; e3eR, Fr V6TRr } cWDO 2004/ 013674 PCT/ US2003/ 024063 METHOD AND SYSTEM FOR
CORRECTI ON OF | NTRI NSI C Bl REFRI NGENCE | N UV M CROLI THOGRAPHY BACKGROUND OF
THE | NVEWR 0040168 d of the Invention (0001J The presepCTiUSYRBOLOG
pertains to optics, and in particular, to optics in mcrolithography.
Background Art [0002] Photolithography (also called mcrolithography) is a
seni conduct or f AMBTEIOD ANDSYSTEMFOR BURRECTI GIPIVIRIGRSCU! travi ol et

(UV) or visible light to generate fine patterns in a sem conductor device
desi gn. Many types &[@EMGEJNW\N%OLMGMPWO%S, transistors,

and integrated circuits, can be fabricated using photolithographic
t echni ques. Exposure systens or tools are used to carry out

phot ol i t hogr aphi ¢ techni ques, such as etching, in seniconduct mu‘mmmu""lmm,”m
fabrication. An exposure system can include a |ight source, r

optical reduction systenBASKGROWNI2 OFTHEINGTENKOMNE. An i nage Ofisomos

sem conductor pattern is printed or fabricated on the reticle o called
a mask). A light source illumnates the reticle to generate amwmwmmﬂwmre
particul ar Fﬂd@fiﬁelﬁ%ﬁﬁ{;ﬁ- An optical reduction systemis us

hi gh-quality inmage of the reticle pattern to a wafer. [0003J I nt etyreaeed
circuit designs are becom ng increasingly conplex. The nunber of conponents
and intﬂebgiﬁti on density of conponents in |ayouts is increasing. Demand for
an evef? r easi ge RTGEPRAURY SN NeEakdls Ae opticsyiand itThartimilai, woiwpfiesinur e si ze
(al so calleg:lif . dih) refers to the smallest dinension of a

sem conductglrlér?gg]togfrag&('hat can be fabricated within acceptabl e tol erances.
As a result, it is increasingly inportant that photolithographic systens
and techni ques provi de a higher resol ution. " WD 200: 1/01367a

PCT/ US2003/ Bockgsund Art [ 0004] One approach to inprove resolution is to
shorten the wavel ength of light used in fabrication. Increasing the
nunmerical aperture (NA) of the optical reduction systemalso inproves

r esol uf0io62] | ndeBhbtokihy BY qhls€>RNsd i % : ped with
decreasi ng wavel engt hsagi?plji,qht and i ncricggliti ng 1 .\{Igéoanég%ggrr%q{%,k&Uv exposure
syst ens ar efehtigationgpemplagyy Abptolithagraphyhisesultravielet (IgH) osvidibieRglaper at i ng at

a wavel engt nangopeter. (nMm) .wit n assocjated NA of 0.5 or 0.6, at
a wavel engtﬁ) g%“e%gg ﬁﬁ%@%ﬂ? Sdﬂ(aa@blﬁ?%f{]“ég’r Vige ‘%?‘gnorM@nIS,tYI@ﬁd)fat a

vavel engt h sniddatuoior deibes? BuchSS AGbAL a6, Bidieck iAok Y
mcrollthogra_t%]r)]y, 't is inportant to maintain a hig g rransm ssivity

t hr ough an deated usingnhobelitbgaraphic teachiighést Fxposare myaichnss todkxgesure ti ne
and the ov ) ductor fabrjcat.ion ti depends upon the intensity
or magni tugliif(’%g#0 I | gr?tﬁ 9@%?;"‘%‘%1 O%ﬁrt’qﬂc {eﬁ Se?"l.cgeﬂtﬁetﬁtgflgﬂd’&?emlémf’éﬁ%n system

must al so ofabyicdtiod. SAAreXpbaRE SPerh TAEEnehide "l'i’%‘ﬂf BcE, ARl Shtical N S €ensures
that the fine detail needed fosrmsem' conduct gr absr?ltcca’tfl%g\r%&f gﬁ%?a-e[served.

[0006] As tRduigpsysiem, aed avafertalizomeniesiagss  Animage ofmasentieshdticiopn syst em

must inclu J nt uch.as, .l enses, whjch are nmade of a

mat eri al \/\ﬁ[:;lﬂ1 gﬁﬂ%lssﬁ?ib tgﬁg)ggérfagﬁ?teé% eaFFtlﬁ?IB&?lfﬁ’V 98?"@%%@8@&@\?055 193 nm
and 157 nmillexdugsésethie Bdticid e penttaleGalimABs 6f { ' | luori de
(CaF2) and bariumfluoride %BaFZ). These o%ltegpggilca%%%%ﬁﬁ%@hﬁ%ﬁever, have a
rel ativel y ®htisal 1adustien systemn ixusedisipesn highqualiy imege(ofttisxreticlk batekn

spati al - di StBearﬁitQP'i nduced birefringence). This high intrinsic
birefringence 1S Vvery direction dependent. As a result, the optical

char acl0e03st i cs fegtial @Rbhie AbsifR Sfel BleofHE thdsas rﬁ%&%@&%{}” k¥ and
refraction) vary unevenly across a beamincident o ‘the optical material.

I n ot her worgaber pfcepirponettstand itegration ateaityl ep eculpowsntsofn ldyeutsrit ri nsic

birefri t f b t y b d up,or, sl dd
el ati ve t o SRR pRFRIG o Evelediintcdae miluRafere sigs jhighi The i on of
[ Ko mcr ol LRG0T oty Cathy il Ane SR AT o R R Sl BRRE 0o it

| i ke mcrolithography, such intrinsic le as it
can bl ur oraseadeenslucion faahue fhatem tef fabuicatetbgithin@tceptable SRrass A |1 ght

t hrough an opti.cal .reduction syste
9 a xgsulg fis increasingly nnpo¥tant th;lt photolithographic systems and techniques

provide a higher resolution.



WO 2004/ 013Gr7: 1 PCT/ US2003/ 024063 -3 [0007] One approach to correcting
intrinsic birefringence is to use a single pair of optical elenents
rot at ed Me0aodHpe3a7e one another. For a single pair of | egaessioeviagsa <100>
crystal orientation, the optical axis of the crystal structure of one |ens
inthe pair is rotated at an angle relative to the optical axis of the
crystal structure of other lens. Suchcorrection of intrinsic birefringence
is limted, especially in high-quality applications |ike photolithography.
(4008] What is needed is an even superior approach for correcting intrinsic
. birefringence than a pair of optical elenents. This is especially needed in
opt i caf000d¥iuct i oDrmyapprIash wSiarove fesnmwmfdsndrﬁeﬁwmer@ﬁpdﬂ%ﬁf i ons.

BRI EF SUMVARY OF THE | NVENTI ON [ 0009] The present invention provides a ,
syst em and #&RhBY fabsicationr duesersing thecnuroerical aperturt r(diA) bf thef optivgbnce. Two

airs of opt] . el ement,s .axe used .correct intrinsic birefringence
gclcor di ng !to %écﬁxg{éonpsrygféeghatlsq lﬂ\)ﬁé?#ﬁﬁ 9f“%ﬂg'clg9f)‘c§f89&‘?’8’fciaéﬁ’lfﬂﬁﬁrleﬁms gnd t he ,
si gn of thehhvd bdeRdeelbpédhith ABEHBESEnOlval QengdiRd 6651 S aﬁ@ﬁﬁ&@ésmilzﬁmam s are

bal anced or _selected to correct fox i1ntrinsic birefringence.
enbodi nent s For expmmde.rdV skpaspre systems| azeravailablenfodm ASMbpins which &iveact i ve

For aksapels, 16V epaspre ater bleritmdeiahyine] 4hich &
Dales ( postehtiBugRoraiianty waydiotas ot As mabmpeninen wiftonssaeal opt | cal
el enent s haxe b1tes 520, disfuRlenkH 01199 bERRIPESOLRRTNA YFy 88 fR02L 1 vE)

while intrinsic birefringence val ues have erent signs i'tive and
negative). Ahdaawavdiéngtleafls 7omah witht dneaseqliatedNASOFNPRNtL s are arranged such

their al axes e rotated by an angle that nulls intrinsic
bi r ef rﬁ@gilce. I ﬁ‘éi{én’ﬁ‘lmégl}é‘t’ﬁiagﬁhn’él’é poxigpt 4k meintaly adighr light degr ees

depending u ﬂy{gﬁ I tal St f erial used,in the
optical el ean‘gﬁst S gfgﬁfﬂgg)pgl?o@dogé&r%%{éﬁpgl %E%%m'@h ?/l,tt?? &F}é"c[l‘?sém y. [0010]
Thi s conbi n8xpesurofime ayd thelovarllsemidontiicior fabAdRioatint ddpendnipoiign i ntrinsic
bi refringen and sane or different

c vatlyues %or, refractive indices), [ :
refractive B’EW@F S Juigde of ilight guiput enfprthe twaler. ofAn; opticalnesductisir ef r i ngence

conpared to } i r t AN S, used.i n,conventi onal
appr oaches. sisﬁéfll %glrs‘g%%g 05%%8%‘?0@%@%“5&% E@Z%’gg‘?éjﬁtgaﬂafe& % ection or
nul ling of emrésrthatthdiinedsthib gested forseataaduetol Fabiioait id prestived. TV

m cr ol H@gﬁraphy where optical materials with a high degree of intrinsic
birefr ce, siheiheRXPosr Bayrengthderawcama optieal seductiousystie muste desi r ed

to be used.; : ' t I ISt second pai r f  optical
el enents ar e g’lg% %hgléﬁ cgfﬁg%rgé@sgQ%Jgﬁatlgpiegﬁ@gﬁ‘g%m@rogﬁngﬁ ”?l“’ﬁ’t‘ihudes a
first optica trehsparent evalat lgpw AVawhvdlGigthEaiehi & 198 %N and 16 gh, i ntrinsic
birefringence va%ue %?}ﬂ a first crystal axis, and a second optical elenment
made up of S*dBRIsHAL sHchoptical museriakyinglude ealaim fluoridedCeF ) andbatimgence val ue

and a secon : é@b XA I J.nel udes. a. thir tical elenment
made up of gut&&(iyr rr%tijl e?l?eg Iﬂgc\?? ﬁ%%giq{s;%“éﬁdie?it% a Y%%Iieka%ﬁ’leﬂé’f‘&l %péﬁ?‘?ce val ue
and a t hi r dofinyritisid bieofiingenaa also dalled bfutiaptisparsionliadmel birefiRigicepf a fourth
materi al ha H]pgnalbt ouyrth intrinsic birefringence value and a fourth crystal
axis. [00 12}f gy iERsic PHeltngenceisivenhdirestion signendent. nAs raesu theal

Tater) al s CbplheShanbikials 8 B Wpficall Bl ekl ohRRLLGE ] CTEN © has
a positive refractive power, and the second pait of SPErEAT nts has a
negative r efefmction)erapouerenli acrossebeamangilientionmheupeidalahdteral. thghdr r st pai r
of optical eb%gents are _two doubl e convex | enses havi gﬁ%ga positive
refractive POy becipseod thewlirestionshdensadence of the intyusic birefimgensespmet wo doubl e

| i ' ' .. These | ki
the two pal PETTa Hel PollilNd hRa bE P abFalPE s B Bet RS BRme™ e 111 st
and second bedm bpaidep@idi@mb@eﬁm@ﬁoaﬁéﬂ%maithtefa?fféréﬂtiianaa@ﬂé%g@d optical .

el ements have the sane sign as the third and fourth intrinsic birefringence
val ues of t BROY hilnd dgmandisgr epplisptionsallike| erienotithogibby.,f isuct iambsiecond

optical ele . .rotat.ed.w t.h r ect 1o 'gne anot her such that the
Frrst oryst BouneliE MRt oM RE dily Beruihies chadftsror

appr oxi mat ebwséﬁosﬁlbfﬁghﬁﬁﬁhgﬁanogﬁ@ﬁéaiueﬁlo@gggtefngurt h optical elenments are
rotated with respect to one another such thdat the third crystal axis and
the fourth crystal axis forman angle of approxi mtely 45 or 60 degrees.

[ 0013] According to one enbodinment, the first to fourth optical materials
are fluoride materials including, but not limted to, calciumfluoride and
barium ' WD 200:1/013G7.1 PCT/ US20U3/ 024063 -5 fluoride. The fluoride
material in the four optical elenments can have a <100>




crystal orientation, a <111 > orientation, or other known orientation. Such
fluoride materials are transparent for UV wavel engths, such as, 193 nm and
157 nih MO 200808624 hi gh degree of intrinsic birefringenper/dshésdiorHes
material with, a <111 > or <100> crystal orientation has three or four fold
symmetry respectively. One advantage of the present invention is that each
pair of elenments acts to change the thhree or four fold symetry to a
cylindrical symretry. This cylindrical symretry further helps radially even
out lI'ight and correct for intrinsic birefringence. [0014] According to .
anot her enbodi nent, the signs of intrinsic birefringence values of the
first {07 of opOncabpekemeriosreating intinsiesicefngeats isab usPa single palrement s are
different ( e and negative). The refractive powers of 'the first and

Siti
second pair gpﬂ?t“@ glemsnts rp relafive to enfeanpihes. Foveisiniglacpair ofilegsesi ve) . The

first andsgqﬁi i I nt. tated with r ect to.one anot her
such that tﬁe arlggédc%: y %tgllOﬂgﬁ'ggla%ﬁég?@%{%%%#ﬁ?§% 0¥ ®Wem an angl e
of approxi nighely théSpair isGOtackdoit @@ ang RPNV do HRUpHRELAE LT ﬁfe%’c?%/s@h structure

in the optical elenents has a four fold or three fold symretr

respect i vel §fuctyrg ofjoslecr lenge Bedhr epreastion ofiinttinsip irefiingehemisntimitat,e r ot at ed
with respec n npt her, such t.hat..th i.yd crystal axis and the fourth
crystal axi Igsp%v‘gl?ﬁ)(%ﬁgﬁ-&pgﬁg@p@bﬁ%&qmﬁé}(@oqggog?p%@ degr ees dependi ng upon
whet hefooosy st al GtiHabGd He&leli s hR%veR sl hoyksbold or three
fold syrme%/r.y. [0015] Accordis ng to a ur°{%?m?‘§féff%‘?@%ﬂﬁgg‘?%w system
correct ed fbireflingerica han apiairef opticpbelements. Thisds dspedibllyTieedal inbpasy aphy. 1 n
one enbodi nent,..an optical . syst corrected for intrinsic birefringence
accor di ng t@ﬁ?ﬂbonpﬁyéégﬁtus?q1%ﬂ‘ﬂvm migrolthograpdy aprliqetipns. of an opti cal
reduction systemin a mcrolithography exposure system [0016] The present
i nvention also provides nethods for correcting for intrinsic birefringence.
I n one enbodi nent, a neEBROEF $UMMARYEOF THE INVENTIONNsi ¢ bi refri ngence

i ncludes the step of disposing two pairs of birefringenceconpensating
optical elenments along an optical path. One of the two pairs has WO
200~/ 601 ~ PCTASL0340; r : I 14 refr i ower and the ot her
pai r ﬁgg a] negat i ve%re ra%lt%lgl\?[gbnp ﬁ}&?_sla'hgﬁs}[(e\?\% ag‘gi 1%@‘3??8;)#39@"5@% si gn
“intrinsic béarectiomgfintensiabineffingerdea Tovel paiits € optiall Bleflen®a¥S Rl t&Xi S .
rotation that nt” S séi e...evens out radially) intrinsic birefringence.
[0017] . | nCokpRGtE Hisinsic Brefringence agcqrding el thegprogest inventiony The typaofi nsi c

bi r ef 1'i ngengRabied Joes abdiies e3P0 Hlird i lhSoels of onti

birefri ngence-corrpensal?‘itlngeo F’giaﬁelg'@grr@%#ﬂs%ﬁg]'g\gﬁ%eoogﬁﬁe&)pﬁlﬁscogpptbcﬂ h. One of
the two pai¢lemenis apbalatedebreseladted 1o torrect [fos iittiivec Pir@fidddhéd. N$h C

birefri ngence v | ue, and the other pair has optical elements with a
G legiepss

negative si GROTHEFNEs RAsOf optigad § | ipeluderppposiiprefiariive povess have t he
sane type i } ; P i relative angle
of crystal O@Q?E% %ﬁaﬁ%ﬁ%ﬁg{d Sﬁﬁ??@’ﬁ{ tﬁg% bgggglg %ngvaﬁlagfpg’ﬂtVf ntrinsic
bi r ef r i ngenmgatiye) OliRithdrendodinkents, thelpaitk ofidptical slefiRfisbaeiue bahe dypdri cati on

met hod fordg:rggsin a vvaf&)r W th an i.mage_ representative of a pattern on a
mask inclu RAVEHROBEILPOSINE AT AeaRHYR)- While intansigbirefringensg yakugs e | i ght ,
and proj ectiRg iR eCSHE (HSkiti e |al . 11 fromthe
illum nated mask tgv\tfgs?% t(ﬂ%l \il\ﬂf era&gﬁgregr alg)gﬁlé%na%ﬁgk%ﬁé’ce}g%f)%t&%t ep

i ncl udes cosleraents atg droangedsuchribeic clystabixdsngentaedby hvenglo@aitingls i n t he

optical pat.h, . Such correcting can include passing |light through two pairs
of birefri r}amw.%er& §‘8"t~i‘%§"a&&q?% S gs prrsoxipmtelndS enfOsteserer

enbodi ment , jeResdilh $BBHYRTePer [1 GRly [Welel he steps of

il lumnati nge%a rrgks(lgﬁvm 't'bﬁ anere poi&?lgbtﬁ%gﬂ?h{agﬂ%%{?%i %gcg?]n &%&@waf)

r epr esent atdlerserss hadifoup£dld er threcofolt] syadhetiy) gespbtivelypge representative of the

patterdﬁ ith a Sﬁj of optical elenents. The reducing step includes
corred0PHY 1 or i Hhis cogbmation effqrysial@xisaotation gameougifiereat sigaintrinsksed on a

conbi nat i on:Qfe.: i iferi k. 1 et of opthca | eent s -i ncl udi ng:
negati ve anrbd&{oﬁagﬁkg{e;alﬁéegf é%gﬁ?c&@%&%s), g’i\%ﬁﬁﬁ‘\’i lfkc?FF@{rﬁg@Ftl‘ieP@W@i gn
intrinsic bproeides AgRARGYHEd0HREL oROLinf R jefi &tnf}x,ta} [ ] Further
enbodi nents, features, and advz;(r)]ta es of tﬁgﬁipgﬁecsetrant iné\ggﬁtaiso s, as well as
the struct ¥ efigtatasapsicalsleragnts predimeqnygsatienbantirohts Ad improval esent

invention, are described in detail below with reference to the acconpanyi ng
dr awi ngs. © WO 200MD13674 PCT/ US2003/ 024063 _7_




BRI EF DESCRI PTI ON OF THE DRAW NGS/ FI GURES [ 0021] The acconpanyi ng

drawi ngs, which are incorporated herein and forma part of the

speci i caWOR04/01B¢Mst rate the present invention and, togethes200sbiveéshe
description, further serve to explain the principles of the invention and
to enable a person skilled in the pertinent art to nmake and use the
invention. [0022] FIG 1 is a cross-segtional view of an optical system
with corrected intrinsic birefringence according to an enbodi nent of the
present invention. [0023] FIG 2 is a cross-sectional view of an optical
systemw th corrected intrinsic birefringence according to an embodi ment of
t he present gomsgetion onnullingf]infFinsic Wrdfringence 3s sspeeially dmpbrtatit VY an .
exanpl e exposur &. stetwt at incl Lides a catadioptric reduction systemusing ,
the optical TR Hﬁ‘?/ww SOFe OPlerli materialsi withi a diigh niggreccofainttngde ng t o an

di t egikpgg | | . Fl G, 4Ais a. flowhart of a
gﬁpcgﬁzct g{u f abreiﬁggfs iﬁgﬁ]aéﬁ&tgﬁggh ?ﬂlg{l&%c?h%tgn %W%@ﬁ%gesiuﬁ&?‘? ﬁ‘%l c
bi refri ngenasedccordi ng to an enbodi ment of the present invention. [0026]

FIG 4B is.a flowhart of another sem conductor f abri cation .rret ho_d t hat
i ncl udigbﬁdr r ect ilAGNE snpodizient, Brst and sepepsineirs afaptical elements spedigpusedli ment  of

W th T of or erab el flal st ke O RE FRfithe e Broptica elGmetmage b ol ko
Gl ence, urbetaukdioni d Seri ol rertiRgil ARGk S UBSLETEN S,
Additional ly, the left-nost digits) of a reference nunber
drawi ng in Rf@hsecord eptical strseent owdde rupf off & secap@ emterial having a second

intrinsic birefringence value and a second crystal axis. The second pair includes

a third optical element made up of a third material having a third intrinsic

birefringence value and a third crystal axis, and a fourth optical element made up

of a fourth material having a fourth intrinsic birefringence value and a fourth

crystal axis.

[0012] To correct the intrinsic birefringence in the optical materials of these

optical elements, the first pair of optical elements has apositive refractive power,

and the second pair of optical elements has a negative refractive power. In one

example implementation, the first pair of optical elements are two double convex

lenses having a positive refractive power, while the second pair of optical

elements are two double concave lenses having a negative refractive power.

These lenses making up the two pairs can be arranged in any order along an

optical axis. The first and second intrinsic birefringence values of the first and

second optical elements have the same sign as the third and fourth intrinsic

birefringence values of the third and fourth optical elements. The first and second

optical elements are rotated with respect to one another such that the first crystal

axis and the second crystal axis form an angle of approximately 45 or 60 degrees.

The third and fourth optical elements are rotated with respect to one another such ‘

that the third crystal axis and the fourth crystal axis form an angle of

approximately 45 or 60 degrees.

[0013] According to one embodiment, the first to fourth optical materials are

fluoride materials including, but not limited to, calcium fluoride and barium



WO 200/ 013674 PCT/ US2003/ 024063 _g_ DETAI LED DESCRI PTI ON OF THE | NVENTI ON
[0028] While the present invention is described herein with reference to h
i |l ustr aWW@200s46b3$@+ nent s for particul ar applications, i tPCaVUBIbd 0B M63
understood that the invention is not linmted thereto. Those skilled in the
art with access to the teachings provided herein will recognize additional
nodi fications, applications, and emboginents w thin the scope thereof and
additional fields in which the present invention would be of significant
utility. Overview [0029] The present invention provides systens and nethods
for inproved connection of intrinsic birefringence. The present invention
can be usedilpetideanfhesfhuaridgimagdaldmtbe fomppticatdlameritn canitiveg, <ot not

i m ' ' . A set of f tical elements (al so
referred totHAPEPReARg SEIY ofpiBfen con Sl Flnws orienanasedSich cor r ect
intrinsic bﬂﬁ@{({eilﬁggﬁggam@mﬁ%é&%fgv Ve éﬁl}saslucﬁ)éé Slg? glﬁla%n@rqg;]et ype of

refractive power, and type of Intrinsic bire hgence fractive

i ndi ces) i nmhlentdmye ahighvdegmeiafinivinsiopitetidocate ERbide RaRYiafWahn an i nproved
correction 0{ nul | if'catiog offi ntrinsic birefringence conpared to a single

pair of rotatdd BeiPezryea ajionhap ﬁ}T?FcﬂrJgt}f fpbgwoc%merw mﬁlﬁﬁtti‘w{l)ﬁgrl y
' ' | . e r.ougho
el oot | O Wﬁ%% dmglﬂ%éﬁe %%’l@%]ntﬁin 8rt@%€rs cga Thoh FIEMENIE 368t ¢ ent 1 v

specification to a re to oW ng

[0031] The thenge thophieealr fhefekdt gymmé@yaoteocgmqrﬁ;ap@ﬁﬂhw&b.atmen be used

in an opticall. aﬁstem An optical elenment can be include, but 1s not [imted
T

to, any typ® ‘Falﬁlé‘ﬁ@,e@flﬂweﬁ%e,lpﬁfaébﬂbﬂe@mﬁghtandngrrecafmintllinsiconvex | ens,
a convex- Iﬁ;gf?-lll a doubl e concave | ens, a piano-concave |lens, a
concave- p!oano e%"gl,%e'shel |, or plate. WO 200/ 013674 PCT/ US2003/ 0240'6'33 -9

[ 0032] [0U14] t er m Ap&irdingfio BhdtRér BTN WPAPSALT iRl bﬁ@ﬁmgénﬁé'e“t S

refers to a pair of optical elenments having crystal axes arrdnged such that
the crystal vaiygé $fthe first pair of optical elements and the second pair of optical elements

are different (positive and negative). The refractive powers of the first and

second pairs of elements then can be the same (positive or negative). The first
and second optical elements are rotated with respect to one another such that the
first crystal axis and the second crystal axis form an angle 6f approximately 45
or 60 degrees depending upon whether crystal structure in the optical elements
has a four fold or three fold symmetry respectively. Likewise, the third and fourth
optical elements are rotated with respect to one another such that the third crystal
axis and the fourth crystal axis form an angle of approximately 45 or 60 degrees
depending upon whether crystal structure in the optical elements has a four fold
or three fold symmetry.

[0015] According to a further feature, an optical system corrected for intrinsic
birefringence is used in UV microlithography. In one embodiment, an optical
system corrected for intrinsic birefringence according to the present invention is
provided as part of an optical reduction system in a microlithography exposure
system.

[0016] The present invention also provides methods for correcting for intrinsic
birefringence. In one embodiment, a method for correcting for intrinsic
birefringence includes the step of disposing two pairs of birefringence-

compensating optical elements along an optical path. One of the two pairs has



are rotated by an angle wth respect each other to correct for

bi refri ngence. The angl e depends upon the type of material such as cal cium
f 1 uori"dewoomod/ensfd uoride, or seleniumfluoride. In onep@¥@aRR0S0YdIES €
calciumfluoride is used, the angle is equal to approximately 60 degrees

., fox <111> orientation with three fold symetry and 45 degrees for <100>
orientation with four fold symetry; _gnowever, other angles can be used as
needed to correct for birefringence in a particular application. Intrinsic
Birefringence Correction for U/ Optical System[0033] FIG 1 is a
cross-sectional view of an optical system 100 with corrected intrinsic

bi r ef r i ngeapesitive asftticrige powanamdihedithee Pairdfas bhirgRivvsRihctiveyRiwdron. Opti cal
system 100_i ncl udes two pairs |20, 140 of optical elenents ‘arranged al ong
an opti cal Thk#wo pairs #sp havepsrmenti g indeinsigp birefringense velues aydaeeativenpensat i ng

ical el 126. (ntical el 122 126 ; f calci
T uor de- nERRG o 185 368, il B SNBATH o o of il Ry oo ol

el ement 12Bjréfingéiceat an angle of approximately O degrees. The crystal axis

of optical elenent 126 is set at an angle of approximately 60 degrees: In
thi s 0§71 t he - chyanotiier embedivfenp aimetii@iForoerectotgdorntringichirefppence mat el y 60
degree angle.wth respegt. each other, to correct for intrjinsic

b1 et i nootobides PhefRE ST Gkt Oty Faitei ol be inegascrampponsating optical
birefringegegieaR i fl_c 14 . i G enents 142,
146 are nade Sp o} a c(?ﬂgfﬁha?%orlé gstgl\g?ﬁgigﬁiﬁisinﬁggﬁi{ﬂg@%“ﬁﬁl

crystal axagpositivepdigic htriabierrdfridgkdice vakief amd ttanotheg psir das . optidg@pr oxi mat el y

O degrees. The crystal axis of optical elenment 146 is set at an angle of
appr oxi mat SFipesls with? aesative signdngingig pirefiingenss, wlvg. Thetvapaisalso 140 are

rotated by Mé@c‘ﬁ% J i ch pther to

correct folrlé‘{ar%ﬁ)l nsi ?ﬁg Plaglge ng%?&ogm%%ﬁy@%%&‘;g{la% 2003/ 024063

- 10 [ 0034] of erystalodixiiesotation it emllo(itel, caénseue radilly) indnsiclbieffihgendade up of
havi ng a <100> crystal orientation. The crystal axis of

cal ci | uorid g t at t
opt i cﬁﬂ)]lé] enent Iansthes crabodigent, 4 serhigprdugtor bsicahionaethed fogexwginges. The

crystal axj -G %g%@ b t roxi mtely 45
degr ees. O%’?%agéerllvae E{en(r:r’g{r?tggi‘ ,&%éag?feaspr?aﬁgién%pa OFS%Q%l Eﬁs%i‘??tg@sr(%e havi ng a
<I 00> cr ysilhiminatingthathak willhan expostue! light fid ProjestingCald eiedRRthel42 is set
at an angle of approximately O degrees, and optical elenent 146 is set at

an angl e ofXRASHECONghtdraappitied faery the Hluntingedmagk teward he wafess e 60 degr ees

45 d I .isS.id.lustrati d not
Cht ended t Brpechfil R aiRe S BlcRlacEitifeckifly Py ARG SirdabbEE S °F'0 "
correct fotocatiérs insheopticabpathn§aciceortteieg cinifclupOpastingaihPaudughul ar

application (i.e., . the wavelength of light, the particular fluoride,

conbi nat i oRV®PAIFy ofdyy engF-Comp@sating Qiftical dements i n t he optical elenents,
or ot esign i fa L& fe re of the

pr esemm?ﬂventi gﬁ%ﬁﬁ??@ﬁé{n@ ki 3‘%‘?&%‘3@@%@% Pﬁ(?qrhgﬁhg% 61}0?%%? @5 by

provi di ng peps of lidmidAghavinag withyfe eposues light ky @bRANEM {RgRi t1ve or
negative) and a sign of intrinsic birefringence values (positive or

negat i ve) . Fepi@entatiEe offthe pattenn tand zedysing theimage rpresenfativsfofthepatieny i nsi ¢

bi refringeges ,obs 18RRI e%fts.%%irgcﬂfcwgsﬁeﬁ%%ﬁde%%?ggg%na-r}grglg OLSelected to

correct for intrinsrc birefringence. ne i F‘é’ﬁ{cmo i ncl ude

opposi t e rbirehingene afsnshsoplipsipath bageddita caatsihation)of design 68@Ha §rgn i Ntrinsic

birefringence val ues (positive or negative). In other enbodinents, pairs

&ﬁpi 140 hathe tehef ontieal ojgpaenty lwé\lfdﬁrwéW&fél%@%é;@si(tifyggcﬁ_raqt@emomgat ive) )
nogat i ve)  TBESy ot SN BB et o R o il R BB, o

refrago020p poweFugthér dpdtiodinhdils, Tasures, apdadVanRgsS IRkt iRPMRIons,| N ONe
exanple, optical elements 122,126 are each doubl e convex | enses having

posi tive r s wales ihe shgolre andropemtiopof thel vadpesembalitheds ofthe peasenteach doubl e
concave | enses..havi ng negati.ve fractiv wer. Pair 120 and, pair 140 are
al so made UPCBHORLAE %ﬁ?ﬁrﬁﬂehdﬁlid&éﬁaﬁo‘ﬁé’%@ Fq%geg‘ifn@ SCEMPRAIINEN i ntri nsic
bi ref ri ngepgfyiigd ue or the same negative sign intrinsic birefringence
value. Alternatively, pair 120 and pair 140 can be made up of

=t

riéntation. The

L)

¢
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WO 200. 1/013Gr7. 1 PCTI US2003/02.t0OG3 -1 | barium fluoride and have the sane
positive or negative sign intrinsic birefringence value. This conbination
of cryst &Y0 20044913634 at i on, optical materials with sane sipgnusabeioRsiics
bi refringence val ues, and opposing positive and negative refractive powers
used in a set of four elenents provides an inproved correction of intrinsic
birefringence than the limted two rofated optical elenents used in a
conventional approach. [0038] As shown in FIG 1, optical system 100 acts
as an optical reduction system An input beam 110 (such as a W exposure
beam at 193 nmor 157 ngi)ESi S reduced by pair 120 to form beam 130. Beam 130
is further reducedBBIEHRESCRIBTIONQF FHEDRAWINGS/EHBGRAESbeam 150. Thi's
reduction can be carried using fluoride optical nmaterials, which are
transparent to UV but highly birefringent, since the four el enent system
correcfpp2fior th i Eodd LRSI k [ .in.the fluoride
mat er i [g)les ]Such gﬁ% ﬂ%?g@gﬁ C%r&ﬁag}éﬁ.s%gv'ﬂgd& Cﬁrgﬁcﬁﬁg&%g%ﬂ%gﬂw B8 is
especi al |y parpof thaspedificationy itfusteatt ithidyrgsenp yventien end)RbERr wiligei al s with a
hi gh degree of .intrinsic birefringence, such as, calciumfluoride and
bari um f | ucSsefEPtLoRy Eiqregiioegpladsthe pringiples of the dnventidwend forenshlst em [ 0039]
The four opf4 : , 6 Ki. n the two pairs 120,
&S SR e dertnent ko By ofd Bed Mg

140 can be arrange er along opti FIG 1 shows one

exanpl [8022{er e t HEIG. ilr st a hysswetiohaliviel Pkh opticA! SERAL Fith 2Rrredd® 142, 146
are arranged in the following order: first optical elenent 152, second

optical el SREHEIChIRimgeneeacoprdingio an embodimentanf thapresdne mvemtiont ourt h opt i cal
el ene 6 (i. b convex |lens. double,convex | ens, doubl e concave

| ens, r[fg"r]l%"ﬂdoubl ?I_((:}o(nig}aévie%fogn"g?c%oﬂﬁle‘é’fg gn BP“%??(W‘F‘P@%HP corgeed of el enent s
s descri bediisiobitcfaeite Aofdifh to%an didititholiloBprbfentintbii SeCt | onal
view of an optical system 200 with corrected intrinsic B ret Ty ngence

accor dOAlt o andtlfed isrhergssresctiond] view qfransenampleeepusiesystapt thaal system
200 incl ud irs 220 240 of optical elenents arranged al ong an

opti cal axﬁ’;‘d% %%%ardl C Fourtinpeysigmusing e opiigal systen withgemeded onpensat i ng
optical el daeiikie b2RZingR6e adobidito £ ISt 02 thedAl up of cal cium
fluoride having a <100> or <1111§‘g2! crystal o?llﬁent at’l osneﬁfﬁlﬁgﬁg)?lystal axi s

Wo 20dP82567: 1 PG Ydodoa/ Bomdag ofl 2 somiaptlicat fairization nddbd haset at an
angle of a it el OB&e rees...The crystal axis of optical elenment 226
is set at gﬁ&gc#gsl cgrrgfﬁ% i Birefipeggse g?rgglg tpgin gmbodiment of sheyr j ent at i on
or 45 degr gessehihventtoh00> orientation. In this way, the crystal

[0026] FIG. 4B is a flowchart of another semiconductor fabrication method that
includes correcting intrinsic birefringence according to an embodiment of the
present invention.

[0027] The present invention will now be described with reference to the
accompanying drawings. In the drawings, like reference numbers indicate
identical or functionally similar elements. Additionally, the left-most digit(s) of
a reference number identifies the drawing in which the reference number first

appears.



axes of pair 220 are rotated with respect each other to correct for
intrinsic birefringence. Likew se, pair 240 includes a pair of two

bi r ef ri nyeMawW4diIsHensat i ng optical elements 242, 246. QOpCrashomloesmpt s 242,
246 are made up of calciumfluoride having a <100> or <111> crystal
orientation. The crystal axis of optical elenent 242 is set at an angle of
approximately 0 degrees. The crystal -8xis of optical elenent 246 is set an
angl e of approximately 60 degrees for a <111> orientation or 45 degrees for
a <100> orientation. In this way, the crystal axes of pair 240 are rotated
wi th respect each other to correct fox intrinsic birefringence. In the
exanpl e of FIG 2, oPETAJLEDIRESCRETION OP JSIEBBEVENEIONoubl e convex | enses
havi ng positive refractive power, while optical elenents 242, 246 are each .,
doubl e concave | enses having negative refractive power. The ntrinsic

bi ref rjoogsnice valugs tlo BAIRTSedith: i2AGrPAP hefdf SBEF hRRETE SIon I

FIG 2, the first through fourth optica enent’s 246 are .

arranged i nillusteativelehdboidimgerds fbe partictiliar spplipations) it soatetd undéRiooderand opti cal
el ement 226, fourth optical,K el ement 246, and then the first optical el enent

222 (i.e., W§iBYstionixaotdimiterstherpin,pThose skillest in thewrt withietessstorihave | ens,

and doubl e [ 0041], ..L.i st.ed | aw are tahl es descri bing

characteri s@?@s{&% fﬂrﬁ!gé%%%‘%b%lrngg o %3 %@@-@%ﬂﬁ'@%ﬁﬁ% ‘]‘?BS’(‘}BP‘_LIC@an% yst ens

accor di ng t mdesrabgdimentspyithia thebdopdshRbofl e HIRRARL fibldY SN WHh: thdhe tabl es

are illustrative and not intended to limt the present invention. WO

200~/ 013G7 aP1peent nyeniion woulddw of significan) ytilily.ent Refracti ve Power' Type, Sanme

Sign Intrinsic Birefringence TABLE A(1):

OpticsMaterial Crystal Rel ativelntrinsicRefractiveOienta-Angle ofBirefr.

Si gnPower t | Onéleiext i on~(+ or -)wi thinPairFirst PairCaF2<100>4S

++SecondCaF2<100>4S+- Pair TABLE A(2):

OpticsMaterial Crystal Rel ativedntrinsicRefractiveOienta-Angle ofBirefr.

Si gnP i onRotation+t(+ or -ywthinPair .First .

pai 1 cAtBA 1260- i@"e@&‘?? o pevaled rSYSteRip Bgomelipdesion ipprve2003/ 024063

-14 B. Samecdreicfia bf MerikddBirefiiiBéhce.OTAO PhdsEntIhodhtiof chnh BE biedFh/aG{ " | ngence
optical system or application including, but not limited to, microlithrography. A

set of four optical elements (also referred to herein as two pairs of optical
elements) are used to correct intrinsic birefringence. A combination of crystal
axis rotation, type of refractive power, and type of intrinsic birefringence sign-(or
refractive indices) in the set of two pairs of optical elements, provides an
improved correction or nullification of intrinsic birefringence compared to a

single pair of rotated optical elements.

Terminology

[0030] To more clearly delineate the present invention, an effort is made
throughout the specification to adhere to the following term definitions
consistently. |
[0031] The term "optical element" refers to any element that can be used in an
optical system. An optical element can be include, but is not limited to, any type
oflens, such as, a double convex lens, a plano-convex lens, a convex-plano lens,

adouble concave lens, a plano-concave lens, a concave-plano lens, shell, or plate.



D ettt

TABLE B(1l): OpticsMaterial Crystal Rel ativelntrinsicRefractiveOienta-Angle
of Birefr. SignPowertionRotation+(+ or -)wthinPairFirst PairCaF2<100>45
++SecondBOFDeLODsA5+Pai r TABLE B( 2) PCT/US2003/024063
OpticsMaterial Crystal Rel ativeTntrinsicRefractiveOrienta-Angle ofBirefr.

Si gnPower ti onRot ati on+(+ or -)withinPairFirst PairCaF2 ~<100>45
++SecondCaFz<111>60- +Pai r [0042] The.goresent invention has been descri bed
with respect to optical elenments nade up of a fluoride material such as
calciumfluoride and bariumfluoride. Any fluoride can be used having a
high or Iow refractive index. Oher exanples of material which can be used
are t {032l | owi dhe tﬂrgﬁ peirf bictfrimgericaderapkhsating Optical eleieale! fofirtHy
tri-fluoride GgPFB%)1 fntha umtri-fluoride (LaF3), samarium fluoride
(SnF3), euPB Pl plege mlﬂcfxsalﬂana@ﬁrm tl(arﬂm@rystaiymr osi um

fl d F r o] de Er thulium
o6 P B R SRS
zi rconi um fulxglerdeﬂmds updfﬂh%OQIp&./cﬂhﬁﬁZné.l §cH/ 445618MOAISAE3 badiem (Zr F4)

haf ni um fl yori.de (F4),. yttriumfluoride (YF3), neodym umfluoride (NdF3),

any of thellBeres of aﬂm&m fieorider In gne pxample sitictrecs]ciwntfhiotiile isusedyr | des, or

ot her hi gh r ent t her .exanpl es of

mat eri al | %ﬂgfééﬁ%eglgas/%‘g;rg’%le aﬁ%g@@i’%ﬁ fﬁa <§3uﬁ réﬂ"%ﬂ gﬁgﬁﬂ

fl uori des: foltgnametinanl UsTdegreek W%Zlb0>%riéiﬁ@aﬁl4wlgh fotd i) Oﬁﬁmé F3),
strontiumfluoride (SrF2), lithiumfluorid an dium Tl uori de
(NaF), or bewever) effier N, caulbterwd ok acededdn paeetror hinefeingaice if @043]
Intrinsic B @ %ﬁ&n tg corrected optical systenms 100, 200 can be used in
any type o é? In one application of the present invention,
optical systems 100, 200 are used in an optical reduction systemin a W
rnicrolithography exposure system Any type of optical reduction system can
i ncl ude inkt én‘sfrrr@emq{g‘@m@@on@pn@m@ummym systens 100, 200°
according to the present invention. Exanples of optical reduction systens
(al so called projection optics) include a catadioptric optical reduction
syst e[fo038H a I’eFI@.C[[is\éﬁ;r tde, ioptric
Opt i cg R}ejductl on Syst em@%m ﬁtgérﬁa%t@fgﬁf:agfbgﬁé %E%n&?r?gremgro%%@gd Opti cal
System intrinsic birefringence according to an embodlment of the present invention.

Optical system 100 includes two pairs 120, 140 of optical elements arranged
along an optical axis OA. Pair 120 includes a pair of birefringence-compensating
optical elements 122, 126.  Optical elements 122, 126 are made up of calcium
fluoride having a <111> crystal orientation. The crystal axis of optical element
122 is set at an angle of approximately 0 degrees. The crystal axis of optical
element 126 is set at an angle of approximi'zl'tely 60 degrees: In this way, the
crystal axes of pair 120 are rotated by an approximately 60 degree angle with
respect each other to correct for intrinsic birefringence. Likewise, pair 140
includes a pair of birefringence-compensating optical elements 142, 146. Optical
elements 142, 146 are made up of calcium fluoride having a <111> crystal
orientation. The crystal axis of optical element 142 is set at an angle of
approximately O degrees. The crystal axis of optical element 146 is set at an
angle of approximately 60 degrees. In this way, the crystal axes of pair 140 are
rotated by an approximately 60 degree angle with respect each other to correct for

intrinsic birefringence.



[0044] FIG 3 is a diagramof an exanple exposure system 300 according to
an enbodi nent of the present invention. Exposure system 300 includes a

| i ght "sodY@20BO23674eticle 310, catadioptric optical redepgtringosyaian 304,
and wafer 380. Alignment and step and scan stages and ot her nechani cal
conponents are omitted for clarity. Light source 302 emits an exposure
light at an ultraviol et wavel ength, giteferably at 193 mm or 157 nm [0045]
During exposure, light emtted from source 302 passes through reticle 310
to catadioptric optical reduction system 304. Catadioptric opti cal
reduction system 304 reduces the image of the reticle (or part of the
reticl@034 a st ln anethes cxamplpsopticpl tlgmants 1821 26r ave meatlenmpt dfcalcimph as, 4: 1.

A reduced rgti i mage J.s_out pyt from catadi optri¢ optical reduction

syst em 304 @‘h‘l"?ﬁjﬁf”é}g%sﬂé’fb CWS?%UE%71%3 Crivgtal igpbedernent16 [ 0446)
Cat adi optripzzqgts'bpﬁlm{ﬁ@@ £ Walo]! @‘ L uncat pol ari zi ng
beam splitter cube 350. G%e@é@#ﬁ%ﬂ?%ﬁﬁ%aﬁ%? p ?Pglg(?gtoﬁglgéivreducti on |
syst em 304 dleroentd@6ais ketre annngle3FApploaithatglyats dogsdes] @ical Aemenn2. f ol di ng

mrror 324, ‘@?P secgnd Ienf,group.326)z a first quarter-wave plate 340, a
concave nir}t emade wp ok aloiym dueridehayingn k09> gastal arientationiThd | ens gr oup

370. Fol di . r | I ; he fol di irror permts
t he obj ec[&ﬁér? a?(%a%fgb%ﬁf%%écg@%n%?%%isgggg\@ﬁ\éﬁélﬁﬁﬁth@%ﬂggﬁems,f or one
i nt ended apmdioptitilaiemdnttide ioget hral an?@ﬁdf%ifpﬁfxiﬂﬁt@lypfse&%%esj nvention, which
is the manufacture of sem conductor devices using photolithography with a

step dfiBPY¥can syRelative ptssof 6Rslgrres oS dazsess batveen two ghytsal Axesrin| | ght

source 302 reti . ters the first ns oup 322,
reflects from t%glﬁs?f’ @?l%%dﬁ &lgl&é@fi%ooté'ﬁ’g%eﬁgﬁegp{nﬁ?% étﬁ%‘ @énd | ens
group 326. cBhderwdiiab !c@ﬁecﬁﬁbﬁfrﬁriﬁsh@bir@ﬁin@éﬁc@rdeﬁéﬂlﬂné’ﬁg&? Ekjafﬁc%iarwbe. 350.
In one enbodinent, this radiation is linearly pol arized in one polarization

state (e. g.apBliggionr(i.e.athesyavelsnpirofiight fherpariicular fluoride, Bonbihaionai ng
beamsplitt to m.nipize |oss and.maxim ze trangm ssion efficiency
t hrough t h?“&&ﬁgga%éS@&ﬁ&‘ %haq%fg?‘iem 2‘6‘“‘49@% AIPENS P GISE SG8IBR i t ter cube
350 t hen r&fohgaé@tibﬂg, linearly polarized light in one polarized state

t oward &r_gélrter wave E‘l ate 340 and concave mrror 3 30. The light reflecting
from d80¥8ve ni rAenording ta mfcatune of thh present irerention, drtkiatie b4 frimpencdis t hen

hifted h | ari i on. . 0., P pol [ h b
350 ¢ ransni PRrerTRReriel Ry BRI b aogadrter Sbanbe 360 and

| ens group @déitiedr negative @t dignidTaniabiebid@thgdhcd VRIS ﬁ{osfﬁ%@% pl ane.
See, J. Mday. et al., "Utraviolet Polarization beam Splitter for
M crol i t hodiea@iing): The tgpe afxgfractive pover SEdhEdgn ofthe mirindic bikefdfAgen2® QO

hor i n [ ooAdhe RRED SRl SeB R s ingta pf el raomeet fonimringe ¢
birefri ngeﬂﬂﬁﬁﬁiﬁeﬁ@&%én@&ihﬁﬁﬂs,Mﬁ@@[‘ﬂégﬁlud%ggp&s?tg Qﬁacm@ \gé}af""hefe al ong
n r ras,

the optical path between mask 310 and wafer 380." | ot he | enses
122, 126, Xaositiveigndmegatiee)] andsemd signdntdinsic birbfiingehcatvatiief {pisitive ok ocat i ons i n

any order hek ey al L he. opti cal t etween nmask 310 and waf er 380.
SN B2 b i S S g e R e S
intrinsic biowekd (pBSIEiNe Br 8epafi Rl WHIlORiriR bl R Llifhs MOQqgRRqpe used as

| enses in any one of first to third | ens groups 322, 326, 3/0 or in any
conbi nat i orfignsdpesitive andneghlive). | ens groups 322, 326, 370. , Methods [0049]

The pr t inv ion also vj des hods for correcting for .intrinsic
bi r eP r[!ﬁﬁg nce. Iefﬁtd&%eé(agr?g%‘bfﬁéni’}’aﬁlgﬁﬁﬁﬁwweﬁgﬁﬂﬁﬁgmlﬁt rinsic
bi r ef ri ngeng® uasﬁheglgﬁf_etréﬁacﬁweeofa&. ﬁh%ﬂ@%&gﬂ%‘r’]&gﬁgﬁ'egeg?&ﬁs 22,1

bi refri ngenceconpensati ng opti cal el enen I ca pa%?n. Each pair
of birefri regenadcdombinemtven denset havidg positiventefratétive matercwhilebptigant s r ot at ed

by azi angl e of approxj matel 0 Qr 45 degrees. The twog pairs have
refractive eg?%‘}ts ﬂ@é’e{weieﬁé} 8%@% CPRGaye lsngeehavang negative refeastiver di f f er ent

refracti ve JogwtrCPS; | . far ptrinsic C .
birfri ngenclieo.la‘gs:r 'npg%lét@(ﬁgr e lozg{ar?é%‘ts{;ﬁ}aaaggﬁgggﬂéﬁ@%}oﬁgﬁwgﬁ‘ﬁq@% met hod for
exposi ng a sasfegositive sigaintiinsdsirefipgensevilad ordies sameAe@aivie8igh itingc Msk

i ncl udes t ewg}lega%ﬁof illumnating the mask with an exposure |ight, and
proj ecting REsHGe vAlyet HYteanattyslys pair 1§ and pairdidtqaadbef made whefi | | uni nat ed
mask toward the wafer. The projecting and reducing step includes correcting
for intrinsic birefringence in the optical path. Such correcting can

i ncl ude passing light through two pairs of birefringence-conpensating
optical elenments as described above with respect to FIGS. 1-3. [0050] FIG
4A is a flowhart of a sem conductor fabrication nmethod 400 that includes
correcting intrinsic birefringence according to ail enbodi nent of the

oy S - .y A A PN AN N ~ o . o - L, ~ ~
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the pattern with a set of optical elenents (step 420). Reducing step 420

I ncl udes correcting for intrinsic birefringence along an optical path based
on a conby@aensdmesd design criteria for the set of opti eerRh6euIRRIG:

i ncl udi ng negative and positive refractive power, sane sign intrinsic

bi refringence values, and crystal axis WO 2004/ 013674 PCT/ US2003/ 024063
-18 rotation (step 425A). In step 430;1-a wafer is then exposed with

illum nation that has been corrected for intrinsic birefringence according
to the present invention. ' [0051] FIG 4B is a flowhart of a

sem conductor fabrication nmethod 400 that includes correcting intrinsic
birefri ngerh@uatoﬂimdqvg and lmfveeﬁtwodamenposufvet oe iopethe tsignnveihsion. The

met hod of FRI.G..4B is like f FI G _4A, except reducing step 420
i ncl udes coPFHUREREE vape; ﬂ’%ﬂ A H‘aHPP of ?Wﬁ@%ﬂ%%r%t@ﬁgomwagpatmds path based

on a COMbi gith SinHig SR iftldnPo bl Bt pbof o ORCRh pELETE ™ S

I ncl udi ng: sane type of refractl e power sign i

birefri ngen@&aﬁa\{euv@werﬂmddmglm af foaxelsmients ptdvides(ea iBprode®Edrrectigic! Usi on
(0052] Wile . c .enbodi pents of the present invention have been
descri bed a‘EfdQ S‘F ll?ﬁ'b‘lﬂeﬂc%@a‘&Méqufﬁweimlyalrﬂwmmdpn g#sented by
way of exa ﬁ{bln)ﬂ Hot limtation. It will be understood by those
skilled int e art t vari ous changes in formand details may be nade

t her ei[0038]t hout Alephswh g FIGOM bpisas Ridtérh 100k 45 %uw%edueyé@t lon as
defined in the appended clai ms. Thus, the breadth and scope o he present

i nventi on sHeeM AibmpbbbqamﬂkodéuqmsaﬂWoXsthmml%mrmbMXenpl ary

enbodi nment d ed o y dance th the follow ng
cl ai ms andsif ﬁ%ﬁtrced?éaw\’/lgllgﬁfo rin b a‘m\/ﬁ(%(ﬁ? ﬁ%%F%ﬁ%@%ﬂllGB 19
WHAT 1S CLAm&a fori an butphe rétidiced Béans Y50, e"%ﬁ%dlﬁ:ﬁ&@gaﬁ B¢ cdrfikd Jés’iﬁ%

bi refri ngence, rrgrl sing: a first pair of optical elenents osed al ong

an opti cal fa.;grgie ral mategals, peliich predrangparent to UV but highly birefringent,
since the four element system corrects for the high degree of intrinsic
birefringence in the fluoride materials. Such an improved correction of intrinsic
birefringence is especially important in UV microlithography where optical
materials with a high degree of intrinsic birefringence, such as, calcium fluoride

and barium fluoride, are desired to be used in an optical reduction system.
[0039] The four optical elements 122, 126, 142, 146 méking up the two pairs
120, 140 can be arranged in any order along optical axis OA. FIG. 1 shows one
example where the first through fourth optical elements 122, 126, 142, 146 are
arranged in the following order: first optical element 122, second optical element
126, third optical element 142, and then the fourth optical element 146 G.e.,
double convex lens, double convex lens, double concave lens, and double
concave lens). An example of a different order of elements is described with

respect to FIG. 2.

[0040] FIG. 2 is a cross-sectional view of an optical system 200 with corrected
intrinsic birefringence according to another embodiment ofthe present invention.
Optical system 200 includes two pairs 220, 240 of optical elements arranged
along an optical axis OA. Pair 220 includes a pair of two birefringence-
compensating optical elements 222, 226. Optical elements 222, 226 are made up

of calcium fluoride having a <100> or <111>crystal orientation. The crystal axis



a first optical elenent made up of a first material having a first
intrinsic birefringence sign and a first crystal axis; and a second optical
el ement NYHAR0M1HT4a second material having a second i NtPOTNSE2603/024063

bi refringence sign and a second crystal axis; a second pair of optical

el ements di sposed al ong said optical axis, said second pair including: . a
third optical elenent nmade up of a tHi2rd nmaterial having a third intrinsic
birefringence sign and a third crystal axis; and a fourth optical el enent
made up of a fourth material having a fourth intrinsic birefringence sign
and a fourth crystal axis; wherein said first pair of optical elenments has
a first typdopticalelement 22bissehab pn angld ofaproximatelyl0 degreesofTheptyistzhl el ement s
has a secong. efr i.ve power: and.wherein the first type of
refracti ver%éi%ﬁoit@%%élg%ﬁrg%kﬁ/%% aggn ?‘lﬁ?‘? oL ANPEeXipg g%%gf??‘iéoﬁ rst to
fourth intr<ns>oriehtatbh biurd¥pfees fINS<10DBri r'eGh: j insi C
birefringence, and wherein sai de§:‘f| rstfogng'ntggtgg% %ghsté%’{gletgﬁgﬁfs are

rot at ed wi taxes € peirt220parg retatadowhibrrespect eadhaothehts Eomrat for jtatimdic axi s and

t he second ,cryst al axi ].kforma .fié@ .agée whi ¢ch tends_to correct for
intrinsic bl?nfegqr,geﬂ ncf:‘, WG Pier?y A0 ‘geé R iaty of vor birekigenser cal

el enments ar i s tEO PR+ third
crystal axi(%ngpﬁ%ﬁ{uﬁg Oﬁ%%drpflﬁﬁ%%g?%’l ZQL(%( p?u%(r%%&gé’ng?(@gzdé %%%Tnteagg\»ﬁ ch tends to
correct f oroficativinBuarideihaeingary@oreer <111¥6rv200odédRial The BGEHalLIBAH03/ 024063

-20 2. The g ti.é:agl systemof claim1l, wherein said first to fourth

materi al s &4ORY WP{%EZ‘Q(‘S petatan apgle of approxdmatelt @deguees. The Mrystabpt i cal

syst em of j : el id Li rth. material s each conprise at
| east one ?ﬁc(?l @tﬁ?npg“ﬁ%% %gd %nsgt %%hé}?noggﬁgp.&%n&elxéo gregf)ﬁ‘?rcam syst em of

claim 1, wheréborisatation o4 degrids fraod0mBtigitabs 1BARH wa9RE bSAaral ci um
fluoride, and sgi d.third and fourth materials each conprise barium

fluoride. H¥%R pﬁ'ﬁt%“@a‘!“’s’?@ff’é‘nﬁv&h resngpineach aihen Wi eorsest dorf intrinsic o fourt h
materials aaeRifRAR | APtBRibGBle SPHRY.'A oplitA WA b2d, 928! &b B!
double convex lenses having positive refractive power, while optical clements

242,246 are each double concave lenses having negative refractive power. The
ntrinsic birefringence values of elements 222, 226, 242, 246 are the same sign.
In FIG. 2, the first through fourth optical elements 222, 226, 242, 246 are
arranged in the following order: third optical element 242, second optical element
226, fourth optical element 246, and then the first optical element 222 (ie.,
double concave lens, double convex lens, double concave lens, and double

convex lens).
Examples

[0041] Listed below are tables describing characteristics of two pair
birefringence-compensating optical systems according to example -
implementations of the present invention. The tables are illustrative and not

intended to limit the present invention.



6. The opti cal
each conprise optical
a wavel amgteboszusem | ess than 157 nm 7. The opti cal

mat eri al

systemof claiml1l, wherein said first to fourth materials

transparent to ultraviolet radiation having

Sy tpefye2063l02k0€s 1,

wherein the first to fourth intrinsic birefringence signs of said first to

fourth optical

el ements are the sane sign,

8. The optical.

syst

emof claim

1, wherein the first to fourth intritgsic birefringence signs include

di fferent
of

si gns,

wherein said first optica
conpri se adddifferent BafrastiveProverBypesSimie Sign latrigic Bixkfibigenent and sai d

fourth opti cal

convex- pl
optical el
of a doubl
12. The o

sai d secon
positive r

optical el

and the first type of
refractive power are the sanme type.

syst em of

el enent each conprise a double concave | enses.
200. ~i 0i 3~7~ -21 PCT/ US2003I 02~063 10. The opti cal
wher ei n saird g iH &

conprise at

refractive power and the second type
9. The optical
el ement and said second opti cal

claimi1,

el enent each

WO

system of claiml,
el enent each

aid third

t | east one
| ano | ens.

| ement and
ng a

aid fourth

ngptical el ement and said second opti cal
| east One of a double convex |l ens, a plano-convex |ens, and a
ng. .J. ens. The .Ggal t.em of| cl aim 1, ‘ej.n S
ﬁ%drll an dﬁfsaéﬁng f %:'H%ﬁopti c%flgtl é‘feie B Yeh o %C}s“ée 3
concavp |ens, 4 Pis-c &0 irefh g, ve- [
ical syptem of ¢H8Mm 1, Malon slafkd first [dftdrchl g
optical elenmenf conprisq withini r lof | enses jeach havi

ef racti ve power, |and said |thiir d optical elenent and s
EMENT

First Pair | CaF, <100> 45° + +

Second | CaF, <100> 45° + -

Pair
TABLE A(2):

Optics Material | Crystal Relative | Intrinsic Refractive

Orienta- Angle of | Birefr. Sign | Power
tion Rotation | + (+or-)
within
Pair .

First Pair | CaF, <111> 60° - +

Second | CaF, <i11> 60° - -

Pair




conprise a pair of |enses each having a negative refractive power. 13. The
optical systemof claim 12, wherein said first through fourth optical

el ement s WO AMH/08367¢ espectively a first doubl e convex | emrcT/eseexnasszdoubl e
convex lens, a first double concave | ens, and a second doubl e concave | ens.
14. The optical systemof claim1l, wherein said first through fourth
optical elenments are arranged in any-B¥-der along the optical axis. 15. The
optical systemof claim 14, wherein said first through fourth optical

el enents are arranged in the follow ng order along the optical axis: said
first optical elenent, said second optical elenment, said third optical

el ement, an8 SHwe RefiastiveBover Byne, OnpositesSignintrasic Binefringriicm| syst em of
clain114 wherein said first through fourth optical elenments are arranged
in the follow ng order along the optical axis: said third optical elenent,
sai d secondTABLEqﬁh)elenent said fourth optical elenent, and then said

first Optlgal el ene WD 200a/ U13G74 PCT/U82003/024063 22 17. The
optical sydt &F  cl rafBiti n sdi Jest urth erifpl s each
conprise alfluori de I?rfat eri a OIEP il ng 4 lgei r]]g&%r i on ?g%tug‘i 1>
orientation. 18. Thie optica Ll emc I 8 nl S firjst angle
and sai d sdgcond ang]lee are eﬁE equal x#mat ely 45(+d‘2,fg) ees| or
appr oxi mat%l y 60 degrees. Wlthm
Pair
First Pair | CaF, <100> 45° + +
Second | BaF, <100> 45° -
Pair
TABLE B(2):
Optics Material | Crystal Relative | Intrinsic Refractive
Orienta- Angle of | Birefr. Sign | Power
tion Rotation | + (+or-)
within
Pair
First Pair | CaF, ' |<100> 45° + +
Second | CaF, <111> 60° - +
Pair
[0042] The present invention has been described with respect to optical elements

made up of a fluoride material such as calcium fluoride and barium fluoride. Any
fluoride can be used having a high or low refractive index. Other examples of
material which can be used are the following high refractive index fluorides:
gadolinium tri-fluoride (GdF,), lanthanum tri-fluoride (LaF,), samarium fluoride
(SmF,), europium. fluoride (EuF,), terbium fluoride (TbF,), dysprosium fluoride
(DyF;), holmium fluoride (HoF,), erbium fluoride (ErF,), thulium fluoride
(TmF}), ytterbium fluoride (YbF,), lutetium fluoride (LuF,), zirconium fluoride



19. An exposure system for mcrolithography, conprising: an optical
reduction systemthat includes an optical systemcorrected for intrinsic

bi ref ri nBh¥®488367€cited in claiml1. 20. An optical syspefmssyosasies for
intrinsic birefringence, conprising: a first pair of _ _

bi r ef ri ngence- conpensating optical el enments disposed al ong an optical axis
and rotated relative to one another -fs& null intrinsic bi refr! ngence; and a
second pair of birefringence-conpensating optical elenents disposed al ong
said optical axis and rotated relative to one another to null intrinsic
birefringence, wherein said first pair has a positive r_ef ractive power, and
sai d secondZs¥a), hafiemaflusistet (HIB,)y Eﬂl:tmantﬂuoelrt]ipc(mx neody ey tﬂuasncwl intrinsic
bi ref ri ngenge.si gn said flrst pair ist sane_as an _intrinsic

b o 1 nochSe el e bRy for

m crolitho 151Gk | Lon. S m i ncludes an
- opti cal syg%%ﬂ?%%%?ﬁiedéaft%rgwﬁ%ﬁgﬁér@c (gt:ﬁg%% A eesr«%'inageglqtl g’@fclhed in claim

20. WO 206ad BehBEd art tREIBIVSAH3WI2HAETe inddx ABoridyz: ma@idsiman flgoriieem cor rect ed
,.comprising: a first pair of

for intringj irefringence . e ' _ _

bi (rje:‘ i ![ n?e%r?oﬂ‘]ﬁ@%’é’?% u@b@ﬁ@&is?éﬂéﬁ@?ﬁ“ﬁﬂ?ri E?Elﬁlﬂgupg?ﬁn:@g;gga;ngxgs
ot at eg ; i ya. :

2200[@ pai ng(fl;?, | réeb?%llhﬁggfeﬁﬁ@g@@g ér?gtgﬁ}egg %&?ee‘aflﬁavﬁlr%rﬂ@sm@%osed al ong

sai d opti calataial.s and rotated relative to one another to null intrinsic
birefiinagence, wherein said first pair and said second pair have the same
type 043kt act MyEngie Rispiringerpe corrected optical systems 100, 200 can be used in

ot

any type of optical system. In one application of the present invention, optical
systems 100, 200 are used in an optical reduction system in a UV
microlithography exposure system. Any type of optical reduction system can
include intrinsic birefringence corrected optical systems 100, 200 accordingto the
present invention. Examples of optical reduction systems (also called projection
optics) include a catadioptric optical reduction system and a refractive optical

reduction system.

Example Catadioptric Optical Reduction System Using Intrinsic Birefringence
Corrected Optical System

[0044] FIG. 3 is a diagram of an example exposure system 300 according to an
embodiment of the present invention. Exposure system 300 includes a light
source 302, reticle 310, catadioptric optical reduction system 304, and wafer 380.
Alignment and step and scan stages and other mechanical components are
omitted for clarity. Light source 302 emits an exposure light at an ultraviolet
wavelength, preferably at 193 nm or 157 nm.

[0045] During exposure, light emitted from source 302 passes through reticle 310
to catadioptric optical reduction system 304. Catadioptric optical reduction
system 304 reduces the image of the reticle (or part of the reticle in a step and
scan system) by a predetermined ratio, such as, 4:1. A reduced reticle image is

output from catadioptric optical reduction system 304 onto wafer 380.



wherein an intrinsic birefringence sign of said first pair is different
than an intrinsic birefringence sign of said second pair. 23. An exposure
syst em f WO ¥0#PB6T4 hogr aphy, conprising: an optical redPETiUsz003ms4oe3n t hat

i ncl udes an optical systemcorrected for intrinsic birefringence as recited
inclaim?22. 24. An optical systemcorrected for intrinsic birefringence,
conprising: first through fourth opt-l6al el enents di sposed al ong an opti cal
axis, each of the first through fourth optical elenments having a respective
refractive power, a respective intrinsic birefringence sign, and a
respective crystal axis, wherein any two of said first through fourth

opt i cdP048l erent Satasdieptic wpéicel edupticn systeny S0doinskudes adtrumeatede ¥ ni ng two of

id first . fourt tic e nts have a negative refractive
cower :  wnePlthPE bl (e Rhbg 350, 7 GG Vofbittie T AEAEabL R Sl e are h
intrinsic bidiefion BEeaE S09iiactudéadens uthSIE ' hrst throug
fourth opti cal 1eIIi ement? halgeucrystm?asl’ axgg %Vg{%%%%lﬁ{sr%?%gc??gio each

ot her, and felfinganincor 824, mpdaisecond lens@rafp 324),6 frstrqartelhwavgplafedd0f h opt i cal

I ts have crystal s aligned with respect to _each _other and at an
angl & wi t h ACORAIETYIET CAD. PSPl ANarsa Ay PIHHe S60 78 arid Jmsaaow 1 i 1 st

t hrough fo h =) cal t | S L nsj e b ence. WO
200, 1013G7° ZG'Pc@%ﬁég{ﬂ%%gs@%hg@f’%ér’otp e:ﬁc’gd}“@?g‘?%rﬁeg‘f&?“ec ed for

i ntrinsic lobjeef andiyeageeplawmsnipriespargliel fwhiet is sonvegient fowrdne igehdel el enent s
di sposed al o axi s, each_of the first through fourth optical

i.cal : !
el ement s hémir’]%&.taign ?‘glsbégf’?t&‘@l r%ﬁ*ﬁé’cf’f Ve jugiept yepepewbiohels e i nsic
bi'ref ri ngeRtuicile ofMniBoh GRS deliéEs G4 bRbtoRthbSraphy with a step and

scan system.

[0047] Radiation (also called light) from light source 302 passes through reticle
310, enters the first lens group 322, reflects from the folding mirror 324, and

passes through the second lens group 326. The radiation enters the UV polarizing
beamsplitter cube 350. In one embodiment, this radiation is linearly polarized in
one polarization state (e.g. S polarization) prior to entry into the UV polarizing
beamsplitter cube 350 to minimize loss and maximize transmission efficiency
through the optical reduction system 304. UV polarizing beamsplitter cube 350
then reflects the linearly polarized light in one polarized state toward quarter
wave plate 340 and concave mirror 330. The light reflecting from concave mirror
returns through quarter waveplate 340 and is then shifted to the other polarization
state (e.g., P polarization) that cube 350 transmits. The light then passes through
quarter-wave plate 360 and lens group 370 and is focused at the wafer 380 at
image or wafer plane. See, J. McClay et al., "Ultraviolet Polarization beam
Splitter for Microlithography," U.S. Appl. No. 09/538,528, filed March 30, 2000
(1857.0100001), pending and incorporated by reference in its entirety herein.
[0048] According to a feature of the invention, intrinsic birefringence corrected
optical systems 100, 200 can be used anywhere along the optical path between
mask 310 and wafer 380. In other words, lenses 122, 126, 142, 146 can be
located and distributed at different locations in any order anywhere along the

optical path between mask 310 and wafer 380. For example, the lenses in




wherein each of said first through fourth optical elenents have the sane
type of refractive power; wherein any two of said first through fourth
optical WQMIMERve intrinsic birefringence signs di f PerAstoobHoMy3 he
intrinsic birefringence signs of the remaining two of said fast though
fourth optical elenents; and wherein any two of said first through fourth
optical elements have crystal axes all7gned with respect to each other, and
wherein the remaining two of said first through fourth optical elenents
have crystal axes aligned with respect to each other and at an angle with
respect to the crystal axes of the other two of said first through fourth
optical el gntinsic birafiangange cerr¢otadrapiishlosystiome fl00,APOroma be 26ed o lsmses conduct or

" fabrication_net hod r .exposing a \Waf ] n i.mage representative of a
pgt tern on '§ FESRC 8%%5?1?{%&}’@{.16% Fﬁﬂ?’hg%’ ﬁ%&t go&&%ﬁanlﬁblﬁﬁl@%bésure li ght ;-

and proj ectffgtodRild (&Q?&ﬁ,@ shhegxpagure light transmtted fromthe

I 1lum nated nask toward the wafer 1 ncluding passing the light through the

optical systemcorrected for intrinsic birefringence as recited in claim 1.
27. A neth Ior correcting for intrinsic birefringence conprising:

di sposing t $rs of bi refiringence-conpensating optical elements al ong
an optical path, the two pairs having angles of rotation, refractive powers
and intrinsic birefringence signs that tend to correct for intrinsic

bi r ef riDB4MNce. THAPrBE B rals@ProRidEs MSRRABS IR ZoHe&timSfor Mtfdt conduct or
fabrication nethod for_exposing a wafer with an inmage representative of a
pattern on tirehargensgnpln e gmbodiment, a method for correcting for intrinsic
birefringence includes the step of disposing two . pairs of birefringence-
compensating optical elements along an optical path. Each pair of birefringence-
compensating optical elements has optical elements rotated by an angle of
approximately 60 or 45 degrees. The two pairs have refractive power type and
intrinsic birefringence sign values (or different refractive indices) balanced or
selected to correct for intrinsic birfringence. In another embodiment, a
semiconductor fabrication method for exposing a wafer with an image
representative of a pattern on a mask includes the steps of illuminating the mask
with an exposure light, and projecting and reducing the exposure light transmitted
from the illuminated mask toward the wafer. The projecting and reducing step
includes correcting for intrinsic birefringence in the optical path. Such correcting
caninclude passing light through two pairs of birefringence-compensating optical
elements as described above with respect to FIGs. 1-3.
{0050] FIG. 4A is a flowchart of a semiconductor fabrication method 400 that
includes correcting intrinsic birefringence according to an embodiment of the
present invention (steps 410-430). Semiconductor fabrication method 400
includes illuminating a mask with an exposure light to obtain an image
representative of the pattern (step 410), and reducing the image representative of
the pattern with a set of optical elements (step 420). Reducing step 420 includes
correcting for intrinsic birefringence along an optical path based on a combination
of design criteria for the set of optical elenients including: négative and positive

refractive power, same sign intrinsic birefringence values, and crystal axis



illumnating the mask with an exposure light to obtain an inmage
representative of the ‘pattern; and reducing the image representative of the
pattern wotddogoi3etly of optical elenments, said reducing 'M/H%oﬂﬂ%ﬂ&r ecting
for intrinsic birefringence along an optical path based on a conbination of
design criteria for the set of optical elements including: refractive power
type; intrinsic birefringence si gns,_lfnd crystal axis rotation.
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the spirit and scope of the invention as defined in the appended claims. 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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WHAT IS CLAIMED IS:
1. An optical system corrected for intrinsic birefringence,
comprising:

a first pair of optical elements disposed along an optical axis, said first
pair including:
a first optical element made up of a first material having a first
intrinsic birefringence sign and a first crystal axis; and
a second optical element made up of a second material having a
second intrinsic birefringence sign and a second crystal axis;
a second pair of optical elements disposed along said optical axis, said
.second paif including:
a third optical element made up of a third material having a third
intrinsic birefringence sign and a third crystal axis; and
a fourth optical element made up of a fourth material having a
fourth intrinsic birefringence sign and a fourth crystal axis;
wherein said first pair of optical elements has a first type of refractive
power, and said second pair of optical elements has a second type of refractive
power; and
wherein the first type of refractive power, the second type of refractive
power and the first to fourth intrinsic birefringence signs tend to correct for
intrinsic birefringence, and wherein said first and second optical elements are
rotated with respect to one another such that the first crystal axis and the second
crystal axis form a first angle which tends to correct for intrinsic birefringence;
and
wherein said third and fourth optical elements are rotated with respect to
one another such that the third crystal axis and the fourth crystal axis form a

second angle which tends to correct for intrinsic birefringence.
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3. The optical system of claim 2, wherein said first to fourth

materials each comprise at least one of calcium fluoride and barium fluoride.

4, The optical system of claim 1, wherein said first and second
materials each comprise calcium fluoride, and said third and fourth materials each

comprise barium fluoride.

5. The optical system of claim 1, wherein said first to fourth

materials each comprise optical material transparent to ultraviolet radiation.

6. The optical system of claim 1, wherein said first to fourth
materials each comprise optical material transparent to ultraviolet radiation

having a wavelength at or less than 157 nm.

7. The optical system of claim 1, wherein the first to fourth intrinsic

birefringence signs of said first to fourth optical elements are the same sign,

8. The optical system of claim 1, wherein the first to fourth intrinsic
birefringence signs include different signs, and the first type of refractive power

and the second type of refractive power are the same type.

9. The optical system of claim 1, wherein said first optical element
and said second optical element each comprise a double convex lens, and said
third optical element and said fourth optical element each comprise a double

concave lenses.
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0. The optical system of claim 1, wherein said first optical element
and said second optical element each comprise at least one of a double convex

lens, a plano-convex lens, and a convex-plano lens.

11.  The optical system of claim 1, wherein said third optical element
and said fourth optical element each comprise at least one of a double concave

lens, a plano-concave lens, and a concave-plano lens.

12. The optical system of claim 1, wherein said first optical element
and said second optical element comprise a pair of lenses each having a positive
refractive power, and said third optical element and said fourth optical element

comprise a pair of lenses each having a negative refractive power.

13.  The optical system of claim 12, wherein said first through fourth
optical elements comprise respectively a first double convex lens, a second
double convex lens, a first double concave lens, and a second double concave

lens.

14.  The optical system of claim 1, wherein said first through fourth

optical elements are arranged in any order along the optical axis.

15.  The optical system of claim 14, wherein said first through fourth
optical elements are arranged in the following order along the optical axis: said
first optical element, said second optical element, said third optical element, and

then said fourth optical element.

16.  The optical system of claim 14, wherein said first through fourth
optical elements are arranged in the following order along the optical axis: said
third optical element, said second optical element, said fourth optical element,

and then said first optical element.
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21.  Anexposure system for microlithography, comprising:
an optical reduction system that includes an optical system corrected for

intrinsic birefringence as recited in claim 20.
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refractive power; and

wherein an intrinsic birefringence sign of said first pair is different than

an intrinsic birefringence sign of said second pair.

23.  An exposure system for microlithography, comprising;
an optical reduction system that includes an optical system corrected for

intrinsic birefringence as recited in claim 22.

24. An optical system corrected for intrinsic birefringence, comprising:

first through fourth optical elements disposed along an optical axis, each
of the first through fourth optical elements having a respective refractive power,
a respective intrinsic birefringence sign, and a respective crystal axis,

wherein any two of said first through fourth optical elements have a
positive refractive power, and the remaining two of said first through fourth
optical elements have a negative refractive power;

wherein said first through fourth optical elements have the same intrinsic
birefringence sign; and

wherein any two of said first through fourth optical elements have crystal
axes aligned with respect to each other, and wherein the remaining two of said
first through fourth optical elements have crystal axes aligned with respect to
each other and at an angle with respect to the crystal axes of the other two of said

first through fourth optical elements which nulls intrinsic birefringence.
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type of refractive power;
wherein any two of said first through fourth optical elements have
intrinsic birefringence signs different from the intrinsic birefringence signs of the
remaining two of said first though fourth optical elements; and
wherein any two of said first through fourth optical elements have crystal
axes aligned with respect to each other, and wherein the remaining two of said
first through fourth optical elements have crystal axes aligned with respect to
each other and at an angle with respect to the crystal axes of the other two of said

first through fourth optical elements which nulls intrinsic birefringence.

26. A semiconductor fabrication method for exposing a wafer with an
image representative of a pattern on a mask comprising:

illominating the mask with an exposure light; and

projecting and reducing the exposure light transmitted from the
illuminated mask toward the wafer including passing the light through the optical

system corrected for intrinsic birefringence as recited in claim 1.

27. A method for correcting for intrinsic birefringence comprising:
disposing two pairs of birefringence-compensating optical elements along
an optical path, the two pairs having angles of rotation, refractive powers and

intrinsic birefringence signs that tend to correct for intrinsic birefringence.
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elements, said reducing including correcting for intrinsic birefringence along an
optical path based on a combination of design criteria for the set of optical
elements including: refractive power type, intrinsic birefringence signs, and crystal

axis rotation.



