh 13ARY e B el e, W e

I[ it ho]gr aphy &yssu}e mmgmld ikﬁg tﬁaﬂsrm@ﬁlold bmsd By lcmbt bhle gliss wbBdrplion; dnt i gn

0012] FI Gs. and 4 show exanple r y ens s stems oJ. obj ective
| ens systems ailﬁ‘t’ fqﬂ@cqamene@reaﬁwe%syetr% thge gre %/ 1CBYIEE ent
i nventi on W IfecAaWiQfm feﬁé&eﬂewq}l{}em@éa%edtedtdme?&wm ¥sh9
drawings. In the drawmn ke reference nunbers may I ndicate identical or
functional ly chxemaﬁalﬂly@ Sredlatgs Vot of GnES regwmdweTheeethlgiwstsmgthpa) of a

ref erence nunber ,ca entif e drawi n h the r.e ce.nunber
first appear spassedon op *ﬁ&f{ﬁtﬂﬁbﬁtﬁlﬁa rz}a%é ‘ﬁ@éﬂ?ﬁ%‘ﬁ&%q FIG 1
shows a systecsflnb%rgg)he&nslp}b}ﬁbmeS W th Ilght 102 during exposure of a

substrate 116 (e. a wafer) according to enbodi mnents of the present

i nvent i of00A | gh?wgléiﬂlsé’ée@déls a&elay lena%waw §up. %?Sﬁﬁm@R]@?‘lﬁlﬁgg‘br deep W
exci mer | aser g e 6 in beam
condi t1 oner - 155 e IEHRER o hivofygn SRHRELARRE g L bl B e 1 gt
to illumnati whlchpana}tb&aﬂue\wmbwiredmmgmcalr@mmntsmthcgﬂhyhem ough a mask or
reticle 112 onto a substrate (e.g., wafer) 116 via projection optics 114.
One enbodi ment for this systemcan be a |ithography system or the liKke.
Anot her enbodi nent can bBRIEFSOYMARY G THEMNVENTEINFI G 2 shows a rel ay
lens 200 in illumnnating optics 110, according to enbodi nents of the
present invention. Relay lens 200 includes a delimter plane 202, a first

| ens gr ol@908D4 (e & relay lensoistprenaded mri)ulllammentsustenspwlbﬂ)ﬁbr(t@egl a

a0 P P R Wl Sl TR

portion), andr&ideby ¢dlecertit lligttlblaanﬁ“ﬁmtmiablepipeﬂerésl& The sdlay RS gr oup
204 can include a neniscus lens and a lens with an aspherical surface. In

t he embodi nentcﬁnﬁwm first, sacend, and durdlges gRHPY: thlﬂaﬁt@H%oﬁﬂ’Gtiﬁ%mﬂé‘B and 212
each have onI Fe'ng'g}o @ﬁ?m@*uﬁgg@] 166 "Fhil E4Pre B&J&s?s%ﬁﬁ&emve a
single lens one asB erica Fn ce, which can be convex surface.
Thi rd | ens grmmeﬂibBJoﬁdiy Tequieing lesis (CiFe beeanse févedr dptisalaclembiats iapabisedur f ace.
[0016] Wth continuing reference to FIG 2, first | ens group 204 (e.
g., a front pdPrRPsHedd ?W‘@T%gq’@ns 200) incl udes three | enses: a front thick
Meni Scus (0§ W th Shid faabarislel 26€ cAHBARINE Gft Be APreSit Shilvertidnbvoi Nt ,
whi ch can be ‘'used for Petzval™ sumcorrection, and two other |enses, which
can be used f oronkéntibpel systems Secsnnpllldle'nef @Stgmpar@b@a(vef.agt.uyc and rqtitle@dwredi ate
portion of rela IesZ eIens o thr nses in the
enbodi nents sh ggt&reg?ag% g’%é ‘fg}go%aé}n \é{ﬁo@gﬁ#@]’ fﬁ‘g ‘ace. This
one lens in second Iens group 208 is located after aperture stop 206 and it
can performone or nore of the follow ng functions: pupil aberration
correction, pupil shape correction (ellipticity), and telecentricity
correction in the reticle space. Third lens group 212 (e.g., a field
portion of relay |Iens 200) can include one lens. This one lens in third
| ens group 212 can performone or nore of the follow ng functions: creating
essentlal f|eId S|ze at the retlcle plane and |f thls | ens has an aspherlc

o o ~NrNaA =1 Y - v 1 o~

mD




. dellnlter pl ane 202 and expanded and collimated with first |ens group
204. A size of the expanded and collimated beam can be controlled by
“aperture stop 206. A focus position on retice 214 of the expanded and
collimat ed beam can be controlled by second | ens group 208, third | ens
group 212, or both second and third | gens groups 208 and 212. [0018] To
manuf acture relay lens 200 in a nore tonpact.and econonmi cal manner, a
folding mirror 210 can be used. In sone enbodinments it can be o ti ona

Rel ay |ens Jowes mg,elselaamtmmérthtw fawer m&m@w%m rduce theramonns with a
redetermn n i ofy.. Tel e ane 202 can
Be convertegnqto Jq}gﬁ@z%“'ghl elgn@%gn%{dé |tc e éo%gbﬁ b e{ngg‘ztg%f) can

provi de uni fluwﬁﬂaﬁng% stém umeaéla}olens)fAtldmeermwmd ef the maﬁz earcbengad el | ipticity
of pupil shape | n one exanple, a relay | ens 200 can he constructed

accordi ng t etﬁhe‘ll FI3 Wi0Mey loyer) than' congentiqngh sipfems. ~ There 52 fger #Sur f ace

TypeY Radi u *P]!?Hl:

Aper t ur eQbj :%_ s"e§lro§|5(§g ﬁdﬁﬁ‘ﬁ?@ﬁ%%gf rac(f%gl%thgralesy(%eW%ﬁHg}tg%lCaFZRef rac
t 34. 379228ptmfﬁacuﬁihs%54rlmmm90é¥eﬁmaeﬂMcalﬁ@%hsph@ﬂ@ﬁ&ﬁﬁ &é6ised.iA000CaF2Ref r
act 103. 12204Sphere 175 4121. 0000Ref ract 108. 08285Sp hgr e336. 333137. 7241CaF2R
ef ract 120. 18%5@Hs oreleyolens sypompist lest eXpeysiys Fhamspuyeatiandln t ys4. 3426
Refiact119.5 117. 1521t opSphereI nfinity55.9
768Ref r act 11%%%%318% h@?{g@%ﬁé?%@ﬁ?ﬁ F2Refract 122. 268011Aspher e- 339.

058093. PHO8Ref r acSﬁ]ﬁEBﬂ@? A6 Bighe o f thef enmboadyBdits 3P fteRwtseat invERticiRE513Spher el n
finity85. 0612Refract110. 68 4S re4ly. 31.2151CaF2Refract107. 868915Sph
ere-1616. 331 R&ﬂ“é%ééﬁéﬁ?a&“ib‘éép@%f% 8‘?"3|SWF’HF %5%5’6‘?5@&&‘? =&act 56. 843
017Spher el nf hyd fi318-oARPHS Ba {@méafﬁﬁgﬂllmm Astdald i iphi2a RGP Mg Ref ract 53.

0694 [0021] Depending on the specifications of system 100, it is possible
in alternati 1P@ el¢psaisnrent s of the present invention that only one of second

| ens gr th eng,or y V, y one

| ens. Al o gh prgﬁgrabﬁmggggﬁtthgﬁg%%%n ngﬁﬂ% qgngﬂgﬂgﬁﬁgl208 and
212, respect invehtionshas/ welba ﬂ]ecnnacﬂ\mmdeqn:dnaudﬁtd‘rths padosi endiodimentsli ct at e

ei t her second r third Iens rou ectiyel t o, have nore
the one | ens®f %P@F%I‘vaen{l E)‘?b‘hﬂe'fﬁé’eiﬂ F"ﬁ’o?# Fﬁ/f@tpéhﬁave only
one lens. Fl G&ong gﬁ tmn pOSSIb|e exanpl e alternative
configurations. [0022 F I'n F the second | ens group 208 has two

| enses, which can have at | east one aspheric surface on each |ens. [0023]
In FIG 4, second | ¢rgEETRICRBEIONTF TAEBRASBESS/FRSURERSt two of the
three |l enses in second | ens group 208" can have at | east one aspheric
surface. [0024] Even in these alternative embodi ments dictated by

desired [ppRyi f i catTiRRcsthpayfigRRAWAgs, wittiRdreifidepotRed harircad foa t o have
fewer optical elenents conpared to conventional systems, which keeps the

cost down. |tpartsofttbe precifjsptien ilustate the prosent|investing end.dagethenwith Bies based on
other desirecy SRgaidh gﬁple?’lén%rt‘s @g f@nﬂ&ﬁleé'dfﬁé%gaﬁ%ﬁ@d%ed within

t he scope of res I nvent1 on:
enable a person skilled in the pertinent art to make and use the invention.

[0011] FIG. 1 shows an example lithography system according to
embodiments of the present invention.

[0012] FIGs. 2, 3, and 4 show example relay lens systems or REMA objective
lens systems in the lithography system of FIG. 1.

[0013]) The present invention will now be described with reference to the
accompanying drawings. In the drawings, like reference numbers may
indicate identical or functionally similar elements. Additionally, the left-most
digit(s) of a reference number can identify the drawing in which the reference

number first appears.



[ 0025] V%lle vari ous enbodi nents of the present invention have been

descri bed above, it should be understood that they have been presented by
" way of exanple only, and not limtation. It will be apparent to persons
skilled in the relevant art that various changes in formand detail can be
.made therein without departing fromthe spirit and scope of the invention.
Thus, the breadth and scope of the présSent invention should not be limted

by any of the abovedescribed ex ary enbodi nents, but should be defined
only in accordance \/\DHTMBED@W%E@&NIQF FFHEaWENEIQNeqw val ent s.

g WAT ISCLAIMED IS: 1. Arelay lens conprising: a first |ens group
having a plurality of |enses; an aperture stop; a second | ens group having
one | en9014] f ol d FiGt rloshowesa system rl0| that infecty Withi kghtoH® derisg 2. The

57 The' 1ot ay e BF sistaler ekt il oforetl R RSB R e Sos 0
Meni scus | engreseft mq;aﬁldhel@}igﬂt%ﬁﬁfrcé’fm&t@% M laser‘}‘/@ﬁ{ Sé £h EiBméd drdeep NS gr oup

conprises an aspherical Iens ) l ens of claim1, wherein the one
lens in the EHcmdnd:rdmr »ofon exanapderp in saage gmbOthphtsra@mltlpigxerrd@é ing. The

relay | ens cIa th |n the eco roup
conpri ses on f‘l m;’ﬁ’\f,\?@i’éecelycs %qﬁ& a I eﬁ.@ cqn }ngrrr?qé 8%‘&?& n the one
lens in the hﬁutrtd iheRRatdrOsics QM0 WhiGE il Wen SRAGhitC AghtIohale @ImasB. The rel ay

lens of claiml, wherein the second |ens oup conprises a second lens. 9.
The rel ay |eﬁrsreb¢ledﬂ%1pmo@ subgteate ($:8+ waft es)elglénaap@mhgnentp%cldﬁpﬂnges a third

| ens. J ens group
forms a fr o nt %gdl?{ggtfefo ﬁ%ﬂr/yé#egx{;é ce;élesﬂ@hgl] él%%ﬁens gr m]pAl;logfrl ns an
i nt er nedi at eembodimeht dah%eraﬂiomgriphpsystaﬁd the third lens group forns a field
part of th% relay_le
[0015]) FIG 2 shows a relay lens 200 in illuminating optics 110, according to
embodiments of the present invention. Relay lens 200 includes a delimiter
plane 202, a first lens group 204 (e.g., a front portion), an aperture stop 206
(e.g., a variable aperture stop), a second lens group 208 (e.g., an intermediate
portion), a fold mirror 210, a third lens group 212 (e.g., a field portion), and a
reticle 214 having a reticle plane 216. First lens group 204 can include a
meniscus lens and a lens with an aspherical surface. In the embodiments
shown in FIG. 2, second and third lens groups 208 and 212 each have only a
single lens element. Second lens group 208 can have a single lens with one

aspherical surface, which can be a convex surface. Third lens group 212 can

have a single lens that has a spherical surface.



11. -The relay lens of claim1, wherein: the second | ens group includes a

second lens. 12. The relay lens of claim1l, wherein the lens and the

" second | ens each have an aspheric surface. 13. The relay lens of claim]1,
wherein: the second | ens group includes second and third | enses. 14. The

.relay lens of claim 13, wherein at least two |lenses in the second |ens

group have at | east one aspheric surface. --10- 15. The relay | ens of

claim erein e relay leps is.c ructed accor g to t.he follow ng
Gat o SOMEICCS SR clrtide  aEeatd L RIRE L B B DO AN T BB o ©
Aper t ur eQbj gkl Rlayf lefd 2004 Anélv&RRBfek d6isest I henethidk #8hrddik. e 1CaF2Ref r ac
t 34. 37922Spher e- 70. 44541. 0000Ref r act 64. 78963Aspher e1056. 876255. 0000CaF2Ref r

act 103. 1220468he fisst spgacesppdentBOORES ebigst 288l peink Fdpele caBBBLREFOB7. 7241 CaF2R

efract120.1 here-840 212713 6072Refract 119. 99377Spherel pf,i ni ty84. 3426

et ract 110 SPRBCSIE Gre i 94 3o ABE Pt which Fa PEBBERLNA 1t i hityos o

768Ref r act 11ddcrédst3 1Sk0phe 1éhd p7m6§é5g-. lhSintennedi oPfs¥lleAs pher e- 339. 0
n

58093. 6409Ref ract 123. 073612Spher el nfi ni ty310. 7213Refract 119. 725513Spher el nf
i ni t y85. 061 290inghrdes onedgwn(on symiertbuee fensésdn the embdimemtrehovar Fiés7. 868915Sphe

re-1616. 3317 . r 106, 3 S rel piini S &act 56. 8430
17Spher el nf |32n|3fd§58§%gggﬁé’?"§§%"?’s@ %%ﬁ%%n%ggdgghmﬁnﬁ%%ﬁi ébpeggﬁ‘g@ r‘se Refract53. 0
694  --11- grbup 208 istibvagsdaafiey agertakestop 206mud i§ cagperforii gt oranoe®E, a reticle
and a relay | ens _positjoned between the |ight, source and the reticle, the
relay |ens i%hefodows fnetions: pynil abegraon %%gctsprwmpﬁﬁiege §¢11¢ctiRBes: an

aperture st oRjlipficitf)° AftelCOiriGityPttirddfich BNBe k&RE space. Third lens group

212 (e.g., a field portion of relay lens 200) can include one lens. This one lens

in third lens group 212 can perform one or more of the following functions:
creating essential field size at the reticle plane and if, this lens has an aspheric
surface, correcting telecentricity.

[0017] Again, with reference to FIG. 2, in operation, a light bean is received at

. delimiter plane 202 and expanded and collimated with first lens group 204. A
size of the expanded and collimated beam can be controlled by aperture stop
206. A focus position on reticle 214 of the expanded and collimated beam can
be controlled by second lens group 208, third lens group 212, or both second
and third lens groups 208 and 212.

[0018] To manufacture relay lens 200 in a more compact and economical
manner, a folding mirror 210 can be used. In some embodiments it can be
optional. Relay lens 200 images delimiter plane 202 onto reticle plane 216
with a predetermined magnification. Telecentric beams from delimiter plane
202 can be converted to telecentric beams on reticle 214. Relay lens 200 can
provide uniformity of illumination of the reticle plane and non-ellipticity of
pupil shape.

[0019] In one example, a relay lens 200 can be constructed according to the
following data:



a fold rﬁrr

or;

and a third | ens group has one |ens.

17. The lithography

system of claim 16, wherein the relay lens is constructed according to the
foll owi ng data: Surface #Surface TypeY Radi usThi cknessd assRefract ModeY

Sem -

. Aper tureQoj ect Spherel nfinity40. 5759Re&act 01Spher e- 38. 895448. 5861CaF2Ref r act
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phere-175. 14121. 0000Re&act 108. 08285Spher e336. 333137. 7241CaF2Ref r
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ract 119. 507
Refract 113.
093. 6409Ref
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Depending on the specifications of system 100, it is possible in

alternative embodiments of the present invention that only one of second lens

group 208’ or 208 and the third lens group 212 may have only one lens.
Although, preferably both the second and third lens groups 208 and 212,

respectively, have only one lens each. When specifications dictate either

second or third lens group 208 and 212, respectively, to have more the one

lens, preferably, third lens group 212 will continue to have only one lens.

FIGS. 3 and 4 show two possible example alternative configurations.

at least one aspheric surface on each lens.

In FIG. 3, the second lens group 208’ has two lenses, which can have

In FIG. 4, second lens group 208” has three lenses. At least two of the

three lenses in second lens group 208" can have at least one aspheric surface.
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Conclusion

[0025] While various embodiments of the present invention have been
described above, it should be understood that they have been presented by way
of example only, and not limitation. It will be apparent to persons skilled in
the relevant art that various changes in form and detail can be made therein
without departing from the spirit and scope of the inven’tion. Thus, the breadth
and scope of the present invention should not be limited by any of the above-
described exemplary embodiments, but should be defined only in accordance

with the following claims and their equivalents.
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3. The relay lens of claim 1, wherein the first lens group

comprises a meniscus lens.

4, The relay lens of claim 1, wherein the first lens group

comprises an aspherical lens.

s. The relay lens of claim 1, wherein the one lens in the second

lens group comprises one aspherical surface.

6. The relay lens of claim 1, wherein the one lens in the second

lens group comprises one convex surface.

7. The relay lens of claim 1, wherein the one lens in the third lens

group comprises two spherical surfaces.

8. The relay lens of claim 1, wherein the second lens group

comprises a second lens.

9. The relay lens of claim 8, wherein the second lens group

comprises a third lens.
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14.  The relay lens of claim 13, wherein at least two lenses in the
second lens group have at least one aspheric surface.
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Surface # | Surface Y Radius Thickness | Glass Refract Y Semi-
Type Mode Aperture
Object Sphere Infinity 40.5759 Refiact 0
1 Sphere -38.8954 48.5861 CaF2 Refr-act 34.3792
2 Sphere -70.4454 1.0000 Refract 64.7896
3 Asphere 1056.8762 | 55.0000 CaF2 Refract 103.1220
4 Sphere -175.1412 1.0000 Refract 108.0828
5 Sphere 336.3331 37.7241 CaF2 Refract 120.1833
6 Asphere -840.2127 13.6072 Refract 119.9937
7 Sphere Infinity 84.3426 Refract 119.5076
8 Sphere Infinity 133.4129 Refract 117.1521
Stop Sphere Infinity 55.9768 Refract 113.4723
10 Sphere 1784.7806 | 35.1455 CaF2 Refract 122.2680
11 Asphere -339.0580 | 93.6409 Refract 123.0736
12 Sphere Infinity 310.7213 Refract 119.7255
13 Sphere Infinity 85.0612 Refract 110.6886
14 Sphere 417.5797 31.2151 CaF2 Refract 107.8689
15 Sphere -1616.3317 | 224.6563 Refract 106.3382
16 Sphere Infinity 28.3500 CaF2 Refract 56.8430
17 Sphere Infinity 0.0000 Refract 53.0694
Image Sphere Tnfinity 0.0000 Air Refract 53.0694




