7 DEC 2006 --1- RELAY LENS USED IN AN | LLUM NATI ON SYSTEM OF A LI THIEERABHY
< SYSTEM I nventors: Lev Ryzhi kov Stanislav Smrnov BACKGROUND OF THE
| NVENTION Field of the Invention [0001] The invention relates to a system

.and nmethod for sharply illumnating a _predetermined region of a reticle
during exposure. Background- Art [0002]'174 rel ay objective (e.g., lens) or a
reticle edge maski ng assenbly (REMA) obj ective (e.g., | ens) IS an objective
that inages an in 5{35? I?Mﬂ'jl f The reticle
supports a mask fioatE %ogr ap it ﬁ)%s’é@s# ens, %he regi on

i1l um nated ontheretlclels ne Usually, theretlcle maski ng

device is assenbled w th adjust abI e edges Convent ionally, the relay |ens
is utilized in mcrolithogrdptentorexpoduey Byzlsikst ens, sSteppers, or scanners,
al though the relay | ens can be used i BtamidherSmefdy cal systens. D aphragm
edges, which he in the object plane of the relay |ens, nust be inmaged
precisely onto the reticle plane. An exposed corrected pupillary
intermedi ate image is often desired because then at the location of the

i nt er medi at e i mage, furtth(gk(? g an be nounted, for
exanple, to mask parts of an alignnent system [00 I\f Typically, relay | ens

systens have very corrpl | cated structures (e.g. fromabout 7 to 10 |l ens:

el enents) . %i% &Q% st ens have high Nuner i cal Aperture (NA) (e.g.,
about 0.6 to gl) asi| ca t hese systens include of three parts: a front
portion (this part decreases NA), an internediate portion (for pupil

aberrati gihofd PUPHhe S08RRNGONaE & 4 YlenP Rethb@ kst RADH Pl BinG a2t €

(_ . predetermined region of a reticle during exposure.

Background Art

[0002] A relay objective (e.g., lens) or a reticle edge masking assembly
(REMA) objective (e.g., lens) is an ohjective that images an intermediate
‘plane onto a plane of a reticle. The reticle supports a mask for lithography.
By using the relay lens, the region illuminated on the reticle is sharply defined.
Usually, the reticle masking device is assembled with adjustable edges.
Conventionally, the relay lens is utilized in microlithographic exposure
systems, steppers, or scanners, although the relay lens can be used in other

< - optical systems. Diaphragm edges, which lie in the object plane of the relay
lens, must be imaged precisely onto the reticle plane. An exposed corrected
pupillary intermediate image is often desired because then, at the location of
the intermediate image, further diaphragms and the like can be mounted, for
example, to mask parts of an alignment system.

[0003] Typically, 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 portton (thlS 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



essential field size on the reticle). Following the relay lens system.in & 7
-DEC 2006 --2- lithography tool is a projection objective, which norﬁﬂﬁﬂﬂ b
operates in reduction and can include an inner-lying pupillary plane for
non-telecentric input. A wafer follows in an inmage plane. An additional
task of the relay lens systemis to correct telecentricity on the reticle.

[ 0004] Conventional systens have a pIU?aIity of the optical elenents in each
of the above-nentioned front, internediate, and field parts. The front part
has 3-4 | enskbogrephy itealeismedbeiestipar objérdive.2 whithe nwowallyneperdies finel d part

has 2-4 |ensgs. Conventiangl .relay |ens systens .have several di.sadvantages
because of tli?éuc&oﬂr i %‘ﬁ?@%%ﬂ 6%}%@3?3 8?{ t%lf‘“?%%gal& 'tﬁg’ﬁ?n,  hese ar e:

(1) a large wphtunewafer Glodsiit an apsRdIdR! ADsddidnht A9 6AMBYelaY BhENMS, Whi ch

is quite costly; (2) there is |ow transm ssion caused by not only gl ass

absor ption, b¥ystennisdocoresct lecemteitvon daedticleens surface; (3) there are

al i gnnmen L ficul ties .bhecause t na NS are required.to pe aligned,
ana (a0 SRR gRT e B LS e BpRedl T BeR a2
required. Thesfhbablveap&itoned RohthiNermRaiafgshdficld @ans!r Thagehtpdhashe syst ens,
whi ch can meke purchasing additional or newer systens prohibitive. [0005]

What is needed4 nses, Bedjtermeiate part has 24dpwsss.cand He) iald negnisek4desi gn,
and that redu c ' i rd I.IFH i t oner
costs, whi chfegger?’ 3?@8@?%@3’&89%% gﬁdﬂﬁ%‘%gseg%ﬁ @g;ﬂi e egr%sn scg‘il(k% the rel ay
| ens. BRI EF SbhivieRMufalityT biEtHeNMitigal eldm{eDRGE] eadh pattavhdseuse:i (@) priasggeded i n an
I 1lum nation system_ paossibly for, u in_. lithography. The relay | ens can be
used to uni fo?’%“P ©j ‘I’flﬁ Zth@eged?if@I fjse@fn gﬂlolggaﬁ:ﬁ%sgstgg;lst @’Ihé"@eﬁt‘illi{t? | i ght
beams wi th vaphah )3RGE (o fikfissidiCedusld®y héilbhly GHR hié'fs%'rblﬂﬁ pbut st ,
sgc;ond, and third Pgns gr oSps. At ?Seasta or(li?yyof t hey g_ecson and ’ t.‘lﬁi rd | ens
groups can i nelsedeflectaicagine chabnlens Tuifece; A3) rthete cae cdighmenndiffindtiense
because too many lenses are required to be aligned, and (4) there is high cost
due partially to the large volume of Ca F; required. These high costs aré then
passed on to purchasers of the systems, which can make purchasing additional
. or newer systems prohibitive.
[0005] What is needed is.a rélay lens that is a simpler, a less complex design,
o and that reduces costs involved in manufacturing, and thus in customer costs,

which can all be achieved by reducing optical elements in the relay lens.
BRIEF SUMMARY OF THE INVENTION

[0006] A relay lens is provided in an illumination system, possibly for use in
lithography. The relay lens can be used to uniformly illuminate a field at a
reticle by telecentric light beams with variable aperture size. The relay lens
can include first, second, and third lens groups. At least one of the second and
third lens groups can include a single lens. This can reduce costs and increase
transmission by requiring less CaF, because fewer optical elements are used
compared to prior systems.

[0007] Some advantages of embodiments of the present invention over
conventional systems- are simplicity of design and manufacture and reduced

costs of manufacture based on reducing an amount of optical material (e.g.,



transm ssion by requiring | ess CaF2 because fewer optical elenents are used
.conpared to prior systens. [0007] Some advantages of enbodi nents of yh&( 2005
present invention over conventional systens are sinplicity of design and

manuf acture and reduced costs of manufacture based on reduci ng an anmount of

optical material (e.g., 7 DEC 2006 --3- fewer optical elenents, and thus
fewer optical surfaces) to reduce the-BRrount of CaF2 required. This is done
wi t hout effecting optical output of the illumnating systemor the relay

lens. A | overfewél dfiRai0dlerhifts, GAE 2 Fowhtphs fitburfhéssYto redi@ihe 3Rionlfo | over)

than conventional systens. There is a higher  transmssion (e.g., about 30%
hi gher) than ofoRsentaquived. sTigs derslong wighove reffecting foptdealt owiputap® the rtual | y

el i m nat ed begause,.only, one len b ed in t Al arts. The rel ay
| ens system ﬁfsi %@En%ﬁég%? © %yﬁ%%soﬁéoﬁqr%ﬁgxfneogsé? @?ﬁ",(‘p%eluge%r oduci ng
the same i mage.gquibiif 30-SDU0RRer)Sttiah| coptition@dvahdgeThae khe hemepdi ments of
the present invention is that it has a sinpler structure than conventi onal

syst ems becaurasmissionfedi abeut 39higha) thagreeupentiens systemgdeilignmsnkhgl e | ens

el ements, insi I bt Vo Qf: ] enen ] .t her

enbodi nent s, 4‘@%@ ﬁlr%ésa,pe g’ﬁaialgveg%{‘%%‘%gbg‘#aﬁﬁgm& g’egsaeeEne?l s r%aﬁeg%qsg&‘né as well as
the structureefnit paBl atlherelly lelke sysdrh G desng@nsientitan 6dnvichtionyl esent

i nvention, are descrjbed in detail below w th reference to the acconpanying
drawi ngs. BRI ¥Hemssvileprpduingthespmepageiality; GURES [ 0010] The acconpanyi ng

drawi ngsgooil o o1l B8 ARARER HSRELRRARAR oF fe pRBEL Blodf i

specification, illustrate the Present 1 nvention an ogether wth the
descri ption, thetrit hara siempler strocterephani contventiqai systqphslsecadsetihtermediaigt i on and to

eCf_bl © a pelspa ﬁselﬂl lgrlo%gs cI:aI}l i&lc 2d8of stil!i 5 Péns %{egne%l?s, lrlrlgtlégd 5 ]_:C)iluyaﬁi%y E)P Elei nvent on.
lens elements.
[0009] Further embodiments, features, and advantages of the present
inventions, as well as the structure and operation of the various. embodiments
of the present invention, are described in detail below with reference to the

accompanying drawings.
BRIEF DESCRIPTION OF THE DRAWINGS/FIGURES

[0010} The accompanying drawings, which are incorporated herein and form a
part of the specification, illustrate the present invention and, together with the
(- deScription, further serve to explain the principles of the invention and to
enable a person skilled in the pertinent art to make and use the invention.
[0011] FIG. 1 shoﬁs 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.



[0011] FIG 1 shows an exanple |ithography system according to enbogi ﬁ%{%
.of the present invention. [0012] FIGs. 2, 3, and 4 show exanple rela B
systens or REMA objective lens systens in the |ithography systemof FIG 1.
[0013] The present invention will now be described with reference to the
acconpanying draw ngs. In the drawings, like reference nunbers may indicate
identical or functionally simlar el en‘é‘nts Additionally, the left-nopst
digit(s) of a reference nunber can identify the drawing in which the
reference nunber firDETAIPERDRESCRIPETRADS THE-IVEMEIAN.ED DESCRI PTI ON OF
THE | NVENTI ON [ 00141 FIG 1 shows a system 100 that interacts with Iight 102
during exposure of a substrate 116 (e.g., a wafer) according to enbodi nents
of the [PoBfent i AIGNt elowsAal éygtein SOOrmet hﬂ&aéte with Iighk al02r juh@n be an
excimer or deep UV exciner |aser, for le., In some_enbodi nents, a

nul ti pl exer 1%8‘)?“1"1‘3 oba arbsEatect 16 Grfora 1']' %‘%98?‘1&‘&“1 trgbrdimenis of the peam

dit { t
ransm 05 11 ghEhPaaoin, A i sbied W4EAR: 9D SR erflactieh g VT

wafer) 116 wHVparxog:m tlasery faptdanmpld 1% scﬂmeembrdnmehts«;mmuitt;ﬂexeh i186 yst em can be

a lithography s ste or e like. nbodl nt ¢ be a hol ography
system [0015% OEPFO{/@ rgcql‘éqsfgglqtghg ﬁnl"lop H%ft@go $cs 110,

according to 11§ﬁ*ﬁpflhﬁﬁﬂ5tﬁmqa‘puw@1mr\ﬂﬁa{% tuﬁ’(&ﬂﬁénﬁf% héﬁﬁlﬂﬁbﬁuél?@?nagﬁ)o i ncl udes
a delimter ane first Léns group 204 (e.qg. front portion), an

aperture st opprzet&le L B2 ontp agubsimicals o, \&@fer)tldﬁe'wsnropwomomwsdﬂl& Oee&is group 208
(.5, "1 ol SrgEnPy Ty B Ae @ qnBealubodBPhorcg” or Peuy Al 506" *
F rst |ens grauprd@fdat @ Be b R6lopABh@systdmi scus lens and a | ens with an
herical surface. In the enbodi nents
[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

(' E . have a single lens that' has a spherical surface.



shown in FIG 2, second and third | ens groups 208 and 212 each have only a
.single lens elenment. Second | ens group 208 can have a single | ens w T BEDReE
aspherical surface, which can be a convex surface. Third |l ens group 212 can
have a single lens that has a spherical surface. 7 DEC 2006 --5- [0016]
Wth continuing reference to FIG 2, first lens group 204 (e.g., a front
portion of relay lens 200) includes thtee | enses: a front thick neniscus

| ens mnth a first surface concentric_to an object axial point, which can be

used forl00Hdt zval Wilkrenmuingreisence fiFiGy?, Sist dens Eoun304 (4.chfeBh be used
for NA decrgo%gt?o ﬁ%&gdleﬁseﬂﬁo) aﬂﬁ’e(sor t\(}glstg% afﬁﬂg{e ﬁ)fu?kr {E%ﬂs@&s%ﬁso” ion of

relay | ens I NC es one enses | n

enbodi ment s siidva first SerfaceTofcahifctosmeshjdre hria) point, wlich eapbended four f ace. This
one lens in second lens group 208 is |located after a erture stop 206 and it
can perform ot?féz"élr SHB rOTIgFtion, H’@‘ifttYPI Hhptnlsngesn Michn gan B dised oMt i on

correction, seSh@EBS c??e‘h& 8 @? | dnPihtefhbdihte &ifg r§8ff‘e‘ia%}‘fe£ C' ty

correction in t e retlc e sp ’l'ens group e.g., ield
portion of re(dyinchidss M}naianhvmtmlthﬂelamms 1helnsemﬂ'ckd1mentlehdvanEIGs1. n third

l ens group 2 C e or re of .the, follo funct creatin
essen'?l al p gﬂ dz‘?CE% ‘ii’ Fcese ?}T"a%faﬁﬁdﬂ‘?s orta\r,]\qegsgpewgoqﬁa n%m aspheri cg
surface, cor r &6k mfs%c%&famﬂret Gpdrdire &tgpéﬂd atﬁgﬁbﬁh amrhl wcﬁﬁﬁ&%ft o FIG 2,

in operation, a’light bean 1s receive elm pl ane 202 and
expanded. andthe dbllowing duntionss wumlsabdrﬂtlen gpugqilozozliupllﬁsham gerrestionhe ex panded

and col |l i mat e am.can, b ol | ed..by. e e sto A focus
posi tion on r@]* ?F‘@%T}fl t8§°?‘ﬁ ct x‘f?ﬁﬂ%‘b‘%ﬁ‘ %’ic .%P&?%S“Bﬁ‘g%’%&i? Phe
gntrol | ed byzm&%n(iﬁeﬁi{lgorﬁbﬂﬂpre?@aenstiﬂ darl PBMdE b8 Pnd.l This@he R@sh second
d third len oups 203 and 212. [0018] To manufacture relay lens 200 in a

more conpact Sl rewall2 eamprsformonesiraneis of the dellovine dfenftigas:used. In
some enmbodi ”E&Ez?hﬂg esScflalfeld 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, thir& 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

( B 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:



optional. Relay |lens 200 images delimter plane 202 onto reticle pl ap é#ﬁ
~W th a predeterm ned magni fication. Telecentric beans fromdelimter gf- b

202 can be converted to telecentric -beans on reticle 214. Relay |ens 200 can
provide uniformty of illumnation of the reticle plane and non-ellipticity
-of pupil shape. [0019] In one exanple, a relay |l ens 200 can be constructed
according to the follow ng data: 7DEC%6 --6- [0020] Surface # Surface Y

Radi us ;ﬂahﬁness G ass Refract Y Semi - Type Mode Aperture bject Sphere
Infinit 15759 Refract 0 1 Sphere - 38.8954 48.5861 CaF2 Refract 34.3792 2

Sphere -70. 4258 1 O0GULRET TOE RadRE - 7 PPfickneds AOHIET € WO CaF2
Refract 103.{1220 4|Sphere |-175.1412 1.000Q Ref r act 108 08R8 5 Sphere
336. 3331 37.{7241 CaF3"Refrdct 120.1833 6 Asphere | Mege 212[7ARmUB012 Ref r act
119.9937 7 Smﬁfwe sﬂmﬁltylﬁﬂm§426 Refreact] 119. 507 8efradt Sphere Tnflinity
133. 4129 Refiraet—++¥-1524 of-SPhEEe At HAIEY—5510768—Refract—+43. 4723 10
Sphere 1784|7806 _35) THEE o EQJ%?J S50 g3 11| Refibr of o3& 0830 93, 6409
Refract 123./0736 12S8pher e 70445hi t y1.8W0. 7213 Refr adefr 9. Y06 13 Sphere
Infinity 85.[0612RefT; giléhéreJ_J_ r0eeRs 145 SB6TET G2 7~ O { Rlmast: 2 1 Refract
107. 8689 Sp e -1616 3317 P24 K563/ Refract| 106 3382 :
4 Sphere -175.1412 | 1.0000 Refract 108.0828
5 Sphere 336.3331 37.724% CaF2 Refract 120.1833
6 Asphere | -840.2127 | 13.6072 Refract 119.9937
7 Sphere - Infinity 84.3426 Refract 119.5076
\ 8 Sphere Tnfinity 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 | -330.0580 | 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 | 312151 | CaF2 Refract | 107.8689
A O Sphere 16163317 (3246563 T T Rettaet” 1063483
16 Sphere Infinity 283500 | CaF2 Refract 56.8430
17 Sphere Infinity 0.0000 Refract 53.0694
Image Sphere Infinity 0.0000 Air Refract 53.0694
[0021] 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.

[0022] In FIG. 3, the second lens group 208’ has two lenses, whlch can have

| at least one asphenc surface on each lens.

[0023] 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.



16 Sphere Infinity 28.3500 CaF2 Refract 56.8430 17 Sphere Infinity 0.0000
.Refract 53.0694 |nmage Sphere Infinity 0.0000 Air Refract 53.0694 [ ODBAQ] 2006
Dependi ng on the specifications of system 100, it is possible in ‘
alternative enbodi nents of the present invention that only. one of second
tens group 208" or 208" and the third.,lens group 212 nmay have only one

| ens. Al though, preferably both the sécond and third |ens groups 208 and

212, reiﬁgctively, have only one | ens each. Wen gspecifications dictate
ei t her ghd or Evfinr din| chesegradigmativg gmbodimentsy «hefatedi iy ydesited have nore
the one |ens,. i ' W ' .0,have only
one 1 ons. i BEEAEREBE Nk 00 ciRTROBRY B bl o BOT R Bl

confi gur at i onelemef® 28thpdrad fd denvéhtiohklesysisme onkich &aspsghogst 08N, MEs t wo

| enses, which can have_, at |east one aspheri¢ surface on each lens. [0023]

In FIG 4, seloRa mprsialed thet gk ofes cophgwationsshased ppn | ethert desiigdof t he

three | enses | 8. . eric
surface. 7 DE%@%&@&E#%%@%%B&\%@“@ %@ﬁg@@é@eg] etr ng@%}fegﬁeﬂgg&gnent S
di ctat ed by dpskemtéhventiaci fi cati ons of system 100, relay | ens 200 can
continue to have fewer optical elenents conpared to conventional systens,
whi ch keeps the cost down. It is to be appreciated that still other
confi gur ati ongohélggen on ot her desired specifications are possible, and all
are contenplated within the scope of the present invention. Conclusion
[0025][ While various enbodiments of the present invention have been
descri beqoopspve, | WikRovhibuaeaBoRMShQOSS thatprédny ihantioReRivepbesgent ed by
way of exanple o.nl(g, and not ‘limtation. It will be apparent to persons
skitled in tHescrigpeghae ibshouldhaundsistaodshat ieydese beerrmiespntedydeasai | can be
e therein ¢ 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 invention. 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 enly in accordance

" with the following claims and their equivalents.



wi t hout departing fromthe spirit and scope of the invention. Thus, the
.breadth and scope of the present invention should not be linited by 7TdHE 116
t he above- described exenpl ary enbodi nents, but should be defined only in
accordance wth the follow ng clains and their equivalents. 7 DEC 2006

~-8- WHAT IS CLAIMED IS: 1.- Arelay leps conprising: a first |ens group
having a plurality of |enses; an apeftire stop; a second |ens group having
one lens; a fold mrror; and a third | ens group having one lens. 2. The
rel ay | ens of WHAL I3 GLAIMEDLSh the first |lens group conprises three |enses.
3. The relay lens of claiml1, wherein the first lens group conprises a

meni scus lens. 4. The. relay lens of claim1,. wherein the first |ens, '
group, conprises lan aspkady led conpiigingd. The relay lens of claim1, wherein
the one lens in the second |ens group caonpr.ises one aspherical surface. 6.
The relay |ens of cl ai rafirst lgpicgreurmhaving aperalighef iepsetine second | ens group
conpri ses one convex suyrf The relay lens of claim1, wherein the one
lens in the third Iens%&gggﬁgeégﬁbrises two spherical surfaces. 8. The relay

l ens of claim1, whereidsetdinl lomopog havivg @redeys; conprises a second |ens. 9.

The relay | ens of clai mtB wher el IA the second | ens group
a fold mirror; an

a third lens group having one lens.

2, The relay lens of claim 1, wherein the first lens group
(’ o comprises three lenses.
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.
5. - 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 épherical 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.



conpri ses a thlrd | ens. 7 DEC 2006 --9- 10. The relay lens of claim1,
_wherein: the first lens group forns a front part of the relay |lens; 7BEC 2006
“second lens group forns an.internediate part of the relay |lens; and the
third lens group forns a field part of the relay lens. 11. The relay |ens
-of claim1, wherein: the second | ens g&gup i ncludes a second |lens. 12. The
relay lens of claim1ll, wherein the I and the second | ens each have an
aspheric surface. 13. The relay lens of claim1, wherein: the second | ens
group includes second and third | enses. 14. The relay |lens of claim 13,

wherein at | east tl)so I@Hse |1n tcti}él .sgcogd | ens group have at |east one
aspheric surface. ‘7 DEC" oLy, WRHE M ol ay | ens of claim 1, wherein

the relay lens is consijeYstens Oghglgfrb gﬁa@@oﬁtﬁéf&&ﬁ‘l@& data: Surface #
Surface Y Radius Thi ckness ‘A ass fract Y Sem - Type Mbdé Aperture Object

Sphere Infinity 40.575theRstomklend grougdbemscan wcmtmamaslhmm Ref r act
34.3792 2 there -70. 4454 1.0000 Refract 64.7896 3 Asphere 1056. 8762
55. 0000 CaF2 ﬁgf‘?’l}:{ict 103. 1220 4 Sphere -175.1412 1.0000 Refract 108.0828 5

Sphere 336. 3331 37. 724ihGafrd 1488 &fcas forkdQ: S Bart of the relay lens.

11.  The relay lens of claim 1, wherein:

the second lens group includes a second lens.

( | 12.  The relay lens of claim 11, wherein the lens and the second lens

each have an aspheric surface.

13.  The relay lens of claim 1, wherein:

the second lens group includes second and third lenses.

14, The féléy lens of claim 13, wherein at least two lenses in the
second lens group have at least one aspheric surface.
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the reticle, the relay lens including, a first lens group has a plurality

of lenses; TBREEPET[HhfceSt B Radius © CHEklet 1S GAEOUD 2QTE [EMSemi- ¢ fol d
mrror; andja third| | ens grloup has jone leng. 17. The |ithggraphy system of
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1 Sphere -38.8954 48,5861 CaF2 Refract 343792

2 Sphere «70.4454 1.0000 Refract 64,7896

3 Asphere | 1056.8762 1 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 | 8402127 | 13.6072 Refract 119.9937

é:;? 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 17847806 | 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 Tafmity | 85.0612 | 7T eitact [ 110.6886 |

14 Sphere 4175797 (312151 | 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 Infinity 0.0000 Air Refract 53.0604




Type Mode Aperture Cbject Sphere Infinity 40.5759 Refract 0 1 v~ Sphere
-38.8954 48.5861 CaF2 Refract 34.3792 2 Sphere -70.4454 1.0000 Ref rlaitfC 2006
- 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 Im‘lilrrity 133. 4129 Refract 117.1521 Stop
Sphere Infinity 55.9768 Refract 113.4723 10 Sphere 1784. 7806 35. 1455 CaF2

Refract 122.2680 151 Agplihograplp3¢ys@8800188rieaH9 Refract 123.0736 12 Sphere

Infinity 310.7213 Ref raqt élg. 7255 13 Sphere Infinity 85.0612 Refract
110. 6886 14 Sphere 417184

SPUKLE: 2151 CaF2 Refract 107.8689 15 Sphere
-1616. 3317 224. 6563 Refarr@@gle;%gg. 3382 16 Sphere Infinity 28:3500 CaF2
Refract 56.8430 17 Sphere I'nfinity 0.0000 Refract 53.0694 |nmage Sphere
Infinity 0.0000 Air Refareley 158 po§bdned between the light source and the reticle,

the relay lens including,
' a first lens group has a plurality of 1enses§
an aperture stop,
a second lens group has ong¢ lens;
a fold mirror; and

athird lens groui) has one lens.

(— : 17.  The lithography system of claim 16, wherein the relay lens is
constructed according to the following data:

Surface # Glass

Surface Y Radius Thickness Refract Y Semi-
Type Mode Aperture
| Object 1 Sphere Infinity  40.575% Refract 0

1 TSohere | 388954 | 483861 | CaF2 Refract | 343792
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 Sphers | Infimity 1334129 Refiact | 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 Refiact 110.6886

14 Sphere 417.5797 31.2151 CaF2 Refract 107.8689

15 Sphere -1616.3317 | 224.6563 Refract 106.3382
16 |Sphere | Infnify | 283500 | CaF2 | Refract | 56.8430

17 Sphere Infinity 0.0000 Refiact 53.0694
fmape Sphere Infinity 0.0000 Air Refract 53.0694




