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 WpprEALARRANTEMRNT 05 Aunf@eecolk @LEM{%N?@ waf er and
detecting its propertiespgit@s Wquﬂg\q@hglgﬂ Eﬁ*‘%}%ﬁ‘?m e waf er
ed by and el’e

surface. The wafer height 1s determn optica ctrical
processing of the reflected |ight beam This beam passes under the |ast
el ement of the projection |ens. The source and receiver optics are
typically nmounted to a stable ﬁart of the s]éstem close to the projection

optics nointing 15 positi onBACKEROGUNBOFI FHEJNYIYTIQN| i qui d such as

water fills the s - Y@_ﬁ@ - _ jection.lens and
the wafer. At thepgggggg‘%t t ela\%\t}a}ﬁ%?{] gﬁf&?% ﬁlaegioéaﬁgdg@géa eél%enf%@r Féns or
supported st rwith imeenparlithégagdge of the lens, the liquid-air boundary is

not well defined and changing rapidly. It is not possible to transmt an 20
AF/ AL beam t hr ough RTEOPRAIEPH BTty Blers up 8tirtna P igmetie faousin g and

subsequent | Qsg. i@ AR/ O0A ,qﬁgaql] : T ore a
general obj egt (l)lfngt( |ys In\%é t oﬁ/rét%o 39%@%@%@ atlé&/ia'rr]l 1re(§) glﬁzczéenﬁ\%/ AL beans
i nto thetdi quipticdléden ontd thewtrfseealf adileouptdfarrsaeastitpitppesativeaftdre

optical accur and stahilit equi.red.. 25 re specifically, it is an

obj ect of thisag%ﬁvgﬁf?fﬁ)eﬁgf’% frﬁ%b\ﬁz‘fg"é‘feéﬁugﬁ%r eu%aférp 1ght 3%@?%‘8@}?‘5&}’ al | owi ng
AF/ AL 1ight Q?ﬁﬂﬁ 2h@ el8triaPslodsssin o_@%‘&@ﬂ;&dt&ﬁﬁébﬂbb&rﬁo%ﬁ%ﬁn p\%déeggﬂgert he
di srupting influence of the liquid inmersion boundary at the edge of the

| ens. 30 SUMVERYsIGRer g of KeENTiechendanof Bragourasi and recoer diting atotyplteBy
i nvention ar i I I ratus which may be
descri bed geﬁ%(grlgﬁli?da;/tggss@g%%érr?gﬁthggﬁgﬁgﬁ’%ﬁ% t%ﬁ?eo Pjéaftéons‘f%lﬁ%moungng

15 position.
In immersion lithography, a liquid 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 1s 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.

1t is therefore a general object of this invention to provide a way to introduce

AF/AL beams into the liquid layer without such disruption so as to preserve the
optical accuracy and stability required.

25 More specifically, 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 mvention 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 ectedt anfatdendwrdpficaegstdy ifcadiiad irofubiibs ahlce dildlMELAG! i on
source, but also a fluid-supplying device for providing a fluid into the 5
space defined PERMEEHFHE @ Il5tPoBEPISE WRenie @A dbevsehwpikpicse frdaving that t he

fluid contact; ( L.cal el nt..and the target.surface of the

wor kpi ece. The]ﬁqggﬁ%g}]bgfetﬁgyr%%?pﬁ%%ﬁ%?%nnt 5 OB T at_ﬂcﬁb{r%rs?éﬂi ece may be
treated as a dbnmpe stce bigt alsdutfi@eus1 A Bevidesol Hrowdig s MBY iR8 the,
characterized as further conprising an autofocus |ight source serving to

proj ect a i ghPassedshinebbstoe the aptica! dpaentfandtheamekeicgursbh thaathetthids 10 | i ght
beam passes t i i flected the target surface of the
wor kp?ece at fz}r Og%g{}gib%?lggé %%{%C?ieég?xlg%nﬁ%%%&ettiar A S\hlf{?%eh()firﬁ%e ‘ﬁ%rlkg{ﬁc?'htheo it4al

el ement, and aleniecebsiitunel @ppdsee & Mt RYrigcteansl BeaicaBd b e chinghenbsam
reflected by the target surface. Correction |enses may preterably be

di sposed on’ t KBS BaYt tat whigh map de chaypeicpied s figths] exhraesite amutdfecus
aut of ocus |1 ghis;d Y=Y IE ' |1 ght .15 As
an alternati vefgieln%gg?%gfr@?g ttg %ééjgﬁ%ili%gﬁ% e%ﬂ%élg%bggsqe%@%g ﬁl{elg ﬁé?ﬁ%gﬁa?(t:}gs may
be cut onldts lehbbaeznt peasdsyhropgotbe fleidsindesredlacicdpy theatdgyt shrfatsgfanent

wedge- shaped I nts nmay. aced under thes uts such that the |ight
beam from t he “gf)ﬁ?ﬂé?%ecaﬁé sP °ﬂf}§eﬁtr€}é%%%8°ww wb’zigéﬁfﬁﬁ?%t&t?ppﬁ@rﬁ;%nf’@n@ &
passed t hr oughedeher fdrueddiviy ff dnefykiag tied i@ bedoh &ofleated 81 tiRULIRCE A, t N

wor kpi ece andcto reach the receiver w thout passing through 20 the optical

el ement at al ICOTCRIQY Igases Mgy e 2blvias dismesssomahe priicabpashhpBife SEhidwbbl es t hat
may be formed pdijeidOrbNengaR. BEIMBRNshAS MROAGRBh andl |Gl
el enent, the pg(gp may be filled with a suitable n%%%?%ga?l , ronﬁgig 1%5#48};% ently
narrow suth as | eséstagiematignmbndohenthhe optéapl tlaeyt dppegeshavivbikpleeemay he
gap filled W gp. £d L:de L Eh means. for s Lyin smal |
suction to causg t e1 fl S?Igmtg %lﬁ{%&é&g@psq%eﬁ\r%ga%ﬁ?aﬂ@%lﬁgspgaifﬁlyglgd%os%ﬂ%pI y the
fluid such t hatentehtmihe gapdoaderheesk eps sfieH theidhe Tfte bbau daat yhe asidrdcace
t hrough which,the ||ght...beam fr t he aut of oc | i gh ource is refracted
into the fl uihgg ST eHl Pﬁ%fﬂhrﬂu(’la”*hgw %Sﬂ‘elsm%fa‘gaﬁ?‘tﬁ%éﬁ‘i ﬁﬁ@éa%ﬁ GHileped par al | el
to the target thestargeBaefaot of the waBliphqdk @€ tdorheHRY rd2eivePRItRRL haldsalnshgped,
dependi ng_on the in i?es of , i
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 can be kept filled. The boundary
surface through which the light beam from the autofocus light source is refracted into
the fluid from the interjor of the wedge element need not be paralle} 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.

BRIEF DESCRIPTION OF THE DRAWING

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

accompanying drawings in which:



refi-action of the materials that affect the design of the unit. 30 BRI EF
DESCRI PTI ON OF THE DRAW NG The invention, together with further objects and
advant ages thereof, may best be understood by reference to the foll ow ng
description taken in conjunction with the acconpanying draw ngs in which:
2 Fig. 1 is a schematic cross-sectional view of an imersion |ithography
appar at us that i ndeg pos asesmetrecrpsseseital nvent hommdrsign itogaplay process fl ow

di agram il | ushhahinDehaeRcSSEIRE 8. LAGESS,BY- Whi ch  semi conduct or devices
are fabricategﬁusingétﬁg gpparafﬁEQEﬂgmn FEMFig. 1 according to 5 the

present invention; . Fig. 3 is a flowhart of the wafer processing step shown
in Fig. 2 in the dise 'Of Proresipwtiigiyn dBiHadicrockery aenress bodoeli ng t o
the present isawenhdwmr dEviges o fabricut@OhBERLE SpiBi€e SHOSHISEAt ic0faho Yl ew of
an autof ogus , $H%ﬁ5pE9%%kng this invention; 10 Fig. 5 is a schematic side
cross-secti onal "View of ahot her aut of ocus uni t enbodying this invention;
Fig. 6 is an enlarged view of a circled portion VI of Fig. 5. Figs. 7, 8
and 9 are schenat Fee diltleflewdny-of dutwderalrosdsgng stef showntui Bixs2 of thetdsenf

aut of ocus _unifibyRADOLEEIGDNES: deDMENMLORIRGE Wi NndiQ diif,f.er ent enbodi ment
of the 15 invention. Throughout herein, itens and conporients that are

equi val ent or sin%%ariggeh sqnet'nes inqicaLed by the sanme nuneral in
different figures é%é na?lﬁgfxﬁ%‘ﬂggﬁfFTyma'EG%QK?HWHgﬁ“PHH§GWE%EP%1ious
manner. 20 DEHFAIVBDIGDESCRI PTI ON OF SPECI FI C EMBODI MENTS Fig. 1 shows the
general structure of an immersion |ithography apparatus 100 which may

i ncorporai e the optd 6&d a ahbARGRoQfcaithnal BeMSt SlerERLkSLEMRALYi ng this
invention. Ag %hgwm ln.Flgr 1, the imersion |ithography apparatus 100

. mibodying this inventiodn;
conpri ses an

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

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 mvention.

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 imumersion 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 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 patter on a reticle R, The
pattern on the reticie 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 ArF excimer laser light with wavelength

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



em il

25 il lumnnator optical unit 1 including a |light source such,as a KrF

excinmer laser unit, an optical integrator (or honogenizer) and a |l ens and

serving to emt pulsed ultraviolet |light IL with wavel ength 248nmto be
made incidence to a pattern on a reticle R The pattern on the reticle R

is projected f th.ap tore5|st at specified

magni ficati onQJ?‘srﬂ% %5 4%§r%th%dfg§%\¥sn}h§ Coﬂ AepaEany H)g ¥ @’l"ﬁ Z¥reidct i on
unit 30 PL. Tki@wmuh§%ﬂllm @ltrerlckd @Ry p} @inttﬁcﬁ maddiv e M JBRrifh 11@(3%{1%& dnaser
light with wayel en th 1931rrfL F2 laser light with wavellength 157m or the

‘X-direction, PRECVIg
The t wo- di NMENStRNSkcROS hiduRMHAND: 'ﬁ@ft%'d%er%o 2—10poEﬂ‘8n Er?dténe ﬁnRO“g\;];‘e. .
i

i -l'ine of a mePEt i) e 8 A Gt ﬁos%xsﬁmvemﬁnmﬂxsﬂomrow t he
coordinate Sygdsem ! ﬂﬂe ﬁéht meg&Bﬂ Ig'lb?f?&lﬁl?trast?cp}% 1 ongfnl% W"]‘M}fé?ﬁ%&? g?cfﬂe

to explain the dlrecflon escr e ruct
| i t hogr aphy am@mnws ele@@nt GSorh ztshéerxs})m\iemsedeﬁpc@fte G,I;l 1HEvaBINE AN

descri ption, the roj ec PL.is illustrated in Fig. 1 only by
way of its |aSt mg“ a?g%%sp ?O@iﬁm“ég éﬂ‘éh‘fr SUermapongnts.ens) 4 di sposed
opposite to the wafer Wand a cylindri caI housing 3 containing all others

-of its conponent s.THEhetidlERIiCHBpiRddDnSUBHAE EtRge ROT ﬁm&%ﬂaﬁhﬁ HeagGisReT

i ncorporating_a rrecha]?lsm for nmoving the reticle R by some anount in the
FEtTie R irame geountgh dreypXdirpation) tha Yaliseih adeheZ- axi s.

reticle stage RST are detected by a |aser interteroneter L)
real timé%andht Féclsdspn thenttivde wfeRSd aretiptedted B & Easaeﬁxftatfctradetbxy(nat mai n

control uni tsh&@mﬁg é%ﬁ?n%aa%h‘?he 0)9&1 I%nggE trét%ﬁ‘e%;s?eif;cctegg}h? e waf er Wi's

set on a wafer not sh stage P81 S9RG°k he

. f ocusi ng posinitolt C(nath@hguStdfeheZde&xn@])thamdzaddne sl oping angle of the wafer 15
W The Z:-stage 9 is affixed to an XY-stage 10 adapted to nmove in the

- XY- pl ane substant ig|.| o urf of the |ight
. projection unit Pl_ﬁ.1 “\"Iéﬁée}a@ﬁé %nggi%pﬁ%ﬁgp@& th8 %{lsae aﬁ'ﬁﬁ

' 9 serves to rephlichiedafiemg psuhrﬁ'a(@@nwt]hdﬂ{ahs; &mlqﬁﬁé sa@ﬁ; (ﬁﬁhd‘hﬁﬂl i ght
e Tre SPopiit Tl D%aBh WD & 0L BSHE DhaaROPb Rt Bl Salas 22 )

t he Z-stage

and the sloping an he Wwaf ef
aut o-| evel i n@UhémﬁJ@Hy panﬁlelttdnmexmgtfagmng@uﬁme\beﬂaeti@haﬁb}datontﬁg mwosition of

the wafer W. h%)hh?ta 5 brec g{t ﬂh@%ﬁggtq:g%ggeggggatchthglwgfee?SI onal

position and ori'entati on of

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 anto-focusing
20 and auto-leveling method, and the X Y-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 2 mobile mirror 12 affixed to the Z-stage 9. Control data based on the

25 results of this monitoring are transmitted from the main contro] 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
1s 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 Fi g.lisan
immersion lithography apparatus and is hence adapted to have a hiquid (or the

"Immersion liquid™) 7 of a specified kind such as water filling the space between the
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of the wafer W are nonitored in real tinme by another |aser interferoneter
13 with reference to a nobile mrror 12 affixed to the Z-stage 9. Control
data based on the 25 results of this nonitoring are transmtted fromthe
main control unit 14 to a stage- driving unit 15 adapted to control the
notions of the Z-stage 9 and the XY-stage 10 according to the received
control dat aSuAgcetthdhewafer \fandthedspasuiee of e Ipstojagedptonl diéghit 4 of Siemade t o
sequential ly I 1e,;t Q,anot.her, of different exposure positions on

t he waf er Wélggwr% eﬁg&%%ﬁ? t%ea%eéfftt%}}lﬁﬂbwatﬁﬁ@“%?eqtgeﬁt‘idﬁ isbeigp caried r epeat
routi ne. 30 Thehd widhowr aphy apparatus 100 being described with reference to
Fig. 1 is an immersion |ithography apparatus and is hence adapted to have
aliquid (or the "imersion liquid') 7 of a specified kind such as water
filling the space BéfafctiEcontcal clemenidlcf tag gt erapstion uni Bhés affoecdl tower
surface of theg; - opt | : : t he I ght _projection unit
PL at | east inlldz‘églh@h%g t3 'eFHndnl |uaxZJi g@?@%@%ﬁﬁ%&ﬁ“éﬁ (gmﬁae]ieﬁeéfkeélgé)i ed on
the wafer W URyéclnasle rgnageledptdaaing et srbidnadeeof the |ight projection unit
PL is affixed to the 5 cylindrical housing 3. In an optional enbodi nent,

(e 1 ast_ stage oot eabeheTIL A R R TRy TRl St L0 oy

mai nt enance. The i qu upp rom
conprise a tarkswapupp esbureppanp: @pdatar rROPANOUIL SHRGY tAhO Ephot

i ndi vi dual l'y shovt\g% t@D gﬁe S{)ace above the wafer Wunder a

t enper at ur e- FEYTITRT WL Sntides DITRAGT sregBlated corfitiyang i eplicpigdibrar ecover y

unit 6. ibhe tigmpeEaltHy@nk. tﬁﬂ@zclmg%hﬂe &1 he @ﬁ@!i@%@?ﬁlﬁfeﬁt approxi mately
er in whic

!
the sane as the tenperature inside the c_han% . the |ithography
appar at us 108PRTPEEfelY de giapsdbetemperapirainse therhipmbar dswhishitle nozzl es

through whi chtobRphi GyHathnk 108 11SUPR ldisaﬁsieg.r %hqtet:!a? Zﬂﬂa%la%s Ul de r?ol'zzellélu meral 23

indicates recovery nozzles through h the liqui I's CcO ¢ted into
t he recover yhipiegh vghich thejliguigs is g1pplied feer terettppliome § e Nuntetwd £3 fddecassr uct ur e

descri bed abgygyaM, t.h, A&k ConibRinEhdn ol | oy . i.ntended to Limt. the
scope of the irr‘r]féeﬁr%i%ﬁ Ifﬁtg %hg\rglg%) &Egg%iggqaﬂfggguia%&\}\l}%?éﬁI?ﬁ?geryl‘ﬁnﬁﬁi * Fenovi ng
met hods dnd Helvd remended, otvevpr bsteht stimatnendésonbaraboappith eébtee td Figot rer

wor ds, aut of geus L tiS ok ' 1-0n be incorporated into
imersion it noé?a&{é hg\ﬁtﬁgér%to Eésgfzﬁp%{ﬁjg/%ﬁﬁﬁl%lg)ﬁré‘ﬁ?yﬁpﬁﬁ&&? W%ﬁgiglfel cular, it
is to be renligulédenpdng 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 fecovery 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 liguid 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 hemispherically 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 50 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



20 the nunbers and arrangenents of the source and recovery nozzles 21 and
23 around the light projection unit PL nay be designed in a variety of
ways for establishing a snooth flow and qui ck recovery of the imersion
liquid 7. Fig. 4 shows an autofocus unit 50 (not shown in Fig. 1) according

to this inventi,on iC e, i ncorporgted into an i mersion |ithography
syst em such as%élggnéﬂﬂig\f#eg?egi%&ff ﬂg}#ibﬁ?m|54Bﬁﬁppf%ai€m@mtioo¢ﬁ prsthmot i nt ended
to be |initedobyositbeids pesk fike pyRLoR Tt BE. SHSLEM i keh 1L, 1S

i ncorporated. .In this exarrp‘f)'e,l_j ?jheol'a{glt “Stage op %Brg%lghmealmél YDA Y ¢ he

| i ght project D6 FeLerRic to pp 2 Fareglitrelshspimsedal ihy psthaped AH/aLaghi & @Ngr W th

its planar sur i ward opposite to the upper surface (the
"tar get surfg{):lg' %n%? gl%tﬁgop\c/‘j\i/g? er $\1/n eg‘ﬁé%tgrff‘ce@fqﬁweﬁ” Bét!disehrand A awidT scus

l i ght source 5kilidsfi@@ =ad eangedy$ue b kiddlesi thd iAEHAmd 190k . enmtted
obliquely with re peg(ﬁ] to the _target surfécééof the rwg%lgg’%@éla%;és%%s

through a | owBIPVHEECpHERRALS tgapantyn highissclrens 1t Fand, brokeriries indehieass ed i nt o

the inunersi oBxddsGdni@ntoS0 oAl by the target surface of the
wafer Wat a spﬂeci filgcli Croef’Ioecteibglﬁ&%%ﬁt#%%pggfm%gfoélcei ver 52 for receiving

and 5 analyzing the reflected AF/ AL |ight beam 54 is appropriately
positi oned on the Figphdwivsanethetaviofocuhenit ¢ htcopling te ahdther dibiobintat ofNUBEr al S
t%oas a correctiaon |lens di sposed

53 each i ndi Cafemabat. B, 08 f eferred i _
on teﬁg pi’;l'[]hl g?;vt%ﬁgo AF kﬁ%gﬂ?ﬁbég%%%&?¥é? SolPated AP veivg e frasadmt i on.

Si nce t helfi nt Eigf aew ihdtansidry thhenlcanmedal anthd et doisashdin/ribSs § wel | defi ned
and essenti al . f_,bubbl.e the lig beans are uni npeded and can
provi de good éllyaé%gi%ge{f%s hr%’inﬁtu}fﬁﬁwﬂiS@HJE‘%?C%IJP%]@??S“B?IOlﬁi‘c@I elameyiakidlre | i nes

i ndi cate the lighpogestion biight caaneyvo ﬂﬁcés@@ci@%%@ﬁ%lﬁﬁqe%ﬁ%fo%?ﬁ%%ﬂrgurgcegi on.
Fig. 5 shows anot q§r aut of 20&3 unit 60 according to another e odi meht  of
the invention “1%'8° E6HEBRent-Be B ariaces May be Perfersldy fiNoseshdesdn Figes, above

wi th referencadtbe ladtOstdpe 9ptidal AL@edtAdE Gl B BYTIPE, i | Sonaliig unit
60 shown in F{eﬁ% i s characterized as having atﬂe qs%v%rugg%n%@%l@p}b IC?lhe

| ast - st agé op a‘iﬂtgﬁlé%’éﬂlsp%mﬁﬁmﬁ%éf-fe-'lf‘-’r’—btl‘%tas predgcettnate Ginintt 62| arogtackdh t WO

pl aces faci ngoi Bspsiatd sreheedsNBuRbt AEQCUS ol gkt e .5Ll.and the receiver
52. The cut s rfaCE’streTlaﬁ?éhbg Sprelferablﬁz f?é%a,g&égég%%l%ﬁt?lﬁwﬁgg?n °Sidagl t he

| ast - st age optif &4P gowrceid agd fhieleldrognd OF bring by thanidices dentdenlel y2.a

hemi spheri cal THE:ukana theWdef Bleln¥ni & too BRELSa nlEhE 54, 40, as wedge
el ements 61 and 62, are pl Seed PRPEE &0 Bign2s tllaﬂheAﬁgLnghﬂbeam

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 at 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

elements 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 liguid 7. With reference to Fi g. 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 ihe gap D
6



ced . p, on both sides of the Iens 4 under these cut surfaces, the el enent
61 being on the side of the autofocus |light source 51 and the el enent 62
being on the side of the receiver 52. The cuts and the wedge el enments 61
and 62 are so designed that the AF/ AL |ight beam 54 fromthe autofocus

| i ght source ?1 w || pass through the wedge el enent 61 and 20 refracted
into the i mer&gHs Fffg‘iﬁﬁ Vel zergiap SWEfﬁ§§§PWtﬁ3hﬂUb@t¢ lighisl inerfaced Mmther af t er

bei ng reflect@gjp&] at the ref| ection
position 55, wil ¥ ]Eb%gg??ﬁ%% 03%%?3%9']2 14 Elrdlﬁ %%Ip gt @ﬁtcfaP’é[é‘éf ved by
the receiver mcﬁg:am@ﬁ th lidualit to fphmlgnqgaﬂdi{e@plgfrltebevdnaﬂﬁ e4he GUQfeﬂaﬁﬁbOd' nment

i s advant ageous bec el ements can be nmade of a different
material f romriof”{%éa m%%rst%%ﬁeé‘ﬁévﬁ‘ tg”‘é SRIRE OIS dptupeina snpd syttiesdo caihe theower
i nterface sbet vigen 7&&5@10%@9;9&31@1: enenb® 84 t@?@v@g’[ 23Hhnt RSV gg‘aé\ﬁl I mpor t ant

fromthe points of view of correct optical performance a ﬁaatsl on of
bubbl es in t heapieFig Aivhiereguninezal Wlndlca'@fae]rzemmptfer glchr@ théMlcGél, Shows

more in detapl, tby f d | ose proximty of
the lens 4, the g %“%ggg ?ﬁ%&e%ﬁlp%\gﬁ TQEY %S‘B‘é‘fe r?t“% ti’e's‘%‘ﬂii@és %lrppgdr bubbl es,
whi ch may be émvsmemednmgmd@thegiqﬁ) td ReEp the gAY GNISEh M Bl flﬁiﬁfd'ﬁg Its optical

performance. One of the solutions to this problemis toTill the gap with a

suitabl e nmateri al res element 61 into contact with the
|l ens 4 such that _tﬂ{ee_lré\éenn%% %’5 &Féme@%fa@@t’qW%Wﬂﬁfei@?cétﬁaﬁd}’@ﬂmh@ﬂore does
not pert ueb tmenliﬂrqﬂardangaﬁ@ﬂsfmﬁzeyéfwﬁd@%ten@mwﬁzhﬁme's%%ﬁ qfﬁﬁe&vgnoges cause

appr oxi mat el yJ[\’qu)lfJ o or less than 2.0mm such that ca
the liquid 7 t6" P“P‘F‘ FHienyans rgtigsese passiplg widin évemmmfﬂe 1n¢mtlmf'ﬂte Wi's

moved under  tfi@pdcasTahehvedhe blbiretks 5014 b9 tion to
cause the 5 Ilg}}gjl d 7 tOEdr%gve up | nsa?&g t%{aé(ah%b%}é b%aglr]gs\%%d P¥® from

movi ng downwaly redence folig: ‘?nDFI?eQde,fﬂhé*B@me mperetha Hesi@d lan‘gie chiheide@d air
punp for pr OV@fdh@ﬂFMLehg%‘E'géa‘an reieh_?vg 10 t%e%m%’& o?Itekra%txon o?rt}%irr%}sjegslr#{qbog f the

whereby a source 72 of the I|iqui is su ed "above 't
gap D to 'Reepid¥fb 7@}&‘&%1&@}9&% ‘t’tﬁgtﬂhéfmﬂnqm dt iZay BEhEvimyentd, anstias been

described aboyerpiot §§ sr&figr 8068440 LI 62 Wiyl stloped surface portion 64 such that
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 immersion lithography apparatus incorporating a liquid jet and
recovery system embodying this invention. In step 301 the device's fimction and
performance characteristics are designed. Next, in step 302, a mask (reticle) haviné a

25 pattern is designed according to the previous designing step, and in a parallel step 303,
a wafer 1s made from a silicon material. The mask pattein designed in step 302 is
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 1s inspected in step 306.

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

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



10 nunber of arrangenents but they are not intended to |limt the scope of
the invention. Many nodifications and variations are possible within the
scope of the invention. The shaped of the wedge el enents 61 and 62, for
exanpl e need not be as descri bed above wth reference to Fig. 6. :
Dependi ng, for agx n’% upon the desired angle of incidence of the AF/ AL

| i ght beam 54 f&f&t & tIBSttePlél?’ (réicteds fQﬁmft@ﬁlrs&ch iepdtredes bhoinf@ELShon 15

liquid 7 and the: 8hl t 6t it may be advantageous as
shown in Fig. errﬂ%/t Brlgd\? Qm% \/\/e%gg@ EnigIenicph l%ﬂsg‘r@p@dhrmdnﬁace

portion 64 suéiifrﬂ‘t/hfat T}tehéoréaﬁémlonbdlg s ey F4nPais QU h dge
el ement 61 wilJ be refracted into 'f%]e i mrer si on ?&E EQ % 5 é(‘fvé“g%lrlly

t hrough a hor uHg WP BRIt Adstladien asmadrontrract sﬁcplfacgordﬁxgb@prow};g;qggh this
appropri atel y r&luapgdnsur face portion 64. This will provide 20 flexrbility
in the design of the arrangenent enbodyl ng this invention. Fig. 21is

referenced next toadesgisipe or fabricating a sem conduct or
devi ce by using an i mer sa?oﬁﬁf” rg?%%ﬂ% ‘QEBQIF%"[ Le-Ppdense peeptasgssagl i qui d

jet and reco¥épsh @y@t@mompﬂm@yth&gomdwiﬁgp @ﬂ{cdegqhg s'tenjsﬁlteﬁ@ &quen Lhe device's
function and 5%& Jance characteristics are %uma 4 i step 302,
a mask (reti cPe? RY 5558 ¥R siep 3de by ﬁ»é@ﬁifé tiom@qi),mﬂoh@eswtew ous
desi gni ng st ep,appdi mmvaaf@aﬁ\&k el st&d 8., froma silicon
meterial . The mask gattern desi g S?I n ;&?g%suéo % (ke abov8§1ée(5‘g?)‘?ﬁdo t he waf er
from st ep’303PRSUE dFVigni uesd ta tfﬁh%%réillq titroifatéy o§y§ta§f7(r8tll>¢d) to @fvafche systens
descri bed aboVigen, irﬂgt B0 303] or .devi.ce is_assenbl ed

(i ncl udi ng th(e %I ci ngjt pro(cessctph% grﬁ% %g%gss VY A5 IR e PAG ToYeESs) , t hen
finally the S @ ®S Hags Pﬁhsrpté@t@dd\usrhpsbte;nsBO@;\pdEh(gmagnhﬂSluHsggeﬁ es a

detail ed fl owehaktd @tgmh ntion ep 304 in'the case of
fabricating sen conduct org @% Yor%sg%r%‘&‘iva op d‘&ﬁ%ﬂ‘ﬁsaérélmtoreubte waf er

surface i s oXFERHEE afien etshleg 1@@210(@/Mzs}tlﬁllﬂ)carcﬁﬂpdtﬁﬁié|a?é fo@hed BF}J Hgbét{? ohor med
e

on the 7 vaf efr R4k fA el ectrode formation st Ctrodes
are formed on the ngtrcegsgggang oF "pﬁoe HHI&IE8. In step 314 (ion inplantation

step), ions are inhidaa bﬁiognaph},tdyetemwﬁs inlBeri AL S8t QRES; SLERS, f31 1-314

formthe preptg eps,. f or ers during wafer processing, and
selection is ma %Spg%f@%%%%m déIBerﬁ?: Wﬁé“?ﬁ“‘ﬁﬂsdﬁé’@ﬁiahgﬂ%andequpnsenents

substitute equivalents which fall within the scope of this invention. It should also be
noted that there are many alternative ways of implementing the methods and

20 apparatuses of the present invention. It is therefore intended that the following
appended claims be interpreted as mcluding all such alterations, penmutations, and

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

invention.



At each stage of wafer processing, 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), photoresist is applied to a wafer. Next, in step 316,
(exposure step), the above-nentioned 10 exposure device is used to transfer
the circuit pattern of a mask (reticle) to a wafer. Then, in step 317
(devel opi ng step), the exposed wafer is devel oped, and in step 318
(etching step), ﬁ@%@ﬁﬂ ther than residual photoresist (exposed materi al
surface) are re y etching. In step 319 (photoresist renoval step),
unnecessary photoresist remaining after etching is renoved. Miultiple

circuit pattern forned repetition 15 of these preprocessing and
post - pr ocessi ngisféggt?\ﬂﬁir?@géc 15 Qr?(?ﬁ&éﬁﬂya%%‘iaéﬁlao@?iﬁ??pﬂi%enti on has
been described aprog¢eosiaf sysemerahf phefer tedrenbodiankaisontbaresrye
alterations, r.out ation and various ,substitute equivyal ents which fal

G thi o the ROSUTR A hP0hec3ateT & 56k Ee LRHIRES heduba ok SPRGUEREE T Her o ar e
many al t er nathevesunaysaté baiplgefehl edgeitdie anethods; andi 20 appar at uses of the
present invention. ]t erefore_intended that . the follqmMn appended

cl ai ms be inter%p%T%gdaéoﬁﬁ%‘%ﬁ%ﬁgsgpfcgﬁ% éﬁﬁeﬁéﬁvﬁéé?”ﬁéPﬁﬁF% i ons, and
vari ous substinugrereqnid ahenpsepscfianl sy tdm ibetihg ton® gaiekd toafitkns @ope of

t he present ma@pﬂ‘ﬁﬁﬁ:koﬁas gg-'%\%sebé%wé%nl i t hographi c projection apparatus

conprising: a“projection system configured to project a beamonto a target
portion of a substrate, a space between the projection systemand the

substrate being fihl edepddih a;Li lgygﬁjédn%h%gl %P%%g%‘%‘gs %%%%_?g?ng ] structure,

the liquid confinenment structure anc ron’s ei ng
configured to fayapialcadaplemertyvpaybagh amhexmdrtscesan 25 dirkeicthogmnaphi c

proj ection aPpaialiisecABpdSl BBty ath ORL LERL Ll BTBALLY L AL WHCOuAR exposur e
beamis directed onto a substrate, a space between the optical el'ement and
t he substrat@ing filled with a liguid during the exposure; and

& member which makes contact with the liquid, the member and

the optical element forming a capillary passage therebetween.

3. The apparatus according te claim 2, whezein the member has

an oppesite portion which faces the substrate during the exposura.

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

includes an optical element which contacts the ligquid.

5. The apparatus according to claim 2, wherein the capillaxy
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

& substrate, a space between the optical element and the substrate

9



being filled with a liquid during the exposure; and a nmenber which nmakes
contact with the liquid, the nenber and the optical elenent formng a
capill ary passage therebetween. 3. The apparatus according to claim 2,
wherein the nmenber has an opposite portion which faces the substrate during
t he exposure. 4. The apparatus according to claim3, wherein the nenber

i ncl udes an optical elenment which contacts the liquid. 5. The apparatus
according to claim?2, wherein the capillary passage is fornmed between a
side surface of the optical element and the nenber. 6. The apparatus

according tol.ai el.n the capillar assage includes a sl ope
portion. 7. K%%%Pﬂgg%%%gsﬁﬁ%r8j2&%¥H£‘§BBQ§aF§§ %ﬁ%ﬁPF&Fn@Pdan optica

el enent vi a whi ¢h rembexpesiste Madam tendidteciiefl enéoliquisybstrate, a space
bet ween t he opti.gal . ubstirate being filled with a liquid
during the exposng%g;a%ﬁégﬁggs%ggnﬁ%?gﬁegﬁgﬁﬁﬁ? ?;B‘ﬁ{fﬁ@geﬁ%*}? £ e LagET d,
wherei n a paddageshsvitiormidebernesmcd reamedbes rand passyr facese ddtiesgh

whi ch the expasyLg: beary does not pass, of the optical elenent, and a
suction is supplied to cause the liquid to nove upwardly in the passage.

8. The apparat ug &8€bteh nF tSorPpladinth oshreretine thienutenbermovaaludesian
opti cal elengﬁttmgiﬁggéaggpacts the liquid. 9. The apparatus according to

claim7, wherein the nenber has an opposite portion which faces the
substrate during the exposure; and the liquidis allowed to fill in a

space between tBe @ROOSHIH atRQr hLOG & r,a ¢, Skbstrate during
t he exposure, 10. Theq§%%a€atus accorérag%tgﬁc afﬁiQ%E%Eépegﬁgfﬁg&fgssage
includes an optical element which contacts the liquid.

8. The apparatus according to claim 7, wherein the member has
anoppositeportionwhichfacesthesubstrateduringtheaxposure;
and the liquid is allowed to fill in a space between the opposite

portion of the member and the substrate during the exposure.

10. The apparatus according to claim 7, wherein the passage
is formed between a side surface of the optical element and the

member,

11. 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 portion.

13. A lithographic proijection apparatus comprising:

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

a wember which makes contact with the liguid,

wherein a passage is formed between the member and a surface,

10



is formed between a side surface of the optical elenent and the nenber.
11. The apparatus according to claim?7, wherein the passage includes a
capillary passage. 12. The apparatus according to claim7, wherein the
capillary passage includes a slope portion. 13. A lithographic projection
apparatus conprising; an optical elenent via which an exposure beamis
directed onto a substrate, a space between the optical elenent and the
substrate being filled with a liquid during the exposure; and a nenber
whi ch nmakes contact with the liquid, wherein a passage is fornmed between

t he nenber a@g a sur£§£?b 10 t hrough which the exposure beam does not
pass, of the op FER) ﬁ@ﬁtexﬁﬁﬁPEQNPEﬁmqﬁP%ﬁ|QPﬁs@pvaedftthqlm@tpasSage

14. The apparcdtusnaccordlithg L oOge] @il %gppm@gﬁe¥d1ghge Qepber includes an
optical elenment which contacts the liquid. 15. The appara us according to

claim 13, wherein the nenber has an opposite portion which face the

substrate during4thEhe expasutes ﬁt%rﬁhﬁg'ﬁcﬂ@l@:.insl?' | \éﬁgﬂ-ﬂrb d lnL;P_era :
rtion of the nme e substrate during

space bet weet ORPOS
t he exposurgnc é?% iR 3Bpé?§ﬁnﬁgﬁﬂ996rHP%@FtQ?WHa§Fﬁ1&Qe Yimrigi.n t he passage
is formed between a side surface of the optical elenent and the nenber.

17. The apparaty or, 19 claim 13, wherein the passage includes a
capillary passagg afli% ghgg%lppar AFCREIARE SruPhEiE o I HPATEET thiscmenbex he

capi | lary paadsage cPpobitesatsionpenpertfan t18. sAbkitNographhg proi ection
method comprégidiire; and the liquid is allowed to £ill in a space between

the opposite portion of the member and the substrate during the
exposure.

16. The apparatus according to ¢laim 13, wherein the passage
is formed between a side surface of the optical element and the
member,

17. The apparatus according to eclaim 13, wherein the pasgage
includes a capillary passage.

L8. The apparatus according to claim 13, wherein the capillary
passage includes a slope portion.

18. A& lithegraphic projecticn method comprising:

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

filling a space between the optical element and the substrate
with & liquid through which an exposure peam is directed onto the
substrate; and

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

to cause the liquid to move upwardly in the gap.

11



providing a substrate so that the substrate faces an optical elenent and a
menber; filling a space between the optical elenent and the substrate wth
a liquid through which an exposure beamis directed onto the substrate;
and supplying a suction to a gap between the nenber and a surface, through
whi ch the exposure beam does not pass, the optical element to cause the
liquid to nove upwardly in the gap. 11 20. The nethod according to claim
19, wherein the nmenber includes an optical elenment. 21. The net hod
according to claim19, wherein the liquidis allowed to fill in a space

bet ween the nmenbgr bstrat during the exposure. 22. The net hod
according to claim 18, gPé?na‘f%%r%é‘ﬁ i%§:’ Fg?%dw'bé’flﬁé%hn athsi gembarface of
the optical eéPehedrs amd ophécabndement23. The net hod according to claim 19,
wherein the gap includes a slope portion. 24. A device manufacturing

met hod conprising: exposi ng a substrate using the |ithographic projection
met hod defined FA-cthd Metbodametcdeiielhops ng.atihel exposedisubsd nakei 25 A

| it hographi c j L OA; -ho ri.sing: roviding a sybstrate so that
the substr ataep:gg{jcegﬁq:ggﬁ%{oﬁfirl?a? S%%Irge%n%%tw ang en‘%‘ﬁ%@r?aflfilqki%ﬁuaséﬁﬁa%

bet ween t he Yptindalthél eneptusmd the substrate with a liquid through which
an exposure beamis directed onto the substrate; and supplying a liquid to
a gap between the nenber and a surface, through which the exposure beam
does not pass, ot the mgptr@according to claim 19, wherein the gap is formed

between a side surface of the optical element and the member.

23. The method according to claim 18, wherein the gap includes
a slope portioen,

24. A device manufacturing method comprising:
exposing a substrate using the lithographic projection
method defined in claim 19, and

developing the exposed substrate.

25. A lithographic projection method comprising:

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

£illing a space between the optical element and the substrate
with a liquid through which an exposure beam is directed onto the
substrate; and

supplying a liguid to a gap between the member and a surface,
through which the exposure beam does not prass, of the optical
glement,

26. The method accerding to claim 25, wherein the member
ineludes an optical element.

27. The method according to eclaim 25, wherein the liquid is

12



el ement. 26. The nethod according to claim25, wherein the nenber includes
an optical elenent. 27. The nethod according to claim25, wherein the
liquidis 12 allowed to fill in a space between the nenber and the
substrate during the exposure. 28. The method according to claim 25,
wherein the gap is formed between a side surface of the optical elenent
and the nenber. 29. The nethod according to claim25, wherein the gap
includes a slope portion. 30. A device nmanufacturing nmethod conpri sing:
exposing a substrate using the |lithographic projection nethod defined in
claim25, an i he exposed substrate. 31, A |lithographic

proj ection a%%ggggégtpocg%%g’ilﬂ ﬁ‘ggpa%lEa LEHYEFRIES BBINEeF Gndhbhelisngsarate

substrate; adrnadhatifon esystseref or 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 accor ditfg The wetiusbacesdiakt ©r 81a8n REOj@@HLOR tS¥SILM Whi,che has

el ements inc ' fi:nal nt d which projects the patterned beam
onto a tar gejtjélg%é(}% %or?lg ?H%agéumsotfr gg%,o%t”s‘ﬁécﬁlﬁé‘ﬁ%e@q He&ef Prmbe®! ement
of said projection systemand said substrate being filled with an

i mrersion |iquidp, and A JRPeL Jlaxing a_portian close to the final elenent
of said projection system %Cerel r’{‘ggtoc‘égfﬂ gtlgy “%b?ﬁeilg 6 %R LBetvREh t he
final el ement ©f°P§al@rpiefecti on system and said portion of the

30. A device manufacturing method comprising:
exposing a substrate using the lithographic projection
method defined in claim 25, and

developing the exposed substrate.

31, A lithographic projection 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;

asupportstructurefcrsupportingezpatterningdevice,the
patterning device gerving 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 gubstrate, a space between the final element of
said projection system and said substrate being filled with an
immersion liguid; and

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

32. The lithographic projectien apparatus according to

13



menber. 32. The |ithographic projection apparatus according to 13 claim
31, wherein one end of the capillary gap is configured to contact the
imrersion liquid, and the capillary gap is filled with the imersion
liquid. 33. The lithographic projection apparatus according to claim 32,
wherein air is prevented fromentering the capillary gap by filling the
gap with the imersion liquid. 34. The lithographic projection apparatus
according to claim3l, wherein the capillary gap is equal to or |ess than
2. O¢m 35. A lithographic projection apparatus conprising;, a substrate

table for holdi;ng & s rate; a_radiation systemfor providing a beam of
radi ation direct egl‘tg}v?\%% " %P t°€(’} i DFPFLaEy @3R isscraf bguzedstippor t

structure forcogppbriienigrerpadharni:ng, deviae cAde 1 RIdHS D 291 98YLGE,

serving to p%hgegﬁ“épﬁ&eﬁghgggor ding to a desired pattern; a projection
system whi ch has el enents inclfuding a final elenents and which projects

the patterned beamonto a target portion of the substrate, a space between

the final elenent pf | d .pROj i on system,and said substrate being
filled with an i mmer s?}gén %‘S%gg;g&é“ Seh® HrafP nGFPRA S 8RCETHEY tt6 t he

final el emenfl®insHi dvhpre}edtirons sysiemtea gag heitegihgremd cﬁﬁ&\l\@@ﬂ%t he
final el emengazpoby saind iREOLEStd t and sai.d portion of the nmenber

and a suction Solrce cén%ect eoéag:now(?r%i gfrl% %)I?m‘?txi‘?éfoﬁag?qlf%' other end of the
gap being contact with the imersion liquid. 36. The |ithographic

proj ection apparatays ageondikRgqtLon &l &, 2. .wherein the gap is filled with
t he inﬂErSi(NEIj qgid b . g&bh %h%5§§tlgg appara%us gcégrdzng to
claim3l, whérein the capillary gap is equal to or less than 2., Omm.

35. A lithographic projection apparatus comprising:

& substrate table for holding a substrate;

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

asupportstructureforsupportingzapatterningdevice,the
patterning device serving to pattern the beam according to a
desired pattern;

a project%on aystem which has elements including a final
elements and which projects the patterned beam onto a target
portion of the substrate, a space between the final element of
said projection system and said substrate being filled with an
immersion liquid;

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 suction source connected to one end of the gap, the other

end o% the gap being contact with the immersion Liguid,

36. The lithographie projection apparatus according to
@laim 35, wherein the gap is filled with the immersion liquid by
supplying a suction to the gap.

14



supplying a suction to the gap. 14 37. The |ithographic projection
apparatus according to claim36, wherein air is prevented fromentering
the gap by filling the gap with the imersion liquid. 38. A |lithographic
proj ection apparatus conprising; a substrate table for holding a
substrate; a radiation systemfor providing a beamof radiation directed
towards a target portion of said substrate; a support structure for
supporting a patterning device, the patterning device serving to pattern
t he beam according to a desired pattern; a projection system which has

el ements including a final elenment and which projects the patterned beam
onto a target portion of the substrate, a space between the final el enent

of said projectiog7sy e aggisaig,substrate being filled with an

i mersion liquid; a merB&r-hatiHGra*HoPt PHirdicdsrParatits Fcsardéneent of
said proj ectilennsifstemredngar hep pgvdordethhesvean dhend [aghyelierent  of
sai d projecti.Qn §¥§gﬁﬂ#ﬁ%ﬂesgid Porti n of the nenber; and a Fiquid source
connected to one’end of the gap; - 1He" f8td: end of the gap bei ng contact
with the immersion liquid. 39. The |ithographic projection apparatus

according to claiqp 38, yglel he gap.is . filled with the immersion liquid
by supplying the E{i@nﬁ"re]rl*a on ﬂ%ﬁ%’&%ﬁ%ﬁﬁ%&opi BLOP - LI COTPEHS 1 Mre
| i t hographi ¢ proj ectsiubstappartbis focohdiding @ sebatm@ad, Wwherein air is

F{gﬁ?g?egSfron]en%ﬁ&%@@a%ﬂ%u%%%t%% %Eklé£gbiéﬂy% gageg%tgktgy%iggE§£Si0n
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 projection system which has elements including a final
element and which projects the patterned beam onto a target
portion of the substrate, a space between the final element of
said projection system and said substrate being filled with an
immersion liguid;

a2 member having a portion close to the final element of said
pPreojection system, a gap being formed between the fipal @lement
of said projection system and said portion of the merber; and

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

end of the gap being contact with the immersion liguid.

39. The lithographic projection apparatus according to
claim 38, wherein the gap is filled with the immersion liguid by

supplying the immersion ligquid from the liquid source.
40. The lithographic¢ projection apparatus according to

claim 39, wherein air is prevented from entering the gap by filling
the gap with the immersion liguid.
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