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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 liquid immersion boundary at the edge of the

lens.

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

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

invention.

As shown in Fig. 1, the immersion lithography apparatus 100 comprises an
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 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
PL. The pulsed light IL. may alternatively be ArF excimer laser light with wavelength

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



invention. As shown in Fig. 1, the imersion
I'ithography apparatus 100 conprises an 25 illum nator
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results of this monitoring are transmitted from the main control unit 14 to a stage-
driving unit 15 adapted to control the motions of the Z-stage 9 and the XY-stage 10
according to the received control data. At the time of an exposure, the projection light
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.

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

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

4



10

15

20

25

30

20 and auto-leveling nethod, and the XY-stage 10
serves to adjust the position of the wafer Win the

woauigass on and the Y-direction. The two-di nEPGT/URENN4/011287

al . L fer re.npnitored in real tine

ar%%qﬁl‘% g?c]} ?ctgls gﬁ\ﬁ%ﬁeﬂix\gﬁg@% © Paitenamage ef the svitede R ds aeing copied
naln the wakkgrrwr 12 affixed to the Z-stage 9. Control

data based on the 25 results of this nonitoring are

transmitted fromthe nain control unit 14 to a stage-
dr i vi ngtgrptt-stase satenl elemest 4 ofithedight prejevtivi anis POfis bR ed to the

Z-5tiAd8c P eI( >§F : 10 accordi to the,

rggéi ved c%%ﬁ%? a aoi)aligﬁteﬁgooflfrﬂ@?’otge %%t‘étﬁ%%%miﬁél, eleient 4
pmwgyeet inade deimplvbble ifer di@@tgto? rsaaUsRiceal | y move from

one to another of different exposure positions on the

waf er according to.the pattern on the reticle Rin a
st ep- aml-e ﬁ’@ﬁ@g‘k 1SI%BBEIFE"|4€f.f°f{’sG Ik supplyowitapihgt mppesraprist a tank, a

18e:shat [ ' f .0. Fig. .1
D Pt Lo 1Al PR T Pty i s P apace
t @bqw.be Waﬁr (Ygiudd‘fr(membera:d'ré-fi@hﬁ@d)ébﬂtd&%i #hdis goblf?{;teﬁ bya
S AT | I N u as wat er | In e Space betwee
+ RS Y st o o S S prerietse ot edimnal 7 ogaaitated o be
f apgrbemiitdlf eh ' - f.the.

appr { thd sadWak @gedteﬁllf}@rahﬁ@?{su%gﬁé ?}?ag%[?er it \gF]é;B the. -

| ast -stage optical elenment 4 of t

uRtbogaph eppasatys 10hitsedf is disppsetlt AfumeéralEain@kated ource nozzles

r gt ' . g~ copi e n the wafer W The

I g%ét)@g ?‘glgﬁgh ghpettl I‘Pdélé(?7 8 élﬁgﬁetd ﬁ"f&ﬁg‘% H@P @t 5- pNomerad 2dimdicates
urecovePl nbszled thiowel wikacH the ligHideis icBEE: &a; lng 3. | :
an .opti onal enbodi nent, t hlg&ldgzlts-Cg?éa%éﬁ%bothﬁ%gg%cog?lé’ﬁ@fﬁ% Itis
40 Brggrpdealipy svetnihad hestiuoture desaribetbaboe WBILTE RRA0E & Fig. 1 is
The i hikQaH [ froma liguid supply unit 5

g B to Dk P YO e i Pion d sl adtains to which the
tlanpérahoviag negdabad déieds off B Hrbe he
s\gaglg ug(%ove t he wafer \lNu_r?der_ﬁa& tgﬁ%%?%@d‘?%@%‘%g@ﬁ@%gl other
CONGP 1 FEHOL L of Hienseseridnpgntion ey hejneapomtaviatoyimmersion
Uithdeor8sh: LIRS iquid. 7.is regul ated

to bggﬁp ayp{)t%gii nmat ei y St(ﬁ%fgll;e%hngg%és ]ﬁﬁ’glqlcé‘}?ﬁ’& ﬁttg r’é reminded that

ithe nerabers end haagements ofthecsoutdeaind rédohegr RRNs 8PRAT &4 HSund
]tgghitsel.f L S di.ts.%gsed. Nunmeral 21 indicates source

6% YR PTOIERHN T M el beesienagiing Variety ofupsyk iferckstablishing a
(s ot A Yndl kel RecolbhRir e bl SRS, ¥ ecovery

nozzl es through which”the liqui col lected into
the recovery unit 6. It is 15 to be rem nded, however,

that tfhg sthotstanratofesis il 66 (adtahewwin Rigl €f 28R foQhis
Fh&ntidn Which may be incorporated into an immersion lithography system such as

podFigeht e tvisiE hdiholnwer surfiee Bf tedge-sBgb 3PECABRARNE 4 of the
by

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

of the wafer W at a specified reflection position 55. A receiver 52 for receiving and
5
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The lower interface between the wedge elements 61 and 62 and the lens 4 is

important from the points of view of correct optical performance and generation of
bubbles in the immersion liquid 7. With reference to Fig. 6, which shows more in
detail the portion of the wedge element 61 in a close proximity of the lens 4, the gap D
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
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Optically transparent parts, to as
el mowet wndst therehsoR, A ahisd piletoeds tosuppht msmalﬁm&noﬁ td blﬁlse the

e LA e A

- el grmtin &4 Wﬁlﬂel‘ﬁﬁluﬂé?al%‘i'ﬁdlé’aftest aﬁlealfﬁ b Y& é%dmg-ﬁ?@suctlon

cuts and t ge elenments 61 and 62 are s des
t hEan 8 hl@wmanot@hsolbwhmby p oonreh @2 afithef loqud 7 lis gipplied

2oHtF niyniing (R B P Rnirer Beiir S B i

paSS|ng through the lens 4 and, after being reflected

by the Ties @etntiuras beorodestitsedudbes wilhafetdite fordd] g ling@ttd
position 55, will be refracted into the wedge el ement

6 2UHPRPT OF BBRRESENOB{ Bk hey @eenafdntemieddg dinvit fie shamstof the invention.
gaglggf&ohﬁfcgﬂgﬁ% Haevahgﬂghsdére gggsﬁ)l &Rﬁ% tﬂggco e%f the invention. The

ageous because t errents

ofshapeti 6ffthe ertgaeitmenalo] fand 62t foeetomsle ﬁééﬂll’fﬁfﬂ be 4s 8éketibed above
as_optical 3Tgu§§ﬁ The | ower interface bet ween the
wetitR redprenemiod EPBIINGNPT EXNPleon thedesirag angla af incidence

f rmd Ae/ L0 '11'@B§béé§n yj %ﬁti‘?f@ t& e r1ﬁc‘ﬁ5¢sQﬁ{réffz?cltloH OF bR iR on

and generation of es in e 1 mersion | qui
Wliduid &fasd ﬁrweatbnalﬁlfghe Wedgetelanhers by nragbe advantaebas, las shown

ion of, the dge el nt. .61 in
or BT BV dhs WS erid G ah e bk LESPoRien o such that
a tRONGNAT AehSBHIE §4 Qﬁssﬂﬂgrthﬂéﬂglm}féﬁwedg’@ lefehemRY1 Rl be refracted into
entrai ned under th | ens 4, "adversely affecting It

ophe dameyseqrf ]éﬁllhéﬁ Gl@t neoagsanfy thtoegh elhotizontsl homuldétrysurface as shown

pr.okl.em.i the th SsHi t abl.e tal. or .
PRI E LR Sythinis Arpeorbor oot Do g [htspat Provide
| eMexiviliSriahhd dasignt dfeh@apardde eMRn2sH K 23RE 3y
PCT/bSﬁ%g4/0112§gi tﬁere#%?eedoes noJ%bertufﬁn?%e

l'iquidinterface. Another solution is to keep D )
appr oxi gt isyrciseanged pext &p desssbe ¢ Reasess fordabsipatingtassmiconductor

c ﬁ;%iv}(éggzé/xv}s%rfgﬁiﬁq gyg ﬁtﬁm‘%%ph& g#ea‘iiatz? n%o{RP Atlntg%,o \i/c%?cpj et and
undesvetngysteansmbodydng this 1dv&ﬂiou1t o tep SO1 mmmby f@lctlon and
smalj%ﬂ)suctl n to cause 3he 5 quid 7 t

Potsrishes A% ‘Tcﬁ‘%\‘?énNeéT fn %t%m@w% eeticle) having a
dQyeRT i dedigned 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

device is inspected in step 306.

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

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



shown in Fig. 7 wherein nuneral 70 indicates an air
punp for providing the suction. Fig. 8 shows still

wa@p@ilesi3sol uti on whereby a source 72 of the |PQUU82084/011287
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i sSwafeppiiifec: Iyasuawume@nﬁe iforghadibn istep), @RietrBdsurk @R fhed on the
t he gegggD filled with the liquid 7. The invention has

be¥A YRPYteraBBue Ristep iléf Ylowrisp)dons atetmplanted in
104audeer t

I ERHRIRS e BOCARRGTRA SepR 311 SRPYorR] e DRl AL S Br waters
andunireg wafer prosesaing, pobsidetion W mideatteheh sepmoﬂﬁng tveprocessing
invention. The shaped of the wedge el enents 61 and
2requ?1nggggnp| e need not be as described above with

referen %esFl . 6. Depending, for exanple, upon the
desi red éﬁ@ tagie of W@ifedé’ﬁ%f@%% thea thwbmem@;mon@rbmpmessmg

ét?ﬁséqwuaslg tbgeﬁ &gm%lﬁtgh Ctﬁ? erl a IS%?@E{E Eﬁ. Sgﬁg%gtg ene n IIIl%Hted

[ t Dneyg pest@dm&mmg énitislly,ds step G (pliotorbiig. folnatiod step), photoresist
pr ovi dﬁ %he w%x%lgelﬂel ement 61 with a slaoped surface
poSEPBRCER MR- t Nkt WSk ey f@éppﬁu@mte@e% abave;mesiiongd

t hé)@}égﬁ}etdla@lc@%d&@d & @ﬁﬂ%ﬁ% tRekcitiuk palt gﬁetlc@) to a wafer.
the imersion liquid 7 not necessarli

hofhepm step B)bb(ﬁ&aq:lypmg sfeal ehea@cp@bczdmafer rs dEv@opéii bt in step 318

th h thi,s appropri at el ed surface portion 64.
TR i by p RS Gt pRRreci (o rmy g urAe) are
arfeﬁﬂﬁ@d@? ktcBHROdY kg 34 O '(}% hotdPEE Bk BB val sted) u%géccessar%/ Rhotoremst

referenced next to describe a process fo ricat
a serinbg alertatthingleveroevesy Multinly crcuit patierss are formed by repetition

li aratus incorporating a liquid jet and
re%:%\gg{ 31[% Q*sgé%%“%%%oe‘iﬁtrﬁ’&’%eﬁ%g f’tﬁngnti on. In step 301

t he devintsles lfibbeiphgsystesh ok LB feBOE Baschiah aegc%b@ il €8s of
are deS| gned. Next, in step 302, a mask (reticle)

haseveig! Bleﬁ%’feﬁﬁrtk@fiﬁnws dlesge gweaéte@@@m @ergtatdonshand various
R O O ] B i o
paiddted thatithsiegne thaiy akérapi@0Raysof nﬁ}ﬂ%ﬁféﬁﬂngmﬁa@néﬂiﬁis and

waf er from Fthe 303 .in step_304 by phot ol i t hogr aph

s yAPPATRNEGE AL thy PresER lgxfélfleﬁs Itd%ﬁ@ﬁf%@dm%@ﬁﬂéhatlthe &l pymg

3

P e B e ol O o, B 0,
pracess yybstihgn ecfulvﬁéﬂttyas ifaH wiifln devheepirlt and sgeetofthd present
st.e ?{06 Fig. 3 illustrates a detailed flowhart

exXANP¥ f the above-nentioned step 304 in the case

of fabricating sem conductor devices. In step 311
(oxidation step), the wafer surface is oxidized. In
step 312 (CVD step), an insulation filmis fornmed on

the 7 WD 2004/ 095135 PCT/ US2004/ 011287



i (electrode formation step), electrodes are forned
on the wafer by vapor deposition. In step 314 (ion

WO ppkantiat i on step), ions are inplanted in theCWEE®04/011287
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The aforenentioned steps 311-314 formthe

pr 88EbECLARMEDISs for wafers during wafer
processing, and selection is made at each step
according to processing 5 requirenents. At each stage
of wafeil. pr oémwpmgtusmglpritihg above-nenti oned

preprocess ve b en conpl eted, the
fol | ow ?@’015183 %@’@s%f bs"é 3EPHs are inpl ement ed.
During poghtidal QeRRal fifitidnBd E&J%éni’ the! fﬁsﬁhﬁﬁc@gﬁhe WO

(phot oresist formati'on step), photoresist 1s ﬂg)dece and
t occalﬁmf@rto pmmt anjimage exto 3e6firs( sxfaos there @hmg)a. gab hpaced between
osur devnce i.S ustg\to t ransf er

rl&‘gs %&P%Wr‘? ec& dhe qutiseh erasnty e gaphgiag substantially

ThﬁHedWﬁh%h@rﬁm%ﬂsYor(ﬂ@deb&p' ng step), the exposed wafer
is devel oped, and in step 318 (etching step), parts

ot her tﬁh%ﬂt?f&ex}lﬁmteﬂpmhﬁﬂﬁl st (exposed materi al

surface) are etchl

(phot or esi st ré:l&;mg@\éﬁsdhéi 5?urcﬁﬁ §%dat|°fr’ﬁh%ﬁ%1i‘té’§?’§‘tthrou8h the
r eimaherisiog fAfid efito@he fitsh gurfzse b RS kil bh@! € circuit
patterns are forned by repetition 1% t hese

pr epr ocessi nYrARYCHeHigpredde seseivyg tha bgig bespirefdected off the first
Ilgd? dt aphy of this invention has been

desc% edﬁlln glrgrésp of several preferred enbodi nents,
there are alterations, pernmutations, and various

substitute equival ents which fall within the scope of
this invent i off SPRTAHRS ctpiBy sBriber conmrising iasnsphrenteclement,

ar
1o LG BLNEER B NS KT sl ST0E ol o, R JRE Bansparen:
t htth:mcrdrb@mgmoeﬁgmdd tdeduse the 1fght beanh fbg;asﬁﬂﬁ)@.[gﬂﬁﬁe ali@irase
[ ntert?1 ﬁt ed as_ incl u%g[ all such alterations,
pe ofgieeat g Fansparryt CI\?B’FP bopapesiondlidyi val ent s as
fall within the true spirit and scope of the present
i nvention. 8 WD 2004/095135 PCT/ US2004/ 011287 WHAT IS
CLAI MEB3-| S. 'fhe amalatppa]fataim ehgringhagansparennslkpesde configured

hayi an o nt

b iePa bt Eactoll o ABR ek 28 e Rleniog DeMeensbetpsnenseent
arnlemmraﬁdgwlﬁﬁlndrgo@m@ct an inmage onto the first
surface, there being a gap spaced between

4. The apparatus of claim 3 wherein the refraction of the light beam at the

interface ranges from 0 to 90 degrees.

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

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

fused silica.

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

element.



the first surface of the workpiece and the optical
el ement, the gap being substantially filled with an

w0 povaf0gi1eh fl ui d; and an aut of ocus system i ncl Bdi/ng2004/011287
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an aut of ocusThg. giiir#ousfcdaimoihivhereinatle tran®atdnt dlehdefihts positioned
imersion fluid onto the first

beam t h h.t he
su?adén%\c(?g{tg‘g%f’ﬂ%aqmt'ece; and a receiver configured to

receive the light beamreflected off the first
surface of the workpiece. 15 2. The apparatus of claim

1 furth®r coby ipparegusoftclamsbahenin tht eamsphrent element is of a shape

posi ti >d bhetween t he .autof ocus |ight source and the
P ROt M 415 mnS i B o e ifeles flaten vBie, Weglges and spheres
configured to cause the light beamto pass through the
interface between the transparent el enent and the
i mrer si®dn f | Theappaoiy, of Themgpwhereindsjuaf ispravidebetween the

' sparent. el ement is configured to
y&ﬁ*{ns%ﬁel{‘t%zenﬁ%"? ?3@ 101 t“8$1 e?%eqtt'i ght beam at the
interface between the transparent elenent and the

immersion fluid. 4. The apparatus of claim3 wherein

the refilact i i apakafus aficlim Toekeveiata abeum 26promided firathe space
r a3 f 5..: The apparatus of claim

o BRETLihO Phrbfinl e BR e el Bl of "o

material selected fromthe group consisting of glass,
plastic, calgiumfluoride and fused silica. 30 6. The

appar atlds of Tk 2RpRRatis\gh &leinr fartbericompeismgarmucioe maviding device

. - . 5
pc) URBB 6P o TR (o oVl AR iR inos bespa  wansparent

t lebeniand A theeptical cdereatt so thapostside aitédpreaetjtéd 86 hbfng into the
optical element. 8. The apparatus of claim2 wherein

t B2 ansparent el enent is of a shape 5 selected from

the group consisting of rectangles, squares, ovals,

wedges and spheres. 9. The apparatus of claim?7

wher ei A2} i quihg apparptus wil dietin fdfuntievomipeisihp arfhdsemilying device

I n h tical elenent.
€ cgrri'ﬁgt}rec? Podprtow e Rid & 1‘16 spacreTEetween the transparent element and the

optical element.

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

providing a workpiece having a first surface;

positioning an optical element adjacent the first surface of the workpiece, ;

projecting an image through the optical element onto the first surface, there
being a gap spaced between the first surface of the workpiece and the optical element;

filling the gap substantially with an immersion fluid;

passing an autofocus light beam from an autofocus light source through the
immersion fluid onto the first surface of the workpiece; and

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

receiver.

10



10 10. The apparatus of claim7 wherein a vacuumis
provided in the space between the transparent el enent

waere4pa3dpti cal el enent. 11. The apparat us of PCI/as2004/011287
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further conpThainetiva s akxirh dA-fitier icdnpgsidg viiecstep 6RQfositioning a
causing the immersion fluid to que up thrgﬁgh t he )
s pERsPHeRleRenthstea lpaifiarus ight spwheard g dmmession fluid, the

0
o Raeef SOl vRfhe R ¥ RSl sk BEAY AL GR e
f uintdnface betwpen ghertpnapdrentietbosanp phd/the gmdevsice fluid.

configured to provide fluid in the space between the
transparent el enent and the 20 optical elenment. 13. A
method {41 i MRS §le@d ol ERGAN BRIEreid ﬁie%dﬁ@éz{}&ﬂ element is configured
conprising the steps of. providing a workpiece %aV|ng

a toicostrokthe teftastion 6f thedighi b tharintgrface hbtvwekr thertransparent

adj aceqt thglg first.s f.%ce of the workpiece, ;

pr OFRER ARy %H@Wﬁﬁgn#h? ugh the optical elenment onto

the first surface, there being a gap spaced between

the first surface of the workpiece and the optical
el enent 16.f i | Thevgrethied of gleim & b seherain telrgfregtion ofthe light beam at the

i mer.si flLukd: [ aut of ocus |ight beam from
aﬁﬂgﬁﬁgggg'gy#g@ﬁﬂ%§§h¥%g%?hrough the 30 imrersion

fluid onto the first surface of the workpiece; and
receiving the light beamreflected off the first
surfaceldf t Hee methrgiofelaimilf pvhgrein thedrapsparent@lepent is made of a

2 0 ! el i r
ORI T SRR 20 o ALl
t réanshdalient el enent between t he aut of ocus |ight source
and the imersion fluid, the transparent el enent

bei ng configured to cause the |ight beamto pass

through; g he Tﬁé‘fn@fhg)l@%? cRfh 18 Sfheldie t}fer‘rﬁﬁl %1? %gﬁng%n?nf&itﬁé optical

and the 1 nmersion urd. 5 15. The .net

whadement. t he transparent elenent is configured to
control the refraction of the |ight beamat the
interface between the transparent elenent and the

i mer si g f | Whélmethod of claim 14 wherein the transparent element is positioned

adjacent the optical element.

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

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

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

between the transparent element and the optical element.

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

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

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

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

11



10 16. The nethod of claim 15 wherein the refraction
of the |light beamat the interface ranges fromO to

wOodegriees. 17. The nmethod of clai m 14 wher ei PCT/ki82004/011287
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t r;@agmw@én B @RS clvardat ©id the optidad tletlens®) tAgH Rekide air is
fromth % oup consisting of glass, plastic, calcium

fIHI@anéFél may g EEitheisPica. 18. The nethod of clai m

14 wherein the transparent elenent is the optical

el enment. 20 19. The nethod of claim 14 wherein the
transpardent Ehenethbd oSclpms il fintied coragfidagtite stépeof providing a -
opti.cal elenment. 20._ The net hog f.claim 14 wherein

t Haig-supRipREdisYice cenigred o ripvige Hnidde heswppeebeyost ttransparent
@]&;@ i rectangl es, squares, ovals,
\A/er%%rgéﬂggg sp é@gelsa&n%{é[ 21. The nethod of cI aim 19
further conpr|5|ng the step of providing liquid

bet wee anspar.ent eIe nt and the optical
el ementrb51 AR B R o S P ISPezonpri si ng
the st ei’reﬁf:le%[a%\é'a%ﬁ&d&o réfin\aeHsm i n the space
bet ween the transparent el ement and the optical

el ementa wQﬂf.mgF ﬁ%ermfm@@ld tof retalirad wotlgidagrwities ficsd atpfeicsj ng
the ste

di d
causin ’t glilggl ?Wﬁlaﬁ‘ 1{1‘6“1 éﬁ‘é' %%%&j%‘éﬁlﬁ@l e?eﬂent said
VQp%ﬁQl”dl&ﬁéﬂt%’ém@%M@ﬁ&Dédj XA PBE firstRutthee( tﬁ@ﬁr@ﬂd’fﬁece and

el ement and the optical elenent so that outside air

prevwdeeied to prneaian imegs antetherfstsyriaes, tirae baing 2 gap med between

of., ¢l

o P Ol G P b REE s RRatiP oot PEb i Fipfhmtiany

[ rﬁllda{ayﬁlp@cﬁmlneﬁsmemmﬁr@dt ransparent el ement and the

optical elenment. 25. An ipnmersion |ithography

appar ataa]saué‘bfﬁﬁfsl syplga: mcladmstap@}l@f%qua@@hmlgﬁg@aﬁwed to emit a
Beeﬂn hebha G irhthe %Mﬁ@d%t%@gﬁst%ﬁffﬂmqhé \Qfor iece and a
navvor lece Wt rst surface; an o

symt@mrlcnnﬁglmeahg) aneived theilight bam sxflecteéd offiibe ﬁrst sxmfaoea)tfthe

el enent, said optical elenment being positioned

adydEeYfCt he first surface of the workpiece and

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

between the transparent element and the immersion fluid.
27.  The apparatus of claim 26 wherein the transparent element is
configured to control the refraction of the light beam at the interface between the

transparent element and the immersion fluid.

28.  The apparatus of claim 27 wherein the refraction of the light beam at

the interface ranges from 0 to 90 degrees.

12



configured to project an inmage onto the first surface,
there being a gap spaced between the first surface of

wo b@4mneviBpi ece and the optical el enment, the gapChEs1094/011287
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subst ani$.a} }-The)dipifidthd efttlaiint 26 whercimtke shmpafehtieldinedt i€ made of a
an aut.o{c%i%s system i ncl udi ng an _aut of ocus | ght ,

s JupicEaLHCF R thoeren Fonsisting ghelagie afstihcalsghn fikeride and

| L pLifR, fluid onto the first surface of the

wor kpi ece and a receiver configured to received the
l'ight beamreflected off the first surface of the

wor kpi ece. 20. 26. The ar s, of. clajm25 further |
conpr | s? (ﬁg a&l{l? %H%Eg?%ﬁa‘fﬁaé@%‘ﬁﬁr em%%g [ERspREH Ferrids the
t heptrut SbRems |1 ght source and the inmersion fluid,

the transparent elenent being configured to cause the
i ght beamto pass through the interface between the

ST B SR

el wy¥ainet adjacanthospiral diém&npntrol the refraction of
the light beamat the interface between the

transparent el enent and the i mersion fluid. 30 28.

Th t ' . in . f L] f, .
(he |1 o beshf i BB ke LR APglyds of a shape
degleasl frdrd thr30P 461305 3 of FRCRnBZ HAd4Rd, b28IE, weddes faﬁcﬁ spheres.

a

claim 26 wherein the transparent elenent is nade o
mat eri al selected fromthe group consisting of glass,

pl asti c33 cal ¢}, J ' : ed: St - 0..The
appar at us of c%lgaﬁﬁr% %ﬁ&@% Vtw%éef&?l ?lzf\]ﬁdsdplg:b&‘ilgee SHEAE the
| stransparenipdl¢ement and @resoptticalZlemerte apparat us of cl ai m 26
wherein the transparent elenent is positioned

adj acent the optical elenment. 10 32. The apparatus of

cl ai m 26y whetgd fhoafud SrRnsRa 1e\9ﬁer§ih%¥{%@ﬁuﬂt1 $s n}%{ogfsﬁe& NRRE space

selected fromthe group consisting of recta
s cheqwesn theyrahsparent digewntand thpbgiicat element.

35.  The apparatus of claim 31 further comprising a suction-providing
device for causing the immersion fluid to move up through the space between the
transparent element and the optical element so that outside air is prevented from

moving into the space.

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

optical element.

37.  Anobject manufactured with the immersion lithography apparatus of

claim 25.

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

lithography apparatus of claim 25.

13



33. The apparatus of claim31 wherein liquid is
provi ded between the 15 transparent el enent and the
wopiitogdi3el enent. 34. The apparatus of cl ai m 3RCTHIS2004/011287

a vacuuidius -progthdtinmkitgaspges usingtadi#gbograptey process, wherein
tran rent el ement .and _the opt.ical, el egent. 20 35. |
Thie ARETRhYPrOICST AT S IERGTHGR LERSiSDNY PRRATAuS of claim 25.

suction-providing device for causing the inmersion

fluid to nove up through the space between the
t ranspafént &lmetbod faxpditerhingapvifeniisieg etithograpby phakss, wherein

outsi.de air i s prevented f.rom .novi.ng into the space.

5 e ol ol P BT thel PR R Vel Syt o2 P 2.
fluid-supplying device configured to provide fluid in
the space between the transparent el enent and the
optical elenent. 37. An object manufactured with the
i mrersion |ithography apparatus of 30 claim?25. 38. A
waf er on which an i nage has been fornmed by the
i mersion |ithography apparatus of claim25. 13 WO
2004/ 095135 PCT/ US2004/ 011287 nmnaki ng an obj ect using
a lithography process, wherein the |ithography process
utilizes the inmersion |ithography apparatus of claim
25. 40. A nethod for patterning a wafer using a
I'ithography process, wherein 5 the |ithography
process utilizes the inmersion |ithography system of
claim25. 14
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