OPTI CAL ARRANGEMENT OF AUTOFOCUS ELEMENTS FOR USE W TH | MVERSI ON

LI THOGRAPHY 5 BACKGROUND OF THE | NVENTI ON This invention relates to an
optical arrangenment of autofocus elenents for use wth imersion

| it hography. In sem conductor |ithography systens in use today, automatic
focusing and leveling (AF/AL) is typically acconplished by passing a | ow
angl e of incidence 10 optical beamonto the surface of a silicon wafer and

detecting its propepk f r &k-8%iH waf er
surface. The wafer Q%%%%%%ﬁ% %QF%J%%%%BES%I
processing of the reflect e ﬁg der the | ast

el ement of the projection |lens. The source and receiver optics are
“typically nounted to a stable part of the system close to the projection
optics mounting 15 position.. In inmrersion |ithography, a liquid such as
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~ AF/ AL beam through this interface w thout substantial disruption and
subsequent | oss &t sghigoaductadidhdgeapbe spdehomesa delay) qutérsatichieresingy anda

general object of LS. nvention to pravide a way to introduce AF/ AL beans
Ioe the 11 carathe At SRt attubltts FofotsY alSy 5t BEBEGentche

optical AcCCULAGYl 8BHn ShRdhht blrYack 8N kiliesk wafer Wbd Bet8RRG ifsi e Yos dtkr 1 S an
object of this invention to provide an apparatus and a nethod for allow ng

AF/ AL |ight Bédsguanbradiscigeliomshs waconvései dhavalarthight aphiermined byut t he
di srupting i : : Lquid i i ry. he_edge of the
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i nvention ar éheflast etamdnmmettsipos edticniagr dpleyouappad gictisendpitich aaypibaly
descri bed gerr]n%rugjteld% %Ssta%?erg)arrtl OSIJ tﬂég sy@gh, gPolsg toathre%ticlnjg{!t%n%&aggsemounting

15 position,

In immersion lithography, a liguid such as water fills the space between the
last surface of the projection lens and the wafer. At the edge of the water, typically at
the edge of the lens or supported structure near the edge of the lens, the liquid-air
boundary is not well defined and changing rapidly. It is not possible to transmit an

20 AF/AL beam through this interface without substantial disruption and subsequent loss
of signal, and hence performance.

It is therefore a general object of this invention to provide a way to introduce
AF/AlL beams into the liquid layer without such disruption so as to preserve the
optical accuracy and stability required.

25 More specificaily, it is an object of this invention to provide an apparatus and a
method for allowing AF/AL light beams to be used as in conventional lithography
without the disrupting influence of the lquid immersion boundary at the edge of the

lens.

30 SUMMARY OF THE INVENTION
Autofocus units according to this invention are for an immersion lithography
apparatus which may be described generally as comprising not only a reticle stage

arranged to retain a reticle, a working stage arranged to retain a workpiece with a
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arranged to retain a reticle, a working stage arranged to retain a

wor kpi ece with a | target surface and an optical systemincluding an
illum nation source and an optical elenent such as a | ens positioned
opposite and above the workpi ece for having an inmage pattern of the
reticle proj éopegdunncd drel anapkipil egeerbynohatingtn dhnfindionsaide ahd husptival i on
source, but also a flui d-suppl%i ng device for providing a fluid into the 5

space defi nedHe 3 RS FrOsHANSIAPRAETR Aoy hBewsrkpPeder Buere #hat t he
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treated as ailhenpetieniougfe, biteisoalfhod-eeus vingideyvict s lpkoning A fARY inRethe
characterized as further conBrising an autofocus [ight source serving to
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reflected by the target surface. Correction |lenses may preferably be

di sposed on emefasys peditsgawhichimaythe chighieripehin fuphejcenpeding romtofieus

aut of ocus |igh r for, correct,i ro ation of the |ight am. .15 As
an alternati g@%@?@%&%ﬁ%ﬁ g,tot%%lefgﬁtqg@g‘?%g? §ﬁl‘gch e&yogplﬁgg??geq ﬁ@qwggl?aghés may
be cut om it SighMzamiddedsltyro0@positel sidde sefdnetdaptthe akdey stifarPaent

wedge- shaped el enents may _be HI aced under these cuts such that the |ight
beam f r om t h&CgfRieFeGE dSPeqiighiell o esiiPn Whydss belepdig Rptdeé Measni end 3
passed t hrou L4 €l,: r t he

wor kpi ece ang&te %@fg&;é el?.b ﬁ{éé) ?Ig%aenﬁa%irn%\(}\nﬁ%ﬁ%ﬁﬁ egltélg gfl%"g‘%?‘ﬁ% %’ég{%@%ﬁ{’%' opti cal
el ement at alorre¢tmroledes may peofpmbiy Yehlitpweedot Ertapatal patibdfehe DEhttedihl es t hat

may be fornmed du t bet n the_wedge el enent and e..opti cal

el ement, t hepmé)%?gec{ﬁ?ngge %ﬁﬁoé‘ds @mﬁﬁo‘ﬁc%fﬂrfﬁ‘%wmﬁﬁ%ﬁgﬁ@n %ﬁg%llglﬁﬁ%ﬁﬁ%i ently
narrow sgch as | egg adnhaBmaBvOrmmbssiebnt! hatopGafidldn@hy ob B8 M dkpkeeRat he
gap filled with the fluid, or provided wth neans for supplying a snall

suction to chuSe amiés Mounaiuelly prpesitupdesarsirplicelibeti aspeant wrdeesbaredpl y t he
L 5uch, b 000 08 B Wt T BOUTIRLK, o SUELRES
into the fl Ukt sonmmwiblieasnthenigbthenf agihes pwshgieheghiet fluié edbazfletied par al | el
to the tar ge%he target surface of the workpiece and to reach the receiver without passing through
20 the optical element at all. In order to cope with the potential problem of bubbles that
may be formed due to the gap between the wedge element and the optical element, the
gap may be filled with a suitable material, made sufficiently narrow such as less than
2.0mm such that capillary forces will keep the gap filled with the fluid, or provided
with means for supplying a small suction to cause the fluid to move up through the
25 gap or to supply the fluid such that that the gap canbe kept filled. The boundary
surface through which the light beam from the autofocus light source is refracted into
the fluid from the interior of the wedge element need not be parallel to the target

surface of the workpiece but may be appropnately sloped, depending on the indices of

refraction of the materials that affect the design of the unit.

BRIEF DESCRIPTION OY THE DRAWING

The invention, together with further objects and advantages thereof, may best
be understood by reference to the following description taken in conjunction with the

accompanymg drawings in which:



surface of the workpiece but may be appropriately sl oped, depending on the
indices of refraction of the materials that affect the design of the unit.
30 BRI EF DESCRI PTI ON OF THE DRAW NG The i nvention, together with further

obj ects and advantages thereof, may best be understood by reference to the

fol I owi ng descri ptgi@n 1ts@ls@f£hrﬂaﬂceﬂjag g&%hmlwo@a.lﬂ IEncREAMRANRO dr aw ngs

in which: 2 Fig. 1 1s a schematic cross-section View o rsion
| i t hogr aphy aﬁ%%f‘%ﬂ@é‘%ﬁ@@ﬁ%d@%?% BEetlienpresent invention;, Fig. 2 is a
process flow diagramillustrating an exenplary process by whi ch

duct d
sem conduct or devipge 1@'@1%60@@110@@@11%%21%111lﬂgtrﬁth‘?gi @Qﬁ%?ﬁﬁ%a” O%/'\J}%e o er

according to_ 5 th resent invention

processi ng stEp RGP dyViepgare @binﬁa"leﬁém@ag]ée srparaEshp At Hg. &epdocbinglict or
devi ces accorldi preschoint/Bgtidy; esent invention; Fig. 4 is a schematic side
cross-sectional view of an autofocus unit enbodyl ng this invention; 10

Fig. 51is a sche ectional vi.ew of another autofocus unit
enbodying this i rr:? Iﬁﬁ%i‘i’l @m%ftﬁgwa#ré’ﬁ?%ﬂé%usfw ng%]fmé:l%lzrlmt]&faﬁ@)@fl on
VI of Fig. b5fabFicgsng semiBoralnctoDdates acdredimiite tisd esepriasatisgct i onal vi ews of
portions of other autofocus unit enbodying this inventi on according to

di fferent enbodi 5 .;nvention. 0 reln and
conponent's t hat ggg eq%i‘l%/ %maﬂc SHe S0 Fecuog?pwe‘ggﬁé C?%‘H?‘Eﬁ?@(rﬂrjsyﬁ&g t he

same nuner al hisinyertfiarent figures and may not necessari I y be explained in
a repetitious manner. 20 DETAI LED DESCRI PTI ON OF SPECI FI C EMBODI MENTS Fi g.

1 shows ghe gener glg. §t1§b.'Qéliéﬁﬁtlé)&d@&o'séf?@ét&h%ﬂe\bto?%%l?é?ﬁﬁto?&%%ﬁﬁ“S 100
whi ch may mcoggé)rat the optical arrangement of autofocus elenents

enbody| ng t hF8 ying this invention;

Fig. 6 is an enlarged view of a circled portion VI of Fig. 5.

Figs. 7, 8 and 9 are schematic S1de cross-sectional views of portions of other

autofocus unit embodying this invention according to different embodiment of the
15 invention.

Throughout herein, items and components that are equivalent or similar are
sometimes indicated by the same numeral in different figures and may not necessarily

be explained in a repetitious manner.

20 DETAILED DESCRIPTION OF SPECIFIC EMBODIMENTS

Fig. 1 shows the general structure of an immersion lithography apparatus 100

which may incerporate the optical arrangement of autofocus elements embodying this

mvention.

As shown in Fig. 1, the immersion lithography apparatus 100 comprises an
25 uminator optical unit 1 including a light source such as a KrF excimer laser unit, an
optical integrator (or homogenizer) and a lens and serving to emit pulsed ultraviolet
light IL with wavelength 248nm to be made incidence to a pattern on a reticle R, The
patiern on the reticle R is projected on a wafer W coated with a photoresist at a
specified magnification (such as 1/4 or 1/5) through a telecentric light projection unit
30 PL. The pulsed light IL may ajtematively be ArF excimer laser light with wavelength

193nm, F laser light with wavelength 157mm or the i-line of a mercury lamp with
3



invention. As shown in Fig. 1, the imrersion |ithography apparatus 100
conprises an 25 illumnator optical unit 1 including a |ight source such as
a KrF exciner |aser unit, an optical integrator (or honogenizer) and a
| ens and serving to emt pulsed ultraviolet |Ilight IL with wavel ength 248nm

to be made i neivdength I66na. fALNES fll6Rs,ahd 8ddreateRystdfGyitPRL H8LAg 9Nalhes
reticle Ris Ero; ected on a wafer Wcoated with a photoresist at a

speci fi ed madghfVp &akigoh i sireences torgpalase the/Biectitnson gescabingliecenictire atd ght

projection umyt .. +. e pulsed |igh L alternatively be ArkF exciner
| aser 1ight vqlelJ Iﬁﬁl%\a%\g}éﬁhg;i\;&%%p%§W?ﬂratg§5(Péas%?qeth Gt Ry [\X/giﬁéloéwﬁtaﬁdw?nm or
the i-line ofdegeripBbgURY libRMRoMET DitvaVRl BRg fkd : i1l QYs. the
coordi nat e syst e???vm tﬁ )1(@ rﬁi?} and Z3 axes 1as ashg\{?\n?[“gi?r% OE?}gWE%’ lc§16)1rt4e$é\ffenced

to expl ai’n t iEBgeppee eloment udeserledn) Aglisgreedoppositamahamdfer Wumed 2 ons of t he
| i t hography appay at 100.., For .t.he conveni ence of disclosure and

descri ption, C?ﬁlélﬁagﬁcfusw WRIGRe ﬂlﬁp{fleﬁoﬁgg GOPG8¥ated in Fig. 1 only by
way of its last 5 stage optical elenent (such as a |ens) 4 disposed

opposite to the wahercdMaRGs fipp&ydd ALE iGRle & SI.{S]lgin%or‘[belFife}é g%‘g%g%g?m hers

of its conponents. The reticle R is supported on a retic
i ncor por at i nderanereas disirstiele Rdry soogi angpunhin the tN-diretiBn bijte Yatircaomund then t he

X-direction, -di.rectjion,.a t.h rotary direction around the Z-axis.
The t wo- di msﬁéstlg&gndgfeg%énsi%tolh%glnthS%a’S?'ﬁWt %q'gﬁ”%ﬁmﬂﬁ POREOR 8¢ SRR the
reticle stageRElclareoiebealdakie R ABCLetd iy PROFBE . RARL: (Rfiown) i n
real time and the positioni thOf the reticle R'is effected by mai n

control  uni fhop)dn reah Emsaap dhegrosttivaingarfdee resinlethissfivaidé by TheimaderolW i s

set onavvafgﬁ-trﬂ‘@l%] gnat 0 on.a Z-stage 9 for controlling the
f ocusi ng posi tli onO g}FBong%toﬁe -agfltlgﬁl thglrsldn? e sl opi ng angle of the wafer 15

W The Z-stage 9 is affixed to an XY-stage 10 adapted to nove in the
XY- pl ane subst ant ila¢ wfqudl ad deebn b ovafdrdiol den geotfshowh)ng sTHsface fof the |ight
Q 11. Thus, .the Z-stage

projection upjt PL. T\%g XY-s“taeiagiss an, a base 1 us,
9 serves to Fr%rft{:orllm%tge C_f”é’rng_l’gﬁg?% R tthﬁ_%{’?fési et e §?R‘F%@£1‘6f’f tisevalerght
proj ectiion UR.t THe Zyta@d LsSEfind th B8 3NOGHSEND adBAS bl ROV (ARG VI g Z- aXi S)
and the sl opi ng angll e of the wafer Wby the auto-focusing
substantially parallel to the image-forming surface of the light projection unit PL.
The XY-stage 10 is set on a base 11. Thus, the Z-stage 9 serves to match the wafer
surface with the image surface of the light projection unit PL by adjusting the focusing
position (along the Z-axis) and the sloping angle of the wafer W by the auto-focusing
20 and auto-leveling method, and the XY-stage 10 serves to adjust the position of the

wafer W in the X-direction and the Y-direction.

The two-dimensional position and orientation of the Z-stage 9 (and hence also
of the wafer W) are monitored in real time by another laser interferometer 13 with
reference to a mobile mirror 12 affixed to the Z-stage 9. Control data based on the

25 results of this monitoring are transmitted from the main control unit 14 to a stage-
driving unit 15 adapted to control the motions of the Z-stage 9 and the XY-stage 10
according to the received control data. At the time of an exposure, the projection light
is made to sequentially move from one to another of different exposure positions on

the wafer W according to the pattern on the reticle R in a step-and-repeat routine.

30 The lithography apparatus 100 being described with reference to Fig. 1is an
immersion lithography apparatus and is hence adapied to have a liquid (or the

“immersion liquid") 7 of a specified kind such as water filling the space between the
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20 and auto-leveling nethod, and the XY-stage 10 serves to adjust the
position of the wafer Win the X-direction and the Y-direction. The

t wo- di nensi onal position and orientation of the Z-stage 9 (and hence al so
of the wafer W are nonitored in real tinme by another |aser interferoneter
13 with refeugh&eoftipPe Fafdbi 4 } > cof f t : . ntr ol
data based on the 25 resul f,!,rs Iglftmt3 E}%@ﬁ%ﬁ?%ﬁf}ﬁ%ﬁgﬁg’ag&?gﬂéa%%tegggt?rogﬁé%t he
mai n cont rol hight projestipuait BL atjleast avtiileithegpaiteirt inl#ge atitiptreitlé R icbeitg ebpitde
notions of the %—stglg 9 and the XY-stage 10 according to the received
control dat a “MA%® t1'me of an exposure, the projection light is made to
sequentially nove fromone to another of different exposure positions on

t he wafer W accor di X : icle R St ep- and-,r epeat
outine. 30 The | thany aaky e g B b RE R ool ol Rl R e ¢ o
Fig. | is ancylimheabhoningilt Hogn aphonabppodinest, andadtStlpenpecadrpiadst o have
aliquid (or th "I per si on %iqui d") 7 of a specified kind such as water
filling the %&’é’f%%ﬁﬁé’@ﬂv%‘ﬁs o cleanipg eRIGIENIACGHaf er Wand the | ower surface
of the last-stage optical element 4 of the 1light projection unit PL at

| east whil e the patteng g [#re] 1,5 bea opi ed he
wafer W The Iast-qtsht ziggldoﬁgl?fﬁ%%@%e{uﬁaﬁggﬁp%g&f ?3}13?%35&83@ F%%pﬂl}%i? PL
is affixed tprashige psmpyhd admeaiukasgilagr Got Intidduatiptsheona)l toepbgdearent, the
| ast - st age og%c% el ?mar;t 4 my be made yenovable for,. cleaning or

mai nt enance. “THE ¥ §&G up@réﬁﬁ%ﬁr@t&mﬁ%maﬁdlCPH@I‘P@I“§%Fb1§l°911€m%b§53that may
conpri seoa t agkid r@cov@fﬁﬁﬁmer%qeﬁp&@ﬁr@ofﬁgﬁiﬁﬁﬁtmaelguﬁg&ﬁ @l (not

i ndividually shown) to the space "above the wafer under a

t enper at ur e- PRRjO¥ &Sy dwridine iap fhedipérstuzoiniside tleachbynber inOvHitlgthied recovery

unit 6. The f | iqui,d 7 i.s.requl.ated.to be approximtely
the same as %1&(3@{ éﬁ%gélgatr%}mewbﬁ%%eggs E’]ﬁ%‘)séiﬁa#ﬁj‘é‘ rﬁlﬁﬁ\ﬁﬂz@gestst‘?@melqolzﬂﬁﬁraphy
appar at us 10Ghrougebhich &edic@m&(iup%\]wa%@h tl?ejsdﬁﬁ@ilﬁﬁtﬁq\lﬁﬁé&ﬂ:ﬁ RRZAI8S

t hrough which the Ii 7 is supplied fromthe supply unit 5. Nuneral 23

id ! d J
i ndicates r E‘:’&B%'W“O%%isztmgkl ifbetighe WATiEH ¥ chdecqdgbiodharaceveBpE 6t el id nt o
the recqyer Yoy depfindeldt hdwevlp tﬁa:? g%%nﬁgﬁ{ﬁ'{@I&igsgribmy@&im%‘i%n%@% FhIpgture

descri bed above with reference
not mtended to limit the scope of the immersion lithography apparatus to which the

liquid-removing methods and devices of the present invention are applicable. In other
words, autofocus units of the present invention may be incorporated into immersion
lithography apparatus of many different kinds. In particular, it is to be reminded that
20 the numbers and arrangements of the source and fccovery nozzles 21 and 23 around
the light projection unit PL may be designed in a variety of ways for establishing a

smooth flow and quick recovery of the immersion liquid 7.

Fig. 4 shows an autofocus unit 50 (not shown in Fig. 1) according to this

invention which may be incorporated into an immersion lithography system such as

25 shown at 100 in Fig. 1 but the invention is not intended to be limited by the specific
type of the system into which it is incorporated. In this example, the last-stage optical
element 4 of the light projection unit PL is a hemisphericalty shaped projection lens
with its planar surface facing downward opposite to the upper surface (the "target
surface") of the wafer W a space left in between. An autofocus light source 51 is

30 arranged such that its AF/AL light beam 54, emitted obliquely with respect to the
target surface of the wafer W, passes through a lower peripheral part of this lens 4 and
then is refracted into the immersion liquid 7 so as to be reflected by the target surface

of the wafer W at a specified reflection position 55. A receiver 52 for recelving and
5



not intended to limt the scope of the imrersion |ithography apparatus to

whi ch the |iquid-renoving nmethods and devices of the present invention are
applicable. In other words, autofocus units of the present invention may
be incorporated into imersion |ithography apparatus of many different

kinds. | n par thdydizg their¢flecdtAF/Ag lfgenbcfwtedﬁsi'@ipro%ﬁate diitTped sn and
arrangenents of the, gg{)@g and recovery nozzles 21 and 23 around the |ight

proj ecti on unf¥Pos|te &bl RyRisetignuniat Rar Napprabt 53seepk indisates whbl mshi ng a

nmooth flow a i I : e i rsion Jiquid 7. .Fig.. 4 shows an

Zut of ocus uni Pg%eg%e#g? ag%gﬁ&?ﬁﬁf?'@lr}éQJSB?%o&t?1apﬂb OE ﬂ"et‘l}#f 4L 1?8%\9@?&@ é%f%i ch

may be i ncor posratcasly ligliQr@mghiBTEISh@hé irké}%re%leméeﬂﬁtl@x@zfé&ﬁihthégiq%i%@tiahom
y 'the

at 100 in Fig. 1 but the invention is not intended to be Iimte
speci fic fype%sH defnredspd eeseniidborasiidnbhles,ithe light beaos at edimpeaded hidcaxanpl e,

the | ast-stag i . el.epent. 4.of. the |ight projectjon unit PL is a
heni spheri cal ﬁ?‘@%éé@%“%ﬁ%ﬁ' @fl?IBWWO}@ﬁé ac%T?Cg" itp E gk erslipes dplicatatieng
downwar d opposiposurt Gght@ntRP e ShiAGS1 (& B&ﬁ‘é&gon.surfacen) of the wafer
Wa space left in between. An autof ocus Iigﬁt source 51 is 30 arranged such

that its AF/AL light beam 54, enmitted obliquely with respect to the target
surface of the waf®g Whopssseder hiofaghs unil gwercoérs tpheotikr palsddieEnttdfids: | ens

4 and then i a i t i rsion.liquid.7.sp as to bhe refl ected
by the tar getﬁg%rsr%{ogqgt%%g?b %eg'tsv\tg%eafgnﬂ%é%r O%’ﬁ%eg‘iyef‘fr@&drag?‘f%‘&tb BHEI5B i on
55. A recei veFighRakondicaarhyiiagaandubeanal Bz g donBokehil 8L 66k AF/ AL i ght

beam 54 is appropriately positioned on the opposite side of the |ight

proj ection unﬁ?laﬁf’m?ﬂﬁ%ﬁé’r“‘é{}r@ thalogus puifasgiod dheclag-stagaoptien) clebent ébétheed to as
a correction §ans sicsBRsEd : / | ,ght  beam.54 for
correcting |i g tﬁi)()(rjiéc;:pagati ggf&utsfﬁﬁcggﬁl%g%%ogg@%g@{% \{/}v’gélﬁltﬁq?l%‘slhéhgs%nﬁnd
the liquid 7 jlsang thieteceidet i2n ehcantsiefsentiapbt yrefaraiey olt, hu bivasin }tiE,e_S,l i ght

beans are uni ed .and ca ovi . signal.s to mai ntai n hi
accuracy. In ‘15-5{8396 %?t'%mrgglggﬁcﬁlgk n?%bﬁg sgtj@n‘t‘tﬁ ahléﬁ %ﬁﬁ?@ialuﬁ’éﬁtenéﬁgﬂli’é{ic%r t he
boundar y1of tihes. expRsly Baks®@icANparkl @fer XD AWSARONNBE KT OF DEHS, U, L. 60

e

according to another enbodj ment of the invention. Its conponénts that are
similar tot tyedes aiibgicanbyadaithase euf rBaesetheslentadt 51 eing cartke siddofat ed

by the same nyoRiafotus i sskd 5 B SHROWML L Bh geingc' oh he side of the receiver 52.
The cuts and the wedge elements 61 and 62 are so designed that the AF/AL light beam
54 {from the autofocus light source 51 will pass through the wedge element 61 and
20 refracted into the immersion liquid 7 without passing through the lens 4 and, after
being reflected by the target surface of the wafer W ai the reflection position 55, will
be refracted into the wedge element 62 and received by the receiver 52 again without
passing through the lens 4. This embodiment is advantageous because the wedge

clements can be made of a different material from the lens element 4 such as optical

25 glass.

The lower interface between the wedge elements 61 and 62 and the lens 4 is
important from the points of view of correct optical performance and generation of
bubbles in the immersion liquid 7. With reference to Fig. 6, which shows more in
detail the portion of the wedge element 61 in a close proximity of the lens 4, the gap D

30 therebetween is a potential source of air bubbles, which may be entrained under the

lens 4, adversely affecting its optical performance.

One of the solutions to this problem is to fill the gap with a suitable material or

to press the wedge element 61 into contact with the lens 4 such that the gap D
6



characterized as having the | ower surface of the |ast-stage optical el enent
4 of the light projection unit PL cut in two places facing respectively

the autofocus light source 51 and the receiver 52. The cut surfaces may be
preferably flat, as shown in Fig. 5, and the |ast-stage optical elenent 4

is still funcbiconab kffeivelyemsentd thbleforad armios b 6 1igkad 89 8:ce RLLGA! | Y
transparent parts, referred to as wedge el enents 61 and 62, are placed on

both sides of SHWEN leiskeep dharmroximatdy eqwal wuorflesseban 2. bremeduelrnt c£illldgi ng on

the side of tocus |k igh he el enpnt 62 bei th
Side of the r i SARUBE AL 19 TRLHG r k B SR clerorRE Bt Susde B are o
desi gned t hatmbber AfkAoliight Deam soffiohiom Sbenaubalingusy Lafik.seur ce 51

w || pass through the wedge el ement 61 and 20 refracte € 1 hmersion
liquid 7 &ithbind gassiongup stleghe pieDlaphéo dreaerd airdfdne moviig dugvirweld @st ed by
t he target susrlfo\:atvccanﬁ:ﬁj he1 waf er Wqélt7 %ge reflection position 55, will be
refracted int&°rhe gé"bﬁf%’r}rgﬂ?je@ 4 Y PSS AP U foRBrovidieg thesugnagai n
Wi thout passFiags sHoaUEN ahbGiet &stdh wildhdisy L8509 #TEEJ}{ L3 advantageoys
because the wedge el ements can be nade bé'f a d(fcé:‘ er et%]fei;lﬁg}%efl:géng@?e m t he

| ens el enent @0zl cpsnivpof thalgap Zhtogicas the gEhd Fwkwithmiciifage. bet ween t he
wedge el enents 61 and 62 and the lens 4 is inportant fromthe points of

vi ew of correct optical performance and ner ation of bubbles in the

i mersion liquid %{%%}BP 3318? g‘%@éﬁfc&bﬁﬁi 8&0"@,“’%76 Heug IS lyor mited  det ai |

the porti®n qunimeoﬂ\ﬁé@lgeﬁlaﬁ%ﬁﬁth_@ylazie@loﬁirﬁérﬂ%@tcpﬁxﬁ?%itﬁfébic)é QEf%f‘fm’eﬁﬁén.‘l’ the
u Igs, ich may be

gap D 30 theregbetween is a potential source of air b C /
entrai ned undéfitRedificgtipns and yawaioss ke pasfibletwithgn titesscopt fohe inpenticn Mace.

One of the s ' i qQ fill the.gap with a. suyitable
mat eri al or %lth_ %&5 égﬁz%é‘?ﬁ‘géﬂ%g%&%%g%n@@ - R 81‘3&?8?%8&%% S‘E’Wégla@i’l‘@ 4
such t Bat ht hlesmﬁalr@fdber&ebe;ﬁ@rés mbéla%hg,\f@i leai@)ﬂ@ up@dthfehi@%&fdocfn%lm&i@é%d |
perturb the |iquid.jnterface. Another solution_ is to keep D approximately
equal to or Ioég%e ‘&#ﬁ‘ﬁ“ ;gfﬁ%{ilg&gﬁelpﬂ‘éqtogg%}qdp%,syfref@%@sofct gsBmerson i quid 7
to fill the grpidnghd@emadri b g Rayem-wak! & the. Vel 8l Wal.S..Moved under

the lens 4. Athird solution is to stpply a small ‘suction to cause the 5
liquid 7 to by dpoiraeidetheredgaslemean! wathpraéaped suidiae fortdm Grbstich ghat

downward, as the AF/AL light beam 54 passing through the wedge element 61 will be refracted into
the immersion liquid 7 not necessarily through a horizontal boundary surface as shown
in Fig. 6 but through this appropriately sloped surface portion 64. This will provide

20 flexibility in the design of the arrangement embodying this invention.

Fig. 2 is referenced next to describe a process for fabricating a semiconductor
device by using an immexsion lithography apparatus incorporating a liquid jet and
recovery system embodying this invention. In step 301 the device's function and
performance characteristics are designed. Next, in step 302, a mask (reticle) having a

25 pattern is designed according to the previous designing step, and in a parallel step 303,
a wafer is made from a silicon material. The mask pattern designed in step 302 15
exposed onto the wafer from step 303 in step 304 by a photolithography system such
as the systems described above. In step 305 the semiconductor device is assembled
(including the dicing process, bonding process and packaging process), then finally the

30 device is inspected in step 306.

Fig. 3 illustrates a detailed flowchart example of the above-mentioned step 304
in the case of fabricating semiconductor devices. Instep 311 (oxidation step), the

wafer surface is oxidized. In step 312 (CVD step), an insulation film is formed on {he
7



shown in Fig. 7 wherein nuneral 70 indicates an air punp for providing the
suction. Fig. 8 shows still another solution whereby a source 72 of the
liquid 7 is supplied above the opening of the gap D to keep the gap D
filled wwth the liquid 7. The invention has been descri bed above with

reference to onfy sarfhdenil etdp BO3 Kitledyede @:fm&ﬁbﬂ@ﬁﬁ/]éﬁ{/&%&o@étaré f&ﬁ%e@&f ot

intended to || rr'i.)et t he scope .of the invention. nodi f1 cations and

variations ar & Fo8¥iVAPYE ARPPHIPR t Hetepd A& icofimplratitionetep), Gous dfhénpiahappd of

the wedge el epRR} S0 - a ] d not be as described above
with reference to Fi ;ﬁgg‘”?éﬁ%{r‘fg{eﬁgépﬂFéﬂ‘gﬁ%{f&g@ BB e ageaisfeovalagl e of
i nci dence  of dirive WiteAbrobésghily, HeaBdod Blaide\e e jndices of refraction
of the imrersion 15 liquid 7tgand the nateri al Séﬁtsﬁl e e%%ﬁ? PEELESSHE may

be. advant dgeolf8™ e tEhown in Fig. 9, to provide the wedge el ement 61 with
a sloped surface portion 64 such that the AF/ AL |ight beam 54 passing

through the wedge 4t eavkntag6df wiafdr pheessefy; %E@%é%b@e-ﬂeﬂﬁoﬁ%ﬁ&@sgbé quid 7
not necessari | throﬁg%ﬁ%g{bgq[—il ontal boundary surface as sh In g. 6

but t hrough tsriu‘iypé h&ﬁ% Po9EaVEE ROsEBrosesstigcierB 4re Htplanaitdd. pr ovi de
20 fl exibili tiyudigy sdreneesd o : ni _enmboadying this jnvention.
Fig. 21is ref,e? eﬂngpﬁed ﬁextés'?dok ’ ggg%ll}?@t%na%%g@ggér?gs???%ﬁpgﬁé@?hﬁh%mesm

seni conduct oris apdliFdde atwafers iNiget,dn siepied, Semoshic QY @B BYoRRRAR AL LS

i ncor por %i ng;ﬁgOSI igHi d é'set %{;‘d reéovery system enbodyi ng this 1 nvention.

In step 301 tRe“dEVI TSSO THsishtie cyerit patiaineba arak fetide) istieatear

desi gned. NeXthen] iR s$dpen 73Q&veldhi (fiet. i.ng_a,25 pattern i

desi gned accor dj _nlg St ot hg pree(?ing%%gp(}’e%i%Shﬁér)l%hﬂmg%,lpg%vﬁl?pﬁdaanﬂd?5‘iePéigst ep
303, a waf elctFRinggire). megapties han conlunbplerombist (Fhsossaislar@at hiefepgsi gned in

step 302 is 0 the romstep 303 in step 304 by a
pholto ol i t hogr é%y_ sy tggnglg%cﬁl St%? ﬁ](@g‘%t%‘?ség&rﬁé)“&‘é"éi ?tFE))eHn%ﬂ%WéTy Hh?(;iOSQSé%D 305
the sem conduen@ningefiec etchingds sprve@dMuliie kietiingatiche Hi ?drglgd gg?&%ﬁﬁgn

bondi ng oce ﬁggnd ackagi ng process), then finally the vi‘ce ' T's
i nspected in ~ BBTOCRISHE W Rosee&eiag stepdet ai | ed flowchart exanpl e of

dovi cos. 1 step 311 (om aa Fokoet e RRrttndchdht B0 e TS 5t 1 v
step 312 (CVEF'$taprefered embedimenionthéselans aléerbtomypgbromtdtions, and various
substitute equivalents which fall within the scope of this invention. It should also be
noted that there are many altemative ways of implementing the methods and
20 apparatuses of the present invention. It is therefore intended that the following
appended claims be interpreted as including all such alterations, permutations, and

various substitute equivalents as fall within the true spirit and scope of the present

invention.



7 wafer surface. In step 313 (electrode formation step), electrodes are
fonned on the wafer by vapor deposition. In step 314 (ion inplantation
.step), ions are inplanted in the wafer. The aforenentioned steps 31 1-314
formthe preprocessing steps for wafers during wafer processing, and
selection is nmade at each step according to processing 5 requirenments. At
each stage of i8IS GEAHEERI/AY, when the above-nentioned preprocessing

st eps have been conpleted, the foll ow ng post-processing steps are

i npl enented. During post-processing, initially, in step 315 (photoresi st
formati on step), photorgsi i to a wafer. Next, in step 316,
(exposure step), the ablgéél-E ar?}??%ﬁggjﬁf ‘exposure device is used to transfer
the circuit patternwofkpecedsking ndtritahdiccet 0 a wafer. Then, in step 317
(devel opi gg step), thei. eﬁﬁgosed wafer is devel oped, and in step 318
(etching 8tep), pattPEEHerMEHaAsHeRIdRdIACepHbe Hrst sirdace(od dposaitpivas erd al

surface) are @ : ¢ 31 ot oresi st renoval step),

unnecessary pchgt g?ﬁeégiquymfctet%glwﬁ%?g&am?‘é?ﬁlgtsg%?#gt cLe bei% g 83p ShuGed besveen

circuit pattehnSrdserfiorafeit bykpepetid honpdl efenfhest: %&_’p%ﬁ:%ﬁ%?ﬂa&%}ﬁ”d
ent1 on Has

post - processi steps.. Wiile a lithography systemof this i
been describ geidﬁ”’ﬁg? mgersiogdlpad #nd pr ef erred enbodi ments, there are

al terations, permyahkd0s:s 3L j ,  substitute equival ents which fall
within the scope of this isrf\?egrtrl;{lg{rll{.l&ﬁg‘ should al so be noted that there are

many al t & native ways oft dutgibemdighi mrde%nﬁgﬁﬂaﬂftf@exﬁﬁfil?%@n%@ﬁ@& Qe Of the
pr esent inveq ion.. Ig i‘fi tth&re ore intended that the foll ow ng pended
PRV Bedd

clai ms be interpre Pieyriags ofdhe Woriri®eatndons, pernutations, and

various substitute equidv@b&MreofSmdrad Io Mhd;0L Bt e _Spirit d.scope of
the present inventjon. 8 V\HAr\TOI Cr:LAlol\l;EDlPéS{:he]{%ﬁtA%éag%plbez]r%%eagﬂggﬁﬁ?‘?‘?si ng:

a wor kpi ece ﬁé(fﬁcr?@féh‘prﬁﬁpi@larface; 5 an optical elenent positioned
adj acent the first surface of the workpi ece and

15 2. The apparatus of claim 1 further comprising a transparent element,
positioned between the autofocus light source and the immersion fluid, the transparent
element being configured to cause the light beam to pass through the interface

between the transparent element and the immersion fluid. -

20 3. The apparatus of claim 2 wherein the transparent element is configured

to control the refraction of the light beam: at the interface between the transparent

element and the immersion fluid.

4. The apparatus of claim 3 wherein the refraction of the light beam at the
25 interface ranges from 0 to 90 degrees.

5. The apparatus of claim 2 wherein the transparent element is'made of a

material selected from the group consisting of glass, plastic, calcium fluoride and

fused silica.

30

6. The apparatus of claim 2 wherein the transparent element is the optical

element.



configured to project an image onto the first surface, there being a gap
spaced between the first surface of the workpiece and the optical el enent,
the gap being substantially filled with an inunersion fluid; and an

aut of ocus system i n'i(r:xl udi ng: 10 an autofocus |ight source configured to emt
a |ight beam through theThe appensisofchiyp dvientio et e.ef: th

wor kpi ece; andda receiver configured to receive tﬁaélgégirr%ﬁt&%’é%%%rpé) ’1“88‘% d
off the first a%aﬁ??tég%oﬂfca{ﬂémﬁﬁrkpi ece. 15 2. The apparatus of claim|
further conprising a transparent elenent, positioned between the autofocus
|l ight source and the immersion fluid, the transparent elenent being

configured to cause.t he THe@BbarRQARTY 818 PASS e interface_ between
the transparent, el ement andB}EJ he i mrersi on 1fefl}ll g&qgﬁg@mqﬁ%’“gﬁgﬁ@é?égaﬁﬁ
clai m 2 wher et Lionaths garuprronastomedredtmmentduamses ad & 80atHa DS
refraction of the light beamat the interface between the transparent’

el emrent and the imersion fluid. 4. The apparatus of claim 3 wherein the

refraction of the Bight Theapaiud he1aidD7 WALES r ange. omO to 90
degrees. 5. The apparatus o%?fg claim Zaléﬁek&l %ETE ﬁ@ﬁggséﬁgﬁg?‘iﬁ?méfubhﬂént is
made of a maiériparen slicweniedithomticheclgnentp consi sting of gl ass, plastic,
calciumfluoride and fused silica. 30 6. The apparatus of claim2 wherein
the transparent elenent is the optical elenent. 9 7. The apparatus of
claim 2 villerein the0tramgp ML RIBRN 7 LS eRAs) i d..adjacent, the optical
el enent. 8. The agqu)ar at us %?Iﬁ'cl aim?2 wherern t%géctgglglr%ségraor\%% ”é?l?rf@ﬁ‘fe is of
a shape 5 seP@¥rautbeltnsrapet glemept ootbt splieed cfnenect angl es, squar es,
oval s, wedges and spheres. 9. The apparatus of claim7 wherein liquid is
provi ded between the
‘ 11. The apparatus of ¢laim 7 further comprising a suction-providing device

for causing the immesrsion fluid to move up through the space between the transparent

15 element an ical 1de air ing i
ment and the optical element so that outside air i prevented from moving into the

space.

12. The apparatus of claim 7 further comprising a fluid-supplying device

configured to provide fluid in the space between the transparent element and the

20 optical element,

13. A method in immersion lithography, said method comprising the steps
of:

providing a workpiece having a first surface;
25 positioning an optical element adjacent the first surface of the workpiece, ;
projecting an image through the optical element onto the first surface, there
being a gap spaced between the first surface of the workpiece and the optical element:
filling the gap substantially with an immexsion flvid;
passing an autofocus light beam from an autofocus hight source through the

30 smmersion fluid onto the first surface of the workpiece; and

recelving the light beam reflected off the first surface of the workpiece with a

receiver.

10



transparent elenent and the optical element. 10 10. The apparatus of claim
7 wherein a vacuumis provided in the space between the transparent

‘el enent and the optical elenment. 11. The apparatus of claim7 further
conprising a suction-providing device for causing the inmrersion fluid to
nove up through th& spa@éﬂ lﬁéﬁlﬁéeﬁclmhreliﬁaﬁs:paomphsmgﬁae%te@@@bszﬁ&ﬂn% he

optical ele si de i vented from noving into
space. 12. 'rlrﬁtré&]ég%gzrﬁa %61 4t e'fm'}qu 3%%6‘??6?@ yidipe ¢ Hlllfltlmocj fbunbplheyl ng

devi ce confitgaHsestchilBh t e spar ent
el ement and the go opt i c%l?{lb% %M@Iéﬁo %ﬁﬁi@%qghl nea:&ﬁﬁ%?ﬁ gﬂﬁogr aphy,
sai d net hod d@i‘r@pﬁdptsbq:tg'eclhéle$1tae$psrenoélcnﬁﬁoaﬂddihﬂ%ﬂ;eMnkth@Ce having a first
surface; 25 positioning an optical elenent adjacent the first surface of
t he workpi ece, projecting an image through the optical elenent onto the
first surface, ther a bet ween the first surface of the
wor kpi ece and theelosgtl gg}qu gcr}rcg?#]a% ff%%re% © YAPSPETRDS Flamentap Fontigured an
i mrersion flup dpntpdsm refraetivrec{tied eI Hehh G theIa R td KR AL, 1 gb‘&%%}g}éﬁ l'i ght
source throu tge Sohﬁlm*rersmnflwd onto the first surface ?1
wor kpi ece; apof gwm%ﬁ beamreflected off the first surface of
t he wor kpi ece wth a receiver. 10 14. The nmethod of claim 13 further
conprising the step of positioning a transparent el enment between the
aut of ocu¥ | i ght sddrce ﬁamlndztht&i ofrebesimsi owhédel te réfhRtiod Bﬁﬂﬂéﬂgﬁ%ﬁmeit?{éem
bei ng confi gyl te& to cau%g1 % ht beamto pass through the interface
bet ween the tIansparert EFeHENTY 838C8he i mersion fluid. 5 15. The met hod
of claim 14 wherein the transparent elenent is configured to control the
refraction of the Ilght beam at the interface between the transparent

The method of claim 14 wherein the transparent element is made of a

materjal selected from the group consisting of glass, plastic, calcium fluoride and

15 fused silica.
18, The method of claim 14 wherein the transparent element s the optical
element.
20 19. The method of claim 14 wherein the transparent element is positioned

adjacent the optical element.

20 The method of claim 14 wherein the transparent element is of a shape

selected from the group consisting of rectangles, squares, ovals, wedges and spheres.
25

21 The method of claim 19 further comprising the step of providing liquid

between the transparent element and the optical element.

22.  The method of claim 19 further comprising the step of providing a

30 vacuum in the space between the transparent element and the optical element.

23. Themethod of claim 19 further comprising the step of providing a

suction-providing device for causing the immersion fluid to move up through the

11



el ement and the imersion fluid. 10 16. The nethod of claim 15 wherein the
refraction of the |ight beamat the interface ranges fromO to 90 degrees.
17. The method of claim 14 wherein the transparent elenment is made of a
material selected fromthe group consisting of glass, plastic, calcium
fluoride and 3PScq betedersiheitmaspaidit efEhenneide ogﬁca%léﬂn%t]sﬁ tﬁ‘ﬁ%‘hﬁﬁdé zﬁﬂ?

of claim 14

transparent element. is the optical elenent. 20 19. The netho
wherein the tl?x%‘a%ea@r O DRVARERO 16 Spassi t i oned  adj acent the opti cal
el enent. 20. The nethod of claim 14 wherein the transparent elenent is of a
shape selected fromthe group consisting of rectangles, squares, ovals,

wedges and sphereg4. 25TRInethbon@kinodo afieh 8l r¢CONPLi sing the
step of provifgﬁg | i quid between the transparlg%%%e%ftgﬁé{r%ﬁ Og {?q’FCﬁl%g %pti cal
el ement. 22. sSYRAHBA detice Peifignagl thpratids floidnpticsprg HebeedtiBPySisparent

providing a .30 in.the,space between the transparent el enent and the
optical el enent ?éﬁggﬂ&l%é)g%%{lﬁ e&&&ﬁ claim19 further conprising the step of
providing a suction-providing device for causing the inmersion fluid to
move up through the 11 space between the transparent elenent and the
optical el enent s83t hat%@ﬂé@r@@néithogr@hymppmamsedznf)ﬁﬁﬁg;rmvi ng into the
space. 24. The net, ibm 19 further conprising the step of providing
a 5 fluid-supplyi ng&gpelglgtggég%aﬁ)ﬁf PR BTH%i de fluid in the space between

the tranparent elvenking sepd ahbl@geﬁ%ir&%hae&zé‘&g%e wﬁﬁafﬁ&shg‘geetsi on
li t hography apparatus conprising: a reticle stage arranged to retain a
reticle; 10 a wor R} ABUSH é@éﬁfaﬁnfglwb%an dlunghation saume ekpuecstiont tlbmant it

Z Iure];rgﬁ f‘ 2; gﬂ‘ida@ BlenR¥B &M baOGEddl 4; 22lhdhd KT 02 aicg or the wogﬁpigc%dan?ln opti cal
configured to project an image onto the first surface, there being a gap spaced between
the first surface of the workpiece and the optical element, the gap being substantially
15 filled with an immersion fluid; and
an autofocus system including an autofocus li ght source configured to emit a

light beam through the immersion fluid onto the first surface of the workpiece and a

receiver configured to received the light beam reflected off the first surface of the

workpiece,

20

26. The apparatus of claim 25 further comprising a transparent element,
positioned between the autofocus light source and the immersion fluid, the transparent
element being configured to cause the light beam to pass through the interface

between the transparent element and the immersion fluid,
25

27. The apparatus of claim 26 wherein the tfransparent element is
configured to control the refraction of the 1i ght beam at the interface between the

transparent element and the immersion fluid.

30 28. The apparatus of claim 27 wherein the refraction of the Ji ght beam at

the Interface ranges from 0 to 90 degrees.

12



optical elenment being positioned adjacent the first surface of the

wor kpi ece and configured to project an inmage onto the first surface, there
bei ng a gap spaced between the first surface of the workpiece and the
optical el enment, t?s gap be%gﬁqsub tantially is filled with an i mersion
fluid; and an autofdcus L8§&PRAIEHE] Uig whersin the benspatehgtiemants sode of
configured topemril &lecd GAM, the jmersion fluid onto the first
surface of the morkpieg%ggﬁgQ% r@%Qﬁ@%ﬁn%8ﬁ€F&hPEﬁﬁ%63¢%%@ﬂv@ﬁﬂqqmd | i ght
beam ref | ect efitsed §ilithe first surface of the workpiece. 20 26. The
apparatus of claim25 further conprising a transparent elenent, positioned
bet ween the autofocus |ight source and the imrersion fluid, the transparent

el ement bei ng confggur se .t he Iight be to pass through the
interface between thee?}?% é)%galrtjueanfCEF’B@Q%ICJW&%@HSWT@WMIlsuﬁhd. 25 27.

The appar at usopicabdlanent26 wherein the transparent elenment is configured to
control the refraction of the light beamat the interface between the
transparent elenent and the i mersion fluid. 30 28. The apparatus of claim

27 wherein the refqacti f the Light beamat the interface ranges from?O
to 90 degrees. 12 29. Iﬁe aﬁ’B%raa?uét"é%ﬁB? 2gl 51D dhermsrarentiehamant nspar ent

el enment i s ngueitohedadmehetheapisglralgd fromthe group consisting of glass,
plastic, calciumfluoride and fused silica. 5 30. The apparatus of claim
26 wherelh the transparent elenent is the optical elenent. 31. The

apparatus of clai m;26 wher.ei ransparent. gl ement is positioned
adj acent the optical el enel F &a&lg%g}é‘@q'gg Wzi’ﬁb%?%J@%ar@tﬁi%eﬁsxs\m@mbm t he
t ranspar ent éﬁléﬁfédlﬁonrsthefgrcalpsdmﬁeting of rectangles, squares, ovals, wedges and spheres.

33. The apparatus of claim 31 wherein liquid is provided between the

15 transparent element and the optical element.

34, The apparatus of claim 31 wherein a vacuum is provided in the space

between the transparent element and the optical element.

20 35.  The apparatus of claim 31 further comprising a suction-providing
device for causing the immersion fluid to move up through the space between the

transparent element and the optical element so that outside air is prevented from

moving into the space.

25 36.  The apparatus of claim 31 further comprising a fluid-supplying device
configured to provide fluid in the space between the transparent element and the

optical element.

37. An object manufactured with the immersion lithography apparatus of
30 claim 285.

38. A wafer on which an image has been formed by the immersion

lithography apparatus of claim 25.

13 .



selected fromthe group consisting of rectangles, squares, ovals, wedges
and spheres. 33. The apparatus of claim 31 wherein liquid is provided
bet ween the 15 transparent el enent and the optical elenment. 34. The
apparatus of claim 31 wherein a vacuumis provided in the space between
t he transparent glenent %%d the optical elenent. 20 35. The appar at us_ of
clai m 31 furt he??-conpringiheg far Bakingn ehiedtivgingp lidegrapdy peecesauchaiginthe

. : Lo ‘ h .
el et _and EEErS FBRs Uk e Al o D R AR e LB 2R o
noving into the space. 25 36. The apparatus of claim 31 further conprising

a fluid-supplying device configured to provide fluid in the space between
t he transparent4@| enBrinctiad fonpattaspingeavater esivpn litBrgraphy ptsjcess, wherein

manuf act ur it h the | mrersi;on Lithography,. aratus of 30.cla m25. 38.
A waf er onﬁl\%ﬂ%‘#ﬁr %h R@ﬁ%ssh‘iglzﬁﬁbﬁ ‘PB%%@E?W%B @PRY TR S C?arlintfsogr aphy
apparatus of claim25. 13 39. A nethod for nmeking an object using a

| it hography process, wherein the |ithography process utilizes the

i mmersion |lithography apparatus of claim25. 40. A nethod for patterning a
waf er using a |lithography process, wherein the |ithography process
utilizes the imrersion |lithography systemof claim?25. 14

14



