VWYNN- DYSON | MAG NG SYSTEM W TH REDUCED THERMAL DI STORTI ON FI ELD [ 0001] The
present disclosure relates to Wnn-Dyson imagi ng systens, and in particul ar
to a Wnn-Dyson i nmaging systemw th reduced thermal distortion. [0002] The
entire disclosure of any publication or patent docunment nentioned herein is

nas boen TEOYRRYERE MlRRNG §YSTEM WPt RRRVE, THERNISI TSI Y0 T,

30 years. The basic Wnn-Dyson inmaging systemhas a reflective mirror and a
refractive doublet located in the vicinity of the mrror focus. [0004] One
limtation of this fundanent aI desi gnF fWen used for photolithography is
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Wnn- Dyson i nmagi ng system has thus been nodified for use in
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prisms serve to nove the object and inmage planes into non-conflicting

pl anes.intorpopited MY refedoyican | magi ng systens as nodified for use in

phot ol i t hography are disclosed in US Patents No. 6863403, 7116496, 6813098,
and 7148953. [0006] FIG 1 shows a prior art Wnn-Dyson inaging system 8.
The prior art Wnn-Dyson inmaging s%‘%“éﬁﬁ“&"’has a concave nmirror 10 di sposed
along an optical axis 14. The concave mirror 10 has an aperture stop AS
that sd00@3] tThaeynndysominmgngsasteaastere utddip themanhtacureof art

Wnn- Dyson |mag| ng system8. A lens_assenbly 13 is arranged al ong the
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rear en aces awa e concave mirror ens assenbly
13 i ncl & a_nenpi scus | ns 13A at tugefro end B a
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13. large reticle in the object plane would interfere with a large wafer residing in the image

plane as the reticle image is “step and repeated” across the wafer to fully expose the entire

wafer.

[0005] The basic Wynn-Dyson imaging system has thus been modified for use in
photolithography by using prisms attached to the doublet assembly. The prisms serve to
move the object and image planes into non-conflicting planes. Example Wynn-Dyson
imaging systems as modified for use in photolithography are disclosed in US Patents No.

6863403, 7116496, 6813098, and 7148953.

[0006] FIG. 1 shows a prior art Wynn-Dyson imaging system 8. The prior art Wynn-Dyson
imaging system 8 has a concave mirror 10 disposed along an optical axis 14. The concave
mirror 10 has an aperture stop AS that serves to define a numerical aperture (NA) for the
prior art Wynn-Dyson imaging system 8. A lens assembly 13 is arranged along the optical
axis 14 and is spaced apart from the concave mirror 10. The lens assembly 13 has a front
end 13F that faces the concave mirror 10, and a rear end 13R that faces away from the
concave mirror 10. The lens assembly 13 includes a meniscus lens 13A at the front end 13F
of the lens assembly 13, and a plano-convex lens 13B at the rear end 13R of the lens

assembly 13.



[ 0007] The prior art Wnn-Dyson i maging system 8 al so i ncludes two prisns
17 and 19 that define a prismassenbly. The prisns 17 and 19 are each
arranged on opposite sides of the optical axis 14, with one of their
surfaces in intimte contact with respective portions of the planar surface
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11 with |ttle absorption. eticles 16 that are A)transp rent,
appr oxi graheelPy THSB % s 11! F&lde@fa&jacéhf retig 816 while dienpridnnep eesiddsdfdesy Wefdr by t he
reticle 16. In a typical photolithography system the power |evel of the W
light 18.incident on the reticle 16 is about 2 watts/cn2, which inplies
that approximately 300 mv/ cn2 of the UV light 11 is absorbed by the reticle
16. In [000&] cAmgidal phsr,oh'anotgm;ihqlret:cmé phhadrearcmissivEd¥gibnaasdossjueaegibns.whi ch
case, approximately 540 mw/ cn2 of |ight is absorbed by the reticle 16. This
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shown that, in sone cases, the reticle 16 can heat to up to 50 C when
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first is that the reticle 16 itself distorts. The ar}Dunt of reticl
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reticle materials such as quar 'S ‘abo Ion per
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ppm For a 36 mmlong imge field at the vvafer 18, this distortion is
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transfggred to the adjacent prism17. It has been observed by the inventors
that thi's heat transfer can cause the prism 17 to bend, which | eads to an
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reticle 16 heats the reticle 16, which is in close proximity to the prism 17. Measurements by
the inventors have shown that, in some cases, the reticle 16 can heat to up to 50 °C when
irradiated by the UV light 11. This heating causes two main problems. The first is that the
reticle 16 itself distorts. The amount of reticle distortion depends upon the type of glass
used for the reticle 16. However, typical values for the coefficient of thermal expansion
(CTE) for common reticle materials such as quartz is about 1 part per million (ppm) per °C
Hence, a 30° temperature rise can distort the reticle 16 by approximately 30 ppm. For a 36
mm long image field at the wafer 18, this distortion is calculated as (36mm/2) - 30x10° = 0.5

microns. Depending upon the lithography and overlay requirements, this may be highly

problematic.

[0010] The second main problem is that the heat from the reticle 16 is transferred to the

adjacent prism 17. It has been observed by the inventors that this heat transfer can cause
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[0011] FIG 2 is a close-up schematic diagramof the reticle 16 and the

adj acent prism 17 according to the prior art Wnn-Dyson inmagi ng system 8 of
FIG 1. The prism 17 has a proxi mal surface 17a and a corner or tip 17c. As
the reticle 16 heats up, it heats the adjacent prism 17 by convective
heati ng,and. b adi ative. transfer - eticle 1 t in the
i nfrar gtcﬁ',e pé'.sa?ll,ftgr gﬂﬁdwﬁ'ﬁﬁ L%acg?gonasn ?{Y”t\;\rﬁ%téllcgar%ng?%‘?'&toﬁden %C(J)tﬁ\e/g\}c:gtf%r\s;lgqﬁgat or
convectihi@efi@almhde it distRiggsented in FIG 2 by dashed lines and denoted
20C, while the radiative heat or radiative heating is represented by arrows
and de . ver d | L T i p. of the
prism @bggaﬁg%'ﬁg%g?% %hgﬁn? gggggrgMa%fc}ﬂgg%cg%égén%%esa%ﬁh# '}r%rg'f’higase.s t he
I nage Ojccbmiﬁtthébﬂoﬂ-ﬁftWyﬁn@ysﬁﬁﬁrﬁégiﬂ%syﬁsﬂarﬁBloff'FIG. n. THiepribink €Zhaohn, Which is
to say that the reticle image suffers fromthermally induced distortion.

[ 00121 frokisTal befaterigaehdagemer betidilgc.ohs therre(ide 1ohgaiisfupcidheatsthén the "y"
directiop (i.e., creates a "Y-mag" change). . Under _so conditions (e.g.,
wher e terﬁﬂanee%Pr&"é11§van%b}«%?adﬁ‘s,angﬁﬁﬁ%ﬁw"%méedrogge P osEting'@ y 600
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required that the overlay accuracy of a photolithography system be

appr oxiredietive/ hemBar oddiatine hearivgdsdepresentad byermewsand Aenoted208n Theeveral error
inplies that the smallest feature_that. th hqot ol i t hogr a system can be
used ti’%?ﬂﬂ%ﬁé@f’ﬂ?%%ﬁ@t E{hﬁg'p BﬁfEhZf’ RHSEY %n&faqf’ H%gk?éﬁgéaﬁ{)'?%tfa%ﬁ@g?%sol ution
of the u%e}.@rm& Bawiﬁ@masémewb 68 reRUE M6 b theharehps @) dHifepEsaphy system
has a resolution of m cron, |§ cannot be used in manufacturing for

f eat ur afirestion,lveticH iban say thiatthensticlp G0dgl sufier Ofiroratth enmptllg induceddiseortihe. pr obl em
of thermal distortion of the prism17 include flow ng cool air between the
reticl _E[oéﬁzfanﬂisffm_eernﬂhgsma%ées {Haf b MIdALBF MaghifEatidnTRr e PPNgiedtionatalr e of
the prism 17 heating renders this approach unsatistactory. \Wen the

phot ol icrémgs aphynagy shange). Usder somg cooldigio fiofe.grovieere hizenredicfeclf inDhUt es, t he
prism 17 returns to its base tenperature. \Wgn the photolithography system

i s t herthEsBe.ANEdenth@bprrps APRreXINieh §0P SMHWERY ), Hie SteRdY-taHDEFRBEreNast t he
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However, a]et er on I'ng processed, ere enperature
typi Cal(iwaggpﬁlhﬁasms BiYe @R 1¥aB th QW rhicrodbleplagkidf. 10 wafers, it typically
i ncreases by 20C to 30C. Therefore, the reticle tenperature (and hence, the

rism-t r is.1ine | i ' |
Pras ufOSE; ety B BB AERERYR verkD o DAL 4GS phordlithoi 80N PRt Y
and t heppeaRateRt2s3senualipbyidei®bbing Panfeel | £ henid@nfoveribyasger inipligbeiag of

wafers 18 (e.g., 10 or nore). In other words, the tinme dependency of air
cool i nghé smaltest fdatwrertbatahe whotalithageamiyaystag qandieiused & manefastiwe auichogr aph
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An aspect o I sclo eis a V\%/nn- Dyson i magi ng systemthat operates

w th amdMufadliving fohfeatyran siybanhamagiictgnsyst em i ncl udes al ong an opti cal
axis: a mrror, an aperture stop, a lens assenbly and first and second

Pri s ociA§ "Briok Qftehipts @ ORAGRY Brotiérh 3¢ therMBEdiRRAIS Vb LS PR 7 ihagak ed at
the mrror that determ nes a nunerical aperture (NA) of the Wnn-Dyson

i magi ndlosyrst ol ail hetweansha seteihdl 6/atbiheposimt 14 dinfeftuaatelynthexdwer . The | ens
assenbly also has a front end and a back end. The |ens assenbly is arranged
adj acedepenseninatuse obihe reisackicheabias rendesy Wis nprodah nspldsfactery: \éh%ﬂ teci ng

the mryor..The first and seca [] i rabl y dj d ite
Si'des SRSt EERArYa RS B A BLRIE il BB Do RARBRT LA BGRB8 |
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surfaces. The first and second pl anar surfaces are arranged adjacent object

and i magginptoines upr @speabparature oTte pisMi Dinsoraseswigh ngreagigamnaies of has at

| east one technical character of a technical feature a) and technical

f eat ur Wasrs 1§peocessedni cal feature a) is that the first and second prisns
are respectively made of a glass material having a coefficient of thernmal
expansi on of no greater than about 1QQ _ppb/C. The technical feature b) is
that the Wnn-Dyson i maging systemfurther includes a first w ndow and a
second wi ndow. The first wi ndow is operably di sposed between the planar
surface of the first prismand the object plane. The first w ndow
substantially transmts the UV |ight and substantially blocks infrared (IR)
radi ation in a wavel ength range from2 mcrons to 20 mcrons. The second
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[0017] Anot her aspect of the disclosure is the Wnn-Dyson i magi ng system as
descri bed above, the Wnn-Dyson i magi ng system further includes an air
supply unit arranged to flow air between the image plane and the first

wi ndow. [0018] Another aspect of the disclosure is the Wnn-Dyson inmagi ng

system scribed ove., wherein, the fir a ] have a
t hi ckne@lg]fe Elgyv\%%rng%?roqgﬂ\éﬂ'ﬁe ‘Qgt%ﬁ’nbg'fjg(ﬁ%ﬁeg%ﬁoﬂ%err%ﬁggg%g\f%%gﬂ pﬁ@%ﬁ@cl osure
is the WnRBsdMSUnI} ARG WY whie LREY BPwWERSE it tPFidalRNRMBasek B9 20¥tWo-Jayson i nmagi ng
system further includes a reticle, a wafer and an illum nation system The
reti cl eThemsfore, theretick tdeparetue (bad kesdegdthe prisen tegipecatard)ss ame aegendent.
substantially at the object g,ltane. The wafer is arranged substantially at
the i magafopluaately, #ikEoplinanstalin enls ugyyerrpling the rafide 46 Hdjaly 'nsﬂfée‘gréﬁk si de
of the geti I L um Lon i i gun j } e
reticl efrev"\\ﬁ Vtv??efshaé’ drl}ls/erll fj% SI”H%Q%H? (glf%g%%g?ln%aézet?)c?@%gﬁrlagg?% erh%)énrypt\&%\ﬁg ieér] The

reticl eeigrB@riigsreRn rPoMENvoRSs, BRttire@l e sindeREy QY dodBhg isTodSlo@rreRtieé td han
0.25 mcrons. [0020] Another aspect of the disclosure is the Wnn-Dyson

i magi ngtheywatng profitkeyahée bhatolithogemphlieesi to ke aivtdobing anntfediviesplutionsns ar e
made of ULE(r) glass. [0021] Another_aspect of the_disclosure is the

wnn- WQ()FF‘#”H%%W@["&%E%C% dﬁ&”&?ﬁ*n‘éﬂ’f@&ﬁﬁ\?@% thieF BPW APREVENOLY wi ndow i s

nmount ed.,j Sl ' - fromthe first
Wi ndow.qn{t@@%ﬂeg ho 'kghe%@ g&‘td%gfqg b%g%{ﬁggﬁﬂgﬁg&?ﬁé Wnn- Dyson i magi ng
system as descri bed above, wherein the first w ndow has an outer edge. The
heat -si nk nmount is in thermal contasétmmasgyh the outer edge of the first

wi ndow. [0023] Anot her aspect of the disclosure is the Wnn-Dyson i nmagi ng

syst emgg1é{eSkh | i G B WHR-DysbA imukiR drif tHRGP eRtesSRRRAI T €.
[ 0024] [g\gof]her gi%gf:?hgg%?sﬁ}g@g{estl os@re \{Ssﬁgmgr\%t%?d% of tredggi na i mge

di st or tu\ohghtnTre Wy nm-Diy@oimagimagly stgmsiyslitiden aleeglart opticabgds: a mietor,cdne onto a
wafer using a W light. The nmethod includes disposing a first w ndow
bet weerfPEREre €0P.3 lenangemkvanddiandiseeond visss: $he mither 13SPSONGREdow i s

conf i gug g‘g%ﬁt &,hséﬁag)ségtﬁgé %gblis}/lo?altgg iét f-h%fn[r\@lro?(ijha(tld%)(%rmi t méljﬂcgl %,%’}’ﬁdé-@llf/ngt h

b_etweeric’u 0] 0"m'crons-an 0 substantial Ty transm
l'i ght. ([iReonmeechraby@dniimabing epstéth sTNSeRdaBeMBRAM pokifidoOvefRRtiMEBOWENE Waf er

and an adj acent wafer prism The second wi ndow substantially transmts the

WV | i ghithe |asaassanipdlsalhsoa ifroot enkband a back end. The lens assembly is arranged
adjacent the mirror and spaced apart therefrom with the front end facing the mirror. The
first and second prisms is operably disposed on opposite sides of the optical axis and
adjacent the back end of the lens assembly. The first and second prisms have respective first
and second planar surfaces. The first and second planar surfaces are arranged adjacent
object and image planes, respectively. The Wynn-Dyson imaging system also has at least
one technical character of a technical feature a) and technical feature b). The technical
feature a) is that the first and second prisms are respectively made of a glass material having
a coefficient of thermal expansion of no greater than about 100 ppb/°C. The technical
feature b) is that the Wynn-Dyson imaging system further includes a first window and a
second window. The first window is operably disposed between the planar surface of the
first prism and the object plane. The first window substantially transmits the UV light and
substantially blocks infrared (IR) radiation in a wavelength range from 2 microns to 20
microns. The second window is operably disposed between the planar surface of the second

prism and the image plane. The second window substantially transmits the UV light. The

first and second windows are configured to maintain imaging symmetry.
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irradiating the reticle with the UV light to forman imge of the reticle
on a wafer using the Wnn-Dyson inmagi ng system The UV |ight heats the
reticle to at least 50 C, thereby causing the reticle to emit convective
heat and radiative heat. The nmethod further includes blocking with the

(ISt B AnBharLaioee BRLIH Bl ISR Tar o ahEY B e oeiag ot T ve

heat so elma |cleon

di st or t jiYe % e SOPRADEBNWnEBinB O} st&t ifh@h & N BclfididsSn A SUBpW wichrE eé@&ﬂ@sﬂ
wi ndow. [ 0025] Aﬁﬂg}tahgéré) aspgc?@%f t he di scl osure |su?ﬁe met hoag@as descri bed

above, aihket@icentheimagriptdre awldhedifewipdavens are nmade froman ultra-1 ow
expansion (ULE(r ass material. [0026] Another aspect of the djsclosure

is the 088 dAa%QhGéé%Pter%fd égéﬁé’sur\ﬁkﬁ%ﬁh@l YRTEY$any |@@gl§ﬁ§ys§%@@ﬁge§ﬁrW38m are
each m ovgfw PN ?lrﬁ%%%@gco%dm/ F\?%M Qz?cgrh%@ ami@kr]césf ﬁ%b&%eﬁ@%ﬁrﬁq\d"ﬁ ”do‘é"s

are configured relative su stantla y cancel an ima
effect e to the birefringence. [0027] Anot her aspect of the disclosure is
t he met hod as descri bed above, the nethod further includes flowing air
bet ween00h®] r Anotbleeasprdt afithe ﬁisplssuwiwdt@wvw -Desonvimapiagsystem s lesdiibere

reticle and the w ndow 0028 Ano&lher t of tlhe dl%g ogure is the
met hod HROVELE. MY BREPBE8E28PR avsHRIP Agdherdn ‘h A TRHHGARYICEART PR the first

Wi ndow st
t nciow 10 BlER TR AL RARS HOUE e af b B Sad 3R ST WAL B bed
above, subetagtisllytdiend objett prritd Oiie haseradareariget sebigantiallpat the istagaphaevThe

thermal |y contacts the heat-sink mount with the outer dgie of the first
wi ndow.illupmegon systesn kﬁearrmpé@ﬂja@wttthe bagkssideafithe reticle Theilkigtinaion ediest ng

d h d
o opt 5 G iguisetie frindte Begrege ot DY BT i a At dedab bl TRldia g i,
havi ng v@afWThbgéﬁde ifige et BRdmonat &p@ﬁanF&MbﬁidﬁQhEhﬁ nBRtLt8) thas %ezﬁol y Wi th

the reticle and wafer prisns made froman ultra-|ow expansi on (U ))
gl ass maicegnisal . The nethod al so includes irradiating the reticle wlth t he

U/ light to forman image of the reticle on the wafer using the V%nn Dyson
i magi nd083Mt edviotirpasprRcy qum disdgsuse isfee VExNnePsopimaging évﬁ%m@@éesqf &f eby

causing,the reti.c vective h padiati ve heat. The inmge
of theq'\b&’? CVYPber%' tﬁ‘fﬁ eq{/?/aefand Has" BHEX arﬁurﬁa& rrogggjd%%tsgrtl on of no greater

t han 0.(po2d]Cr AMsther dsBOSHf tANGEHBUraSRAE IvHn-DRBn S Sh P SYktémias db&eIbERL hod as
descri bed above, the nethod further includes disposing a first w ndow

bet weerabbhe whetreioltie first wint cadis avemited iatd lodat-sipkirgoant Thefigured to wirmdew i s
configured to substantially block infrared (IR) |ight having a wavel ength
bet weeregt HPBBASrANANIW i crons and to substantially transmit the WV

O - 4902 AR Al YR DEELOEL HARR U rRORRSBRE SART U BIQHLBA ! Ve

t he waf an a rrsm antrally

trans mauosvé,vaHelrththe mewmdwmasadns&;téwdgiéerhd Redt 4R OhrGkinnBeidlh t he
first window a substantial portion of the convective heat and the radiative

heat t lrattambwlithl the detenedee ofghefirstménday.i cl e prism
[0023] Another aspect of the disclosure is the Wynn-Dyson imaging system as described

above, wherein the first window is made of sapphire.

[0024] Another aspect of the disclosure is a method of reducing image distortion in a
Wynn-Dyson imaging system used to image a reticle onto a wafer using a UV light. The
method includes disposing a first window between the reticle and an adjacent reticle prism.
The first window is configured to substantially block infrared (IR) light having a wavelength
between 2 microns and 20 microns and to substantially transmit the UV light. The method
also includes disposing a second window between the wafer and an adjacent wafer prism.

The second window substantially transmits the UV light. The method also includes
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[ 0032] Anot her aspect of the disclosure is the nethod as descri bed above,
wherein the imge of the reticle on the wafer has a maxi num i mage
distortion of no greater than 0.25 mcrons. [0033] Another aspect of the
di sclosure is the nethod as descri bed above, wherein the first and second

i nd . J . ' . 4 Of i . i
the. mot hadeyBRgRe R RRARLety bl 28 torhlfH Ria BTRREfenPle b ater BURRNE .

have bi wghhiDyee@eaghittyateth. CthRakekkhi BealsitNE rdiRlcanat Aot SEIC, therelpguce an
i magi ng effect due to the birefringence. [0035] Additional features and

advant agpeisingithé reislegetenfibearivectivetheat Ded widiadive Deste rlihgtniethod furthefrandledes and
in part, Wwll be readily apparent to those skilled in the art fromthe
descri p'?'PEJﬂ”%W'tPé%gfﬁF égufggwa EaE'PEiPR&'Q%%’%ﬁﬁBW%Y& Reagang e radiatyei n t he
witten |t | 08, .t : ,ngsS.
MR T R T T i i e DA

f ol | owi wah Ret @ihcthe PRAGHIhPOWAR BiesdtBR@Winddvenpl ary and are intended to
provi de an overview or framework for understandi ng the nature and character

of t he [©P3%]Irs An@REEFPRESTRNPTsCNSOF iSTHE nDithoY RESe{cbabpboMeewhesdniienyi ng
drawi ngs_ .are i,ncl.uded to provide a further underst Lng and ar.

neor paFHEEanE VAL BiTarE PRE TRThat HgropiA 8o b U SRSt TIE: dr awi ngs
| |1 ust rghee10Ngn Othe RS AL HIBBL($) ﬁ@%étgséfab@éscmwasm BREAN 6
Description serve to explain prlnC|ﬁies and operation of the various
enbodi nfiret snhd sRsorsdiwimdoivd @rdléstl rosde &f sapphirdienaie ivafanganckyThelfivstesrat ood

fromthe follow ng Detail ed Description, taken in conjunction with the
acconpaegeHhvindgws ase canfiswrgdanlative by ammtieer te substantédyeangal en émagitem of an
exanpl%ﬁgklgﬁeggém¥%%ﬂﬂ&%ggg I magi ng system for use in photolithography;
[0027] Another aspect of the disclosure is the method as described above, the method
further includes flowing air between the reticle and the first window to remove heat from
both the reticle and the window.
[0028] Another aspect of the disclosure is the method as described above, the method
further includes mounting the first window in a heat-sink mount configured to remove heat
from the first window.
[0029] Another aspect of the disclosure is the method as described above, wherein the
first window has an outer edge. The first window thermally contacts the heat-sink mount
with the outer edge of the first window.
[0030] Another aspect of the disclosure is a method of reducing image distortion in a
Wynn-Dyson imaging system having a primary mirror and an optical assembly and used to
image a reticle onto a wafer using light having a UV light. The method includes providing
the optical assembly with the reticle and wafer prisms made from an ultra-low expansion
(ULE®) glass material. The method also includes irradiating the reticle with the UV light to
form an image of the reticle on the wafer using the Wynn-Dyson imaging system. The UV
light heats the reticle to at least 50°C, thereby causing the reticle to emit convective heat

and radiative heat. The image of the reticle on the wafer has a maximum image distortion

of no greater than 0.5 microns.



[0038] FIG 2 is a close-up view of the reticle and adjacent prismof the
prior art Wnn-Dyson inmagi ng systemof FIG 1, show ng how heat froma
heated reticle can heat the adjacent prism causing the corner of the prism
to bend, thereby |leading to optical distortion at the imge plane; [0039]

FIG 3§ | - ' i.cal ' f '
(35, A BRI 8L DS £ ASMETRL WA AET S Bl 0RO

nodi fi e assenb i'ncl udes

first andiheerendeyHisges: 4 RSPRATdowadatwabh Bngedciadhaaantjadctf refitle grismand
wafer prisnms of a prismassenbly, wherein the first windowis an

| R- bl ocKiefistvindow;is ¢@Gig0tedrbGubstantially béarkénfeared (18) kght daviog aavavelgngihed

Wnn-Dyson i magi ng system that includes the optical assenbly of FIG 3;
[0041] 'fmtaeegz\n?'gmas51‘%3001'@%@ 19 eRstRpTRIM trRnsMCiRe Y l\'(/TﬁR‘ﬁ-dTé\ﬁ/’%tﬂﬁt’ed in a

heat - si . ) . . ' . ' Wi 0
remove M TRARE nhude DBl PR BinddiPuceiceh e Hafy GG s et MERMeL”,
Cr 0SS- Siiin. gRakeddn@Wisdow Beébstartslly (laRsltooVilige. THe Mdeodal1ch fieeer Si Nk nount
of FIG 5A as taken along the |ine 5B-5B. DETAI LED DESCRI PTI ON [ 0043]

Ref er enoelufies ioskingwish the first windowe substastial rartieniphtdrtconydctivebeatiasditbe ur e,
exanpl es  of. ich are illustrated in, the acconpanying draw ngs. \Wenever
POSSi blr@fj'af'ﬁéﬂga&ﬁgatp"f’oqlw ef\@(fSSrrg?f@ethﬁﬂ%Zer%”%Ed synbol s are used

t hr oughgysat hen Ghavipes: di%né 8fs8bs 12 i g B 8f dbdcliBe MR, whBRidHRAW Ngs
are not necessarily to scale, and one skilled in the art wll recognize

wher e tihagdbaibenrgtclbauehdaafer dbsphiakinedintimagd disiottiai f id@ekey tlasp®es s of
the disclosure. [0044] The clains as set forth below are incorporated into

and corBicrangte a part of this Detailed Description.

[0033] Another aspect of the disclosure is the method as described above, wherein the
first and second windows are made of sapphire.

[0034] Another aspect of the disclosure is the method as described above, wherein the
first and second windows each have birefringence and are clocked relative to one another

to reduce an imaging effect due to the birefringence.

[0035] Additional features and advantages will be set forth in the Detailed Description
that follows and in part will be readily apparent to those skilled in the art from the
description or recognized by practicing the embodiments as described in the written
description and claims thereof, as well as the appended drawings. It is to be understood
that both the foregoing general description and the following Detailed Description are
merely exemplary and are intended to provide an overview or framework for understanding

the nature and character of the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0036] The accompanying drawings are included to provide a further understanding and
are incorporated in and constitute a part of this specification. The drawings illustrate one or
more embodiment(s) and together with the Detailed Description serve to explain principles

and operation of the various embodiments. As such, the disclosure will become more fully



[ 0045] Cartesian coordi nates are shown in sone of the Figures for the sake
of reference and are not intended to be limting as to direction or
orientation. [0046] FIG 3 is a close-up view an exanpl e optical assenbly
50 for use with a Wnn-Dyson i magi ng system 8 such as showmn in FIG 1 to

forma nodifie n- on |1 LNg~System e. rodi 1.1 wWnn- Dyson

i magi ngu% gitgﬁéjg\é\%\qgeg?v]@%ng ﬁg%l'lagDﬁé./C”R%Pré’ttﬁc‘?ne')ﬁ%gR hggt'@n [thgl'?esurface 165
and a backmpuhfiRelgdRB indMitha wafer 18 has a surface 18S. The opti cal
assenbly 50 includes a prismassenbly 100 that consists of prisns 110R and
110W with the prism 110R being closest to the reticle 16 and the prism
110W bef0ng7ic| BiSed is & whemetinwiagram 8f anfér@nmmié priorlarORying-Dyisos imadieg syettm o her e
as "retjcle prisn 110R, while the prism110Wis referred to herein as

"waf er f9F H& PPOERRthGE5®W The reticle prism 110R includes three corners
112R, 114R and 116R, and three surfaces 122R, 124R and 126R, with the
surfac R {@aci rethel i i ; | %@Wincl udes
t hree ?8?6%82]rsh 15\%]6 %%vv@tﬁ%‘%fié’@ﬁregkﬁ%ﬁﬁﬂraggcgﬁ{@gﬁﬂﬁ‘ﬁ \F/'\?ﬁg?ztm and 126W
Wi t h t heysshlirhagieg 3288 bABIGNY, shbwinkafoav hddl.frohine hested cbiici@bgh hedtekie pri snms

110R and 110Ware arranged so that their corners (vertices) 116R and 116W
are ei taacenhpridnosaupndiiertorner®f the rrisntebendagherelmhieading faertical 24R and 124w
of the reticle and wafer prism 110R and 110Wcan be in close proximty to

or in c‘%ﬁf’gtot” Wit %'"&agﬁlpé?{%r surface 13BP of a piano-convex |ens 13B, which
is shown in dashed line outline in FIG 3. [0048] FIG 3 also shows an

1T um ngpadin AEsE M c,l&@—@gi”iéﬁ%‘ﬂ%nbBﬁcﬂ%ﬁénﬁ&inﬁ@Sleﬁ@dePﬁwirfg&é Mol ied6 and

that serves to illumnate the reticle with light 11, which also acts to
heat t Hh¥ymeDysdndmbgingsydemcwhbeih tiempticalB8et8hly Mdhutpaifirst@adsedond a

Wwnn- Dyson i magi ng. systemis that the reticle a%nd waf er_ prisns 11gE and
110W bevipgens izpedively affagred adiasersthe eticleand aTel BN ¢f 3 Pris 35EMeHt | y
transp . ' i ) m s operating wavel ength (e.g.,
365 nm%ﬁ#%'gqb%é&?ﬁrgbooﬁ'ﬁgghh@%k&gtﬁ%e‘fgﬁ%@ depends upon the desired NA of
the Wnn-Dyson i magi ng system However, for many Wnn-Dyson i nagi ng system
conf i gyoe40]oNEG. AR a saRexatd dib@heeitd BBdidied av\yain-bysan ibging syktemitisatneeded.
Thus, in an exanpl e enbodi nent of the optical assenbly 50, the reticle and
waf er prdledas tha oRticahassendly efrféG.fade of a gl ass that has: a) a very |ow
coefficient of thermal expansion (CTE) (i.e., an "ultra-Iow thernal

ange. 10GMISCE ke Farten B g st aS SR h il el I oBERL " ©

ref r acthyhiaP X0 REr e thofist umv&clkﬁ@?&mfdouﬁ@dremv@hesmm_mgﬁ._%phu- (e.g.,
365 nn). [0050] An exanple of a ULTE glass is one nade of titanium

si | I cathégckgEWwiralow; hed Ul t r a- Low Expansion (ULE)(r) 7292 titaniumsilicate
gl ass, available from Corning, Inc., Corning, New York. The ULE(r) gl ass
fromCorning is sufficiently optical

_ ly trapsparent at the relevant W
wavel e84 vilF1 3B apsEPsasestige Yie‘é{;%F'Ef‘p{"isé{?%‘%?%g@%) Wf”dloéfar"é@ﬁab‘ﬁ'“i‘or use as
the retj f i 1d,110Wfor a Wnn-Dyson i magi ng system
The ULE0?‘{”%é’?g@sgﬁég{aé‘eé‘?ﬁ’mgftﬂ%ﬁ&@ S ppb/ C from 5C to 35C,
| R- bl ocki ng wi ndow

DETAILED DESCRIPTION

[0043] Reference is now made in detail to various embodiments of the disclosure,
examples of which are illustrated in the accompanying drawings. Whenever possible, the
same or like reference numbers and symbols are used throughout the drawings to refer to
the same or like parts. The drawings are not necessarily to scale, and one skilled in the art
will recognize where the drawings have been simplified to illustrate the key aspects of the

disclosure.



[ 0051] In an exanpl e enbodi nent, the optical assenbly 50 also includes a
first wi ndow 150R di sposed between the reticle 16 and reticle prism 110R
The optical assenbly 50 al so includes a second wi ndow 150Wi s di sposed

bet ween the wafer 18 and wafer prism 110Wso that the imging symetry is

o to-t B84 s B RIAY 3% DOGyRRed Pho PR Rorsh Ok AR RLRE L, P 1l

the secgagiivg PeRWESPWis configured to conpensate for any inaging
aberrations (e.g., spherical aberration) caused by the introduction of the

first window 150R The first and second wi ndows 150R and 150W need to have
good opf0ods) Cadesan swirdinatas atdshaamnsh soge o theskigures fasiibe sikietdioefeegrieg. The
first and second w ndo 50R and 150W have respective thicknesses TR and
TW On tdApGRt h&%ﬁ&#dmﬁa&jﬁmﬂaﬂwtﬁtdéfeﬁt'%%r?%ﬁ Y- symetry is to make the
first and second wi ndows 150R and 150Wout of the sane material and of the
same thoﬁkgfsﬁle g%%ahsélﬁbﬁaw%a&mn Ie |c!aﬁ%§émhll9% frb¥ $de MWQW%%SOR bl ocks
| R wave hs between m crons an m crons an sois referred to

her ei nabysen irasgihfs\Btan RISOGI 39 IhDOM .EL5QR1 tAlfsion b Maalificeapph-Bysdriienagigond

w ndow 150Wis substantially the sane as | R-bl ocking wi ndow 150R, which is

t he easiveism. viyexampamedified ngpmnsyﬁﬁ@srsysterﬂ&%sx wit iR 1@ e dheetislendow

150w t. b | ocki dif f t
e R ot e R AR oo PR AR RSBl A e o
may Neeghiicq AaUAbIF 58 rtcf:@cre%tprrsﬁi Js@@rhbw%b'm'@%oﬁﬂﬁsbhléﬁsrﬁs didr sieniow,

t hi ckness TWthan the thickness TR of | R-bl ocki ng wi ndow 150R to preserve

i magi ngwisly thegirisyn 1{0REBhg dloseantoenhanrpdu&e 16 hed tHe foisock10W beingdmsedt30 ths nade
of sapphl re. Sapphire transmts light fromthe UV wavel ength range where
nost pheafer 18. Hbgrpapwlgwﬂsﬁﬁr@fﬁ@?gffeh%r@ag ‘retiglerrisy 1R WhilmBePTE ™ cr ons,
and su AL bsar bs radl tlo 5 mcrons. The heated reticle 16
genera?lgltso r 3 &?'}ae{%é\cllgoﬁgaetm oR'du ﬁﬂb\(’g body radi ati on that peaks at
about 10 m crons. Hence, nuch of the bl ack body radiation (i.e., radiative
heat 2QBdaf)r orRd RecleeatMUL 108t G dsthredicbindie1 Birs an brEnd Y18/ @nti Bhiekocki ng
w ndow 150R and will not substantially heat the adjacent reticle prism
110R.  sudfe&es|123ApHiRrandi 1268] wigh Mighirface A32Rdcing the retists 16/ dlikemdsséhe i n an

R o ATRP T G Tnsees shregdorthss nia, PR ABe {a6W, g riaeudican 1oq Wy ' "
PR Bl odeafPartb e Yy B ERHAE LV e FarBP B, BRI Eth PalehBrisme

oper ablmoaupaquowolaratarmhgedowmétﬁféqetoa:ﬁﬁa(vlaync@srmh ﬁlldrlJQG\N)amtelthGQR I n an

exanpl e, the heat-sink nount 160R is made of a thermally conductive
mat er | &I0se pEPKiMEY QOISR CoRtARY. Hih@sq:rfay:eeéMR and124M of theretieleiand wahier nrém ative

heat 20 are sho eatjng the .| R bl ockin ndow,

ormi 1~ A0PRARA 1P RR SR B Bttt ot Rl aE RIS R AP RR G T 50R

The COE)Y%%tdo\hgeﬁl@qs § 31l SHERA .r?@a@hé@ﬁn@QE%nﬁQiWh@% to formheat in the

| R-bl ocki ng’ w ndow 150R, and nost of this heat 1s convectively renoved (as

convective heat 210 through t he heat-sink nmount 160R [ 0055] Because

sapphi [@0483 63 slbeshald an itomdhatibh vestemdB0gdEsent the batk vurfang 168 of he

| Rbl ockit\f}gevw ndow 150R wi || be nore effective in further renoving the

convectgtide heard Q@tswaﬁtogﬂwamaa? theviptiele wideV lighidilnyhich slsersts tek¢at ner mal

tlrrec f faster; that is, a IRRwindowwith relatively
her?t%eeglraral 60550'3%8 a[%()b%such as sapphire relative to fused silica)

Wi II cool nuch rmre qw ckly This inproves the tenporal response of an air

cool ed [goa%] eM requfrem3nt for A Yrt-Bgsdnhmaling Wy 9émad thal Tt leeitleemn wdter
| R-bl ocki ng wi ndow 150R and the reticle 16. The flow of air 170 is shown as

or i gi natismg 110Rancihl W begnasis qut b 2 hightindéX efwetshctiginrglas dhatiinortigaly nat i on

with the heat-sin unt. 160R (see F] GS. ffectivel rermve an
B R S R N AR N R RS

required index of refraction depends upon the desired NA of the Wynn-Dyson imaging

system. However, for many Wynn-Dyson imaging system configurations, an index of

refraction greater than about 1.4 is needed. Thus, in an example embodiment of the optical
-9.-



wi ndow 150R  The | R-bl ocki ng wi ndow 150R wil| al so remain cool er than the
reticle 16. As a result, the IR bl ocking wi ndow 150R wi |l not substantially
heat the reticle prism 110R Thus, the |IR-blocking wi ndow 150R
substantially elimnates the heating of reticle prism110R fromthe

i 0C d di ati h 20R i di i b
Che. hoatSampaL0.fite 12808 Abd Mafira Bl A20R A2 SRV BHPH= 7 2 Bes St P ST "
heat i ngye|, W@Jefﬁ@@rﬁ@f"tﬁerh{%}j BxdntBhENYaN, JRluRF-Rw thepRSRIPSAibY o t 1S

advant ageous that when the first w ndow 150R i s made of sapphire, the
second WLTEdGg. LSOkl ter ahsolNTad¢E Cih tisayppiparatusnchngafroths ‘Ckn&SsC, TY, noTR.
Moreover, first and second w ndows 150R and 150W are best disposed in the
opt i cal MaEs®ANI1P0 BEb(’E; and b)spisable refractiye index gt yhraviolet Yrruelgneihaarsd o t hat
the "e" ﬁaqdl.t" Q" a?ée‘s1 of éhnerﬁg wi ndows 150R and 150Ware at nom nally 900
rel ativ%ot8'38%rﬁ'p ¥ e&"%a?s asured relative to the optical path of |ight
travel ing through the nodified Wnn-Dyson imagi ng system 80). This

ar r angequesb] Wah lexsHpelorBULRE kls$k of e FRde ot kivant@n elitatelduch ap eeelkiadl dvy
adverse imaging effect caused by the birefringence. [0057] In an exanpl e,
The t hi bipreserJIER 2202 ttoviamesilicate pless; availeble.faBn Cornngrinc.,IGerning Nsvanpl e
where the | R bl ocki ng wi ndow 150R ﬁs ma]de of Isalglphi re soQ hhat t he

| R- bl oc¥arkg The MiBwelasdiem Sogtiag sicHificient!y OBl tenspfent 3%t FIR@ YWWR and Tw
of the Aol j ',n%q.ms : j Sk cl ose
to eac hw%wéer{gt}%oﬁlﬁ l?adtw)t P#e "Fes ul ptjp?‘gg'ag? ?‘é% r§ ig}ril\éégﬁgfeimﬁ fbrrgrrpsne g%ﬂ(elt ﬁ@gtﬁbgs

di f f er engfe) plismOeWR Gidol1ew fore \@pii-DidorEiragingdgstemf THel LEfcdlasmaslh ICTEBENCE
between the "e" and "o" axes for sapphire at 365 nmis roughly 0.008. To
mai nt aiabogh+{-PAPebhEfedm & tagRiCity better than V8, the thickness

di fference AT between the two | R Dbl ocki ng wi ndows 150R and 150W needs to be
| ess tt]gnoéS.G mcrons. This limtation can be increased to 11 m crons for
condi ti'Or °RI6H5‘%'"€’R&’ wavefront accuracy requirenent is only k/4. The

| at eral di nmensions of the |IR-blocking wi ndows 150R and 150W are
sufficijeasd]y hamdSa®piddabodiRRytahé Bptidal Si3bmbly FTAAS hERERS HfrseMinddv Obj ect
and i mage plane OP and IP. [0058] In an exanple, the |IR-blocking w ndow
150R i sL50R dispesddibetvetn the tetinleplcaanarretitie etisthavdPRGThemmoisaliassarobly @6@t0152R
and 154R, an outer edge 155R and a thjckness TR _Likew se, the IR D] ocking
wi ndow "eegsiaserand window: Ta0YY 'Sad'%Pr‘?iS?fp b?%&f‘ tEwaf”Hg\?PHdvaéﬂp%m Euﬁ& rfaces
152W a . : A i =R S - bl ocki ng
Wi ndowr}'%%%%lwé '@g%@%g anﬁgfri?%frﬁgra Hﬁéyr@ta |{ Gltggﬁ}gﬁg?ﬁé\ém esﬁg}]%gsﬂh?"?ﬁd from
the surthaepjed2@BOOP t6 eid itlage PldnenP kRRekYly syriimstrdiaCebdliRdn obtiks\akisad, t he

| R- bl ocki ng wi ndow 150Wis spaced apart fromthe wafer 18 by a di stance dW
and fr dhe sémondwvihdaeve 130\ ofnfigufesttoppompengate ortanyamegisg ahersatineg (eBn an

exanpl e, the distance dR1 and dW. gre. e nd can b val ue hetween 1
SO TR G P SR s RIS N G R o S Ay

val ue : i : 83 I tical
hesonprot i PindoRE S56R 1B 1aflnRi to bveoB kA e KA R Pl BB | o
conventusedil pHoeblithbgrapmg ThWafiest apd isecond winodhe L 5ERanpl Vo hatdespadtive al

assenbl %/ 50 includes the ULTE prisns 110R and 110W but not the | Rbl ocking
wi ndowshitkmsesrid arsiONY. Pn straighHerwardampl te rasintedn therimasingsyppiatyds tassenbl y

i ncl bath th Pri d - b [ 1,.nd
and 15070 o00P TreeoCdauRiP il e ashuL AR o6 Cub pB PRl Bl bhEC o T

reduci RGmRLhiRkRENt i Nng contami nation of the optical assenbly 50. In

phot ol i t hography, the wafer 18 at the inmage plane IP is coated with a photo
sensitive material called photoresist (not shown). The photoresist, when
exposedoas2] U madikamplenat ledidt dlme titst garstesy 150keblocks g sseeengipobetyeaencondense
on the nearest oati cal element to the wafer 18, which in _a conventional

W nn- DYRERRNs ARG RR Rrigpas ahd 8 isrefeimgd tohereinabier anlRrglogidpgwindew 330R. Also
Unfortu | r | I | y onent .
any conl Bt s s AR SRy S PSSR ERR g FRAEEAMEHEEER

peri odiigag |Which BAREHasMdst va§ @b WRINtSIn iMABAYESYmniERRY Holwd/BE th®8dcaRtinant s are
not soluble in solvents after the contam nants have been exposed to
subsequémiovi¥s0\Wdieat inohbe @v H-blockivg wintvecantienseyl be oradamf paliffaeform a t hi n,
non- uni form but absorbing | ayer on the surface of wafer prism 19 closest to
the wafer 18. This contam nation can_gggrade inagi ng performance.



[0061] In the nodified Wnn-Dyson i maging system 80 of FIG 4, the second
w ndow 150W di sposed between the wafer 18 and the surface 122W of wafer
prism 110Wcan be designed as a nore readily repl aceabl e el enent than the
waf er prism 110W Thus, when contam nants collect on the second w ndow

and el L&‘zﬁa%%ﬁﬁ%%ﬁé—‘b&egﬁs&«?&vﬁi‘%ﬁﬁﬁ RSN STRbI R SRR O
Wi ndomtoh%QBa@@er%ﬁPMaewmdéwmﬂh@@laWffu?e@tﬁmanésaﬁw NSNS HRMNRGs TRY

require the reticle and wafer prisms 110R and 110Wto be nade thinner than
pri or aoftiRflocking wiseéaw ilBORYpreEsryoimagmgsymmslygt ens t 0 accommodat e t he
| Rbl ocki ng wi ndows150R and 150W However, the inpact on optical performance

of the nn- Dyson i magi n sstemdueto use of thinne ri.s 110R and 110W
can be L\%aé}l N #eM %(ﬁg%. ef%\%&wr@ewn%i&’ésa‘@ésaﬁa@r’@"@o?ap ire

phot ol i i ﬂﬂﬁﬁ'

optim zllé%‘%% gﬁghﬁﬁﬁﬁﬁhgw$%2¢¥q %@%%fggngﬁge evélﬁh%hﬁ\?ﬁ Pﬁgﬁé bl ocki ng
Wi ndow didirte (b1ae 368hhi)lup thbswA SlehfdbhERyin & tubstantialnaissostsh radiasionabevd &nt ,
though substantially less than prior art systems that have no | R-bl ock| ng

wi ndow. mldeansy Ere hénpeditedisleits gapesates Mdiative hehte2qRrdusrio blgR bodisadiationdihal  heat

ot om PR FAaYbLD HHE PRI YEUET BRA Smnedok bBaY PR G ANE Rl 1y
i nducedz%woﬁ@ihed{e%;ewehae mvrm B@ 35%}5&@9{ i |}<>b|5&ﬁ+g%qdarv 1bk Shaakied.

[ 0064] anount of thermall uced optical distortion in prior art

W nn- DyrsaRubdtraghialg h&ysmqemajaasmdetuderphsﬁnolllIORhography can easily exceed 1

m cron. The nodified Wnn-Dyson i nagi ng system 80 as di scl osed herein and

t hat enpl oys the various enbodi nents of optical assenbly 50 as descri bed
above HAH@5 les%'ﬂptpll‘iﬁﬁM’S%h's'ﬂlw'??rm?”vﬁ%ﬁfi%‘F'V%rH%ﬂCte' AR el e TR MGt syst ens

use?ol; ﬂ’l%sgr@t)%é)l I F‘hg@ E))llews "SRG %3&%%'5% thengé)n%?ﬂ MQ&W%@E)R n b grage

dis I magi-ng syst ed herern s

gr eat erthtemm QoRndbted &S hea%'?.i:hkla'ﬂ |@BQ§JF%Hg@§(@HR|tS cbBvetaively e&heve tthféa@aﬂ 25
m crons. (X In an exanple, the anmount of inmage distortion is reduced

by at Iaé)asrﬂoed bfyakte thbIotanQ(wasiommﬁ)ar étﬁﬂt SAandGBwsbntvitbaiR-biagking Byrdaw | nagi ng
system 8 used for phot ol |thograph atyot her an exanple, the anount of

i mage diPOROPETABNY SUPPPEAd RIS Weéﬁ Fhrat ik Rounk 18R cOASFES ¢ he
conventjopal, sYWWHoEWf%@)R'n%QH{ng$¥I§etrﬁml§8é1§cﬁj%l¥gﬁwam?%91 ta@%gﬁ;géj v :east .

anot her an exa I mage | STO lIon 1S re !.ICG
factor saa‘mlé@gt@@ QeNPiRE shveetiviem daaadand h&naoc\WianoRysOshowTRigiatigg Syst em 8

used for photol ithogr aphy. [0066] In an exanpl e enbodi ment of the nodified
W nn- Dy&(mekhﬂagWin@p\sy@@%nﬁ)ﬁw adghadlIpostéeh dichisiheat miakes ihthraugh thedB-bieckinge
reticle pri sm 110R i s reduced over, hal.f R-bl o Wi, ndow
oor iBiow 1508 B cort RaNE RNATSURINR A ABO A 2RO Bk S e Hear i B ¢ e
bl ack tl’lﬁ)g}/ocr(ﬁg'vﬂﬁ&&o 1&(5[9, %H %SPSP'Eh?%Ja?H c%lngeclcﬁlely removed (as convective heat

21C) through the heat-sink mount 160R.

[0055] Because sapphire is more thermally conductive than glass, air flowing on the IR-
blocking window 150R will be more effective in further removing the convective heat 20C
than prior art Wynn Dyson imaging systems. The thermal time constant for sapphire is
faster; that is, a IR-window with relatively higher thermal conductivity (such as sapphire
relative to fused silica) will cool much more quickly. This improves the temporal response of
an air cooled system. FIG. 3 illustrates the flow of air 170 between the [R-blocking window
150R and the reticle 16. The flow of air 170 is shown as originating from an air supply 172.
The flow of air 170, in combination with the heat-sink mount 160R (see FIGS. 5A, 5B) can

effectively remove any heat 20 transferred from the heated reticle 16 to the IR-blocking
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[0067] I n addition, the exanpl e sapphire IR bl ocking w ndow 150R has a ten
times greater CTE than conventional glasses and so is cooled nmuch nore
effectively. A sapphire IR blocking window 150R thus substantially
elimnates the heating of reticle prism 110R due to the convective heat 20C

and radj atjve at, 2 framthe he d reticle 16. Furthernore e, CTE of
fhe UL TN 1At TG MReER R e RBRvD Rl e eoola b TEReEnd6 Ascer
than t hﬁes@l{ﬁh@iR—BB@kigé AP SR Bl Shot Mstﬂt%ll%ﬁéﬁ'thé’ré{&%&% 110k TRk cl e
and wafer prisns 17 and 19 in conventional Wnn-Dyson | magi ng system 8.

[ 0068] tBenB-dtnckingivyinddvia@SerRubntanoiblly eltmieatds shohédtiog oftetidephiismgtopframe | P
I s reduced substantially to the ina inggl imtations inposed b

manuf acthgrePAYecEive Beat 206rangepdiptive heat BER i providing p hewies Sereanise bgptedces
126R angd,.12 of, reticle er prism110R . and.110W which serve as
total -i rrﬁ['gleﬁﬁllanpéﬂ'%%f’f'%'ﬁa?% réag%tarcﬁégeesf.typﬁ’?é’fﬁﬁ%n&e fl atness variation

for these surfaces is typically less than 250 nm [0069] It will be

appar enfoosej t irskd 4 biegFrihBerith@atarisl. (CBAtequanrtiRitSis BBMIntd Lt B2 wient he
preferred enbodi nents of the disclosure as descri bed herein can be nade

wi t houtthd dipstwineaw fLB@Rvistrhal esefisepphits;, thscssoendivindow HHOYE Iscdsrmadsotief i ned in
t he appended c Fins Thus, the_discl osure covers the nndificatigns and

vari at i GRBNIR R dhickRsss d¥he Thi Mareevard Tscaigeoenena windapsdriRane 1aPWs and
that - opey e E et e oputl Bl ke clocksl PR A RBR L FY) o
axi s: ahst thede” Bay I'dttaxas 6PIMCEY RirfkldiMsAGER and 150W are at nominally 90° relative to
each other (as measured relative to the optical path of light traveling through the modified
Wynn-Dyson imaging system 80). This arrangement will substantially or completely cancel

out a potentially adverse imaging effect caused by the birefringence.

[0057] In an example, The thicknesses TR and TW are in the range 0.05 to 2 mm. In the
example where the IR-blocking window 150R is made of sapphire so that the IR-blocking
window 150W is also made of sapphire, the thicknesses TR and TW of the two IR-blocking
windows 150R and 150W need to be sufficiently close to each other so that the resulting
birefringence (from any thickness difference) is negligible. The approximate index of
refraction difference between the “e” and “0” axes for sapphire at 365 nm is roughly 0.008.
To maintain an image wavefront quality better than A/8, the thickness difference AT
between the two IR-blocking windows 150R and 150W needs to be less than 5.6 microns.
This limitation can be increased to 11 microns for conditions where the wavefront accuracy
requirement is only A/4. The lateral dimensions of the IR-blocking windows 150R and 150W
are sufficiently large so that they allow light to pass from the entire object and image plane

OP and IP.

[0058] In an example, the IR-blocking window 150R is in the form of a thin planar sheet
having opposite surfaces 152R and 154R, an outer edge 155R and a thickness TR. Likewise,
the IR-blocking window 150W is in the form of a thin planar sheet having opposite surfaces
152W and 154W, an outer edge 155W and a thickness TW = TR. The IR-blocking window

150R is spaced apart from the reticle 16 by a distance dR1 and from the surface 122R of
-12-



an aperture stop located at the mrror that determ nes a nunerical aperture
of the Wnn-Dyson i nmagi ng system a lens assenbly with positive
refracting power and having a front end and a back end, with the |lens
assenbly being arranged adjacent the mrror and spaced apart therefromwth

he f d f th f
oper abi (FrEensEoH B Beentea. (0 re e Rabiile HRT R AW SEARE ¢ he
back eng, of fr&kﬁhl&%$eral%9cﬁ/rg)ch|¥tanémﬁ'aﬁarfrd%‘%ess%?ﬁeéjlﬁwmalf@‘ﬁrﬁgl 110W

respective first and second planar surfaces, wherein the first and second
pl anar Isya ﬂatame dne. an aaagadNadqhamlﬁmtmeth&%dMl e apd ral@s, be any

respectivel wherein, the Wnn-Dyson i magi ng system has at | east one

t echni cealueheieen drandf may Sﬂ'ﬁéarf\’p @td'ﬁﬁﬂc PV SrRse b ABEITRE Mide of a
gl ass na ery % ha |n a coefficient of thermal expansion of no greater than
about 1 ?) Jegen r?a MMhe wWnn- Dyson i magi ng system further conprising a

first w ndow operably d| sposed between the planar surface of the first

pri sm app@sdne 10Bnetdd thhedie @arhpidatthe vBEEAREIeA Y SO MRNGIES tHe IRNBoddng | ght
and that substantially blocks infrared (IR) radiation in a wavel ength range

from2 IﬁOcBrtheslRtbdloc:kmgrwmdmmﬁoﬂhdnacmohdnwretddmmwaafer srigper Amdthedi sposed
bet ween t he pl surface of the sec risma I d t hat
subst arﬁ&am@ £thg oehed e%%tﬂtﬁp mctyﬁf-st 'Qfé.pﬁ|—°ﬁtﬂ|’=~iLHPEE @@‘ﬂ&%@egﬂﬁ‘ hdove
are Corg#:%fgg\gmtdgwg?urt &1560@9'"{‘9(10%{&?@5&%@ er%boérn@nmﬂgo &@st‘g%@) ng

systemo er conprising an arr udit arranged to flow

ai r betsgaduliésnithiegeu Dl Bfrenadd oRRAd 1108l and |Rdﬂwkmg3mnarb@s wmmariayssnw.
i magi ng systemof claiml1l or 2, wherein the first and second wi ndows each

have a thi ckness of between 0.05 and 2 mm
[0060] The second window 150W can also serve the purpose of reducing or preventing
contamination of the optical assembly 50. In photolithography, the wafer 18 at the image
plane IP is coated with a photo sensitive material called photoresist (not shown). The
photoresist, when exposed to UV radiation, often outgases. The outgassed vapor can
condense on the nearest optical element to the wafer 18, which in a conventional Wynn-
Dyson imaging system 8, is the wafer prism 19 (see FIG. 1). Unfortunately, the wafer prism
19 is not an easily replaceable component. Any contaminants condensing on the wafer
prism 19 will need to be periodically cleaned with solvents. However, many of the
contaminants are not soluble in solvents after the contaminants have been exposed to
subsequent UV radiation. Over time, the condensed contaminants form a thin, non-uniform

but absorbing layer on the surface of wafer prism 19 closest to the wafer 18. This

contamination can degrade imaging performance.

[0061] [n the modified Wynn-Dyson imaging system 80 of FIG. 4, the second window
150W disposed between the wafer 18 and the surface 122W of wafer prism 110W can be
designed as a more readily replaceable element than the wafer prism 110W. Thus, when
contaminants collect on the second window 150W, the second window 150W can be

removed from the optical assembly 50 and cleaned or replaced with a clean window.

[0062] The use of IR-blocking windows 150R and 150W In the modified Wynn-Dyson

imaging system 80 may require the reticle and wafer prisms 110R and 110W to be made
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4. The Wnn-Dyson i magi ng system of any of clains 1 through 3, further
conprising: a reticle having a front side and a back side and arranged
substantially at the object plane; a wafer arranged substantially at the

i mge plane; and an iIIunination system arranged adj acent the back
de of w
o1 e, o Wil 515 AU SRTLLEN A Dshd LA 1M REEAGR Rl lobiE, &

Irrage haﬁ)cangamuwswcbmmwmh Ho®eosr tRNmphator Sptial gErRRhRRcd BAIAO. 25
m crons. 5. The Wnn-Dyson i nagi ng system of claim4, wherein the reticle

and waf BynprDyses insagingisydenpdud tose)of ghinser. prisérs ITAB awamom@omeurmiyng .

t f f clains 1 through 5, wherein the first_windowis npunted in
2 heat - @ﬁ'm%'%ﬂﬁné%é%%{w'sgmg qcagr_et@ﬁwgr MPI_%P@@PPﬁéppﬁlqaypnwharawovms The
W nn- Dy?cgﬁ‘ddr%g’n@ﬂ dR¥ak anmza%ﬁ{é&ﬁi’quwer ein the first wi ndow has an outer

[0063] In an example, even with the IR-blocking window 150R, the reticle prism 110R may
still be heated to some extent, though substantially less than prior art systems that have no
IR-blocking window. However, by also using a ULTE reticle prism 110R, the residual heat
imparted to the reticle prism110R (see FIG. 5B) will not cause the reticle prism 110R to
substantially deform. This in turn means that thermally induced optical distortion can be

substantially reduced or eliminated.

[0064] The amount of thermally induced optical distortion in prior art Wynn-Dyson
imaging systems used in photolithography can easily exceed 1 micron. The modified Wynn-
Dyson imaging system 80 as disclosed herein and that employs the various embodiments of
optical assembly 50 as described above has less thermal distortion than prior art Wynn-
Dyson imaging systems used for photolithography. In an example, the maximum amount of
image distortion in the Wynn-Dyson imaging system 80 disclosed herein is no greater than

0.5 microns, and in another example is no greater than 0.25 microns.

[0065] In an example, the amount of image distortion is reduced by at least a factor of 2X
as compared to a conventional Wynn-Dyson imaging system 8 used for photolithography. In
another an example, the amount of image distortion is reduced by at least a factor of 5X as
compared to the conventional Wynn-Dyson imaging system 8 used for photolithography. In
another an example, the amount of image distortion is reduced by at least a factor of 10X as

compared to the conventional Wynn-Dyson imaging system 8 used for photolithography.

[0066] In an example embodiment of the modified Wynn-Dyson imaging system 80
disclosed herein, the thermal load on the reticle prism 110R is reduced by over half due to
the IR-blocking window 150R. That is to say, the IR-blocking window 150R blocks over half

of the black body radiation from the heated reticle 16.
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edge, and wherein the heat-sink nount is in thermal contact with the outer
edge of the first window 8. The Wnn-Dyson i nagi ng system of any of
claims 1 through 7, wherein the first windowis made of sapphire. 9. A
met hod of reducing inmage distortion in a Wnn-Dyson i magi ng systemused to

i j cl . f i . | i al | - i si ng:
irece Scheh °c ailgnounler o ety ol e (o B o ST
wher ei no,.Lhe e ma“%HWﬁ”%L@%Eé SHH &As E@olé&'pﬁjtcﬁ%dr@!el‘%cthkﬂf? iﬁd:ia{ﬁg)ﬁﬁ‘é ed (IR

l'i ght having a wavel engt ween 2 m crons and m crons an

subst anRiEbdkyng windswi 150R bbieusldibbtaghidily eliminates thedpasing gf wetiskeqoizch 1M0RHY
between the wafer and an adj acent wafer FE” sm wherein the second w ndow
subst antoithp cgnvectyesheat 20€ laad eadiativgHieat 20R from the healgddeticly 16nhBuntkermare wi t h

win- oy0s % ek e g By BeneRaieReramentht Ghe LR The TR viths B on.
lr :Sis ;t ﬁ@g@ggtgf;ﬁ{eeé?yss?ﬁdiéﬁﬂgtﬁa@%ré &lubfly BsddFoPiRelreGABYRE Wa¥& PRk 13RAd
19 in conventional Wynn-Dyson imaging system 8.
[0068] Consequently, the amount of image distortion at the image plane IP is reduced
substantially to the imaging limitations imposed by manufacturing errors, primarily in the
surface flatness of the surfaces 126R and 126W of reticle and wafer prism 110R and 110W,

which serve as total-internal reflection (TIR) surfaces. The surface flatness variation for

these surfaces is typically less than 250 nm.

[0069] It will be apparent to those skilled in the art that various modifications to the
preferred embodiments of the disclosure as described herein can be made without
departing from the spirit or scope of the disclosure as defined in the appended claims.
Thus, the disclosure covers the modifications and variations provided they come within the

scope of the appended claims and the equivalents thereto.
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bl ocking with the first wi ndow a substantial portion of the convective heat
and the radi ative heat so that the inmage of the reticle on the wafer has
reduced i nage distortion as conpared with not using the first w ndow and
t he second wi ndow. 10. The nethod of claim9, wherein the reticle and wafer

prisms ﬁfetpage f$on1an ultra-1ow expansion (ULE(r)) glass material. 11.
The net 88 3T K 9 or 10, wherein the first and second wi ndows are each

made of sapphire having a birefringence, and wherein the first and second
wi ndows are configured relative to one another to substantially cancel an

10,1 oE S SAL4 DR o o BB 1 £l ™

t hrough™11, Tur'ther np I oW n we er and t he
first mmm,{g%k;re%mv(eptngpgxisﬁrom both the reticle and the wi ndow. 13. The

met hod of any of clainms 9 through 12, further conprising nounting the first
wi ndow i n a dmatrerdianlngroontavecunffegyred to renove heat fromthe first

w ndow. 14. The nmethod of claim 13, wherein the first wi ndow has, an outer
edge, and t HEYIRSIIUe BtoRd@tehy thaa HaLthat fRlerRBEq e W%'ce'r?@eﬁtaf%?f@age of

the fi r\ﬁlg/n%o%v\l’maging system;

a lens assembly with positive refracting power and having a front end and a back
end, with the lens assembly being arranged adjacent the mirror and spaced apart therefrom
with the front end facing the mirror; and

first and second prisms operably disposed on opposite sides of the optical axis and
adjacent the back end of the lens assembly, the first and second prisms having respective
first and second planar surfaces, wherein the first and second planar surfaces are arranged
adjacent object and image planes, respectively;

wherein, the Wynn-Dyson imaging system has at least one technical character of:

a) the first and second prisms each being made of a glass material having a

coefficient of thermal expansion of no greater than about 100 ppb/°C; and

b) the Wynn-Dyson imaging system further comprising a first window operably

disposed between the planar surface of the first prism and the object plane and
that substantially transmits the UV light and that substantially blocks infrared (IR)
radiation in a wavelength range from 2 microns to 20 microns, and a second
window that is operably disposed between the planar surface of the second
prism and the image plane and that substantially transmits the UV light, wherein

the first and second windows are configured to maintain imaging symmetry.

2. The Wynn-Dyson imaging system of claim 1, further comprising an air supply unit

arranged to flow air between the image plane and the first window.

3. The Wynn-Dyson imaging system of claim 1 or 2, wherein the first and second

windows each have a thickness of between 0.05 and 2 mm.
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15. A method of reducing inmage distortion in a Wnn-Dyson imagi ng system
having a primary mrror and an optical assenbly and used to image a reticle
onto a wafer using an ultraviolet (UV) light, conprising: provi di ng
the optical assenbly with the reticle and wafer prisms nmade from an

ultra- Iow exPanS|on (ULE(r)) glass mater |rrad|a11ng t he

reticl etwi t hTReWYRRV/DVEQH atgH‘ngM?tﬁi“a‘?'f alnmlégams I(ﬁ‘éo‘l‘%‘t?f SN FOMPLISINGE er
using the W@Bet@'srﬁﬁmtg%rﬂg RS achsaHQ aEP%rngéd ABktaiBaly f9nk BE et ﬁ' €

to at | east eby causing t mt convective

r adi atlmgmheat and wherein the inmage of the reticle on the wafer
has a maxi mum i nage distortion of no greater than 0.5 mcrons. 16. The
met hod of clawafet Brrahgad Jubstaotiathratshegnage plane; and sposing a first w ndow

DS eanr g DB AR YRR b F o PR SR R ghbta ™ Mo
wavel oY g@%we rétidfd @i fe eoci.gﬁptor?oga%ﬂﬁ ag@ f e SLR3e ﬁmmk&.aért ransmit

the W di sposi ng a“secon ow etvveen t he wafer ‘and an

fl_dj ﬁcenhh%»afrﬁhepéﬂi@mmgheraean atrfo@ns etaptitaldistderiv rsihbsis abtgredtbythan@msi t s WV
i ght; an
microns.

5. The Wynn-Dyson imaging system of claim 4, wherein the reticle and wafer prisms are

made of ULE® glass.

6. The Wynn-Dyson imaging system of any of claims 1 through 5, wherein the first

window is mounted in a heat-sink mount configured to remove heat from the first window.

7. The Wynn-Dyson imaging system of claim 6, wherein the first window has an outer
edge, and wherein the heat-sink mount is in thermal contact with the outer edge of the first

window.

8. The Wynn-Dyson imaging system of any of claims 1 through 7, wherein the first

window is made of sapphire.

9. A method of reducing image distortion in a Wynn-Dyson imaging system used to
image a reticle onto a wafer using an ultraviolet (UV) light, comprising:

disposing a first window between the reticle and an adjacent reticle prism, wherein
the first window is configured to substantially block infrared (IR) light having a wavelength
between 2 microns and 20 microns and to substantially transmit the UV light;

disposing a second window between the wafer and an adjacent wafer prism,

wherein the second window substantially transmits the UV light;
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bl ocking with the first wi ndow a substantial portion of the convective heat

and the radi ative heat that would otherw se reach the reticle p
The nethod of claim 15 or 16, wherein the inage of the reticle
has a maxi mum i nmage distortion of no greater than 0.25 m crons.

met hod of any of clajins 15 through 17, erein the first and s
are made of Smgptingahe retigle mﬁéth%gﬂ\hwtawwawnla&e%@%@“ﬁ@t%ﬁ

rism 17.
on the wafer
18. The

cond w ndows
CiW¥e" and

el L e R L S T S s i

thereby causing the reticle to emit convective heat and radiative heat;

blocking with the first window a substantial portion of the convective heat and the

radiative heat so that the image of the reticle on the wafer has reduced image distortion as

compared with not using the first window and the second window.

10. The method of claim 9, wherein the reticle and wafer prisms are made from an ultra-

low expansion (ULE®) glass material.

11. The method of claim 9 or 10, wherein the first and second windows are each made

of sapphire having a birefringence, and wherein the first and second windows are
configured relative to one another to substantially cancel an imaging effect due to

birefringence.

the

12. The method of any of claims 9 through 11, further comprising flowing air between

the reticle and the first window to remove heat from both the reticle and the wind

ow.

13. The method of any of claims 9 through 12, further comprising mounting the first

window in a heat-sink mount configured to remove heat from the first window.

14. The method of claim 13, wherein the first window has an outer edge, and t

contacting the heat-sink mount with the outer edge of the first window.

hermally

15. A method of reducing image distortion in a Wynn-Dyson imaging system having a

primary mirror and an optical assembly and used to image a reticle onto a wafer using an

ultraviolet (UV) light, comprising:

providing the optical assembly with the reticle and wafer prisms made from an ultra-

low expansion (ULE®) glass material; and
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irradiating the reticle with the UV light to form an image of the reticle on the wafer
using the Wynn-Dyson imaging system, with the UV light heating the reticle to at least 50 °C,
thereby causing the reticle to emit convective heat and radiative heat; and

wherein the image of the reticle on the wafer has a maximum image distortion of no

greater than 0.5 microns.

16. The method of claim 15, further comprising:

disposing a first window between the reticle and an adjacent reticle prism, wherein
the first window is configured to substantially block infrared (IR} light having a wavelength
between 2 microns and 20 microns and to substantially transmit the UV light;

disposing a second window between the wafer and an adjacent wafer prism,

wherein the second window substantially transmits UV light; and

blocking with the first window a substantial portion of the convective heat and the

radiative heat that would otherwise reach the reticle prism.

17. The method of claim 15 or 16, wherein the image of the reticle on the wafer has a

maximum image distortion of no greater than 0.25 microns.

18. The method of any of claims 15 through 17, wherein the first and second windows

are made of sapphire.

19. The method of claim 18, wherein the first and second windows each have

birefringence and are clocked relative to one another to reduce an imaging effect due to the

birefringence.
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