5 SEP 2006 METHOD AND SYSTEM FOR CORRECTI ON OF | NTRI NSI C Bl REFRI NGENCE | N
UV M CROLI THOGRAPHY BACKGROUND OF THE | NVENTI ON Fi el d of the Invention
[0001] The present invention pertains to optics, and in particul 8Fp 2P
optics in mcrolithography. Background Art [0002] Photolithography (also
called mcrolithogr aphy) is a sem conductor fabrication, technology.

Phot ol i t hographngpﬁ ?E?EMFMR@@ ATRORT bFW gr@enerate fine
S0

patterns in a senlcon ctor evi ce de3|gn ny type Sém conduct or

devi ces, such as, di GIREFRINGENCGH IN 8]V MICRIOTIEHOGRAPEY cui ts, can be
fabricated usi ng photolithographic techni ques. Exposure systens or tools are
used to carryout photolithographic techni ques, such as etching, in

sem conductor fabrication. An exposure system can include a |ight source,
reticle, optical reduction system and a wafer alignnent stage. An inmage of

a sem conductor pattern BSCRGROENDOOF HE D¢VERTION the reticle (al so
called a mask). A light source illumnates the reticle to generate an inmage

of the particular reticle pattern. An optical reduction systemis used to

pass a high ofthe reticle pattern to a wafer. [0003]
HeR e The

I nt egr at ed are becom ng increasingly conplex. nunber of
conponents and integration density of conponents in layouts is increasing.
Denmand for an ever-decreasing mninmmfeature size is high. The mninmm

f eat ur 080Fje ( al sThepdekad itventionpeitiins kebptics, el inhparficEhd, &s bptibisrignsi on of a
sem conductor feature that can be fabricated within accept abI e tol erances.

As a resul tmiqelithesmplf easi ngly inportant thatphotolithographic systens and
techni ques provide a higher resolution. - 5 SEP 2006

Background Art

[0002] lshotolithography (also called microlithography) is a semiconductor
fabrication technology. Pﬁotolithography uses ultraviolet (UV) or visible light
to ge;nezjate fine patterns in a semiconductor device design. Many types of
‘semicondu\ctor devices, such as, diodes, transistors, and integrated circuits, can
be fabﬁcatc;d using photolithographic techniques. Exposure systems or tools are
used to carry out photolithographic techniques, such as etching, in semiconductor
fabrication. An exposure system can include a tht source, reticle, optical
reduction system, and a wafer alignment stage. An image of a semiconductor
pattern is printed or fabricated on the reticle (also called a mask). A light source
ifluminates the reticle to generate an image of the particular reticle pattem. An
optical reduction system is used to passahi gh—quahty image of the reticle pattern
to a wafer.

[0003] Integrated circuit designs are becoming increasingly complex. The
number of components and integration density of components in layouts is
increasing. Dernand for an ever-decreasing minimum feature size is high. The
minimum feature size (also called line width) refers to the smallest dimension of
a semiconductor feature that can be fabricated within acceptable tolerances. As
aresult, itis increasingly important that photolithographic systems and techniques

provide a higher resolution.



2 [0004] One approach to inprove resolution is to shorten the wavel ength of
light wused in fabrication. Increasing the nunerical aperture (NA% of the
optical reduction systemalso inproves resolution. |Indeed, comel &EhIZ006
exposure systens have been devel oped with decreasi ng wavel engt hs of |ight
and increasing NA  For exanple, UV exposure systens are available from
ASML, Inc. which have [|ight sources opgerating at awavel ength of 248
nanoneter (nm wth an associated NA of 0.5 or 0.6, at a wavel ength of 193
nmw th an associated NA of 0.5 or 0.6, and at a wavelength of 157 nmw th
an associated NA of 0.75. [0005] In W mcrolithography, it is inmportant to
mai nt ai {0004hi gh | iGytetapptoachtorimpsowa resolttiomis thstonten gite veatelengthusitlighh syst em

with little or%ﬁo | 9ss. . Exg%_srure time and_ the overall sem conductor
fabrication ff %@g’é’ﬁﬂ%"%p pasEng et wruecal gperfug {NAM e B eptiml out put
onto the waf ' . ' SYS t arp
focused i mggﬁ%%gﬁ%@g%k%@u@ﬁi éﬁ%ﬁgﬁg@g}cﬁig&ﬁsﬁgsﬁn Qdet ai l
needed for saavebagduleialopédwith@etleiing Sapdlesahy 6Clight @08 Slcréidgigaexposur e

wavel engt h decreases, an optical reduction system nust _include optical
conmponent s, $otexample,) @V saposuphsystenzsrase peailablef frem sAME.] lc. whichirave s

t t t | I t h 193 d 157 Ex I
of "such opt | SEPLRRteEs PRAENELH Hate st LA OPF e CPORP D P um
fluoride (1.3(?3&of(ﬁ%§@._69ﬁtaﬂv&ﬁleleﬁgﬁfd(fl§§%m@ﬁ%ﬂ@ﬁsoci%&ﬂ@of&‘s%I- pyely high

degree of intrinsic birefringence (also called spatial-dispersion-induced
bi r ef ri ngencepd at Avaeeléngfinof M7 nmsvith &1 asséaiateddN¥cef 0.85.very directi on

dependent . a result, the, optical characteristics, of the _ qptical material
(suth azéqoﬁiﬁsm silil\%Yyn%%hthP%‘fapﬁlﬁt Itolf) WH?W&H‘@V@HWD&C%&%@ é’c&ﬁhm i nci dent
on the optic a{:% L al er .. : egﬁg&g [ onal
dependence o?‘l e ?ﬁ@i%@%ﬁ%ﬁ%ﬁﬁﬁso pvglfrﬂ% I;lﬂ%? (g-elg%%%&spot maybe
sped up or siBxpesireltine ané katdverall endéduductpafabsicationttinee ddpeads wipatthedependi ng
the pol arization of light at the different parts of the beam_ spot. In

demandi ng appiPRe Grisagide afdight iohipyh cajonthe wefeh i eptira] geduction

system must also output a sharp focused image of a mask onto a wafer. This

ensures that the fine detail needed for semiconductor fabrication is preserved.
- [0006] As the exposure wavelength decreases, an optical reduction system must
include optical components, such és, lenses, which are made of a material which
'is transparent even at low UV wavelengths such as 193 nm and 157 nm.
Examples of such optical materials include calcium fluoride (CaF2) and barium
fluoride (BaF2). These optical materials, however, have a relatively high degree
of intrinsic birefringence (also called spatial-dispersion-induced bireﬁ‘hlgence).
This high intrinsic birefringence is very direction dependent. As a result, the
optical characteristics of the optical material (such as tramsmissivity and
refraction) vary unevenly across a bearn incident on the optical material. In other
words, because of the directional dependence of the intrinsic birefringence, some
parts of a beam spot may be sped up or slowed down relative to other parts of the
beam spot depending the polarization of light at the different parts of the beam
spot. In demanding applications like microlithography, such intrinsic
birefringence is undesirable as it can blur or reducé the sharpness of an image, or

cause loss of light through an optical reduction system.



birefringence is undesirable as it can blur or reduce the sharpness of an

I mge, or cause loss of light through an optical reduction system -3-

[ 0007] One approach to correcting intrinsic birefringence is to use a single
pair of optical elements rotated relative to one another. For a$siERGIB pair
of |l enses having a <100> crystal orientation, the optical axis of the
crystal structure of one lens in theair is rotated at an angle rel ative -
to the optical axis of the crystal structure of other |ens. Such correction
of intrinsic birefringence is limted, especially in high-quality
applications |ike photolithography. [0008] Wat is needed is an even

super i ol0088br oachOhe rppronsleiotdorrgeting infrinsicdirefiimgshes isge nesea single pairpai r  of

optical elenmepts. This is especially,. needed_in tical .reduction systens
et T | ow DhAtical SRS SRR o RY s St R SBe £ | NVENTI ON

[0009] The p?ﬁﬁﬁ%‘ki@%}gﬁ%{ﬁﬁﬁ%ﬂ%ﬁe 4G50 aR &B&i&‘ﬁ%gfu?é #JpRr oved

correction of intrinsic birefringence. "Two pairs of optic el'enents are
used to . colengdd thenjais 8Idwatddl at @bhranglpeebativa de dredbptigall axid bEthRI @ gt
invention. The type of refractive power and the sign of the_intrinsic

bi r ef ri ngenc &rushire ok other lensor Sugly perEaction P itrinsic birelnngener isdliwited el ected t o

correct for | 1 ASEC D ref i ) | two pairs of optical
el enents i ncF@é@h@%@g@%@%%%#Eﬁﬁ?@@%@{mﬂmﬁ%%ﬁékme and negative), and
sane si @eoBt r i Nsihabiis abédedds RfveR ! sufdidr RPpidacl FoPborrdtBdatihti@lic | n ot her
enbodi nents, the pairs ofoptical elements have the same type of refractive
powers (posi birefoingencadepata pag)of opiiéal elemantsi khisas ¢speaitlly negdetim optitales  have
di fferent signs ositive and .negat.ive)..,Also, within each pair, the optical
el ehents ar egag?"?tgcﬁ’gséﬂﬂ%egﬁdﬁe‘?%? yaiFeglithRexaphy agplieationSy g by an’ angl e t hat
nulls intrinsic birefringence. I'n exanples, this angle is approximately 45
or 60 degrees dependi ng upon whether crystal structure of the material used
in the optical el ement SBREF SUMMARYIOETHRIS¥ENIIONsymetry, respectively.
[0010] This comnbination of crystal axis rotation, same or different sign
intrinsic '
{00097 The present invention provides a system and method for improved
correction of intrinsic birefringence. Two pairs of optical elements are used to
correct intrinsic birefringence according to-the present invention. The type of
. refractive power and the sign of the infrinsic birefringence of the pairs of optical
elements are balanced or selected to correct for intrinsic birefringence. In
embodiments, two pairs of optical elements include opposite refractive powers
(positive and negative), and same sign inirinsic birefringence values (positive or
negative). In other embodiments, the pairs of optical elements have the same type
of refractive powers (positive or negative), while intrinsic birefringence values
have different signs (positive and negative). Also, within each pair, the optical
elements are arranged such their crystal axes are rotated by an angle that nulls
intrinsic birefringence. In examples, this angle is approximately 45 or 60 degrees
depending upon whether crystal structure of the material used in the optical
elements has four fold or three fold symmetry, respectively.
[0010] This combination of crystal axis rotation, same or different sign intrinsic
birefringence values (orrefractive indices), and same or different refractive powér
provides an improved correction of intrinsic birefringence compared to a single

pair of rotated optical elements used in conventional approaches. An improved



birefringence values (or refractive indices), and sane or different
refractive power provides an inproved correction of intrinsic birefringence
compared to a single pair of rotated optical elements used in cdninlifonal
approaches. An inproved 5 SEP 2006 -4 correction or nulling of intrinsic
birefringence is especially inportant in UV microlithography where optical
materials with a high degree of intrinsgc birefringence, such as, calcium
fluoride and barium flouride, are desired to be wused. [0011] In one

enbodi nent, first and second pairs ofoptical elenents are disposed along an
optical axis. The first pair includes a first optical elenment nade up of a
first materi abmhetionng milfing of intninsic feidefridpened is mwﬂky imapareantidU first
crystal axis, . hghﬂa S o optlcal el ement made of a second mat eri al
having a secdWgrolihners Bﬁer Bp?qaﬁg}éﬁé’é ﬁa\l"lﬂé %rbégha geortf Binsial axis.

Th d d tshird
na'?e??glcmha\p/)f%naﬁ%d%t%& gﬁc ns{ugl ﬁgl re ri nge Ceh\o/&?cﬁeéagep%e%gefw ::Ircrystal

axis, and a fyeg¢d.t h opti cal eI enment made up of a fourth material having a
fourth intrinsic birefringence value and a fourth crystal axis. [0012] To
correct [@Md]i ntri ﬂsbla;emb@#m%ﬁmz@dlSnoaﬂﬂeammﬁwad:alﬂhmntsarﬁsi@bs&tdwese

optical elenepts, th first I £ of .opt enen as Itiv
rgf ractive p ﬁaa]ta%s s oﬁl‘ﬁt 4% e%i‘)ﬁf’st'f&? T@i@ﬁ'ﬂ’r@%’%ﬁ‘g%“%oﬁegat i ve
refractive pqxﬁgtm&t&mamgwfpdﬁuin@%ﬁgﬁmg@&%uéa% afﬂr§t%'¥s?ﬁ lkisOf opti cal

el enents are two doubl e convex |enses having a positive retractive power,
whil e the secodc spaond opticapelensdnt neide mpnifsa secend watetial bheing aneamel | enses
havi ng a negat.iyve %ef active power. These |enses making up the two pairs

can) be arrané’é‘ﬁ‘nf F’éF@r etﬂ’i’&aéﬁconé F‘x‘éxrr[r@eseFH’édPW?P‘lQ?ﬁj second

intrinsic bi reﬁu%n&% h aﬁ#tf errent S
have the sane sign ‘as tﬁ 1| rc?agr‘l%? &ourﬂglﬁci r| nS| C gb| refri ngence val ues
of the thirdbaefiifgencd ahepinidathiré trystahixds, aﬂ'dtlefcfwmmbheaiélemmﬁlde up

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

crystal axis. _

[ﬁ(}IZ] 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 pa.ii 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
sécond optical elements have the same sign as the third and fourth intrinsic
birefringence values of the third and fourth optical eleménts. 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 inclnding, but not limited fo, calcium fluoride and barivm




optical elenments are rotated with respect to one another such that the first
crystal axis and the second crystal axis forman angle of approximately 45
or 60 degrees. The third and fourth optical elenments are r ot=lt &P 20§ h
respect to one another such that the third crystal axis and the fourth
crystal axis forman angle of approximately 45 or 60 degrees. [0013]
According to one enbodinent, the first-3-0 fourth optical materials are
fluoride materials including, but not limted to, calciumfluoride and
barium 5 SEP 2006 fluoride. The fluoride material in the four optical

el enents can have a <100> crystal orientation, a <111> orientation, or

ot her known dhicade.aflheAluogde materialin thedfownoptidahPlsments andmasparddd>f or UV
wavel engt hs, su as 93 n d 157 am but have a high degre f intrinsic
birefri ngence".ry"Fc—qIfLf’d"r"’il1 oﬁ’af‘er%ﬁif’ -%etnﬁa%}gn, 9&1’?@&@02&’08361&?9‘3%61&8% entation
has three or 1By RbdsH [ e present
i nvention is ﬁtuﬁiz;i'?eg%t%a%i r of ﬁﬁ@%ﬁ?ﬁ#?ﬁ%ﬁﬁ%ﬁt@éym four
fold symet r ymt,bubhavwe 4 high idegree of mi¥insiy birdihingencey IRlnatideqahtessirmgi 4y furt her
hel ps radi al l]%i%even out light and correct for intrinsic birefringence.

[0014] Accor dildy™ eu<Hi{bronestal opppigtinm has thyeg or £ fald symmetry tesppetivelyy ef r i ngence

i values of th i Lr ' ai.r .of optical
© elenments ar gﬁ(ﬁ %@% ofg%es%%%ng%%%kﬁgggﬁa&}?& %’E@Oreeﬁerqg%?ipe%é [t)%wers of

~ the first anchasgectrdiRed o8 foir fdl@neisetiyh @ aCeyliddeicilnsyns@b®y.( PRas ti ve or
negative). The first and second optical elenments are rotated with respect
to one anot hewlindridal ymanetryr@rtherhelpsradiellyeven oaklight and cerrest S idrinsie r yst al

axis forman . angle of approximately 45 or 60 degrees dependi ng upon whet her
crystal struchﬁﬁﬁ'éngeﬂc%he optical elenments has a four fold or threefold

SynTet 1 OGRAPeCt | velipudibg keMicHRr dutbdihbi NS nlinsRPbiaRhgabement s are
rotated wth respect to one another such that the third crysta axis and
t he fourth creypbieapftheibsstpair of epticalejemen$ abtbe sadomd peir pf giticet cl@ferdegr ees
]9 glpgndi ng Upoa?e e;[rgn r(pgs‘ri 3et g.l'!ld Js:lggra J(\:rte .r %‘hle r}eﬁgcetliv%pl;[oivge% of Iﬂ:?f: n% imi‘ as a four
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 of 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 microlithograpby. 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 péth. One of the two pairs has



or three fold symetry. [0015] According to a further feature, an optical
systemcorrected for intrinsic birefringence is used in W

m crolithography. In one enbodi ment, an optical system corfhe§fiPer|if or
intrinsic birefringence according to the present invention is provided as
part of an optical reduction systemin a mcrolithography exposure system
[0016] The present invention al so prowdes nethods for correcting for
intrinsic birefringence. In one enbodinment, a nethod for correcting for
intrinsic birefringence includes the step of disposing two pairs of

bi refri ngence- conpensating optical elenents along an optical path. One of
the two pai aspdsdiveTeSERiv2qoever -agd shother parchasef negative eefpoties pewet. t he ot her
pair has a ative.refractive power. . The.t airs_al so _have sanme sign
¥ e o bt LR A5 Blso Ty SSmE D Jotrapia U EBRG laps ARy E Ve s
rotation th u 11 Cres Fald ydodbnt Lk ns) brefringence.
[0017] . In(f;‘s'rz[i1 otﬁ%?r%%%sngﬁttgﬁé%%h%ﬁﬂf g’re"céovrebgcc{u:tng éoﬂbknnﬁl%gl c

bi r ef ri ngenddrefiingehesles t he step of di sposing two pairs of .
birefrin ence-conpensatinqﬁpptical el ements al ong, an optical path. One of

the twd0®dlrs hadnapptherembedanent: amethedfor eorpreting foy mtrinsigbirefingemss c

bi refri ngence ,val and . t-he ot her pair has tical elenents wth a
negative si d’f’ld}“ﬁetsﬁﬁﬁgﬁ 06 f]Jr.sgP ?lfl%&%E%ﬁﬁ%@%e&c?ﬁﬂmﬁsﬁsgﬁn%%%cai have t he
same type O%Ién?ém@ﬂbhgﬁuﬁﬁﬂﬁlpﬁﬂwwe'df%@ﬁvd‘ﬁ&%tﬂa!% tiédldictent wih Ve angl e
of crystal axis rotation that nulls (i.e., evens out radially) intrinsic

bi r ef ri ngen@epoditdod 8ignl intréinsit hizefriagbnwdi valux, and the mitheyrphirchay optidal i cat i on
met hod for exposing.,.a wafer with an.image representative of, a _pattern on a
sk i nol ud GRS TithAeERIva e oaS i ATRA SR (the o B3ualt o |1 ght
and projecti i ﬁwg <1 d ' t he

i1l um nat ed %gggﬁg gﬁlg?%ﬁtoﬁgeﬁv\%ﬁg?ﬁéﬁ?} e %P(L% tg?%%%tg@g%gi%%%ﬁg{e ng step

i ncl udes corafenystahgxif ootatiern thatiwills (bd:.;cs)fené_ ouparadiallytintrinsic birefringence.

[0018] 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 at two
locations in the optical path. Such correéting can include passing light through
two pairs of birefringence-compensating optical elements.

[0019] In another embodiment, a semiconductor fabrication method includes the
steps of illuminating a mask with an exposure light to obtain an image
representative of the pattern, and reducing the image representative ofthe pattern
with a set of optical elements. The reducing step includes correcting for infrinsic
birefringence along an optical path based on a combination of design criteria for
the set of optical elements including: negative and positive refractive power,
negative and positive sign intrinsic birefringence values, and crystal axis rotation.

[0020] Further embodiments, features, and advantages ofthe 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.



| ocations in the optical path. Such correcting can include passing |ight
through two pairs of birefringence-conpensating optical eﬂpggnygm [0019] In
anot her enbodi nent, a sem conductor fabrication nmethod includes e steps
of illumnating a mask with an exposure light to obtain an inage
representative ofthe pattern, and reducing the inmage representative ofthe
pattern wth a set of optical elenents/- The reduci ng step includes
correcting for intrinsic birefringence along an optical path based on a
conmbi nation of design criteria for the set of optical el ement s includi ng:
negative and positive refractive omer eg |ve an 05|t|ve sign intrinsic

bi refringence val ueﬁRIE«HdDESQBEaH NOE TG (UBLE t her enbodi nent s,
features, and advantages of the present |nvent| ons as well as the
structure and operation of the vari ous enbodi nents of the present

i nventi wozﬂire deggiab&sin Rhivi §|v9HYcH“bfé]n5 Siaf0RrdiR ahd forGE OTPanyi ng
dr awi ngs. 5 SEP 1006 - RI F DESCRI PTI ON OF THE DRAW NGS/ FI GURES [ 0021]
The acconpanpartg:fdhaspemj‘mahwﬁ;uhﬂrsﬁateethemmnaemmnm:ietdgemﬂdwﬁhﬂm a part of
t he specific%tlon ustrate the present inventjon and, (%gt r wwth the
descri ption, F’iﬁﬂpﬁ% QFée‘EVGt%?’Eﬂ%‘Pﬁhfthﬂi? Ipsofithe g]gegtpoqqqg Hion and to

enable a per Sp%fboﬁ%kﬂﬂeﬁ%{ﬂg &Hcpﬁgk z?ﬁ&uste?lh calg %d use the invention.

[ 0022] _FIG I'S a Cross- setlpna VIEW 0f “&n 0 Systemw th corrected
i ntrinsijeod2]r ef ri RIEN¢Es acaoEslidReohAl vewaThadopiial sPitethgitipcagendd i nventi on.
[0023] FIG 2 is a cross-sectional view of an opt| cal systemwth corrected
intrinsic bi meinnsln@unﬁ@ganw«prdglgttg aawnmmmtithemreaen@nmmmm i nventi on.

[ 0024] 3is sSs-section i ew of. an sure tem t hat

i ncnude'b@?’glat adi 3‘}5@ 2&%%‘&88% oo &%%qfa%p%ﬁ%ﬁ% LR wi t
corrected i ninteiptro E@ﬁcfe' RO 8GR HoRfndR of fhe tﬂ%ﬂuoﬁf _the present
invention. [0025] FIG 4Ais a owchart of a sem conductor fabrication

met hod t{6@24] FIG.3isa cross—sect1onal view of an example exposure system that

includes a catadiopiric reduction system using the optical system with corrected
intrinsic birefringence according to an embodiment of the present invention.

{0025} | FIG. 4A is a flowchart of a semiconducior fabrication method that
includes correcting intrinsic birefringence according to an embodiment of the

..present invention.

[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.



includes correcting intrinsic birefringence according to an enbodi nent of
the present invention. [0026] FIG 4B is a flowhart of another

sem conductor fabrication nmethod that includes correct i'ng"5 el LHE ¢

bi refringence according to an enbodi nent of the present invention. [0027]
The present invention will now be described wth reference to the
acconpanyi ng drawi ngs. In the draw ngs:-81ike reference nunbers indicate
identical or functionally simlar elenments. Additionally, the |eft-nost
digit(s) of a reference nunber identifies the drawing in which the
reference nunber first appears. 5 SEP 2006 s DETAI LED DESCRI PTI ON OF THE
| NVENTI ON [ 00281 Whi | E Te DERCRIBVEON (Ih THE IBENTEMN herein with

reference to illustrative enbodinents for particular applications, it
shoul d be understood that the invention is not limted thereto. Those

ski | | ed rpapgihe ar tw\[m'] t; e s i L0 i |
recogni z[e@%ﬂdi tiona IFm ??ﬁs}?ﬁt olﬁg%ﬁggp%igéé?ﬂll%?l&%%ﬁgﬂgo fei&%é‘mtéé“ W thin
t he scope t hdllesifatiza embddinténtsfor pdrtiediaiapplications, it shogld bervederstood thagnt i on
woul d be of significant uti]ity. Overview [00291 The present invention

provi des systthﬁﬂlvéﬁ'ﬂ'oﬂrﬁ%dgﬂﬁ%ﬁhﬁﬁ& ohege slaBed Bxibe art with pepess testhe

bi refri ngence, es i_pventi C . - a Qptd cal system or
application 'ﬁﬁ%_sg’bwﬁ{ﬁhéﬁ%ﬁ%ﬁ ﬁlg%%gﬂlﬁgﬁ‘?ﬁﬂlé%?%ﬂdm%%?ﬁﬁﬁgkca "M%et of four
optical el emaplseniBdiRedts WaliS thd RoPe HRIdFARA LUBItIBAAL Sel@é iPMhichahe €l ements)
are ‘'used to correct intrinsic birefringence. A conbination of crystal axis
rotation, typeesshtinventicsr wouldbows signdicanttufiiéy.of intrinsic birefringence sign
(or refractive indices) in the set of two pairs of optical elenents,
provides an inproved correction or nullification of intrinsic birefringence

conpared to ayerview

[0029] The present invention proﬁdes systems and methods for improved
correction of intrinsic birefringence. The present invention can be used in any
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 oﬁtical eléments, 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
of lens, 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.



single pair of rotated optical elenents. Term nology [00301 To nore clearly
delineate the present invention, an effort is nade throughout the
specification to adhere to the following termdefinitions -g@gagiEeent!y.

[ 00311 The term "optical element” refers to any elenent that can be used in
an optical system An optical elenent can be include, but is not limted
to, any type of |lens, such as, a doub$e convex | ens, aplano-convex |lens, a
convex-pl ano |l ens, a double concave |ens, a piano-concave |lens, a
concave-piano |lens, shell, or plate. - 5 SEP 2006 -9 [00321 The term "pair
of birefringence-conpensating optical elenents” refers to a pair of optical
el ement[0032)vi ng CFhestemh "paiedf birefringgock-campensatatg dptieal clensdndd” refemso ar e
rotated by an angl e Mﬂtq respect, each other to correct for biyefringence.

The angle OPtiselplements haydng,eryial axes aranged suchsthatibe crystak a%gsr i de,
barium fl uqLi | i f [ c i uni
PPlor e 1 & Yk ffiate®by i il WRH Rl €8h olille RCrRAERPbEMEHECINE 10 1)
orientation anglehdépgends upbon! tte TyRaTef fnateiidl stbh de Wakamn fMiordd0Bai@s i ent ati on

with four fold symretry; however, other angles can be used as needed to
correct for fbonsesoragtemdemifivorde.phy enecaxiamplenwhere calciuon fluoriders ipeds i ¢
Birefringence Correction for U/ | cal Syst.em [Q033] FLG 1.is a
cross-secti Otﬁgpngg? &Wﬁfgﬁpl?ﬁ%%{ys@s‘ie@ﬁ%ig@ ﬁ]tqﬁ O%P?'gﬁg&htﬁrﬁ? rinsic

bi 1 ef ri ngencePERARE-NEnd 95 ABERDRILTBN oflnthilh PHEIAR LITNARRD. Ot cal
system 100 i ncl udesgthﬁn/\o pai rggrﬁzo, 140 o? olbtica?{ e?erregts arranged al ong
an optical dwiveve othraianglk? @an be lusetbas Beeded to obrrdxt f@f bitafigegenee fmapensat i ng
optical elenents 122, 126. Optical elenments 122, 126 are made up of cal cium
fluari de haRadeulareppicationy st al orientation. The crystal axis of optical

el ement 122 is set at an angle of approximately O degrees. The crystal axis
of opti cal

Intrinsic Birefringence Correction for UV Optical System

[0033] FIG. 1 is a cross-sectional view of an optical system 100 with corrected
intrinsic birefringence according to an embodiment 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
fiuoride 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 appro}dm;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
approxirhately 0 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.



el ement 126 is set at an angle of approximtely 60 degrees: In this way, the
crystal axes of pair 120 are rotated by an approxi mately 63%3@95ﬁ€ angl e
with respect each other to correct for intrinsic birefring el i kewi se,
pair 140 includes apair of birefringence-conpensating optical elenents

142, 146. Optical elenents 142, 146 are nmade up of calciumfluoride having a
<111> crystal orientation. The crystal0axis of optical elenent 142 is set

at an angle of approximately O degrees. The crystal axis of optical elenent
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 rei@@@f each%‘é%@hﬂt@am%@@im#l&iem@m Wgéﬂéafﬁméﬁ@ IpgéRelelus SEP 2006

-10 [0034] I . e I t . 126 de,’ f

cal ot um 11 udrBRE REGES I orm 88t b Brarus e Pt s S RuBA SRR 25 O o
optical el emany is def2t iafi afifle oTlapProxanably (Pdegddtdl oM @yRhYGs Beep@as. The
crystal axis of optical elenent 126 is set at an angle of approximtely 45

degrees. Opt icteniend [ 26riaet at anangle 6f sppeonmutely ds degreed. cOpticdl ddanémde havi ng a
<100> crystal, orientation. The . cryst axi s of tic el enent_142 i's set
at an angl e af‘ﬁéﬁgﬁ%@ﬁ%@ﬂ}c@%&gﬁ%@eha‘&ﬁaac%?‘?% S@%Fﬂh% s set at
an angl e of L9 %408 f £OSis set ' 1) 0 degrees
or 45 degreegglt%et \;\i}/kelenh tycacglﬁfsﬁt%g'lr axgg€£ %)éaangg%&fifépkﬁsl&l@?%bﬁg 3%’ and not

i ntended to lahdioptidab elcprent b4d isisaivatah iangie oOhiroxingdleds degreeie used to
correct for intrinsic, birefringence depending upon a particular _application

(i.e., di@i@%va eﬁ?@mvs]‘anglielgﬁf 00 d%?qmrt:ﬁélagr&ﬁs thsvlm ,cwatﬁbmwaﬁltl on of _
Lo e gk R Bk Pof oA B R S B SRR Dl 2o o

intrinsic bi cad bk RgenLcdrfect Fot inhifisiclifdieaicpbe MpdidRig Ghotda pakicalad 20, 140

having a type of refractive power éﬁosmlve or negative) and a sign of
intrinsic bi repplidatige ficw, thewazdengh of tightethg particular fluoride, combination of

fluorides, or other materials used in the optical elements, or other design

considerations).

[0036] According to a feature of the present invention, intrinsic bireﬁingence is
further corrected by providing pairs 120, 140 having a type of refractive power
(positive or negative) and a sign of infrinsic birefringence values (positive or
negative). The type of refractive power and the sign of the intrinsic birefringence
of the pairs of optical elements are balanced or selected to correct for intrinsic
birefringence. In embodiments, pairs 120, 140 include oppositerefractive powers
(positive and negative), and same sign intrinsic birefringence values (positive or
negative). In other embodiments, pairs 120, 140 have the same type of refractive |
powers (positive or negative), while intrinsic birefringence values have different
signs (positive and negative).

[0037] In the example of FIG. 1, pair 120 has a positive refractive power and pair
140 has a negative refractive power. In one example, optical elements 122, 126
are each double convex lenses having positive refractive power, while optical
elements 142, 146 are each double concave lenses having negative refractive
power. Pair 120 and pair 140 are also made up of calcium fluoride and have the
same positive sign intrinsic birefringence value or the same negative sign intrinsic

birefringence value. Alternatively, pair 120 and pair 140 can be made up of



negative). The type of refractivepower and the sign of the intrinsic
birefringence of the pairs of optical elenents are bal anced or selected to
correct for intrinsic birefringence. In enbodi nents, pai;gé%gqmm40 i ncl ude
opposite refractivepowers (positive and negative), and sanme sign intrinsic
bi refringence values (positive or negative). In other enbodi ments, pairs
120, 140 have the sanme type of refracti-t® powers (positive or negative),
while intrinsic birefringence values have different signs (positive and
negative). [0037] In the exanple of FIG 1, pair 120 has apositive refractive
power and pair = 140 has a negative refractive power. |n one exanple, optical
el enents 122 banpy flypadesad devbh|the ciomee PosiEiFe eer Magatlyy pigsi MisIa ef ract i ve
power, while,0 ﬂggl el e t.s 14 146 are,each doubl e concaye. | enses

havi ng negat PUBTIERRSe PG TS bt offagred 48 saRon, SpRon STEl mmde up of

cal ci um f | uokyiflfaARdidhaNRink e DirefRFEndR Aeh \URd %?@?biﬂgﬁoﬁiﬁ% hididggfivd ngence

val ue or the sane negative signintrinsic bire ngence val ue.
Al t er nat i vel yefrgptive pdRersasell inaiset dffGurcdemdyds pradiles g iprovékorn20id - | |
bariumfluoriij ave. the sane pasi negat.ive sign intrinsic

bi refri ngencé& gléﬁﬁsg‘.’g EW%Q‘PB%%QP%F@ﬁ ogkical cleprents w5pd Wbt i cal

materi al s WcBﬁ\reﬁﬁHﬁal%b?fbfal:ﬂt rinsic birefringence val ues, and opposi ng
positive and negative efractive powers used in a set of four elenents

provi deg0gas] i npr oviedsieard &€ FIGN1, GftickNiystads 100 Rictsedsr i geiet rddaatiod he 1i.m ted
two rotated optical elenents used in a__conventional approach. [0038] As
shown i n FI Gsystemogniinpit bogmild h(wb age U expoanre bpath ehl 93w orii7om) system An

i nput beam 110 . t 193 7 duced
by pai ¢ 120 E OO bt TS0 E e tlis PR sl Rl ° 16 1o
form an out pyuoheeifirsh 6P reallecdbatn 1R ULl AuEEsh O BAari@lusisy N9

fluoride optical materials, which are transparent to UV but highly
bi r ef ri ngent fluosidpoptitdl endterials, svlacteare temspagent do ERebuthighdy birbfeingérgh degr ee of
intrinsic

since the four element system cormects 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
materjals 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 making 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 (i.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 correcied
intrinsic birefringence according to another embodiment of the presentinvention.
Optical system 200 includes two pairs 220, 240 of optical elements arranged
along an opticél 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



birefringence in the fluoride materials. Such an inproved correction of
intrinsic birefringence is especially inportant in UV mcrolithography
where optical naterials with a high degree of intrinsic bgri§frllligence, such
as, calciumfluoride and bariumfluoride, are desired to be-used in an
optical reduction system [0039] The four optical elements 122, 126, 142,
146 nmaking up the two pairs 120, 140-t&n be arranged in any order al ong
optical axis QA FIG 1 shows one exanple where the first through fourth
optical elenments 122, 126, 142,146 are arranged in the follow ng order:
first optical elenent 122, second optical elepent, 126, third opt.ical

el enent 142, ofepficahelpmentcZ2? isset pt anpnglent apprownately dglegrees. The @ywitll e convex

xanpl o of e Pt Bpisef el 42} 8 sF ORI Bete B un BRI DoReeFBRERAC, | (0 &
2. [0040] Fl Q118> brferatfinQy 35 egebOfdRh <1 D@VoréntAfon0 B {HdvaPp ¥ @00 Wi th

corrected intrinsic birefringence according to another enbodi ment of the
present i nvenxssoef painZR0 cg raigisd emitle speatdacki @thervio qoaiects f2Qtrit@it0 of

optical elengnts. arrang al ong .a ptical axis. Pai r. 0 includes a
pair of two FP%PgPWﬁenggke"%‘?rp&’r’é;t@nHm ? GalPIg| ?sb‘?%{"geﬂﬁ‘b Opt i cal
I ts 222 j ' i 111
el ements cotferafin alfem&ts 4. 9&5‘.%@9?3%%n@_§%%@%?%ﬂ%> or <lll>

crystal orientation. e crystalaxis - optical el ement

222 is set abfeiciamdheridé hang 0x10etarlsl 1 0> cggalbeientatiof. Thy/Qisthl axizxi s of
optical element 226 is set _at an angle of approximtely 60 degrees for a
<111> ori ent &fPRiicabelementP4g inwetatagy angleof gpprogpnaiely Srdegiees. Fhe Gysalnay, t he

crystal - axes, fe0aiia 2800 a1 94kq o Weldof ARASARARAT Bo QLBRE, ki Lcorect for

intrinsic birefrifgence. LIKew S&, pal a parr

bi r ef r i ngenced | coshansRin 195 dpgreesdor 8 ke0BNbisentstibn, 2rthis Ry, itkédryhlenent s

242,246 aremade up of calciumfluoride having a<100> or <111> crystal
orientati on. aT¥seolcpyis 240 ank refated fwith respast cack thnr to4mrest fwutinginsign angl e of

appr oxi mat el ?Birgﬁ]%%gtrlc%.esfn t-h!-g &x I%to%JFIG. 2, optical elements 222, 226 are each

double convex lenses having positive refractive power, while optical elements

-

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 throungh 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 (i.e.,
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.



axis of optical elenment 246 is set an angle of approxi mtely 60 degrees for
a <111> orientation or 45 degrees for a <100> orientation. In this way, the
crystal axes of pair 240 are rotated with respect each OLQFEFiﬂggorrect for
intrinsic birefringence. In the exanple of FIG 2, optical ﬁenents 222,
226 are each double convex |enses having positive refractive power, while
optical elenments 242, 246 are each ddgbl e concave | enses having negative
refractive power. The ntrinsic birefringence values of elenents 222, 226,
242, 246 are the sanme sign. In FIG 2, the first through fourth opti cal

el ements 222, 226, 242, 246 are arranged in the following order: third
optical el enbnDifferent Refeantive dlovier dype \Sementign ImsinsicRirefiingendecal el ement

246, and then the first optical element 222 (i.e., double concave |ens,
doubl e convex | ens, double concave |ens, and double convex |ens). Exanples
100411 ListepaRgrowipre tables describing characteristics of two pair

bi refringence-conpensating opfical_ systens according to exanple

i npl enent at i . of t .esenk i.nyenti -The (t:abi ard rati ve and
not intendegﬁﬁhocglinirl}%a@hglspf& Sk im@%;ﬁ% g‘% 2004 gel-ﬁlfgﬁ‘k Di ff er ent
Refractive Rower Typde, Same BPGfRPntrildsiele & |&Hrsh §8hcd PoWABLE A(1): optics
Material Crystal Rellative |nfH¢hsic ReRofionvd £orient a{ (A9§e of Birefr.
Si gn Power |tion Rotjation (+ or -) wi tjhwithinPailr First Rair CaF2|<100> 45 +
+ Second C4F2 <1003 450 + Pair

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° - 1
Second | CaF, <111> 60° - -

Pair




Pair TABLE A(2): Optics Material Crystal Relative Intrinsic Ref-active
Oienta- Angle of Birefr. Sign Power tion Rotation f (+ or -) wthin Pair
First Pair CaF2 <111> 60 + Second CaP2 <111> 600 Pair 5-5HBPP20l66 -14 B.
Sanme Refractive Power Type, Opposite Sign Intrinsic Birefringence TABLE
B(1): Optics Material Crystal Relative Intrinsic Refractive Oients- Angle
of Birefr. Sign Power tion Rotation 14+ or -) within Pair First Pair
CaF2 <100> 45 + + Second BaF2 <100> 450 - + Pair TABLE B(2): Optics
Material Crystal Relative Intrinsic Refractive Oienta- Angle of Birefr.

Sign Power tion Rotation f (+ or -
B. Same Refractive Power Type, Opposite Sign Intrinsic Birefringence

TABLE B(1):

Optics Material | Crystal Relative | Intrinsic Refractive
Orienta- Angle of | Birefr. Sign | Power

tion Rotation | #+ (+or-)
within
 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> A5° + +
Second | CaF, <I11> 60° - +
Pair
. [0042] - The preseﬁt invenﬁon 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 fri-fluoride (LaF,), samarium fluoride
(SmF,), europium‘ fluoride (El.iFg), terbium fluoride (TbF;), dysprosium fluoride
(Dng), holmium fluoride (HoF;), erbium fluoride (ErF,), thulium fluoride
(TrF,), ytterbium fluoride (YbF,), lutetium fluoride (LuF,), zirconium fluoride




wWithin Pair First Pair CaF2 <100> 45 + + Second CaF2 <111> 60 - + Pair

[ 0042) The present invention has been described with respect to optical

el enents nade up of a fluoride material such as cal cium fl E%rgk(% and barium
fluoride. Any fluoride can be used having a high or lowre ttfVe i ndex.

O her exanples of material which can be used are the follow ng high
refractive index fluorides: gadolinjjgmtri-fluoride (GIF3), lanthanumtri-f
| uoride (LaF), samariumfluoride (SnF3), europiumfluoride (EuF3), terbium
fluoride (TbF3), dysprosiumfluoride (DyF3), holmumfluoride (1103),
erbiumfluoride (ErF3), thuliumfluoride (TnF3), ytterbiumfluoride (YbF3),
luteti um f | (@oF ))deaftiatBhoridé (KR)), witiuhufinorids YISEMeddOmium ¥mofide F4) , haf ni um
fluoride (I1fF4), yttriumfluoride (YF3), neodymumfluoride (NdF3), any of
the ot her |Q¥iFah#amtns thegthesdanthanidq sgges teiinorides, matallic finerdesdwethenr ot her

hi gh i ndex,,. ravi . nsparent materjal . O her exanpl. of. materi al
which can %gﬂh]g%’ lgﬁg‘%?%éég‘%ﬁ%%gﬂf ?}ateF?)]W pgl?qrgﬁqlﬁlgs ?ﬁ&ﬁnﬁs‘mﬁldes: .
TBGES] UM fdBetel ard M RlIowEh R P Eab it ihA SO iRk AdEAbeindi il um 1 uor | de
(SrF2), lithiumfluoride (LiF), and sodiumfluoride (NaF), or other |ow

i ndex, ul t r@gh), etuninamdyi<iuonide (Al straitiun] HdurBie (B1R,), litsum flworidé r i ngence
corrected optj.cal ;syste 100, can be used in_any type of optical
system In » 4B Isgcg‘a“clﬁnﬁ‘r‘lor&% ﬁgp?re%ﬂt Lo index.j Wiravig)st %@H?Pﬂrf‘@&st ems 100,
200 are usegafefa@n optical reduction systemin a W mcrolithography
exposure system Any type of optical reduction systemcan include intrinsic
bi r ef rigpgdince cdntrasicirediihgenat caystadoptiddlQystefid 1 00,200 dimbe heedtie present

i nvention. Exanples ofoptical reduction systens (also called projection
| 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 according to 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 sysfem) by a predetermined ratio, such as, 4:1. A reduced reticle image is

output from catadioptric optical reduction system 304 onto wafer 380.




optics) include a catadioptric optical reduction systemand a refractive
optical reduction system Exanple Catadioptric Optical Reduction System
Using Intrinsic Birefringence Corrected Optical System 100441 FIG 3 is a
di agram of an exanpl e exposure system 300 according to an -&ri8dilfent of the
present invention. Exposure system 300 includes a |light source 302, reticle
310, catadioptric optical reduction system 304, and wafer 380. Alignnent
and step and scan stages and ot her nE $rani cal conponents are omtted for
clarity. Light source 302 enmits an exposure light at an ultraviol et

wavel ength, preferably at 193 umor 157 nm [00451 During exposure, |ight

TR S T, HASHH i 08 e R BREEY Lo e
TR0 O ¢ Mol euklp R ad 350° R o i biRB: SR Syt em) bY

cat adi opt ri ceduptiore aystepe 30dtincnds yderesmBO220 (Havinged Girst3I&ts group 338P 2006 - 16
100461 Catadigptric ogt i cal reduction system 304 includes a truncated W
pol ari zi ng Bdmesmiror 844, aad psecond lensgrap éhmsdisirvarterwewe plateddddr i ¢ opti cal

duct i 4. d i 2 i finst | up 322,
o di ng. i ¢ PePichys Mgt 30, Eod o larthspariatut 48 B ipist Gl Bl Do’ i ot e
340, a congay.e FEldin®mida032RisSHRAA; AUt @] (o RIinY Aiforf@mitgmsk a third

|l ens group 370. Folding mirror 324 is optional; however,” the folding mrror
pernits theobsbl st inage plasagcogicaprraliel oviiieh praeaaiverienivfiirainei intended/eni ent  f or

I nt ended | | f th ti tem.of t.h t tion,
which i ot nEZPUEeR it tiPaoBical SipEBhan dhe Proest CBenliGin FHROTOLE hogr aphy
with a stepaidmchréds m&&muci&%&eﬁghgbhﬁauﬁaﬁwalidheﬂstéﬁ giy ) from

Iig%t source 302 passes through reticle
scan system.

[0047] Radiation (also called light) from light source 302 passes through reticle
310, enters the first fens 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. ‘McCIay 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



310, enters the first lens group 322, reflects fromthe folding mrror 324,
and passes through the second | ens group 326. The radi ation enters the W
pol ari zing beansplitter cube 350. In one enbodi nent, tﬁgg Hgﬁéation i's

| i nearl ypol arized in one polarization state (e.g. S pal 1 on) prior to
entry into the UV polarizing beansplitter cube 350 to mnimze | oss and
maxi m ze transm ssion efficiency through the optical reduction system 304.
UV pol ari zi ng beansplitter cube 350 tl{en reflects the linearly polarized
light in one polarized state toward quarter wave plate 340 and concave
mrror 330. The light reflecting fromconcave mrror returns through

quarter waveplate 340..and is th shifted to, t her, pol arization state
(e.g., P polJsigh 4 %Mﬂ%%%t@gﬁpﬁ’éﬂpibﬁwe‘ﬁﬂﬁnﬁ%sses _

t hrough quatt.ek - %’5‘?@ | St é\%}iﬁﬁ at the
waf er 380 ataih @X&ggy’gﬁ é\/1\:/g§)er p g%%gugifé?z’ %ﬁ(?,kﬁg&%ﬁu g@&dg}rﬁbﬁ trgvi ol et

Pol ari zat i onfidsetarthir®dtistgreupsf3ae, 3d6c8P0.i t hogr aphy, " U.S. Appl. No.
09/538,528, filed March 30, 2000 (1857.0100001), pending and i ncor porated
by reference inits entirety herein. [00481 According to a feature of the

I nvention, Wepﬂgagi c birefringence corrected optical systens 100, 200 can
be used anywhe al ong the optical path between nmnmask 310 and wafer 380. In
ot her words, |enses 122, 126, 142, 146 can be |ocated and distributed at
different locations in any order anywhere along the optical path between
mask 31{004%d waf eFhg@Bsentarventiomplke pravides hretlsels fomedireSER: 60 Ofirinsié 7 i ntrinsic

birefringence carrected_optical, systens 100, 200 can be used as lenses in
irdpin tigg 0

any one of f $HCEni iy Opg o P, gomxe T Pppreaiing Aom iIRYRbI nat i on
the first t ' 370 d : ﬁ'ﬂ& The present
i nvention alggéfg%%é\%c%lgga&g%ﬁggi s&%rzngg(rﬁgp&s:t n%wﬁalﬂ[?nﬁ ibIElIgl o ¢ (fepef ri ngence.
| n one enbodiomysthsatingroptibaldlchoantsabsmeanibvptichl path. Eadhrpairif bireftingefidd-ngence
i ncl udes the step of disposing two pairs of_ birefringence-

- compensaiing optical elements has optical elements rotated by an angle of

approximately 60 or 45 degrees. The two pairs have refractive power type and
inttinsic birefringence sign values (or different refractive indices) balanced or
selected to correct for intrinsic birﬁingence. In another embodiment, a
semiconductor fabrication method for exposing a wafer with an image
representative of a pattern on 2 mask includes the steps of illuminating the mask
with an exposure light, and projecting and reducing the expoAsure 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 -
can include 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 inirinsic birefringence according to an embodiment of the
present invention (steps 410-430). Semiconductor fabrication method 400
includes illuminating a mask with an epr sure 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 eleﬁmts including: n;egative and positive

reftactive power, same sign inirinsic birefringence values, and crystal axis




conpensating optical elenents along an optical path. Each pair of

bi refringence- conpensating optical elenents has optical elenents rotated by
an angle of approximately 60 or 45 degrees. The two pairs have refractive
power type and intrinsic birefringence sign values (or di% 8t refractive
i ndi ces) bal anced or selected to correct for intrinsic birfiingence. In
anot her enbodi nent, a sem conductor _ig_bri cation nethod for exposing a wafer
with an image representative of a patiern on a mask includes the steps of
illumnating the mask wi th an exposure |ight, and projecting andreducing
the exposure light transmtted fromthe illum nated nmask toward the wafer.
The proj ect mgﬁaﬂgtepqdygb.n& 0, b Bakdt #Be® S goREd twith illBhinhfdd S| C
birefringence in the optical path. Such correcting can include passing

| i ght t hr oubhs hero cprestsd fuk intringt birafjimgence-aconyimgiathicpgesept ineaitionel enent s as
descri bed above with respect to FIGs. 1-3, [0050] FIG 4A is a flowhart of
a sem Bm%’ahct or F%r‘ﬂ%aﬁaﬂﬁw%%rheﬁaawcpw{mfﬁwﬁae@wq%@q that i ntrinsic

birefringen ' t - el qdi . e -l nyentd on (steps
D T LGRS B At B RO ailorkls o BhSRMAN SR, (ST EPS
with an exppfddest ihvéitont O THe! REModNIFTGIAR fseilfectANbAFIVC4AS aldapt pPattern
(step 410), and reducing the inmage representative of the pattern with a set

of optical wdunimgstep@20aenpcludescorriethgdoTigirisipirefidngence aldegan epicakect i ng f or
intrinsic birefringence al.ong, an tical. pat hbased. on a.c i nation of
desi gn cr i { BRPPIPGT OF feroLAIION fH deEiEP CHHERLRE 409 7 0h GPHEH SRS ve and
posi tive refdiafhd USmBAYSY of RAUBIW SvdrNitoR Sinhith Bkl MHRAGGHA Ues, and
crystal axis - 5 %EP Zgg%h’rot at oni%(%gt’ep 425A) .ggl n stlep 430, ea waf er is

t hen exposedalnes, land biystal aeb ratatidthé&tep 4258).been corrected for intrinsic

bi refringence according to the present invention. [00511 FIG 4B is a
flowchart of a sem conductor fabrication nethod 400 that includes
correcting id&%lﬁﬁﬁﬁhc bi refringence according to an enbodi nent of the
present invention. The nethod of FIG 4B is like that of FIG 4A except
reduci ng step 420 includes correcting for intrinsic birefringence along an

opti cal
P [0052] While specific embodiments of the present invention have been described

above, it should be understood that they have been presented by way of example
only, and not limitation. It will be understood by those skilled in the art that
various changes in form and details may be made therein without departing from
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 anylr of the
above-described exemplary embodiments, but should be defined only in

accordance with the following claims and their equivalents.




pat h based on a conbination of design criteria for the set of 56pf2w8al

el ements including: sane type of refractive power, different sign intrinsic
birefringence values, and crystal axis rotation (step 425B). Concl usion

[ 0052] While specific enbodi ments ofthe present invention have been

descri bed above, it should be understppd that they have been presented by
way of exanple only, and not |limtation. It will be understood by those
skilled in the art that various changes in formand details maybe nade

therein w j from the spirit and scope of the invention as
defi ned r%&pﬁth%gﬁgi@tgygiains. Thus, the Dbreadth and scope of the present
i nvention should not be limted by any of the above-described exenplary
enbodi nents, b ' P b as ith.the follow ng
cl ai s a% theiq%n q&%%ls{e%ﬁl% gﬁ{ég&gggpgjkégﬁ%li%ﬁw&gﬁ@/& DIS 1. An
opti cal syBtsemicaf optichlegderheants disposed alomglanropficdl agsnsadd fieso ppir irdludting:a first

pair of optical .elenments di spose ong an optical axis, said first pair
i ncl udi nga'.O figt opHicHl SUSgme anade) 9%&&@&%&1&“&1& 7 {ust iniginsis birefingansy a

first int i%r{‘zﬁidcaf?lisf&fy&iapﬁ?&%ﬁd sign and a first crystal axis; and a second

optical elenment nmade up of 'sard first material having a second intrinsic
bi r ef ri ngesecendsomitabeiementseadeng aisyistfabt matedal mvgaoedorhi r of opti cal

el ements di sposed_al ong said optical axis, .said second pair including: a
third optlfl%51cj11@ﬁcé‘}ﬁen Hen GT)CP%FCCSH Eré’éﬁfj Haterial having a third intrinsic

bi r ef r i NGLRLRNd a0 Bfti tlihehts dYpbald a%sié%:saiﬁnl tfeal QWst Qaiapée'b@gdl Rﬁ&eﬁent

made up of said 'second material having a rt trinsic bire gence
si gn and iaclhdmgt h crystal axis; wherein said first material is different
from sai dat & %ggcﬂ%ie%ﬁgn?lm;ade up of a second material having a third intrinsic birefringence
sign and a third crystal axis; and
a fourth optical element made up of said second material having a fourth intrinsic
birefringence sign and a fourth crystal axis;
wherein said first material is different from said second material;
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.



wherein said first pair of optical elenents has a first tyge of refractive
power, and said second pair of optical elenents has a set ﬁEPt Jioe 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 biggfringence, and wherein said first
and second optical elenents are rotated with respect to one another such
that the first crystal axis and the second crystal axis forma first angle

and fourth opttcal UremiessaPal 83k G it PG TR enf b Bty such -

that the éalahbdxnpflgesdtaéasadﬂesﬂ@imetdmeﬁﬂ_urt h crystal axis forma second angl e
which tends to correct for intrinsic birefringence. 5 SEP 2006 -20 2. The
optical systemof claim1l, wherein said first and second naterials each

conprise at | egast The tical of claim 2,
wherein said ﬁﬁlrst Ogﬁedgﬂstfeégf(’ﬂgt%n{%c%%ai Wh%éé S%%ﬁ‘g?ﬁaé@s a?n%%e of

cal ci um f ¢dgb coiprised 18t oneaffdalidiun dRoride antdiriapt fleaidesystem of claim 1,
wherein said first material conprises calciumfluoride, and said second

material conprises bariumfluoride. 5. The optical systen1of claim1l,

wherei n said f1rst I oSECANG IR SF I 1 3O RI BEyORLEAR oL

transparent tO uItraV|o a 1 on. he op |ca sys em O |m1

wher ei n S(ﬁilcdmﬁlﬂlﬁ)hdé‘;ﬂﬁd&&ld@ﬁébml&hﬁbmﬂc&mpﬁ@&fbaﬁmﬁpﬂm&ﬁieﬂ)ptI cal materi al
transparent to ultraviolet radiation having a wavel ength at or |less than
157 rim 7. The optical systemof claim1l, wherein the first to fourth

intrinsic Direfri Qﬁ@ﬂ@gmﬁr SRRuPlr 3BT Mifebin S FRUTHE Ol GBI ETEDt S ar ®

t he sane sign. sys em o alm erein irst to fourth
intrinsi ceachicompnsexg;emalansuegmlsmnnpdrﬂdeo ditfavinlaniadistigns, and the first type
of refractive power and the second type of refractive power are the sane

type.
6. The optical system of claim 1, wherein said first and second 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.



9. The optical systemof claim1, wherein said first optical elenent and
said second optical elenment each conprise a doubl e convex -l%ebi, 108hd said
third optical elenment and said fourth optical elenent each conprise a
doubl e concave |l enses. - 5 SEP 2006 -21 10. The optical systemof claiml,
wherein said first optical elenment andysaid second optical elenent each
conprise at | east one of a double convex |ens, a piano-convex lens, and a
convex-plan lens. 11. The optical systemof claim1l, wherein said third
optical elene an i fourth .dcal_ el ement, gach co ise at, | east one
of a double c gh'c av gh? g’ﬁ’ g?al a y%){f"rg n%f?“g}‘o"rlllc g.’v‘gﬁer?lg e ﬁrﬁﬁ Ogﬂcc?gg%g\%t- ?ﬂda?%(?l ens.
12. The apdond @bticy slemegnndack lcainpiide, at Wt eieofwad@hble dodive0Rhs, Capiae)-emeel and
said second qgptical element conprise a pair of |enses each having a
posi ti ve '78f @ﬁPUE*ﬁﬁmb MS-and said third optical elenent and said fourth
optical elenment conprise a pair of |enses each having a negative refractive
power. 13. The optical systemof claim 12, wherein said first through fourth

optical elemdhts dbmeplicd sysepedtdlajml iy vherdin said dbind bpticabelement andssaid second
doubl e cOReoniEAerient bldnonfiPUPLALPBRANE SSBR coRBleAeREE B AONRLE

concave | ens. e optical "'system o al erein sa I'rs ?hrough
fourth optriscaid a ceheavepiapodens. arranged i n any order along the optical axis.
15. The optical systemof claim 14, wherein said first through fourth
optical elenents are arranged in the follow ng order along the optical

axis: said fingt offheGptice!sgsemtof clgimi ¢ WRGeindalPfifst Bpticl el¥RRht arkiPéadd t hi rd
optical elenent, and then said fourth optical elenent. 16. The opti cal
syst em ofseeond opticphelempatcomprisss Bair ol lenses each haring a ppsiRversiaetye PORER ARt s are

arranged ghig t}lf?@ S(;)Efi’éall SWI Qh @%11 Efl)lﬁ'ﬂgoﬁtngl glglﬁlleﬁ:taéo is8 ‘a % . gﬁ' fehies ¢a@pt i cal

el erent, said cond optica enent, sai ourth optic enent, and then
sai d fir deviope ncgative refiizetine posveBEP 2006 - 22

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.




17. The optical systemof claim1l1l, wherein said first to dearth and second
materials each conprise a fluoride nmaterial having a <100>-ar3Enil8 i on or a
<11 1> orientation. 18. The optical systemof claiml, wherein said first
angl e and said second angle are each equal to approximately 45 degrees or
approxi mately 60 degrees. 19. An exposgre systemfor mcrolithography,
conprising: an optical reduction systemthat includes an optical system
corrected for intrinsic birefringence as recited in claim11. 20. An optical
systemcorrected for intrinsic birefringence, conprising: a first pair of

bi refringence-conpensating optical elenents disposed along an optical axis
and rotated reyati Ve toptiedlesyafeat bECIaiA NulherbiRt dald Skt BLfoBEE iRGRESHd and a
second pair of birefringence-conpensating optical elenments disposed al ong
sai d optiatesialsarich egmaprisst atfheride | matenad hayingne al¥Fherientationupt aj wtlrPnsi c
birefringggﬁgﬁlyherein said first pair is made froma first material and
sai d secon péfr is mde froma second material that is different fromsaid
first material; wherein said first pair has a positive refractive power, and
said second pair has a negative refractive power;_ and wherein an intrinsic
bi ref ri ngencel8i gnThe optical syptesy ofpelpim jls whieein sgid fist angle and ispidi second
birefrin S| al i . r m f or
nicrolitﬁ%%?ggﬁ?gggﬁk%??élﬁ%ﬁﬁgﬁg%gf?%%ﬁ%%g3@@??§%Q§'§$é%¥%%§t i ncl udes an
optical systemcorrected for intrinsic birefringence as recited in claim
20. - 5 SEP 2006 -23 22. An optical systemcorrected for intrinsic

bi r ef ri ngence 19conmpi &pagire systam forpmisrilithographyy emprigigice- conpensat i ng

opti cal e i 0 t a4 derelative to one
anot hor £ R ebuBRAE 3 @in” B ARl b oA A foplePlol e e

bi r ef ri npratmgenrpe nsdted igclaphilcal el ements di sposed al ong sai d

20. An optical system corrected for intrinsic birefringence, comprising;

a first pair of birefringence-compensating optical elements disposed along an
optical axis and rotated relative to one another to null intrinsic birefringence; and

a second pair of birefringence-compensating optical elements disposed along said
optical axis and rotated relative to one another to null intrinsic birefringence,

wherein said first pair is made from a first material and said second pair is made
from a second material that is different from said first material;

wherein said first pair has a positive refractive power, and said second pair has a
negative refractive power; and

wherein an intrinsic birefringence sign of said first pair is the same as an intrinsic

birefringénce sign of said second pair.

21. An exposure system for microlithography, comprising:
an optical reduction system that includes an optical system corrected for intrinsic

birefringence as recited in claim 20.




optical axis and rotated relative to one another to null intrinsic

bi refringence, wherein said first pair is made froma first material and
said second pair is made froma second material that is difE rent fromsaid
first material; wherein said first pair and said second pa5 1 ﬁz&@g t he sane
type of refractive power; and wherein an intrinsic birefringence sign of
said first pair is different than an patrinsic birefringence sign of said
second pair. 23. An exposure systemfor mcrolithography, conprising: an
optical reduction systemthat includes an optical systemcorrected for
intrinsic birefringence as recited in claim?22. it 24. An optical system
corrected for2i.nt r Amsipdichli systtmi qugrented fordotmmsicdiirefringences comprisingh f ourt h

optical el ement.s dispesed..al ong an opti.cal axis, each,of t first through
fourth opti caf héslt B?féﬁfélf%&%ﬁljga‘fomé’gﬁ%ﬁ% QBFI?EF]FE‘@NS\%SPBB_ O espect i ve

intrinsic birghtidaNG8N&RI DA refife o bRSARMer YEn R MRhRNic BXdFingMRer fign any two
of said first through fourth optical elenents are made froma first

mat eri al and @hsegendippioof birekingedaesronipgasapiogmptical rtemdnts dispesed ialnpgtsaisl of sai d
first throu fourth optical elenent re made f.roma second material that
<" i 11 e PO mia A el e 87 ReRer T A D BB 8RRt r nct s ve. povier
wher ei n sai d hdrsin shidrfaOphid i0 Widd Rt A G nRk@HE i PEsai@¥R ohd Baif &fBadent ri nsi ¢
bi refringence sign; and wherein any two of said first through fourth opti cal

el ermrent s fioav@secend sratgriahthetisalifferaatdram said fieg peaterialo each ot her, and wherein
the remainin wo. of. said .first.through.fourth optical gl nts have
crystal axes gvz‘i#‘?ralﬁegalﬁ?rtg ?Paﬁreaé"géséfd ste(o‘orgigocaﬁ f53tvl';:| il}e Sa&ﬁc}y%i O%ﬁgﬁbﬁeé’ With
respect bfd (vheredd ASindinsiXsfef@hgdnbe sigh BEEaid ekt Phir $adifefnt SlanbhimHadc fourth
optical elenments which nulls intrinsic birefringence. -5 SEP 2006 -24 25.

An opt i chireEipgeron sty ¢fsedesgednskpaint ri nsi ¢ birefringence, conprising: first
through fourth optical elenents disposed along an optical axis, each of the
23.  Anexposure system for microlithography, comprising:
an optical reduction system that includes an optical system corrected for intrinsic

birefringence as recited in claim 22.

24.  Anoptical 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 are made from a first
material and have a positive refractive power, and the remaining two of said first through
fourth optical elements are made from a second material that is different from the first
material and 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.




first through fourth optical elenents having a respective refractive power,
a respective intrinsic birefringence sign, and a respective crystal axis,
wherein each of said first through fourth optical el enments +afif llie sane
type of refractive power; wherein any two of said first through fourth
optical elements have intrinsic birefringence signs different fromthe
intrinsic birefringence signs of the pgmaining two of said first though
fourth optical elements; and wherein any two of said first through fourth
optical elements are made froma first material and have crystal axes
aligned with respect to each other, and wherein the remaining two of said
first through25otmmbpticcabsjrsw1hcmirmh&hﬁosirﬂmma:fﬁdﬂ‘rihgm,acmmg material that
is different fromth [ hav st al es .ali

respect to eg‘E%nE’f %E“c&ﬁ f§H’§P‘é Roge @@Bé@? ‘{P(S‘Céh@“%rey‘?‘% 8 ﬂ?xes of
t he ot he r eﬁ@%f qulls
intrinsi (&:'1 r%:’ﬂ}?ré)]ﬁ %lll ﬁ%gﬁlcé#ﬁ&% ele%%%ﬁ?%é& dﬁé‘%ége&%bﬁ c%tﬁ 0 t ﬁ\q%p% exposi ng
a waf er wittihsiahir¢fmpgece sizpy asbmteapecvneeofystal pdstern on a mask conpri sing:
illum nating the .mas i th, an expo e li and proj ect and reducmg
the exposure VYRGHR %&h&%ﬂqﬁﬁﬂﬁ?&&?ﬁ{’WP F‘iﬁ‘h?lﬁ%‘F%'g hﬂg%ﬁ‘ ’g‘ﬁé} %he waf er
i ncl udi ng.RRAS p@wdhe |1 ght through the optical systemcorrected for
intrinsic birefringence as recited in claiml1l. 27. A nethod for correcting
for intrinsi cwhireiaf atiyngen el @odqﬁnss thrgughdifeyts |opgca;lv\de1pantsshawfe intrinsic

b'refr'n ence- conpensa tical .el.enments_ al on I th t he t
ai 15 be P REGETIE HIFRar ERD RRIGRPar OB NG S eGP { o,
refracti 5§S£@yﬁ§tg}0@@gf¢lﬁﬁféﬁﬁhpelgh§ﬁ§ rdnagence signs that tend to correct for

intrinsic birefringéence. 2006 - 28. A sem conductor fabrication
met hod for exyhytingng twafOésalvlnftrﬁ tbm»uglmﬁg@th apsisalesiements axegmade fZopatfirst n on a
mask Con%e{tesr{a?%nd have crystal axes aligned with respect to each other, and wherein the

remaining two of said first through fourth optical elements are made from a second
material that is different from the first material and 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:

illuminating 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 heing made from different materials and having angles of
rotation, refractive powers and intrinsic birefringence signs that tend to correct for

intrinsic birefringence.



illumnating the mask with an exposure light to obtain an inmage

representative of the pattern; and reducing the inmage representative of the

pattern with a set of optical elenents, wherein one pair of Joph'i

el enents in the set of optical elenents is nade froma first material and

another pair of optical elenents in thes set of optical elements is made from

a second material, said reducing including correcting for intrinsic

bi refringence along an optical path based on a conbinati on of design
refractiyve Qomer type,

criveria Tor Ul och of ERLLERkSLSTRRLS, L ICuhngs Feltachie,

representative of a pattern on a mask comprising:

illuminating the mask with an exposure light to obtain an image representative of
the pattern; and

reducing the image representative of the pattern with a set of optical elements,
wherein one pair of optical elements in the set of optical elements is made from a first
material and another pair of optical elements in the set of optical elements is made from a
second material, 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.



