OPTI CAL ARRANGEMENT OF AUTOFOCUS ELEMENTS FOR USE W TH | MVERSI ON a
LI THOGRAPHY 5BACKGROUND OF THE | NVENTI ON This invention relates to an
optical arrangenent of autofocus elenents for use with i mrersion

| it hography. In sem conductor |ithography systens in use today, automatic
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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
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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 liguid-air
boundary is not well defined and changing rapidly. It is not possible to transmit an

20  AF/AL beam through this interface withouf 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/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 liguid immersion boundary at the edge of the

iens.

30 SUMMARY OF THE INVENTION
Autofocus unjts 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

1



30SUMVARY OF THE | NVENTI ON Aut of-ocus units according to this

i nvention are for an inmmersion |ithography apparatus which may be descri bed
generally as conprising not only a reticle stage arranged to retain a
reticle, a working stage arranged to retain a workpiece with a target
surface and an optical systemincluding an illum nation source and an

optical el enent ,alich G MdLeBRiBOHibh MRLIRPAYRINIRBACOREOME af b}ﬁlcﬂ\bl’ kpi ece
for having an i nage pattern of the retlcleaé)ro j ected on the V\/Qr%/&nece by
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| i ght source segdas vod the QitieSteleteht @h&hehagensmmdeqﬂmbwoé{pme sPecipfitabd angl e
such that this 10light beam passes throuqh t he uid. and is re of%gt ed by
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fromthe aufof OgLg pkiPPles R AWbED thoft @9&& Q%ﬂeagd’w&@&@@tbﬂfhc@éfth&e li ght
beam 15As- go(r)\ aﬁ%*gr nat ?%/S(Se enb‘ggll ms\n‘%1 y py%“ c nment ga%gm te. the
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transpar ent Wedgéé Hapedci; taﬁal?ﬁxy @hgmﬁﬁﬂrdm@d@db)tdae&egeemrﬁcasuch t hat
the Iight beamfromthe autofocus %ﬂ source w || la‘}ag'ectthro themas it

i s passed thr ou§hmedtien iqﬂﬁﬁseflaﬁftﬁfﬁﬁfa‘ﬂ@g? dienasef Gihe pRilcE Fihe fishoheamot t he

wor kpi ece and tBroE}e%éﬁtfroH"lﬁe ﬁlﬁ&ﬁbdé%ghwoﬁdagmr cmﬁhmop&gﬁwmfmtgﬂme@mtl cal
el emrent at all bubbl es t hat

der to cope wth ntial gl
may be formtd due t oAt HeeligEstiret e Th @wa@ai ClepgRheN P"S&ﬁ t“f?ékpb%% &4l
el ement, the gaBe E’iﬁ%n@@ twhd RSP Ipbsid shied ﬁr@lﬂpﬁcmtﬁﬁspaﬂent \ﬁmiée—s]mpérf iciently
narr ow such as less than 2. 0Onm suych t hat caﬁ @ ¥ rce?r g c]ri)l the gap
filled with the el‘e}nﬂiﬁﬂmaﬁlbc pleersivder these tsaieh ak B 1@38 R @Jﬁg? suction
to cause the fl yigt b cERYEpAPLENERIER o Rs REgdphonghtthe Suippd e refieteflloni d such
that that the gap can be kept filled. The bO.th'h ry
_ the target surface of the workpiece and to reach theTeceiver 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 can be kept filled. The boundary
surface through which the light beam from the autofocus light source is refracted into
the fiuid from the interior of the wedge element need not 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.

BRIEF DESCRIPTION OF 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

accompanying drawings in which:



surface through which the |Iight beam from the autofocus |ight source is
refracted into 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
t he 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 r efigrang sehématichosé-sdlioal vigw demdmingision Mitogdsaity i N

conjunction w n whi ch: Fig. 1is a
schematic cr osgsﬁja%@tglﬂgﬁgl?%oqﬁxstﬂ(?prggegwrr]r\r’r}%rﬁgﬁk on I|thogr aphy apparatus that
i ncorporates the present invention 2 |s a process flow

di agram i || ustrat i rig8-#nis 2REsRsY %?V?d‘ﬁWS’B%“Wg\&HF’@H‘PE&WQ@F&RYCWW devi ces
are fabri cat edsagéangudidi@ediqs aredttumatsdoing thaappagtus boas dofigi Ingedrdinptohe
present invent {thresemmvmhIghg 3 is a flowhart of the wafer processing step
shown in Fig. case of fabricating sem conductor devices according
to the present inventi,on ross-s ctional

view of an aut of ocdse® 3ﬁs%ﬂ%“%%?/ﬁhgwf‘%%m“ﬁﬁ%ﬁmpo ownllﬁélgggms“f 5%%schemati ¢
si de cross- secfduering sandsandictos deiti¢re accarding to theragent toventipridyi ng thi s
invention; Fig. 5is an enlarged view of a circled portion VI of Fig. 5.
Figs. 7,8 and 9 ar &Figdlieamhimatsiside cosoesiaerticwotah avtb s wft epbsdyingns of

ot her aut of ocug;deigbodyi ng this invention according to different

enbodi nent of the 15i nventi on. Throughout herein, itens and

cormponent s ({ hat ar ?ﬁ‘%?lﬂ V&}n?m&nc gide %1!0 Cf—sc@‘trmn%f\ﬁe@ %&hﬁ%ﬁofo@ dsl u%ﬁt ed by the

sane nuneral in di en necessarl e explained in a
repetitious naffAgdying this invenion;

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 invention.

Throughout herein, items and cormponents 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 incorporate the optical amangement of autofocus elements embodying this

nvention.

As shown in Fig. 1, the imimersion lithography apparatus 100 comprises an
25 illuminator optical unit I including a light source such as a KrF excimer laser unit, an
optical integrator {or homogenizer) and 2 lens and serving to emit pulsed uitraviolet
light 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 ArF excimer laser light with wavelength

193nm, F; laser light with wavelength 1 57nm or the i-line of a mercury lamp with
k!



20DETAI LED DESCRI PTI ON OF SPECI FI C.EMBODI MENTS Fig. 1 shows the
ggneral structure of an imersion Iithography apparatus 100 which may

i ncorporate the optical arrangenent of autofocus el enments énbodying this
invention. As shown in Fig. 1, the imersion |ithography apparatus 100
conprises an 25illumnator optical unit 1 incl ud| ng a |ight source such as
a KrF exciner |aser unit, an optical integrator (or honogenizer) and a | ens
and serving t o venFlengtii6sen. [ wheh{pilowe the copminateisysim W’llv\ﬁvg'l-élﬁb%ﬂ“z&Bnm to be

made inci dence sB Ain @% § ?srr@fe%Hcaﬁ tcf]&giamhﬁe Brecbif irp@!‘,ts&ﬁllil& !ﬂﬂuﬁaﬁreraﬁc& icle Ris

prioj ected on a vva er Wcoate otoresist at a speci
magni f i cation (f@ubttmsa)éthﬂlﬁw@rapﬂy/@pamhfr Bifg Fronthe ednmeneanre ¢fcﬂlslcl|ogm angr oj ect i on
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of a nmercury | atwge eptitdl eRmemia(whesnglehs)B@Bmmcd bppowtrab theataleoWsandtehe coor di nat e
systemw th X- c%ndggagg?mg}% {“ﬁm‘“ aﬁ)‘é\@x s%fl:é &lp%nén% referenced to explain

the directions fractire an unctions of the |ithography
apparatus 100. For the convenlence of disclosure and description, the |ight
prioj ection unit PL TheielidluBisappsded on Ficgole stagerR ST ipgorpassfing k mieghpnisast - 5st age

opt1 cal el ementy, (ael Aol 39 ) AAAROAGH. LARAKL S Patdbod el Wand o

cylindrical housing contalnl rs of 1ts conponents. The
reticle R is suppodiredioparoynd &e Z@Pﬂé Thesige- %WSIOH@QP%Wﬁ agerietimeehani sm f or

moving the petiglgidg ﬂ@xnﬁl@g& ﬂe@&%&‘ks”r Qreta@@ct&%mﬁ&nn@&mmﬁ %ﬁoﬂl rection and

the rotary direction aroun axi s di mensi onal  position and
ori entation of shovtén jealitingg apd Fspopimmingaatiths reticdy B iseifru byeansgpettled by a

l a}ser i nterferQuRY L6y §HBBhsis of the detection thus made.

The wafer W is set on a wafer holder (not shown) on a Z-stage 9 for
conirolling the focusing position {along the Z-axis) and the sloping angle of the wafer
15 W. The Z-stage 9 is affixed to an XY-stage 10 adapted to move in the XY -plane
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
1 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 a mobile mirror 12 affixed to the Z-stage 9. Control data based on the

25 results of this monitoring are fransmitted from the main control unit 14 to a stage-
driving unit 15 adapted to conirol 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. 1 is an
immersion lithography apparatus and is hence adapted to have 2 liquid (or the

“immersion liquid™) 7 of a specified kind such as water filling the space between the

4



shown) in real tinme and the positioning of the reticle Ris effected by a
main control unit 14 on the basis of the detection thus nade. The
wafer Wis set on a wafer holder (not shown) on a Z-stage 9 for controlling
the focusing position (along the Z-axis) and the sloping angle of the wafer
15W The Z-stage 9 is affixed to an XY-stage 10 adapted to nove in the
XY-pl ane substantially parallel to the inmage-form ng surface of the |ight
proj ecti on uni surfete of Theew - \Sftdmﬂac Ib@eimfsmofcﬂm last- hlafsﬂmpﬂidal elfineig 4 of the Z- st age

9 serves to c e of the |ight
proj ection uni %QE’E}%G%“ net g awed‘{flwgﬂ? cﬂ‘g‘”}%@ e&ﬁ“é%ﬁ@*ﬁ”‘?ﬁ@” Laxi s)
and t he sl opi ngamngdaérm the vvafer Wby the aut o- focu5| ng 20and

aut o-l evel i ng net hod, and the XY-stage 10 serves to adjust the position of

the wafer Win the Y
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33 W th referelﬁlgpf;btoaa%r llalefor {%rolg 12 af fr{axed to the Z-stage 9. Control
ata based on resul ERIEERE R EHRY are transnmitted fromthe
main control unit 14 to a stage- driving unit 15 adapted to control the
motions of the Z- stﬁ!gélqlgdérlﬂzﬁupnmd Kymetigyd S&@liamtcﬁrtuatmgytcomp;ﬁneanmm ved
cequentially oy ol df PlnB SERASHIE ot BRLPAAEOMAT LeUe T One on'
t he wafer Wac@@ff@ﬁhﬁglafﬂowmcva‘@mwaﬂurameauh@drcemdltmnen@s|cn11@testbgp and-r epeat
routine. 3QT hehddl&xfaea;e@nmsaﬁﬂ%ﬂg;&au&QQt@%gm735%@%9&9133“th reference to

Fig. 1 is an imersion’lithogra apparatu ence adapted to have a
liquid (or theaper§VBﬁsmw.ﬂwsmw@maw@sémcm@mkuwmlchsth@h as water

filling the Splﬂﬁé‘grgiﬁty‘éﬁﬁfhﬂsh@ﬂ itseMid cﬁ@%sé?if I\fulfﬂ?era‘f‘@if ﬁ&mé%s%gxgmé RGalpwer surface

of the | ast-stage optical elenent of % eﬂ‘leCtl on unit PL at
| east while tH&9H8R ’E"E‘t“’r‘l‘qeﬁ‘ﬁ‘@é:'b?fs“wi’éd Ffé’tnl tE‘? %‘P y pait hellvperal@giindiratsn t he waf er
W Th@cdva@t‘mﬁil@sgﬂ‘o {iGeN thel cﬂ[@’ﬂis cAliRfed tiermb tdMer PR e Cl k0N uni t

PL is affi xed t ylindrical housin an Qfgtl onal enbodi nent, the

| ast - st age” opt'io Fe“él}l Fﬂweﬁer’rfﬁ‘i}t é“%‘HS%FSéﬁB‘?%‘B‘PVQ“F referercsic Rig bis

mai nt enance. not intended 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 fecovery nozzles 21 and 23 around
the light projection unit PL may be designed in a variety of ways for establishing 2

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 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, emitied obliquely with respect to the
target surface of the wafer W, passes through a lower periphera) part of this lens 4 and
then is refracted into the immersion liquid 7 so as fo be reflected by the target surface

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



The liquid 7 is supplied froma liquid supply unit-5 that may conprise a
tank, a pressure punp and a tenperature regulator (not individually shown)
to the space above the wafer Wunder a tenperature-regul ated condition and
“is collected by a 10liquid recovery unit 6. The tenperature of the liquid 7
is regulated to be approximately the sane as the tenperature inside the
chanmber in which the Iithograpﬁy apparatus 100 itself is di sposed. Nuneral
21 indicat es sotetyéngiessiiseted AFBEJRbIspmP4tinerproptuttly posiiaed upipki ed from t he

supply unit 5. BhAEElde 8k g GRETon AR PY VBRI SR HEGHOIN RRLED Lhe

el
liquid 7 is coll'ected into the recovery unit
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i ncor porated i . 4 it hography apparatus, of m di fferent kinds.
In particul ar, rﬁr?w%lgs%t%gaﬁ%%rtgﬁ%aﬂ% I@h%ctcmgg)f‘ f@ﬁ:ﬁu?w%é‘?kgn gﬁﬁﬁ mghiqaleddznent s of

t he source and sxpouwedigit wwog ot the b@thdandf B3 egrosnaitgiohe | i ght projection unit
PL may be designed in a variety of ways for establishing a snmooth fl ow and

qui ck recovery of the & BBk SRR bl : . Ei shows. an_ aut of ocus
unit 50 (not shown :%% Fig. S1 aclz%:‘%)t%l&_l%éﬂﬁtgotaﬁorgmlgrtf\g%nr?@}%ﬁm PRt ®be

i ncor por at ed i np¥enten. jlinranpinents fhiat drogmdptty thoysdeembslidhvavitREshtomnatat 100 in
Fig. 1 but jhe gpwens i,80atkSov 1S salnd i1 e the specific type
of the syst]em i r:?o whi chai t.y{{s %aﬁc%t?rg%rglg’t ggéaﬁ?lotsﬁalén ‘gﬁ%&%, t he

| ast - st age opt i dafectaizedarhavins 8t loves syrfaghef the bjtetags emicaramem 4 oftha

heni spheri cal | y; ioR Rt BE bl SDrvloS RS Nakilly o) LAGLNY
downwar d opposi t%h?gﬁghe_ upsper surfoggge(tahleg "t%?t éetgﬂgi?'?%fé%@f@gfﬁ%ﬁee waf er
W a space | eft Jifnpaedreeier San The s puatces maydsprebsdhiy Batss shawigoFig Anged such

that its AF/ AL dnb glttlasb@agopdeal @bhdnk 86 Bl tusliaty Hﬂdtéﬂs'seﬁ@a‘iﬂg%remﬁsﬁh g target
surface of the iwaf zjr é@ Passes thrg%%g? | ower, peripheral part of this |ens
4 and then 'Fs r&t SEPEUY FATSBY N RAISniTEREr Shas Tgen denrenis Sl aad % aisplaced | ect ed
by the target smwtotitieodf thdiensvaingér tisatuiduFRes thkcRehektdf evE bR heRRASLEI ON 55.

A receiver 52 f recei vi,ng and.5 nal yzi the reflected AF/ AL |ight beam
54 is appropri atgée?uf/&%c(‘)lg |¥%}}t g%“éc q% A4 ﬁ%%%‘ﬁ’&ts {&ing P’BE‘G e Pﬁ@e TePYHRE SBr oj ect i on
unit PL. Nurer alls cB@ ambtbhiwedged elemtes 6l andal2 anmsp desteried fher the AFLAL, @ght Beam
correction | ensg i SpQsad.08 E-E;lg f.nth AL, |ight beam 54 for
correcting |ight propagation. isﬁ%éeer&’tlﬁvem}pﬁ%et@g%lem %%ﬁ%%lﬁmf’ﬂ]g?la’é s 4 and
the [iquid2¥ i gefracted into the immersion liquid 7 without passing through the lens 4 and, afier

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 cortect 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



5 well defined and essentially free of bubbles, the |light beans are

uni npeded and can provi de good signals to maintain high accuracy. In Fig.
4, broken lines indicate the exposure |light cone, or the boundary of the
exposure region. Fig. 5 shows another autofocus unit 60 according to
anot her enbodi nent of the invention. Its conponents that are simlar to

t hose descri bed above with reference to 10Fig. 5 are indicated by the sane

nuneral s. The uRbdmdQfredioMIzdrf afd tBerefOrel S eLhv@p Sfulletie z@@a m&rﬂa&wmm&he | ower
surface of the | ast-stage gptical element 4 of the Pro; ection unit PL
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receiver 52. Tﬁ@ro@é@aus@‘ﬂieflﬁlﬁﬁsi t0aY t&?aﬁ)%&f ﬁeﬁﬁ'fﬂ‘ie& bRk whﬁéth%@f@flw B Fig. 5,
and the | ast-stage optical el enent Is still functionally and essentially
a heni spher i calmoved undepde legpt.i 4 ghixdsolatiomis daseply agapll gictiptpspysethet 0 as wedge
el ement s 61sandi4 7 @hByPhAGSH. RBEA0S ol dRSciki bBR AN dulifiielss! hese cul
surfaces, t enent el ng on the side of the autofodcus I'ight source 51
and the el ementshe?n bdiimd whareithwmsiad &0 wili catheanasqwinp éer pEvidimghibe sugtion. and t he
wedge el enents m 54 from
the aut of ocus lLlff%ﬁ%ﬂ&%ﬁg%ﬁ&ﬁé%lﬂﬁpﬁ%ﬁa@y%E%%ietﬂ% %ﬁll%g&eﬂ %P&é)ﬁeﬁ? 61 and
20r ef ract ed i ntaboveathe dnoming of thtzdpily) is kderrtbaisarnd ditleduidsthaawithv.ough the lens 4
and, after being reflected by the target surface of the wafer Wat the

refiection positi ON TRSinvéMhibh hRBedrfebRBEEEL O AN fhRenteRaBR 1IBRAt 62 and
recei ved by the receiver 52 a%ﬂ&n wi t hout passing. through the lens 4. This

embodi ment Ps JWFREL A gedissmeiTiig ey practiirgirdds BRE tescaps A he nyemisnof a

different mat erjigaly Iﬁgﬁ&ﬁ&ﬁaﬁﬂh&aﬁﬂ:ﬁﬂﬁ%sﬂ:@wﬁmnﬁﬁs&:@& bﬁtﬁlz 1R QPR S Phe
The | ower |nterface between ge, el rrents 61‘21 @Pd the lens 4 is
T“’tb%?‘?

i nportant fr omsﬂlﬂeda&hﬁfvgd%ﬁ emea% fmdcﬁ% QF E¥ i Teg HRRE & %N d
aﬁne[] at Ih on of Weesenwto}?igeﬁ 1 DeRh&ing Torl e:qumﬁld , upon N%H&hllréceirfgleﬁﬂ%ﬂeﬂ:el:l Ig 6,
ich shows nore. in i] the_portio . the e. e nt 61.in a close
proximty of th‘g*‘i‘%ﬂ‘gﬁﬁ,ﬁg‘ﬁ‘ﬁsaﬂgé%%t‘%{%ﬁg? lé’%‘gfsv\‘%geggft’s‘me??%f@ﬁfﬁsﬁp source of
ai r bubbl esis Whiiqmbil eyl tHeenaaial & theewedgn demettitd, ﬂmﬂﬁhﬁ@fd"ﬂﬂl@w&%yuﬁj ecting

| f
:c ;[ |S| thgcg‘app&rl{)%nggg NS 1;[ov1t<)if: the We%e elgxﬁmnt 8? ﬁl?L. Eﬁ%%eﬁrg? ﬁacgg\elﬁeé 6448 ﬁuen_eﬁt{n IG?. ;[ ﬁ to

contact with thide HEMQJ lightheai Sﬁmaismlghleowh@m%eebm 6M’Vﬁleb€tnefre:1tﬁﬂ imer o and
therefore does gof,ReGEHE 1&%: m-,quyagn 'uﬂio@ghfmﬁzmmédmymbu& mpom to

keep D approxi mately equa Fess t Onm such capi I Tary forces
cause the |i quiidF. 6bUtfihfP\Pghthé EEH?PI&W epsp syrface particapde Jais wikhprogidehe waf er
Wi's 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 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 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 s 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 the
7



noved under the lens 4. Athird solution is to supply a small suction to
-cause the 5 1liquid 7 to nove up inside the gap D and to prevent air from
novi ng downward, as shown in Fig. 7 wherein nuneral 70 indicates an air
punp for providing the suction. Fig. 8 shows still another sol ution whereby
a source 72 of the liquid 7 is supplied above the opening of the gap D to
keep the gap Dfilled with the liquid 7. The invention has been descri bed
above with ref ensBearhe. aninp A 31186008 0hRatidH TREY ci8firodds s Qut they
are not intended to limt the scope of the |nv@;1%| orr? Sl\/gﬂgﬁ%%?ﬂ cations
and variations ¥M& lii’o‘?%‘?rlﬁlle@swoﬂ hirrftep G4 @‘é’b’ﬁéﬂ@fa‘f@h&n)nmmﬂ ioplanfEiin shaped
- of the wedge el ewates ik stdcnBRondadH s@iq@@h% gsgrj.bed above
with reference to Fig. 6. Dep enm?en ® for exanrgzlqgéjpr{é}%cepstﬁw §683e5|r angl e of
i nci dence of th@“AEFVA@rPfP@qfr’émgaéme ationds medass cach steheccenidigeesroadssifief r act i on
of the imersi oRglignlehtgui d? and the material of the wedge el enment 61, it
may be advant ageous, as shown in Fig. 9, to provide the vvedge el emrent 61
with a sloped surfagg .RQkbOsy i Rsi.bat J ght am 54 passi ng
t hrough the vved?e el enent g erigﬁ Sl{ﬂ?r a}g%@%%ﬁg\{eéh Iﬁloge% é’F‘?cSBW liquid 7
not necessarily qpﬁhﬁiﬁ’@ﬁmﬁoﬁ’@lﬁieﬂdh@ &’Iﬂﬂ‘b@amd&ﬁwwcsaamﬁa’rcw aasmsnlmwmedn Fig. 6
but t hrough t hisuARREAREALELYinShRPELSW: his wll provide
20flexibility in rﬁ%@ d@sf Lg%/m %ulgbparrt nglé to?é%%o y?“r?nst ‘%51 RIO[REsEht i on.
Fig. 2 is referieppdgd ipapra Qfohﬁﬁs@ﬁiebélé(mm%epﬂ ke dbabrmedibhedg a
seni conductgr dg és%dav yﬁlusuat@a dsfPRE S Ry ratu

? i ot e o S‘J a{t&h% d%(ﬁ?agat?gwa%{/entl on. In

i ncorporating a éﬂﬂ recovery system e
step 301 the dév'iet‘,én §teﬂ d@?"éﬁpﬁﬂ&e@eﬁhﬁ exmwéafmmwpm siliicsersT]e

desi gned. Next {e.tblﬂ!né&tﬁiﬁ pigzmh@f (RS Ksi dub o fok &st {aa%asé&nge&%?&%a& L 1S

desi gned accor dlrﬁ%& % previ ous desi‘gni ng el step
303, a wafer i SRYFE oY F‘BWP% Ié‘lSFGPé%@HﬁP’é’Flﬁfde“PhiéGM?&W%m@hwomas&l gned in
step 302 is expasgfingsfid cichitg Wat@ével ! RIS c30Batlefhs 8l P3R by etﬁlon
photohthoaraph %Bstem such as the systens descri bed above.’

the sem contuct’oMfRITRIgFersine 208 RafsPREESEREEFRI ng t he dici ng pr ocess
bondi ng process andWimlekagiog:gptp}rs@ﬁaﬁ_sbﬂustlh&ﬁnéﬂHh&b&:e}i dedBbedQe emhesr 1S

inspected in st ig. illustrates a detailed flowchart
exanpl e of the ra:%gmfem bl %1‘%3‘%‘2? ‘iﬁ{? al%ﬁ’és » RERYgnsfang vaniog i ng
sem conduct or d@bﬁlm@sequivmlem whicB 1) viti tatiopaofhispjventichelt wah@riss ys f ace i s

oxidized. In s fl| i_s .f d on the 7
waf er surface. tnlg%d g%gthgl%\l@ n?&sgé?r?%ge Egéﬁdn@% Plgﬁe sltnérpﬁe megfo gfﬁi‘ odes are
formed on the \RBH%?‘“%?OKFHWPSEEFep%ilQH diis therefere eper@qdﬂthgmhnfollmh@nt ation
step), ions ar@pjdxRiaMifdnd ﬂtcﬁ'ﬂﬂﬁed’@ r?:'iudngg[}?l sﬂélpz{lé b$ rllrggagotngps 311-314

formthe preprocessing steps f fers ng vva ocessl n’g and

sel ection is ni#&evseulELRle eé’t“éﬁelé%@é%liﬁﬁ@nﬂ@ t@‘ﬁé@éb@ﬂﬁ@lﬁpﬁqam&mnt s.

‘At each stage ofvew@dfner processing, when the above-nenti oned preprocessing
.steps have been conpleted, the foll ow ng post-processing steps are

;i npl enented. During post-processing, initially, in step 315 (photoresi st
formation step), photoresist is applied to a wafer. Next, in step 316,
‘(exposure step), the above-nentioned




10exposure device is used to transfer the circuit pattern of a mask
(reticle) to a wafer. Then, in step 317 (devel oping step), the exposed
waf er is devel oped, and in step 318 (etching step), parts other than .

resi dual photoresist (exposed material surface) are renoved by etching. In
step 319 (photoresist renoval step), unnecessary photoresist remaining
after etching is renoved. Miltiple cirgumspatterns are forned by
repetition 150f these preprocessing and post-processing steps. Wile a

|'i t hography system of this invention has been described in terns of several

preferred empodi nﬁ”iﬁbh&g'i@bﬁl@-rxﬁccﬁj'ehﬂiaﬁi@t&raﬁ&@ﬁubr&@im&g -and vari ous
substitute equivalents which fall within t Je(?shr(io pe of this |n%§nt|on

shoul d al so be nofBd AChef %Y miie af ative By OF i ﬁﬁpené%tlng
the methods angeAQappaned Uses sabstherdr esentpiowentataren| tehes tpeteidre
i nt ended that _the follomnngdﬂ@gended clalnsfgﬁ%%fter retaq as . cludlng al

such al t er at FOFRED T ATt IS LRAEE VBT HUS i"tite CeduiVale SHETAE fal |l
within the tene éﬁkﬁb&eaﬁduscope of the present invention. CLAIMS 1. A

| 'i t hographi c project aratus co sin n_optical elenment via
whi ch an exposur e® H@ﬂﬁ? 5&?%6%@8* EBB %c%q% & e,f&q%%%ce bet ween t he
optical el enent anRetdin S&Jbﬁhﬁﬁi@ bes nfofmdd eljetlwetehl athe querbaduramy & he

exposure; and a_nenber, whi ch nmakes gnt act h rein a
passage is fBPﬁgﬁuﬁefﬂBﬁwggh@hﬁgﬁbeﬁe 85§%%f%%%§ %hroug ?%ﬁ'rﬁg
exposur e beammdogsimall passentof ahbe optlcal el enent, and a suction is
supplied to cause_the I| qu_tosaﬁéfugpmardlgéd tpgepqﬁ 98- & mgpg
appar at us accordlﬁg TE LRI M rein I ncl'udes an optica

el enent whi chpeaudlactis the pasgpaiod- 3. The apparatus accordi ng to claim1l,
wherein the nmenber has an opposite portion which faces the substrate during
the exposure; and the liquid is allowed to fill in a space between the
opposi te poreion Bhet hAppammtver aardribeg stbsekai® Burvhryaine tigpasuber 4.

The_appar at us, agcor 0ot o &) aleThealNarin cbheapassage 1guler med betueen a

side surface™® e optl enent t he

3. The apparatus according to claim 1, wherein the member
has an opposite portion which faces the substrate during the
exposure; and the liquid is allowed to £fill in a space

between the opposite portion of the member and the substrate

during the exposure.

4. The apparatus according to claim 1, wherein the passage

is formed between a side surface of the optical element and

the member.

5. The apparatus according to claim 1, wherein the passage

includes a capillary passade.

6. The apparatus according to claim 1, wherein the

capillary passage includes a slope portion.

7. A lithographic projection method comprising:
providing a substrate so that the substrate faces an

optical element and a member;



5. The apparatus according to claim1l, wherein the passage includes a
capillary -passage. 6. The apparatus according to claim1l, wherein the
capillary passage includes a slope portion. 7. A lithographic projection
met hod conpri sing: provi ding a substrate so that the substrate faces
an optical elenent and a nenber; filling a space between the opti cal
el enent and the suybstfay eaV\list];ﬁcé | detilicdnt Mféugnbpwmjaqh STerR0oSae bram i s
directed onto the substrate ; g a suction to a ga

et ween o RERDER S LTS ABS 14 nEBERE DT IE bk o BBASHEE DBSH db8s not
pass, the ophicadtsl emedt the Amyseatde; Iaml d to rmve upwar dl y in the gap.

8. The net hod accordi to claim.7 v%/n eint t|ncIu opti cal
element. 9. The ﬁﬁ?%@”@c@orﬂi%@%o o zi'l MP, é’FSPn PRe™P %’fd T‘% | | owed
to fill in asepbee: baihveasht keigknbes ambstdm st dake dorci pgsthethe

exposure. 10.. Th t hod, accordin c V\/nere in the ga S¢ orrred
ot voon & si QRCLUAY HESTRrt, K8 GRRrRar el shame el e hehiEatfoih e

met hod accordapg to claim7, wherein the gap incl udes a sl ope porti on. 12.
A devi ce manufacturing nmethod conpri sing: exposi ng a substrate using
the lithographic projection nethod defined in claim7, and devel oping the
exposed subsgr at eThd3meAhbilt kegraphme projdetimon’ appbeatirs thapmesbay: a

substrate tabl e fcp hgl gﬁé?gcaal %_Lig%g{lgt e; a radiation systemfor

provi ding a fﬁeam of° Fadrarton directed towards a target portion of said
substrat e; a support structure for supporting a patterning device,

the par ! terni pg deyjce,Selyd Nekdo2aRAkt 85Ncl D PEAMRAGLALAIRG 49 43:desired
P allowed to fill in a space between the member and the

substrate during the exposure.

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

member.

11. The method according to claim 7, wherein the gap

includes a slope portion.

i2. A device manufacturing method comprising:
exposing a substrate using the lithographic projection
method defined in claim 7, and

developing the exposed substrate.

13. 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;

a support structure for supperting 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
elements and which projects the patterned beam onto a target

portion of the substrate, a space between the final element

10



a projection system which has el ements including a final i
ErOjeCtS the patterned beamonto a target portign of the gtggfp;feang 2€;g2
bepmeen_the final element 10 of said projection systemand said substrat e
ﬁlng_fllled with an imersion liquid; a nenber having a portion close to
;_e final element of said projection system a gap being formed between the
inal element of said projection s sten1gnd sgi d partion gkitbhe shenber; and
a suction souf ceatdnRECIEH-1Y offe®Eril BF t K& gap, tEe biher end of the ga
bei ng contach; W th theeiswers siianibif quid. 14. The Iithographic projectio% P
apparatus according to ch%nxlS, mher@i thesgapol sndi ket Witdhehbeot
i mersion 1iqui d dy"SHsH yifg"d gURTTSH " o the gap. 15. The Iitﬁogrg hi c
proj ecti on appad afusicatsondingtdm, o ajap beinghdpened ale?tW%enprté’\?eﬁtléagf rom

entering the gap by filling the. . Wit he, | r si .

i t hogr aphi ceF#®ctons hgao%%g’tplovﬂ t Q4G 1 L0Eer 4 00 bbgtich 4d6. the

the substrat gof S -l nprising: providing a substrate so that
a suction source connected to one end of the gap, the

other end of the gap being contact with the immersion liguid.

14. The lithographic projection apparatus according to claim
13, wherein the gaep 1is filled with the immersion ligquid by

supplying a suction to the gap.

15. The lithographic projection apparatus according to claim
14, wherein air is prevented from entering the gap by filling

the gap with the immersion liguid.

16. A lithographic projection method comprising:

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

filling 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 suction to a gap between the member and a
surface, through which the exposure beam does not pass, of

the optical element.

17. The method according to claim 16, wherein the member

includes an optical element.

18. The method according to claim 16, wherein the liquid is
allowed to fill in a space between the member and the

substrate during the exposure.

19. The method according to claim 16, wherein the gap 1is
formed between a side surface of the optical element and the

member.

11



optical elenment and a nenber; filling a space between the optical el enent
and the substrate with 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 which the exposure beam does not pass, of the optical

el enent. 17. The nethod according to claim 16, wherein the nenber includes
an optical elenent. 18. The nethod according to claim 16, wherein the
liquid is allowed to fill in a space between the nmenber and the substrate
during the exposufke I@thFfe amstvddnacce? dicdgito ¥-ai WRE6SiMhe & nIthe gap

is formed bet;é\%[h i deosurface.nqf the optical elenent and the nenber.
20. The metho acc?%'r gi %90% IJé)l al % 16, wherein the gap includes a slope

portion. 21. A device manufacturing nethod conprising: exposing a

substrate US'%{'Q t heqd it RofE ARRL & i Qige b Loy MRkedsde§i ned in claim 16, and
devel opi ng the’ exposed.1 substrate. 22. A _lithographic Pr Qj ection agﬁgr at us
conpri si ng: expP U Gal SEIEHSHE ISEBAgHERhiLeRT AR %ngﬁ&lﬁré’jﬁg Fs

directed ontg. &, SUbglktALE. 18 Spare1betygen the optical el ement and the
substrate berng filled with a liquid during the exposure; and a nenber
whi ch nakes cont agevedapinghEhe tRaped substrate.

22. A lithographic projection apparatus comprising:

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

a member which makes contact with the liquid,

wherein a gap is formed between the member and a surface,
through which the exposure beam does not pass, of the optical
element, and

a suction is supplied to the gap.

23. The apparatus according to claim 22, wherein the member

includes an optical element that contacts the liquid.

24, The apparatﬁs according to claim 22, wherein the ligquid
is allowed to fill in a space between an opposite portion of

the member and the substrate during the exposure.

25. The apparatus according to claim 22, wherein the gap is
formed between a side surface of the optical element and the

member.

26. The apparatus according to claim 22, wherein the gap

includes a capillary passagde.

27. The apparatus according to claim 22, wherein the gap

includes a slope portion.

12



wherein a gap is formed between the nmenber and a surface, through which the
exposure beam does not pass, of the optical elenent, and a suction is
supplied to the gap. 23. The apparatus according to claim 22, wherein the
menber includes an optical elenent that contacts the liquid. 24. The
apparatus according to claim22, wherein the liquid is allowed to fill in a
space between an opposite portion of th ! nd hsir akg Hig i ng
the exposure?®- ZS?IP#ﬁé’pﬁﬁBg?sét%%coe%&g d?%gg%%&gzlzgi'mwgg%%erei% ghe gap is
formed betwegn dwesi dedspofaics ehithel optireaped| erevntand FRe WeiBer. — 26.
The apparatus according to claim 22, wherein the gap includes a capillary
passage. 27. The apparatus according to claim 22, wherein the gap includes
a sl ope port?®n. Th@SaprEretapparadyding der dilagnt 82¢| WhtF DR thferefHithe gap
has a | ower end portion_ whi .S .-a t optacicddae liquid. 29. The
appar at us actor enélapopjé?‘ééln(r:hﬂzf,irv\k%?rg?ér?&teﬁgn?i qui dI:i n the gap prevents air
fromentering the space.
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