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

LI THOGRAPHY 5BACKGROUND OF THE | NVENTI ON This invention rel ates to -an
optical arrangenent of autofocus elenments for use with inmmersion

| it hography. In sem conductor |ithography systens in use today, automatic
focusing and leveling (AF/AL) is typi cal |y accorrpl i shed by passing a | ow

angl e of incidence 10 f a sil | con waf er and
detecting its properti %%@g‘g&%ﬁ %rI %ﬁjﬁf FbiM waf er
surface. The wafer hei ght! j Qﬁleléq %ﬁwfb‘étrl cal

processing of the reflected |Iight beam This beam passes under the | ast
el enment of the projection |lens. The source and receiver optics are
typically nounted to a stable part of the system close to the projection
opti cs nourfting 15position. BACKGROUNR OfigiBiISHENGdgr aphy, a liquid

such as water fill sy bﬁvﬁ%ﬁgd%é g@%ﬁragm@a,lfafgtm@wo%aﬁﬁfoaseﬁetnhf,nwﬂ ggtion

| ens and the wafer. dg&of the
| ens or supporwehhrsmmlamtlduﬂ@grﬁ@ay t he edge of the l ens, the liquid-air
boundary is not wel] .defin rapi dl It is.nqt possible to
Cransmt an 20ar AL SRR ERESEOoBHRE e PRLE vkt BRE Py
di sruption andlesub@QQM) it BpRI0f acsdrgpiihed Wﬁhshﬁ@@ﬁmpﬁfgf&ffmﬂ&%ce It is
therefore a general his_i ventl g provide a way to introduce
AF/ AL beanlg i nPRYCp r?éal?’uoal?‘he f%ﬁ?@? 0% P HEGY ‘ﬂ@ﬁ drlesingil Biwredcadto o preserve -
the optical acsusRentaTdcsirfbh itiewdraguiked 1) TJQMrﬁe@ﬂQ@th&ﬁ%kéd){)y it is an
object of this invention to provide an apparatus and

optical and electrical processing of the refiected light beam. ilns beam passes under

the last element of the projection lens. The source and receiver optics are typically

mounted to a stable part of the system, close to the projection optics mounting
15 position.

In immersion lithography, a liquid such as water fills the space between the
last surface of the projection lens and the wafer. Al the edge of the water, typically at
the edge of the lens or supported structure near the edge of the lens, the liguid-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 joss
of signal, and hence performance.

It is therefore a general object of this nvention to provide a way 10 introduce
AF/AL beams into the liquid Jayer without such disruption so as to preserve the
optical accuracy and stability required.

25 More specifically, it is an object of this invention te 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 liquid 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 whiclh may be described generally as comprising not only a reticle stage

arranged {o retain a reticle, a working stage arranged to retain a workpiece with a
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met hod for allowing AF/ AL |ight beans to be used as in conventional

| it hography without the disrupting influence of the liquid inmersion
boundary at the edge of the |Iens. 30SUMVARY OF THE | NVENTI ON
Aut of ocus units according to this invention are for an inmersion

| i t hography appar at us. whi ch ma descri bed generally as caonpri sing not
only a reticle Ef%é%”’é?erﬁaﬁa‘éalﬁtﬁépsrb'éflaﬁ*w lughnepji ”é“mé?“\ﬁib’%rk‘t HY 2gealel arr anged

to retain a workKphageucMat Ricds pésﬁfogéioga%kl{]@ce%ﬁ@qmgt]f%r\‘uo‘%ﬂ)ttéc%%r ﬁ%ﬁé%ﬂ‘
including an illum nation source and an optical el enent such as a lens

posi tioned oppo¥iigeryia: dimetiderromeekei @ﬂé@’Oflwtechbwtﬂﬁlgt@hfrornagé pattern of
the reticl e projigelady0n.tDeREkp: gtur@yylt%aﬂev%'fg dech? SR Lym nat ! on

source, but also a fluld-supp ylng eV| Fovit iMto the
5space defirred b@tw@énect‘dttev@pthe@ahcaéblemerttanaﬂnd vtoﬁqnawsdcbltlemeleﬂumh that the

fluid contacts n ta ur f ace of the

wor kpi ece. The %gta?{éa&% ?elﬁglg? %hjg aré%ﬁgrg‘rfcfgf‘g?)wt’ﬁ‘é”%r Hi%8t®! may be
treated as a coafmmmepdssnmfnedds@oamttofmmmskplﬂmtnajyﬁas&b?ftemlafcbxnﬂ&}énb&{ the
characteri zed as further. c Isin aut of 8CU§‘ I i %ht sqQurce serving to
project a I|ight “HE&H 8B ’iﬁﬁgﬁw §>6§E%ré‘f‘tm§ ALY CHRRSR G AHRICES 101 § ght
beam passes t hrldghg&butd@ee;{’ingltcdpraﬁdt A 15l Bhirealigek Py alsp@itardet ssurlage of the

wor kpi ece aé a}s%emfled reflectia ositi n which I's bel ow t he optical
el ement, ar f E'é‘?a{}ﬁﬁsslﬁ‘f) e Hga“ér‘ﬁir AP thigteasesur fgtetl tiream

reflected by t h@rk@egat a §peftiae Q,ﬂe@ﬁbhﬁ)@ﬁﬁdnpﬂhtlc]@ﬁ%@@wﬁ'ﬁé’oﬁ?fcﬁfc‘%ﬁﬁt ¥ndog
di sposed on the opti path of the lig beam proj ected fromthe autofocus

| i ght source fdr°esr % féé‘tclelﬁﬁlgﬁp%ﬁé?@/ét‘tgélﬁ gt b veflegtrd by dbmipraemafacen

al ternative enbogicoBsitlensthappticaaly wlpyenl oﬁl@l&%h&ﬁp&tﬂ%f%ﬁ@ﬁ'b@&ﬁ may be
cut on its two nutu thl%& I.te sldes andotlcalytransparent

wedge- shaped el PBEHERTEN %ﬁ‘étoﬁtcé%lé%i‘ttﬂt’&é?rO’E‘F?é@%‘m@dt’t%’a%‘ﬁ’@ﬁ of thadicktiveanp.i ght
beam from tihe aut of @eus aldrghive SAUSERM thé o;ﬂ@:&ﬁcl&zﬁn@&gﬂsﬁd}ﬁ@h@&pﬂc&e hay, passed
through the flyid to .be reflected on the t et surface of the workpiece

and to reach tH& FeeifVEP THEHY APPostsEiT gn tf?ﬁ@h“?’@ltaﬁ%“ Yptscchrred| ement  at
all. In order te@zxmpenagmetwcttmmet tﬁéhfelcatls sdhaldt @} fgfat tb:ullatt‘rc@@ b B@bopmy be
f ormed duetoth ﬁ%‘% %ﬁ Hg > e eele %{m r\H téﬁoptlcal el enent
the gap may be 8aC Wit R étﬂ“b e @peHl tronglBe duidktp OF BdetsA tar r ow
- such as | ess t hm@emmmm}dwmkpw@pmh {caeychitps x@ﬁﬁvdﬁwnhtmk@@@mtghﬂﬁot%p filled
with the fl 10“,8758 gldetdtvx,b ngansfor utgc?(%(n smal | suction to
cause the f UI 4"t BUREER & ﬁ%wf%é”é@’ P ‘i?tlgllfﬁﬁwn ehwbplegilat such
that that the gaybedonmie dkeptthrf gdplb@ﬁheeﬂ'hﬁ vedpnéeansht s haegid:hdiaugh swhi ch
the light beamgfa;g %Ty e giieaty w;‘t’h 2 sculilt%ble m%tenaf ?nl’zltﬁe sq.lftﬁgenrtl?ffnlarrgxg tst?c als ?etsso 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 can be 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 net be parallel to the target
surface of the workpiece but may be appropriately sloped, depending on the indices of
refraction of the materials that affect the design of the unit.
30

BRIEY DESCRIPTION OF THE DRAWING

‘The mvention, together with finther objects and advantages thereof, may best
be understood by reference to the foliowing description faken in conjunction with the

accompanying drawings in which:



the fluid fromthe interior of the wedge el enent need not be parallel to -
the target 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 objects and advantages thereof, may best

be_under st ood by e anee b e .LOLLAW 08, PROTLELIANLBKRY, 1

conjunction with the ,accompanyi n "Big. 1is a
schematic cr os@’Péré@ﬁfBHéWmm%W%‘? ’féﬁﬂ‘iliﬁ‘f?@f?@i’ on I | t hogr aphy appar at us t hat

i ncorporates the present invention; Fig. 2 is a process flow diagram
illustrating an ex@#ﬁ;ﬁa&wrm@wﬁ%dibwmmusmtsgmh cangisel ohcesehsi W@igs: ar e

fabricated usi ﬁgn&&h@tﬁpgé‘ﬁ@g e fe?bb;@Mh ﬂsnig Gap 3311&@19 BhANE e 10,k nﬁ‘\ingﬁ esent
i nvention; is a flowhart ofl I]1 er proéesa ng ep shown

in Fig. 2 in tllliéplé%i‘é’g”’f)‘f““’f”’ébr| cating sem conduct or devices according to the
present invention; Fig. 4 is a schematic side cross-sectional view of
an autofocus unit &hddA W*M@“hm‘vgﬁtﬁf@mﬁllmwho@1l1§18a2schem¢D& si de

Cross- sect i onahbridagiy @hicandiclhetevaddt &coeits b Helr@aPRdyig this invention;
Fig. 6 is an enlarged view of a circled portion VI of Fig. 5.

Figs. 7,8 and 9 ar @;gsahmeauﬁnéaq(,ecrggs%am%%sm% aegbl%x\@ 8 3,9%&@111 ns of

ot her aut of ocuy uni t. embodyi ng t i nventi on accor Ing t

enbodi ment of ﬁﬁém’f%lf"r‘fventl on. Thr oughout herein, items and
corrponents that are equivalent or simlar are sometinmes indicated by the
sane nunmer'dl in di fi%r &schangie dde gan-saeipnpotiendcedariblcisenaxpl ai ned in a
repetitious meamberyin@OBELidD DESCRI PTI ON OF SPECI FI C EMBCDI MENTS

Fig. 1 shows the general structure of an inmersion |ithography apparatus

100 which may i ncofFpotatM chiag0pkioah ciddéangenents pfy. aut of ocus el ement s
enbodyi ng this invention.

Figs. 7, 8 and 9 are schematic side 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 equivalend 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 incorporate the optical arrangement of autofocus elements embodying this

mvention.

As shown in Fig. 1, the immersion lithography apparatus 100 comprises an
25 illuminator optical unit 1 inchading a light source such as a KrF excimer laser unit, an
optical integrator (or homogenizer) and a lens and serving to emit pulsed ultraviolet
Jight IL with wavelength 248nm to be made incidence to a pattern on a reticle R, The
pattern 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 altematively be AsF excimer laser light with wavelength

193nm, F; laser light with wavelength 1 57mm or the i-line of a mercury lamyp with
3



A§ shown in Fig. I, the irmersion I|thography apparatus 100 conprises an
25i | | uni nat or optical unit 1 including a light source such:as a KrF exciner
| aser unit, an optical integrator (or honobgenizer) and a | ens and serving
to emt puI sed ultraviolet light IL with wavel ength 248nmto be nade
incidence to a pattern on a reticle R The pattern on the reticle Ris

proj ected on aveEflehiidoat &dvinl fdioas, ilvaboriegicsysiat wah Specifhd 2dxes as

magni fi cation a.telecentric |ight projection
unlgt 30PL. The(;m%ﬁ}s%gﬁ’l b ﬁcg Ci_ d@e}(grf’letr%%f‘ic{}@ﬁ}” e BsihEre pdser | ght
with wavel engt rﬁusm@@wlmf thEmHoglsﬁry appaghtis MIOL oM@y ednef@dnbe 41 (R Qknd he T -11ne
of a mercury |ap C”MOH poravel engt h\xﬁ%nlm In what follows, the coordinate
systemwi th X-, PR 21% 05‘35%0113}?3 i Hlugraed i gl ?’éﬁ'%&‘é%@dtsﬂ%ﬁt'expl ain
the directi®ons mgta cqbesﬂltiebiemgsdchles Sibiisy & tsp&e@Bghofiung tH- QA% Of 2jahe 11t hogr aphy
apparatus 100. For ZE enl ence of di S?| osure and description, the |ight
proj ection uni £'Bfre ?‘1“’1“5 tCP%f?’B’Bgf“ Oty 01 4S WHIPGNBY- way of its |ast- sstage
optical element (such as a lens) 4 disposed opposite to the wafer Wand a
cylindrical housing® rd@mlalsmu;mgraldu aotatheas saga:fRsmﬁcoe@mQ@@ﬂltgammsm The

ticle R ticle t a mechani sm f or
rovi ng the et eV E BBk B et AR S gt ER Pe StcH@ebiioet  on and

nmoving the retic BUit
the rotary direday d)lmcavroundldtthfez Zdaxis twa'hemin\mmaﬂlbmnﬁlaﬁnﬁimﬁﬁ&t td on and

ori entati op, of reticle s RST are detected by a
| aser int e{hf er gl)cngéttlgrﬁﬁ(ﬁ%#l seﬁmle r&er Fetffcteﬁebya?ﬁ%ertIH‘é?rfEiB’é‘*FtF‘i BRi ng of the

reticle Ris efiowaliadedbyma amthtﬂmpcs@mmgbf the miticie Rdis efficctdd @y BasirScodfolt he

detection thus,(iBg€:, e b Set on a wafer holder (not shown)
on a Z-stage 9ufor coﬁﬁ ?qésoghgd%%kgé%%gﬁ%g position (along the Z-axis) and

t he sl oping angle Qrf the wafer 15W The Z-stage 9 is affixed to an KY-stage
10 adapted to nove i'fi *efE orsgionpera&rbaldeietabawn) par &tstaet 9 fo t he

[ n?genf or gl ng &uné@?_ﬁ@ th®fodubigy | %dsfﬁigﬁ (Mn@]t%gﬂptag@%schn% Eg?e c?ﬁ{ae%a%&e 10 is
Se on a bgse \%rl Thek%jsiége 9his ag'lxcd ta%n XY- astage losadapted to move in the XY— ane,

subslantially 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 X'Y-stage 10 serves to adjust the position of the

wafer Win 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 & 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 Lo another of different exposure pesitions on

the wafer W according to the patiem on the reticle R in a slep-and-repeat routine.

30 The Jithography apparatus 100 being described witl reference {o Fi g 1isan
immersion lithography apparatus and is hence adapted to have a liquid {or the

“inmmersion liquid™) 7 of a specified kind such as water filling the space between the
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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
Wby the auto-focusing 20and auto-I|eveling nethod, and the XY-stage 10
serves to adjust the position of the wafer Win the X-direction and the
Y-direction, The two-di nensional position and orientation of the

Z-stage 9 (and_hence alsq of the wafer re nonitored in real tinme by
anot her | aser %uﬂ?%crﬁg?eowg(f&{ ‘“féﬁ?/\hofvﬁ‘ Sf“é(%/y&ogﬁ’ééasfﬂ“ﬁ ORBBI Heme! frdthe12
affixed to theight sibpgondunitCont Lot whiaife hasednege Irhe raBes Wiks  bpitdi s
nonitoring are t[ans itfted fromthe main control unit 14 to a stage driving

unit 15 adapt ¥ POY&ht'rol the notions of the Z-stage 9 and the XY-stage 10
according to the received control data, At the tine of an exposure, the

projection |ight i Shekdesidpe omeaugdichd hdNe plofcoinQne PLes ANalshs fcof

. different gxposgr(&g sitions on the wafer. Waccording to the pattern on the
reticle R in a”S8PEIHRYS Pepen PR SRLOSEHTHIF 65 APty Apwat 4t us 100

bei ng descri bafayiectiad ed@Ivane fr ti0adigr mhidighadda, | mrer si on it hography
apparatus and is hence adapted to have a liquid (or the "inmmersion |iquid")
7 of a specified ki e bet ween t?gl}g surface

d.such. as (% r fillin ﬁhe. p _
of the wafer Wand I?’ﬁgqqlg\?\grsu@’d? §%r538f3mfl ﬁ%jp ya‘g’ft:%st?agdjéiy(‘i‘ﬁﬁ“i“b“élﬂ ehent 4 of
the |ight projrestiepuupiid Renpdavhre &ghlawh(doeintivelugathent) b Mmgecof the
reticle Ris heing, copied W, the wafer W . ye | ast - st age opti cal
Clement 4 of CRETPEREEEFalierr e Brietd adionas oo TR B nlr i ca
housi ng 3.101 n lamidoptavenahit énbedemendtyre bhie ligst 7 strageatapbibeal el enent 4 may
be nade rem)vaag{jj Inpr heanin r_nmainten . Jhe liquid 7 is supplied
rem el 2 tenatatirE IR B

froma liquid SUpply eu)ﬁllg%eta%aki R CORDY semé""hatngor?f(fn%ém 8%sure punp and a
t enper at ur e r égldgsapdy aiprotusil Hditoell dulipbyeds howe)el Tlondibeesspacenableve the waf er
wunder a t emgrahil ol B0ULAL o6 SR kb ARy 5P LEELADs By Ol T qui d
recovery unit 6. e tenperature e liqu I's regul ated t0 be

recovery nozzles through which the liquid 7 is coliceted into the recovery unit 6. It is

15 to be reminded, however, that the stracture described above with reference to Fig. 1 is

not intended to limil the scope of the imsnersion lithography apparatus to which the

liguid-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 recovery 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 irmersion ligquid 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 shownat 100 in Fig. 1 but the invention is not intended to be kmiled 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 hemispherically shaped projection lens
with its planar surface facing downward opposite to the upper surface {the "target
surface") of the wafer W a space Ieft in between. An autofocus light source 51 is

30 arranged such that its AF/AL fight beamn 54, emiited 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 mto the inunersion 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 receiving and
5



approximately the sanme as the tenperature inside the chanber in which the

| i t hography apparatus 100 itself is disposed. Nuneral 21 indicates source

- nozzl es through which the liquid? is supplied fromthe supply unit 5.
Nurmeral 23 indicates recovery nozzles through which the liquid 7 is
collected into the recovery unit 6. It is 15to be rem nded, however, that
the structure %Sl@fllk@&dr@bﬁ&’cﬁamt hlgﬁﬁfe%e@c?@ap‘b%pfing Aszﬁo%ct\%:l kNt ended to
limt the scope of .th lJ;{r'{lrlersmn | i t hogr aphy "ap ara (st 0 ¢h the

li qui d-renovi ndPPREYIR§AE O R iR vpiceion it Phe Nyremint elaiehtaomwia ey

appl i cabl e. | n wbbermESSsondsicdiRs HS, Hal &S0k |pvention may be
i ncorporated into i mersion |it hography appar athgq}cl)(%g&%ﬂ’gd 'fef%lrgdrf?r ki nds.
In particular, ‘io’tmlt@gf‘%ﬂ“Bé’P?@Whcﬁ@@eﬂ%a@teﬁmcrbetwnmms faml ter i@hgerent s of
the source and HBCRHRIY nezahies, 2h the ection unit
PL, may be designed in a varlie%y ofog\g/}g)bgé‘ftgé 9%]%1 a’e S‘P‘L‘H’]ﬂ(ﬁi‘% f1 ow and
qui ck recovery Pfvideseod sigratsse @ﬁmlalrxjuumwracy InF lFl/gbroélexsthamd&ﬂzeahE of ocus
unit 50 (not showWRyef ke d) IS L.;nvention which may be

i ncor por at ed |nt%%alﬁ Eomeralon Q% ag)égr;lfgh%&pos '§f*&uch as 25shown at 100 in
Fig. 1 but the invention is not |ntended to be limted by the specific type
of the systeminto W8 tHOWE amoder Hecspqyerait 6@ acoprding b aotrammiiogimdiher the

| ast - st age opt Inﬁahncﬁﬁl @tﬂ@cﬂﬁpoﬂex@é‘ thitRe ih@hto B QJd%&EFé?irﬁwa $iollesdh S8,

heni spheri cal | y. sh rojection lens with its planar surtace fating
downwar d opposi fge “'t“H ‘eﬂﬁﬁéﬁs%‘l’”ﬁ‘a‘é&éaétﬁ’@““ttéﬁg@wnsmﬁgaﬁ:a ) of t he waf er
W a space |eft clmad&e{fz&mmawﬁg\thal&gf@‘Eﬂe!c%éﬂtgﬁfat%t‘:? | fanged such
that its AF/ ALh‘I%% ht beam , emtted ob i wogj%(:ﬁe}cln%m% o % he t ar get
surface of the "RRIFEPSHT o ‘"é“t”HY’%GBFFSJW”&/\%@WC%@Wﬁwequa)lfOCpahght@o?untchl s lens

4 and then is seudibt@biventn rmutsrm@deshra@bhb%ta@z N8 Ay PR, ELT] ect ed
d reflectionposition 55.

by the target ecji f
A receiver 52 %({r&?g%{es?a cﬂ"g”ﬁ%\%’%m "aﬁéﬁl&%nﬁ “t"W@“Pé*SF@@ilééhﬂFﬂﬁﬂ@ﬂC#ll ght
beam 54 i stapptoprOeicellytrposidni mngdeoned fes @p@ﬁ@lptﬁmsrdemoa‘g thelight

t h b tred t
AR AR Ty R A W R

correcting |ighe 3pt|0f§>padzﬁli once Si adehd diemem b2 bfiage tb@ém&bﬁﬁmetrb&ldc@% 4 and
e e dutd 71 She Qb o ARLLNGHANG SRPRALAL L LLER, Ol BURPL SR, dhe 1 Oh!

bearms are uni nE and can” provi G¥*Eccur acy.
In Fig. 4, bro ‘éﬁml“ﬁ%mffﬁéﬁ ot @utchélwlpp@aﬂeoulgh @Ia'c.vedg)ﬁﬂaemdnréihﬁ boundary

of the expasurgfheel 8 the ImmersuEﬂ IQ;md% él%Wpa%Qﬁ)gttn\%E%}fth %];1 ZE” t 60

according to apat her enbodi nent I nvention At€ that are
sinilar to thoEeé“?drég‘EPF‘idB’ééfmaHé?}é“r\fiﬁcﬁ hf the puafes Mt tltﬁ@ﬂﬂ@@ﬁ@zgzosﬁoasg viitidi cat ed

by the sane nuaﬁe&hcﬁe{i 1&6@1&%@ @Qme%b@)’\ﬁhd Bedile@py Me koGNS %%%Ut%eq
havi ng the | ower surf ace of | ast - st age optical el enent o

proj ection uni P*PEE Bfpeh 'ﬁ‘eﬂ%‘* pT%&@%bOFiaé?%gs aleyiseects behysetirevalgt of ocus

- I'ight source S5deaatk dah8e MEEAIMY I ffeRAt mafdBalGiiin ﬁé’fefx@tﬁgﬁc WX‘JC}H%S ﬁgt%];fsr abl y
flat, as shown in Fig. 5 and the |last-stage optical

functi onal y afitessent i al | y a hem spheri cal
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 n
detail the portion of the wedge element 61 in a close proximity of the fens 4, the gap D
30 therebetween is 2 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



15l ens. Optically transparent parts, referred to as wedge. elenents 61 and
62, are placed on both sides of the Iens 4 under these cut surfaces, the
el enent 61 being on the side of the autofocus |ight source 51 and the

el ement 62 being on the side of the receiver 52. The cuts and the wedge

el ements 61 and 62 are so designed that the AF/ AL |ight beam 54 fromthe

aut of ocus | i ghtbesakds@fectieiWedrb axﬂﬁﬁ&eﬁ)m&@@h’btﬁ Qﬁ)rly\ﬁgg &lnﬁﬂﬁ iﬁl and

20refracted i nto the imersion liquid 7 wthout passin e 1 ens 4
and, after bei ig™het b &cicayPEprenaatchroges! f%Qﬂrlﬁﬁd@n@fﬁrrmhalch\fhfaerde@t t he

r ef | ection pOSlfBﬂc%a@e’édhc‘M ;\ld e 118 J(?Etaﬁtpkécghqiiﬁ@gve wgge el eg;ewe]ﬁ62 and

recei ved by the receiver agaln without passing t gwef”ﬁ s 4. This
enbodi nent is aw&ﬁt“éjg’é‘bﬂb‘}ﬂft)‘éc&ﬁs@ St:vheomedtgezpp!bremnﬂn sictanocheaiseade of a

di fferent matenjeal: /& pmd %n L& mgdg%f?el eﬁee%grﬁa,é 3 Y Caﬂawaw | ass.

The | ower interface betwe He®Slens 4 is
i mport ant fr omshewn ipdimt g'llgtillvauerwab70 iodicatectn Qg &dr pﬂﬁfrrf:@r @HegaNd

generation of I i i qu r ef erence to Fig. 6,
whi ch shows nn?jég):@rslﬁ%“estspu IEu %ﬁk m{o |ngﬁm(l%¥ ts%écevvzﬁ)glvéhe | @t sBplisdh a cl ose

proximty of tﬁboweélws)pmagﬁehmpmoxe@hm gloeld Vibenvithishalip@d gnti al source of
air bubbl es, which nmay be entrained under the lens 4, adversely affecting

its optical perfor MaRG8ention has b&X 8 c@findd18o3 Lh blemis to
fill the gap with a sui tabl e mat erlaa{l or%f)oe%{r&eljg%&t%ﬁetgona il”ﬁ{ ment 61 into

~contact w th t Hemb@ArsapngtRpistybhey ﬁ@n@}a@fmﬁ% to lbettbmlaeéiftmmwm&bxy zero and

t heref ore does way nﬁ@ﬁ'&éﬂoﬁs lnH%MtﬁHé L F%%[cfﬁ‘ﬁx%x th@&%h@ ngvc% n%‘qlﬁs to
keep D appr oxi mateI%/(Se gqual to or |ess Onm suc y forces

cause the |iquififPy ¢idheryqdee elipaenyngl '@ﬁéQk@éﬁfaﬁwlcﬁmf#dliedbmeinscmhwlaeowtehe waf er

Wis noved undeit 1T1$I&ezjacelftsflér 6. /bcﬁogddir% 80 ko 0 upsh tﬂ@de§1%%1¥]e%fmgg ncesuctI on
to cause the 5I p i.nside the gap prevent air from

t
novi ng dovvnvvara %ﬁ“ li’eﬁmlz%/‘tdeiat?"%@eé‘i‘qﬁccﬁﬁfr‘fé?@lfm“?@f‘ thmmnmil@s an air
punp for pkovi ﬁ{lung7h%ﬁtH}16M€!Eszmft}wEmgdge&l.&k@\l\m $itohayl. aQLALL SQl WEion wher eby
a source 72 of .t ul S Su a vetheoenlng “of 't e gap Dto
keep the gap Dmfﬁgl éec?%mvf% ﬂt’%mdlgf % "‘fﬁ‘é”l“ﬁ%ﬂ‘i‘pﬁﬁ"’ﬁ% Shewsh teiéscri bed
above with ref éreedidel tigt bednySdpakiing meadghﬂn@mugﬂw{meﬁﬂ‘ c1aLinapeeneRd sudut they
are not int endﬁl@ a&ﬁeﬁsﬂomléﬂ]& }i'got%h%gégsap 1hr0ueh P%’fezgt%t?}%o‘zwwg/%{ modi fi cations

and variations are possi e 'sc f@ﬁasﬁ*ﬁ’émshaped
of the wedge el“é-“ﬁ@ﬁtbs“ %miiﬁn@S@EpropmclexlaMIserm:e@ckumom briasildessdd bed above

wi t h referancent,onifiyeh 10 desRERERDI t he desired angle of
i nci dence of the AI\F?/ ] |e5% belarzﬁprgn ¢ IIlitatl \%Sp?goth'tsﬁgmﬁl}% ces of refraction

of the i mrersion -
Fig. 2 1s referenced next to describe a process for fabricating a semiconductor

device by using an immersion 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 paralle] step 303,
a wafer is made from a silicon material. The mask pattem designed in step 302 is
exposed onto the wafer from step 303 in step 304 by a photolitho graphy 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 1s mspected in step 306.

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

wafer surface is oxidized. I step 312 (CVD step), an insulation film is formed on the
7



15 liquid 7 and the material of the wedge elenent 61, it nay be

advant ageous, as shown in Fig. 9, to provide the wedge elenent 61 with a

sl oped surface portion 64 such that the AF/ AL |ight beam 54 passing through
the wedge el enent 61 will be refracted into the immersion liquid 7 not
necessarily through a horizontal boundary surface as shown in Fig. 6 but
through this a Lat.el d_surface portion 64. This wll provide

20f I exibility R ea‘si%ﬁa{ﬁeﬁﬂ%“%g?er%ﬁ AR SOy PR Prileent i on.
Fig. 2 i:ls r ef er‘éﬁeretwweo«tdej_zcmitide.sh:_rsiebe1<a(i<pxrmﬁmﬁniﬁﬁme;%?é@ﬁé £l in

sem conduct or in n_i.mrersi i t hogr aphy appar at us

i ncor porating gﬁﬁvgﬁf'(t:I)M]ee?m%n?]e&%?]gggﬁsrﬁ lé%tﬁgf’ﬁ’@‘?ﬁ%ﬁweﬁ@“&ﬂéﬁ%quwmi on. In
step 301 the delriiogwsfef proctsiing aahalepinfiOnB@NG 8:HRAP 3GHEH B%n%%es&?ﬁﬁ?

desi gned. I\I(?Xt"EIUQreSte%F 302, a mask (reticle) having a 25pattern Ts

desi gned accordlﬁHg 6"t he previ ous designing step, and in a parallel step
303, a wafer is nad%g{cgrsr{aa silicon material. The nmask pattern designed in
step 302 is exposed onto the PSRBT TEasoTermetiepdsnurisyssag

phot ol i t hogr aphieps ystemnsushlead, thhlISyisk Pos paREGH|: Begk z@@@%?mneh{%dﬁ ep 305
the sem conductlﬁrﬁng%gsitpe LS. ass.? | ed &Ji ngl udi ng the dicing process,

bondi ng process and ' packagr ng ProCedsier i hamota il foynitive sepdpviceist s

i nspected in stiemwppBablo akiager. Bett] husp B Bd, espasuttaiaph lnednbionehardy exanpl e of

t he above-ngntig og%,sdt‘gge .304edi n th% ase of fabricating sem conductor

devi ces. In stepfp T CCO%T AT S EEpYe Sr il ke pf ampskdrdcip)o exiair.zed. | n
step 312 (CVD Step)y stgréliidarbiaping i) herbipssdiora@ s @ReIbRg, Jha ialefgsur f ace.
In step 313 (el(&\%ﬂﬂosq% f)(z)‘_rsrr&}li %n st edﬁzl’ el ectrodes are forned on the wafer
by vapor depositioft " T Petents Iam TR ROkt HEFReRcispEgal sur e ater e

i npl anted in tRenavad by cicihg latop 8ffenbitongs rah@psst3dImdddshOLM b REs:
preprocessi ng $4.epS . i f er .processing, and selection is
made at each step a‘é%%%é?%%%r%?@é@?%ﬁﬁi&%ﬁrg‘aﬁﬁ?‘a%?@&md by repetifjongach
stage of Wwaf er °peasyrasgssinghehpeshpoabovesterent i oned preprocessi ng st eps
have been conpl et edwnriihg ok - i st.eps, ar.e i npl ement ed.
During post-processing, | nig%ri @msg%“?ﬁﬁéﬁsgéﬁgﬁ%fgﬁ%18?%2?336“ FBE%&CH on
step), phot or e85&R! prefegpptphedimeyisathoya pusralicmdsats, peanutgtias, 23d Garioci€XPOSUT €
step), the abovesmertchanAehtORXNPAIWiRinIEYiESE: dShi anster, the
circuit pattern OJ 1S : Sk %éeti cle) to a wa eéfihl%ﬁgﬂl,t%?’rﬁ?tog% a%i’?e

(devel opi ng st 8BY5 PEHET e X GeRYNGERFEre Vsdéinaepedng tadheindstdp 318 (et chi ng
step), parts ogjiperatishaut (tegsisaualvephal anesicstoré SXROSAL RIS 8L, surface) are
renoved by etclyi glgdcdlcp.stbep t319 %phot oresi st renoval step), unhecessary
phot or esi st r el ni ng art ar &PETRG Hee P s ved Alipatiespleenittossiand pat t er ns
are fornmed by vapes substone equivalents as fall within the true spirit and scope of the present

invention.



150f these preprocessi ng and post-processing steps. Wiile a |ithography
systemof this invention has been described in terns of several preferred
enbodi ments, there are alterations, permutations, and various substitute
equi val ents which fall within the scope of this invention. It should al so
be noted that there are many altern Sways of inplenmenting the nmethods
and 20apparatuses of the present invention. It is therefore intended that
the foll ow ng appended cl ains be interpreted as including all such

al t er ati ons,! -pendutlath6Aas2PHTd PFaP PELE S IRt Ut e eqtivVall8Ats as f al

within the tyuyg.SREELL, aNdt2GOREN O gdel RicegeBl ebAVENEd OMN.ontCLAl MBrget

1. A lithographic projection apparatus conprising: . ... aprojection

syst emPEBHf-PRUPED 2t GUBPEFBEE: a bBRATONPH S T argidt PG EACBr S8°5tbstrate, a
space helwegpsthe-PrRjieet konm &y stiem andi dhiei;substrate being filled with a
liquid; and a |jquid confinenent structure,the quuid_confinen%nt structure

and the project}ioHisy stERPBELRG tonfFHir e o fiofm a t&pid | 4137 358583k

t her ebefrweenurd. aAdl | thogpapht € o] egétan ApPay attus feoupsd sitng:form a  an
optical elenent via mhicF aq%ex osure beamis directed onto a substrate, a
space B&PkeeATY A tEccal et “"and the substrate being filled with a

| iquid during the exposure; and a nmenber which makes contact with

the liquid, the menmher and the optical elenent formng a.capillary passage
t her ebet weerf.: & 11t 9g?ﬁ%hﬁbﬁﬁgéFﬁgk%%6%¥ﬁfﬁ§ufo°% éﬁﬁ%qgg'wherein t he
menber has ah oppaski ee patdritor iwhivbhch agese:tthevsabstaat &s durieggethento

exposure. 4. The_appar.at us cordin %o ? |3, ereinthe, penber
o udde SRSSFEEEAl 2 oF BREN U S0k SECSoE hee Frlty nd ALk bes
being filled with a liquid during the exposure; and
a member which makes contact with the liguid, the member and

the optical element forming a capillary passage therebetween.

3. The apparatus according to claim 2, wherein the member
has an opposite portion which faces the substrate during the

exposure.

4. The apparatus according to claim 3, wherein the member

includes an optical element which contacts the liquid.

5. The apparatus according to claim 2, wherein the capillary
passage is formed between a side surface of the optical element and

the member.

6. The apparatus according to claim 2, wherein the capillary

passage includes a slope portion.

7. A lithographic projection apparatus comprising;

an optical element via which an exposure beam is directed onto
a substrate, a space between the optical element and the substrate
being filled with a ligquid during the exposure; and

a member which makes contact with the liquid,



5. The apparatus according to claim2, wherein the capillary passage is
formed between a side surface of the optical elenent and the nenber.

6. The apparatus according to claim2, wherein the capillary passage

i ncl udes a sl ope portion. ‘ 7. A lithographic projection apparatus
conpri si ng; Wherein anpapti¢aliel EraRet PravHft cH ae¥5ds e Bedm iace:
direct ed@nLe arsubstiat ecxgospacenbgtwernst hesopbheal elrenend apdithe
substrate being filled with a |liquid, duri ngE t he exposure; and a nmenber

whi ch faRBE Eomtdbtt R ¢ ATt ke 19 GuPg)+e9 v© TheRaFEf% a passage is formed
bet ween the nenber and a surface, through which the exposure beam does not
pass, of the optical elenent, and the liguid is sypplied to the passage.

8. The apparat us HEcHHRANGHD EFEPRY 79 wher &1 AT hg’ hﬁé?“? nEF%d@?mgﬁg
opti calinelemeat awWipeh caont s it heibhgtbtkacts the Digdite appar at us
according to claim7, wherein the nenber has an opposite portion which face
the substrate during the exposure; and the liquid is allowed to fill in a
space between t hereppasidretcper tizonrofnd heo meiban  and whhee subshe atemder i ng
t he exposure. o 10. _Thg appar %taug ccor isr%%atco &Ilainm 7ﬁhev\@§r<e)i9 t he
passage i°s *Fof Hed 0ét WeER A sT'de s ufface of the -6pti cal & ensnt “&nd I he
menber .and the 1ignidhésappasatdista@ctiorldiing 4 osgd@ metweshertéien ophespassage
i ncludes _a.capill.ar assage. . . Th r ) rding to claim
7, mherp&rnl?ﬁeo%atgﬁllmapéeﬁa@snsdagtgei ﬁg?%ére%tea%gﬁggg %‘%‘?ﬁ%’%&rg' 13. A

| i t hographic projection method conpri sing: providing a substrate so
that the substrate fac an._opt|j e| ement ngper.; LLling a
space bet Wetel?l)'t heﬁgp%pgj%fdg gn%%?%dn%gt % sclf%sq?‘r gt’e W ?ﬁlg Itflauﬁag%%ué%ugh
whi ch am ekpusdr edieseni s di fdct ed- Griro dthetisubsprate; ahdrent and stppl yi ng
a quuim%m%gra gap between the nenber and a surface, through which the
exposur € beam does not pass, of the optical elenent. 14. The net hod
according to claim 13, wherein the nmenber includes an optical elenent.

1l. The apparatus according to claim 7, wherein the passage

includes a capillary passage.

12. The apparatus according to claim 7, wherein the capillary

passage includes a slope porition.

13. A lithographic projection method comprising:

providing a substrate so that the substrate faces an optical
element and a member;

filling a space between the optical element and the substrate
with a liguid through which an exposure beam is directed ontc the
substrate; and

supplying a liquid to a gap between the member and a surface,
through which the exposure beam does not pass, of the optical

element.

14. The method accerding to claim 13, wherein the member

includes an optical element.

15. The method according to claim 13, wherein the liquid is

10



15. The nmethod according to claim 13, wherein the liquid is al I owed
to fill in a space between the nenber and the substrate during the
exposure. 16. The method according to claim 13, wherein the gap is
fornmed between a side surface of the optical elenent and the nenber.

17. The net lédode@or'di ndit'd clhai M 13PakRer 8Frase §ap i PN fdes 289s| by
portioRupstrate dkrind de¥i &g dmpdfacturing nmethod conprising:

exposing a substrate using the |lithographic projection nmethod defined in
cl aim 13, and devel opi ng the exposed substrate. 19. A lithographic

proj ecti on appar atus MYd Sidiraansubst rateid abke faer-boh dicRg ajagubsd rat e;
a radiation s sten1forsgrovidin a beam of radiation directed towards a

t ar get POFER e GIeeTard S stbhstHaEe °f the PRUEASr B €t U tiife “For"Stpidor ti ng

a patterning device, the patterning device serving to pattern the beam
according to._a desired pattern; aﬁgro'ection syst.em whi ch
iC

: . N h
el enents i ncl’udi ng®a FFRAP el 3HERE R %o} &2t s Wqﬁfﬁﬂhtépﬂgzgﬁ%am

ont 0 aimhargets pordicpn pbrthen substrate, a space between the final el enent
of said projection systemand said substrate being filled with an i mrersion
l'iquid; and a nenber having a portion close to the final el enent of
sai d proj ectlison syskente wheandartarcapitdtaroy gapprss frar:med bet ween the final

el enent of said projection system.and said.portion .of the her
50. The 1 t ROBPRON L2 o OFoctt o Wil dods ALBoPET® o ehalRr T8, MGRAS &
one endiedfintéheircagiaihaly, gapli s configured to contact the imersion |iquid,

and the capilla&xpg&y s filled thgggig%e[nnersion l'iquid.

deve the expoged su

19. A lithographic proijection apparatus comprising:

a substrate table for holding a substrate;

a radiation system for providing a beam of radiation directed
towards a target portion of said substrate;

a support structure for supporting a patterning device, the
patterning device serving to pattern the beam according to a desired
pattern;

a proljection system which has elements including a final
element and which projects the patterned beam onto a target portion
of the substrate, a space Dbetween the final element of said
proijection system and said substrate being filled with an immersion
liquid; and

a member having a portion close to the final element of said
projection system, wherein a capillary gap is formed between the
final element of said projection system and sald portion of the

member.

20. The lithographic projection apparatus according to claim
18, wherein one end of the capillary gap is configured to contact
the immersion liguid, and the capillary gap is filled with the

immersion liquid.

11



21. The lithographic projection apparatus according to claim 20, wherein
air is prevented fromentering the capillary gap by filling the gap with
the i mersion |iquid. 22. The lithographic projection apparatus

according to,cl ai ereln the ca |IIary ap is equal to or less than
o DS e e B P B o e Pt + o iRo B Fr AL
tabl e f&ﬁ,tuﬂahau@ &usub3$ratevenLed framragtatign syst eapforaproyigi pg a
bean1of dlat ﬁn direc t owar ds ortion of said substrate;

a suppoft sP?u ur€t oY su%%%rrWﬁﬁséoBagg@Fn 'ng device, the patterning
device serving to pattern the beam according to a de5|red pattern a

proj ection te I Ienents i ncludin and whi ch
proj ects thg%iat?%%QeEQhO§ % nt o %F%%?ﬁé?nnggfﬁﬁFu? %ﬁ?or Bgt F&t 6148 space
bet weert X -hehtraal wleemeptilbdirsaiag propectl o sysfens aritersadi.dusubst rat e
being filled with an imersion |iquid; a menber having a portion
close to the final elenment of said projection system a gap being forned
bet ween t he #j.nal? dlighenrapiisagird jproj ectdme rey st epvand ssaigd portion of the

menber ; anda subst?a%%qﬂhﬁeS?HECﬁbﬁ&ﬂﬂﬁgtEgbgﬁkgmf end of the gap, the

ot her end of the gap being contact w th mrersion |liquid. 24. The
I|thograph|@-Gﬁ@?ééﬂpnnsa@@§¢aﬁuszaﬁbﬁﬁdnngatbe@mapﬁ1Eﬁﬁlwﬁuymﬂdqrehee@ap is

filledwithqthe a%&sbepdwwsgxdsywé%&% ;the imersion liquid fromthe
| i qui d source. I thographi c projection apparatus according to claim

24, wher ei n dai FURRPIHr eVFECE T Fr SR erf @R fheagap thy rhind i Agvidre ghipewi th
the | MBESLOR: hd W ce serving to pattern the beam according to a desired

pattern;

a projection system which has elements including a final
element and which projects the patterned beam ontc a target portion
of the substrate, a space between the final element of said
projection system and saild substirate being filled with an immersion
liguid;

a member having a portion close to the final element of said
projection system, a gap being formed between the final element of
said projection system and said portion of the member; and

a liguid source connected to one end of the gap, the other end

of the gap being contact with the immersion liguid.

24. The lithographic projection apparatus according to claim
23, wherein the gap is filled with the immersion liguid by supplying

the immersion liguid from the liquid source.
25. The lithographic projection apparatus according to claim

24, wherein air is prevented from entering the gap by filling the

gap with the immersion liquid.
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