WD 2004/ 093130 PCT/ US2004/ 010309 CLEANUP METHOD FOR
OPTICS I N | MVERSI ON LI THOGRAPHY 5 CROSS- REFERENCE TO

WOREOADEDIAPPLI CATI ON Thi s application clai ns pPCDUB1094/010309

10

15

20

25

30

to U S. Provisionary Patent Application No.

60/ 462,556 filed April 11, 2003 and to U S.

Provi si onary Patent Application No. 60/482,913 filed
June 27, 2003, which are hereby incorporated by

r ef eCRI2ENUR MEFHODFORICGRTICS N BMERSIDN OFTACGRAPHY
I NVENTI ON This invention relates to an imrersion
l'ithography system and nore particularly to nethods,

as well as ' e j

o ement AT OSSTREERRENCIERD RELTER PR CRLION

pr oces sI'hid appitiorticn dgindsipriodaey @dhg. Pibvisionasy Bdtait Application No.
l'ithograp st, .such a i scl osed in W99/ 49504
W&?%a@%ﬁ SPRL T T 207 BRiodd Sobroviigsh e gipplication No.

d %@MSP@ 1S R Res @3 %&%%@H&Qb}?i‘nc&jﬂ@raté@@{ F%?ér&ﬁ‘)é in their
as well as sone genheral considerations rel at

t ketiety, are adapted to supply a liquid into the

space between a workpi ece such as a wafer and the
| ast-stage optical elenment of an optical systemfor

projecting the i td rkpi ece.
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there is a possibility that some of the liquid may be absorbed. This possibility is
particularly high if the last-stage optical element of the optical system is a lens
because calcium fluoride is a common lens material for lithography systems while it
is a hygroscopic material, ready to absorb water from the surrounding environment.

The absorbed water may cause several problems. Firstly, it may degrade the
image projected by the lens by changing the refractive properties of the lens or by
causing the lens to swell to thereby change the geometry of the lens. Secondly, it
may cause long-term degradation of the lens due to chemical effects.

Conventional air-immersion exposure lithography systems require the optical

elements to be made detachable for maintenance work such as when they are cleaned.
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Many different klnds of the aforementioned cleaning device may be used
within the scope of this invention. For example, it may comprise a cleaning liquid
having affinity to the immersion liquid to be contacted with the optical element. If the
immersion liquid is water, ethanol may serve as the cleaning liquid. As another
example, the cleaning device may include a heat-generating device for heating the
optical element and/or a vacuum device for generating a vacuum condition on the
optical element.

Ultrasonic vibrations may be used for removing the absorbed liquid. An

ultrasonic vibrator such as a piezoelectric transducer may be attached to the housing
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with further objects and advantages thereof, may best

beelem@fr st ood by reference to the foll ow ng
description taken in conjunction with the
acconpanying drawings in which: Fig. 1 is a schematic
cross-sectional view of an imrersion |ithography 20
appar at us on whi ch nethods and systens of this
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diagramillustrating an exenplary process by which

2ppar at U BYoHi thEdng i GERGH GRS it fHeluberet may best
| ryeaHdeRtbodbyGefefenics tdtht |f&wﬁgﬁ_e§éﬁpﬁ&€ta‘k@ﬁ 1 conjunction with the
processing step shown in Fig. in the case of 25

f adseoropanyieg dewings Midicd devi ces according to the
present invention; Fig. 4 is a schematic draw ng
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apparatus on which methods and systems of this invention may be applied;

Fig. 2 is a process flow diagram illustrating an exemplary process by which
semiconductor devices are fabricated using the apparatus shown in Fig. 1 according to

the present invention;

Fig. 3 is a flowchart of the wafer processing step shown in Fig. 2 in the case of

fabricating semiconductor devices according to the present invention;

Fig. 4 is a schematic drawing showing a side view of a portion of the

immersion lithography apparatus of Fig. 1;
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As shown in Fig. 1, the immersion lithography apparatus 100 comprises an
illuminator optical unit 1 including a light source such as an 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
wavelength 365nm. In what follows, the coordinate system with X-, Y- and Z-axes as
shown in Fig. 1 is referenced to explain the directions in describing the structure and
functions of the lithography apparatus 100. For the convenience of disclosure and
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of disclosure and 4 WD 2004/ 093130 PCT/ US2004/ 010309

descrijption, the light projection unit PL is
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on'the results of
this nonitoring are transmtted fromthe main control
uni t 14 Heawa- &mmnedipbsiﬁdilgandirdﬂenﬂdﬁoﬁdﬁﬂie@lsﬁage QQaﬁidﬂ@hce also
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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 or in

a step-and-scan 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 (the "gap")

between the surface of the wafer W and the lower surface of the last-stage optical
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liquid 7.

A method embodying this invention of removing the portion of the liquid 7
such as water absorbed by the last-stage optical element 4 made of a hygroscopic
material, as well as dirt, debris, etc., is explained next with reference to Figs. 1 and 4.
After the wafer W is exposed with light from the illuminator optical unit 1 through the
light projection unit PL in the presence of the liquid 7 as shown in Fig. 1, the liquid 7
is removed from underneath the light projection unit PL and a cleaning device 30 is
brought into contact with the last-stage optical element 4 as shown in Fig. 4. In the
case of a portable kind, as shown in Fig. 4, the cleaning device 30 may be placed on

6



such as water absorbed by the | ast-stage optica
el ement 4 nmade of a hygroscopic material, as well as

walpoot/ooxebri s, etc., is explained next with rePE&r/Esme4/010309

10

15

20

25

30
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ol QG Firb g et an b fiip 18 b plgigion unit L.
t hat tlieulalsaichrgisduter 2 ¢aephya pitzddhetred €aRbkce) ik Activied,
surface. 20 Fig. 5 shows a third exanpl e wherein use

i SPIREFYES WRVerugerisiAng rrpRagaigdossrving b clean the swiice of the
Vi ttached to the housing 3 of the |ight
pr%{te %%rﬁglﬁtrft PL. As the ultrasonic transducer 32
(such abusngpiteztehdgiopetivh &aNBGUS.ahg ghsadisdehtht @ftical element 4

is filled with the immersion liquid 7. In this case, the supply and recovery nozzles can

continue to supply and collect the immersion liquid 7, or the supply and rec4eovery
nozzles can stop supplying and collecting the immersion liquid 7. Also during the
cleaning operation, the optical element 4 can face a surface of wafer W, a surface of
the Z-stage 9, or a surface of another assembly.

Fig. 6 is a fourth example using a vibratory tool 34 placed below the optical
element 4 to be cleaned. The tool 34 may be shaped like the wafer W with thickness

more or less equal to that of the wafer W, or about 0.5-1mm, and may be made

7



pressure waves are generated and propagated, serving
to clean the surface of the optical elenment 4. 25

wOenoisiggisthe cl eani ng operation in Fig. 5, the P@pUS2004/010309
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adj acent the optical element 4 is filled with the

rsion liquid 7. In this case, the supply and
Ir ?%‘mﬁv@:?/ ?ﬁ@zegzpé@ct@aﬁlatmﬁsmqmbattlts thm}gtpﬁsywalh tluctohte edten

t hé’ctf'vﬂﬂ%ﬁr 0 Lo £ plocol bl m B UBRLY RIS £ UAE W ror w s

nozzl es can Stop supplying an

i nshemai infFig.ilgemndithd galé\bStWedml tHengtitdlelengdn® aRhA he tool 34 is filled
oper g[i an, .the o tical element 4 can face a surface of

wal’ 6 Ry ldé“‘ig’rl?rﬁ BreoY2vep ateraengratad p shegmuesrsign digidslte clean the
of ortet diehe@ssenbly. Fig. 6 is a fourth exanpl e using

a ??b?at%?i tool 34 placed bel ow the optical el enent

4 to beDutiegithedlealing opertion 4f Rizy 6 ke ghpmtistehi the ophigal element 4

k I | to that of
}Nﬁife(?f'\}\}ngmﬁvﬁ iﬂ%lgﬁgo%t o[ngﬁ)li ﬁﬁﬁ%r gﬁ?@;%ﬁr%ﬂqunoms can
2 ioAti083Hh3IRp G EhISA4 {113 N3si0. ﬂﬁﬁlﬁe&yth@é r@ Iy, and 1d repovery

pi ezoel ectrl c material such that its' thic
f 1nfEEigacEn %ﬁ@ﬁlppésang gt endlecting th émiootiorBéquiié 7 plaother example,

LB 00 4y B TR B b i S G oer o
el2erpt 94oramdth‘eh&sé1ﬁbly 34 is filled with the l'iquid

7 pr essure waves are gener ated in the i mmersion
li qui d T8¢ oshavesarothgrtoob3 6 stinetaredelltermetively,havingg plielity of

I f ap._adj.acent .th
oo RefteufRAThANIR B subbitiedhy d D fREoREHEF EoOREDD.
this ca'%g 8 $HWS$uﬁrahythaxn¢kah@¢@Nﬁr MedtdFZdEcedRARing two planar
and col ] ect the imrersion |iquid,

oPHES 4h e § PevedtedBovateyte bR e g wlgimsbingnd
andagied k@@gcilfb% brsid WELCR IR J%% Hﬁtdof%%laéerbyoll 208 it egpect to

exanpl e, 10 the vibrator toof ul'traso

t reaphs dier rA%l@ traﬁlﬂteﬂlesfl)meimbenslali)eattdahdacﬁieread{lomer Zmlli tvgg@te in the
th t oo

S IvEREl Sl & RETPvdiiy Fifl8ifag s Braparayiher. The vibration

piez aedesdinits Gt édr@ﬁﬁﬁiﬂ@e@{faﬁs %el%liﬂ@ﬂl'éﬁl%grs% e RO laced The

supporting nmenber 39. , Fig. shows still anot

e%%‘?%‘?f‘és 6 arg sepRaiAdrag theewneds Ihmts ny atsuppopﬂlmmemb&ﬁdfl As

AL OB B L T e 5 BED e

palesdribeﬂ ab@veealtﬂas@ﬁé‘lpfes@@w@%s o£0d tl@%?%eﬁ’éfat%@ Qnﬂ\%)ltdﬁa%ated
ect tqQ each other. As a result hese nenb

atI aEﬂéHleth&uk% [0 {heeaptico) slement Yris eleaned, ashipsired.
tr anqu:rlg ® @bhestil %@Reérae?/(ﬁ P%}’\?f oanl{hule 1%mova system VcHatacterized as

exagger at ed manner
cleaning the optical element 4 by creating cavitating bubbles. Cavitating bubbles

trapped and energized by ultrasound are high-temperature, high-pressure
microreactors and intense energy released by the implosive compression of the
bubbles is believed to rip molecules apart. The example shown in Fig. 9 is
characterized as comprising a pad 43 with fins protruding upwards and rapidly moved
horizontally as shown by an arrow below the optical element 4 with a bubble-
generating liquid 17 filling the gap in between (means for moving the pad 43 not
being shown). As the pad 43 is thus moved, the fins serve to stir the liquid 17 and to

generate cavitating bubbles which in turn serve to clean the optical element.

8



has node points at constant intervals where the
menbers 40 are not displaced. The 20 nenbers 40 are

W@ apposdied at these node points on a supporti NECHENE4/010309
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41. As voltages are applied to these nenbers 40 so as
to cause the vibrations in the node described above,
ultras oﬁ‘gclibﬂ@e\e@r@ffmme@pmaeh t-ch@ne @bgblge o€ clatming awdast-stage

propagat e rou t he I e 0

o1 RERT G oA Sl R NG pogSuE Ty yoine e
aﬂﬁhﬁ%bu@& awpiles Df usad |f¢1£§dpﬁlyﬁ%"fﬁéf shme¥Rina§uid 7. For this purpose,
characterized as 25 cleaning the optical elenment 4 b

Yy
c rac®Y ity adva 4 s fnssgedbasrasthe surply apaiey2 basbthe diquid unit 5 such
tr t r
i SR e AP RARLAE P e bR M Gl suprlied sleively trough
inheem@ﬂpn@mmyzreleased by the inplosive conpression
of the _bubbles is beli to . rip nol ecul es apart

The exalrhl B2EHEWR r?rﬁmudﬁfgthaéthescleaewgﬁ%h%ds. apd gysigms according to
CORRI

S R rion PR Ao B£8R kinds
bed.ndelbdsesaypha\cm digfesambrgmUersiof souacdmdables- Aganiehativegs

¢ HEpihr o krectot RSB PIRLISERE 45 ohthe Such perASs but

My ehe f)ﬁ@l(kﬁ@@&l%ﬁfu‘ﬁ%ﬂﬂ% Shutde dobgled. i quid 17 and to
generate caV|tat|n% bubbl es which in turn serve to
F

cI ean tlhma@melth%lwa rigsalf omg: nad 18004/s08318Bind that may be placed
0 10.shg di fferent appr
A bR e o prohis ROy Sl e Bin PR B2 Reaning
eI mmamts thudupph@dl thidi@hah<du@pni igzlel AUi At erhbediReittddhe
surface hy using the sanme source nozzles 21 used for
s uﬁmrmOﬁgs pfantageriisdicease thgpae noz#tey alraaily prsaen detsupplying the

S supply nozzle

2 P8R i 58 R o e A iR ™ ey i o

| i qui d Xlteoughtvagond 1&6ﬂhbd‘@hdvb®:ﬂerdse‘pm;tdbﬁdéddﬁbéd &fbve, it goes
sel ectively through the supply nozzle 21. |t is agaln
t ooyt é’i’ﬁ%&j@’&ﬁ Binayths useEuRoNPIrAbioRs dlEhongh n@yep@rﬁrgely

a t S t1.0
oRSEE A Boyhll b MSBRLOD38 990 Sy g o may
anged Wd of ﬁys paﬂd\%qu FiglilDf du eﬂnbr waordssths exdmyslesideseribed above
nozzl es.. S a ve as. 10.descri bed above eed not
nete e} %9633%’ 1&%&}%&% ot égaweateori 9 rapyrRedifgaing and
bUtarialiBys &6 RB§S§BI&3 dedirf tBe Scdpe QY Mi®invERforS T LaNEZl lgo'ihshmg
It may be the wafer Witself or a pad 18 of a suita

kind snlmslm trpe beedgh ab@nlcaltmbmmhl@@phmg ataydicarsedh for4h1s

oVl tabl e, gap in .b the.c
| b B Rt SR RS URTY e SR
Thilsra€61e0 t e Mhe Gifght MGy irradiate the optical element 4. The light may be

normal exposure light from the illuminator optical unit 1 or some other light of an
appropriate wavelength for the purpose of the cleanup. In other example, the
ultraviolet light for the purpose of the cleanup may be used without the cleanup
procedure shown in Figs. 4-10, and may be used under a condition in which the gap
adjacent the optical element 4 is filled with the immersion liquid 7 from the liquid
supply unit 5. All such modifications and variations that may be apparent to a person

skilled in the art are intended to be within the scope of this invention.



15 invention is advantageous because the same nozzles
al ready present for supplying the imersion |liquid

w@aov4boesisd i | i zed for the cleaning process. Al tPoOTGk2004/010309
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vari ous net hods have been separately descri bed above,
it goes, without saying. that may be used in

conbi naf*8dhsit SIWGbeRotrdthag @ﬁ’a@féﬁ% ﬁlgpveudlemy@pd glea@ing methods for
dr QMoRES: mEﬁ’é’rsﬁﬁ HIR £bsorbBE bgggiolégt{ \éﬁge %gé&e?%le%%%ﬁ?sg\?vgﬂ as salts,

Fig. 9 may be used 1 nste
1 Odepbsutso tiiréand/d:ﬂbds that ey éwesqpdcesutiesic rTHeacnableyeng eeefore

not %el? (%ﬁ {lﬁ limt the scope of the invention and
91 QL theRHRheIARENA TP 8t | ons are possible within
the SCOE% ois &E!rélcb@ﬁ@&tté Qébcngé’ﬁ F@&@ﬁ&’o fabﬁc:&ﬁ'}gj SiB%nductor

pad sim[ar to one used in chem a rrec ani ca
polevidei hyglsnm/arbmm@ggn fithogtaphg apparatps sRorpbreingladauithjet and

procedure hown 4- rried. out. with

L SyBRE b Bt B av5itin, TS BF tin G i aneton and
0 F}idrfo@ﬂna@ée&ﬂi@fﬁcteﬁsh&érh@e HéseHed 'TNéxp% stBPBOR rﬁé%RQl%ﬁEﬁ‘:) having a
light fromthe illumnator optical unit 1 or

otiétern is gigsigegd agqordinede élpﬁpraweumms@emgﬁtbp fapd i nt zhparallel step

SRRl RRg bR R BB RS oy s 02
b d\/lohimhé whalee fiohe
483381@@5@ Sé{ be us d uﬁfﬂwefozjmgwpgn in \Aﬁ?é%@@ssysmm

]

a%lC@GS emp deseal 6%@?06’51 Ipsteprdtt the spaiconsycier davios is
thﬁsérﬂﬁ@& ihOf din g%{% i %%Bgndlh%ﬁfoq?ﬁqssaﬁe %Hé'i{agﬂlg prgcess)

such diti atlons rrati
aptbatt Enallyt the deyee Bsonspesﬂedhﬂ gep BO6.t he art are intended
to be within the scope of this invention. 9 WO

2004/ 09533011 RETFALEIS2 084 Q1LOSHhartAG ample dﬂtheswb%é?ﬁoned step
noted that any of the above described cl eani ng net hods

f ot0%1a s sasg of frRErdingsomiaonduciprisdsvises Bystemal 1 (oxidation step), the
| a5t reslidBile %D(gx'l&?%d. Zﬂg%ﬁéﬁgtlg ﬁgt\/\ffn%cép)agn ﬁﬁ’lﬂtﬁ(’)n ﬁ}n& is efamed on the

deposits, dir have accunu
Theafeesurfact.ehnitey3 I%(@t&frod@fomﬁfﬁ(ﬁf sep)pelbsttdieofiretfBEEA1 on the
is referenced next to

mena herein, Fi g, [
SR apeh AEebision gp Sen g4 an FgleaagemieDhisves foyimplanted in
deué GardY THS hiferdfhr Lif
i ncor porating a61 [ qtﬂmﬁé @%d314%%@%r6@%9?§%1%%§6p5 for wafers
eryoigivrefert thbeesking emtliselactidmis stadp aB€ith step adeoriling 'ts processing
fugctl%eon :{md performance characteristics are
desclllb B Next, in step 302, a mask (reticle) having a

pattern,is desi ccordl ng to the previous _
desi gnihgF% é}gtgggﬁg{a ChPIOCESHE YWhen %ﬁ@gonemsntsoneé Plgpregessing

:jzsgﬁﬁlg\éé F%E‘Sct%rerﬁﬂétéc? %bl fgﬁggfﬂg?ost-%ﬂa@e %te&a%ute‘%[rﬂﬂemented

stldgigOPst-nrosessmeld fntidlly, Epebroﬂﬂ (Iphhm)gasmpfqmmysﬁ §8p), photoresist
is applied to a wafer. Next, in step 316, (exposure step), the above-mentioned
exposure device is used to transfer the circuit pattern of a mask (reticle) to a wafer.
Then, in step 317 (developing step), the exposed wafer is developed, and in step 318
(etching step), parts other than residual photoresist (exposed material surface) are
removed by etching. In step 319 (photoresist removal step), unnecessary photoresist
remaining after etching is removed. Multiple circuit patterns are formed by repetition

of these preprocessing and post-processing steps.
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such as the systens described above. In step 305 the

sem conduct or device is assenbled (including the
waele@ingg1pr ocess, bondi ng process and packagi ngPCT/US2004/010309

process), then finally the device is inspected in

step 306. 15 Fig. 3 illustrates a detailed flowchart

exanpl eVBfiletaHéhagraphe: sysiemi ofiibid imveation Bgxbeen desveibedimeterms of

of ' ' ek tor devices. In step 31 .

(e B PR QS OSSP et yegions

st eps@il ¢uiRIeteRhich @1l wibinlthé sdpe bF 1R inFedtRMMEhANd also be
fer surface. |n step 313 (el ectrode formation

h
:Sjt 12%72{\%)@; Bers Baawny @Bem@t,i\ﬁe\@%rpf tmplemgatieg thsynefhgrsrand
s SoRglkgate: 0 e A oD L L L SHLO S Sl i

ante e afroremnen

(sjt qmnwr;léﬁm Hednteryiréted ps Elplcilldhglsﬂli sugh Sﬁﬁﬁﬁoﬂsgﬁerﬂ@fﬁoﬁ% and

urin er processing, . and selection is nade at eac
st ¥pio e?@bsawé ew%?%é g%f@ﬁﬁ@thna dryeaREHgd sgaped die present
st aeentfdn. Waf er processi ng, when the above-nenti oned
preprocessing steps have been conpl eted, the
foll ow ng post-processing steps are inplenented. 25
During post-processing, initially, in step 315
(photoresist formati on step), photoresist is applied
to a wafer. Next, in step 316, (exposure step), the
above-nmenti oned exposure device is used to transfer
the circuit pattern of a mask (reticle) to a wafer
Then, in step 317 (devel oping step), the exposed wafer
is devel oped, and in step 318 (etching step), parts
ot her than residual photoresist (exposed materia
surface) are 30 renopved by etching. In step 319
(phot oresi st renoval step), unnecessary photoresi st
remai ning after etching is renoved. Miultiple circuit
patterns are forned by repetition of these
preprocessi ng and post-processing steps. 10 WO
2004/ 093130 PCT/ US2004/ 010309 While a |ithography
systemof this invention has been described in terns
of several preferred enbodi nents, there are
alterations, pernutations, and various substitute
equi val ents which fall within the scope of this
invention. It should also be noted that there are
many al ternative ways of inplenmenting the nethods and
5 apparatuses of the present invention. It is
therefore intended that the followi ng appended clains
be interpreted as including all such alterations,
pernmutati ons, and various substitute equival ents as
fall within the true spirit and scope of the present
i nventi on.
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11 WO 2004/ 093130 PCT/ US2004/ 010309 WHAT IS CLAI MED
IS. 1. A cleanup nethod for optics in inmnersion

wo paohogiaphy, said nethod conprising: 5 positPONUSIP0E010309
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wor kpi ece for |ithography on a stage and a projection
optics with® an optical elenment above and opposite

saj Ji igﬁﬁ_Dqsgap bei ng provi ded between said
optlca d the workpi ece; supplying an

imrersion liquid into said gap such that said

innersifn Iigyhd contacts sajd optical elenment and

sai d workpi eCE GUPR Rythod fPrortics inimmpssipadithgrgphyl grid method
prag@sfsingand cl eaning said optical elenent during a

cl eanup process. 2. The cleanup nmethod of claim1l

wher ei nPe#H g 2wAtkpiqer dard#bogragiypot seagecaidsd figjedtion optics with

cl ' Lqui.d.to contact. said optical elenment, sai
cl %a Fﬁgl él{"‘%ar%}iagoﬁea%%ncé’Pa?lfq Sﬁf‘f‘gfo 168% aaPrheEiediTeyided between
| i gid ehticahele@biyt a@b$1w®&qkﬁieh&ui d by said 15 opti cal

el enent is removed. 3. The cleanup nmethod of claim2
wher ei rSUSRIYéNg smigEaeraian liquidi intoi ssidigapesnch thatlsasdingnersion liquid

cl ' i gui g ol.. . 4.. The ¢l eanup net hod  of
ol SPtcBdeld ol e IRE G0y B BB A P oniGomgoby
a freatss;rapddevi ce to heat said optical elenment, whereby

t he abs?rbed 20 ljquid by said optical elenent is
r enoved cBMERE nticallemeridngag afcleehun protessher ei n sai d

cl eanup pro Oﬁw?esclea%ﬁﬂﬂ{ehgy%sof{cﬂ?mﬁt %ﬁ%ﬁ@ﬁ %1%” a r at IBB Cgish .

vacuum condi tion on" sai d optical
alvsupbises lasirigh Gyarsieg quipto emtace kadeptical slchRARYAH cldining

The cl.eanu thod of .claim 1l wherein said cleanup

o SRELERBRP B Pl stimitesinn Hapidawberelpt shsabe iangity said
t @pebdlrchamdt & éhddKad. i ons, whereby the absorbed Iiquid
by said optical elenent is renoved. 7. The cl eanup

met hod %of  cl'Bierpl@nuherediod of alaiin @l whasianhid ivinkrdbh BASd is water

ar, . by, .an,ul trasonic vibrator attached to a
hé‘ﬁ%ﬁ%g%fe%?}ngg%q&}/do P29l el ement. 8. The cl eanup

met hod 4of  clReriAn\h BieBiod o dlathn U \{/ﬁe"iléig%iﬁ cYéag%@Ho%QS%

are 30 generated by an ultrasonic vibrator
c GAMRAPSHPBENE 8 hedting dspice taheat kadentical kleoiegh whereby the absorbed

liquid by said optical element is removed.

5. The cleanup method of claim 1 wherein said cleanup process
comprises the step of generating a vacuum condition on said optical element, whereby
the absorbed liquid by said optical element is removed.

6. The cleanup method of claim 1 wherein said cleanup process
comprises subjecting said optical element to ultrasonic vibrations, whereby the
absorbed liquid by said optical element is removed.

7. The cleanup method of claim 6 wherein said ultrasonic vibrations are
generated by an ultrasonic vibrator attached to a housing for said optical element.

8. The cleanup method of claim 6 wherein said ultrasonic vibrations are

generated by an ultrasonic vibrator and communicated to said optical element through

a liquid in said gap.

12



aliquidin said gap. 12 WD 2004/ 093130
PCT/ US2004/ 010309 9. The cl eanup nethod of claim1l1

wok@redicai d cl eanup process conprises gener aPCTyS2004/010309
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cavitating bubbles in a liquid supplied into said gap,
wher eby. the ]fé\ebslor bed |iquid by said optical elenent
is renoved. 16° cletnupanethord of clammbwherindasd erednuptpescels

S adofnf| s8R PSR BT E Sitating bHOIRE 1nsae c;lauiﬁ) é@p&&ﬁg@ ﬂﬁﬂﬁfgp Lppyyhereby

swi tching device to seFectively caus
| i therlsoabad liquidbesaid nptidal eleindnt i réagossdppl i ed i nto said

gap; s | yi aid i rsion liquid through said
switc hiulabg deVicEeBHP @neg[lquoof %mk]pWE%féms%&fg@mP pEaiess
| roveipsisedd | iquid contacts said optical element during
an 10 i mersion |ithography process; and supplying
sai d clEandmg 4 gwjtehing devive sasadeagiaplytdansghi isghesion liquid and a
SWi ' ce such that. said cleaning |iquid
c \(I)grﬁaglgitgg g@%ﬁé’ lgepstupgg‘fﬂgfoesr‘?kdn%apd uring a cleanup
pr oces supplyhersiinsason Bhidahrogble ¥BA tswlr?hiﬁ% 88769 ntd Laia
e cf eanup

The El.eanup met hod of claim1 wherein t
prETERIECS ish thal spid immmryiemibytd coftacte baid spiicad mletrest during an

ORfnnfeddi Igl-gfgggg ) rsion |ithography apparatus
con‘_pris%?né:. a%}l%ﬁfogﬁe’é age arranged to retain a
reti cl enpayimgrskidrogeatrd@uat ﬁl&[‘@@(ﬂg%?thf&igﬁ'sﬂid%witching.device
vvor&gtllece; gn Q ti.cal system_ ncl uding an illum nation
s SUFEWaLT SlRaring liawd centaste paid optgad elep@niitringad cleanup process,
ehaERibly sbRl (icARNARL S §@ldaver ki ng stage, the optical
system being configured to project an inmge pattern
of sai dlr et ilbeeleanusaicthodof kipire ¢ aviteyein @ A&nAP prdde@Results in
said illumnation source; a gap being defined between
sg‘% 0@%??%§1n550m0p§ﬁ§6§%’?@tmr kpi ece; a
f1 ui d- 39ppl WrighrBl@¥ios Sitthodrdh 9 b ! .sj.on |iquid
bet ween and 25 cont actli %T@g gb}gag?@gg#)ﬂg?%ﬁ%nt and
sai d weripilesagdaranggd torrelameraicken | i t hogr aphy
process; : | eani ng.deyi.ce to clean said optical

A fileSrage R o° it

el ement . '¥%> The i nmersi on
| i t hogempprycah pyderainesuddie & AuMidetiopREHEL BnF Al %tical element, said

optical element being opposite said working stage, the optical system being

configured to project an image pattern of said reticle on said workpiece by radiation

from said illumination source;
a gap being defined between said optical element and said workpiece;

a fluid-supplying device to provide an immersion liquid between and

contacting said optical element and said workpiece during an immersion lithography
process; and

a cleaning device to clean said optical element during a cleanup process.

13. The immersion lithography apparatus of claim 12 wherein said
cleaning device includes a reservoir that stores a material with affinity to said

immersion liquid.

14. The immersion lithography system of claim 13 wherein said

immersion liquid is water and said material is ethanol.

13



30 cleaning device includes a reservoir that stores a

material with affinity to said immersion |iquid. 14.
wab@4iomarer si on |ithography system of cl ai m 13 REUS1004/010309

said innersion liquid is water and said material is

et hanol ¥ﬁ) 2004/0n§130 PCT/ US2004/ 010309 15. The

i nmrer si bsn i t oG apHYp {aqezsnhyrsystem; FhelarmRerleirein saidaleaning

C| @aviderifcld@ss Ligoat- vice for

heating said opti ggéﬂ%ﬁ%nchit&%(}&gﬁﬁ% ?ag& ngt IC% \%nﬁﬁt and thereby

abSBIHEE dbiserlp llwldédeldo;pﬁlmi&ﬂemémrrent 16 The

i mrer si li of clai 12 wherein said
cl eani nfé‘? 5 i&@ gxgggris{?ﬁ%lbo&ap Y S YLehnt gl de Wlmrem said Cleamng

5 gedwicetindlgdes MaeuideriRg f&r‘g‘éﬂe Oé@bgc&?gf %)‘ha tlon hSIRS optical

an therebé}ﬁgermw ng the absor be
ptisracnt ape Ehpsehy rempvingithe ahsnbed lignid hyt daugm}ﬂmhyelayisﬁtem

of cl ai cl eani n ce includes an

ul tr asolm c Vi ‘raigri?% ]?)%rh(&% Siisi XF}’%@“Q?F 11y ¢ vghgrein said cleaning

eI@nstnuncﬂmdaslahmsamnm vibthdoF &ris@ByectinkGaikBop thQFelement 10 ltrasonic
rmg ﬁl on li thogr aphy systemof claim 17 V\,here In 8

ul't

vibrator is attached to a housing for sal d

il T T T T -

1

(%

t o/ibreton sdttackhed hoaislmmsmg\fdntxraaicbmiasl dlem&di d opti cal

el errent t hr qﬁ idin said gaﬁ? 15 20. The
i mrer si'oh || dﬂjrr%eﬁ‘ﬂ?n BFYSR PHelamm WA atheren saad dlirasonic

C lviteBioR Gerv kNI theisi ng device
for generating ca\k/llﬁiil g@ﬁgcqy&%ﬁmﬁ? %ﬁg%ﬁéal el%aje%t

a\ﬁﬁlumzl]! saffigapi nmer si on | it hogr aphy system of claim 11
vvher ei ppsal l.eani n 0 deyvice includes _a sw tching
devi ce i nco(rj%lé%r %P’eeﬁslgl?whéﬁgr&p]ﬂ' SHSEPIL b Prs by Wheipintwid @iﬁanmg
se@beict inchlds 6 BubblBGen@hihd dWe%Pgeﬂei‘% @a\h?auﬁg bubbles in a

lll Elled into said gap during said

HEgR aBHEBr ocess and a cl eani ng |i quid to be

supplled into said gap during said cleanup process
wher eby the absorbed liquid by said optical elenment is
renoved. 25 22. An object manufactured with the
i mer sbn | i lhﬁé@fr’éfﬁwl hihparephyusystsin ofbdlaiinnd & herein said cleaning

20 device includes a switching device Incorporated in said fluid-supplying device for

25

30

selectively causing said immersion liquid to be supplied into said gap during said
immersion lithography process and a cleaning liquid to be supplied into said gap
during said cleanup process whereby the absorbed liquid by said optical element is

removed.

22, An object manufactured with the immersion lithography apparatus of
claim 12.

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

lithography apparatus of claim 12.

24. A method for making an object using a lithography process, wherein
the lithography process utilizes the immersion litho graphy apparatus of claim 12.
25. A method for patterning a wafer using a lithography process, wherein

the lithography process utilizes the immersion litho graphy system of claim 12.

14



23. A wafer on which an i nage has been formed by the
i mrersion |ithography apparatus of claim12. 30 24. A

woreiohoeB18@or maki ng an obj ect using a |ithograpPgT/US2004/010309

10

15

20

25

30

process, mherein‘ the lithography process utilizes the
irmersi l'i t hography apparatus of claim1l12. 25. A

met hod p‘%‘tc?'%PHEP the \fia'faékoﬂﬁ@iﬂlrﬂjefaemlm hn@lpapiwhthography
Prpessus, whﬁm@,dg‘o risinhography process utilizes the

i mrersi on |ithography syStemof claim12. 14 WO

2004/ 098139siPCTHISRRK 1R A9 an H@mdﬁarﬁil eanup net hod

appar at Je e TRBETRE obfinb FIeGien v e 6B provess.
opti cal27e! enEiy clédhud hdthdibrdiaid !
i mrer sed opti cal elugrrent urlarllgnza%‘g %glﬂl}%é;pét%%lelemmgmpmc’f

2 2 Proieetion Bataupofibe otheriorclithograplfy aperatisy thelrojepldrcastem

el [ on st em of the
i rﬁ%gﬁ |r8&r11? Ctg a%%}ngrﬂf)éaeoé’& e‘ﬁr oj ection system
confi gwsed t’ﬂlemléun&pineﬂldd&iﬂcfhﬁrﬁ 2'6"’6&93@619@15é3c1@anu is ?erformed

wor, ece. 28. The cl eanup nethod of claim?26
t At %Hnup is performed with light. 10 29. The

cl eanupgnet ' n.the Ligh

ultrav |@ol et hﬁg cﬁéanﬁlg %Yﬂoﬁ Wﬂﬁeaﬁ 0’81 ﬁ%fl#begl %?r IS pyipleglight.

V\her ei B0t he ’Eheg:ﬂﬁanhpme&xddmfelaﬁﬁ%hvhdﬂﬁﬁ ehediht A8 Aavelength
gdgire operati on when the projection system projects

TR SXBATEC PREAYRS WhtrEibe Prajactiontsestemeasiegss the pattern

mﬁlﬂpt«ﬁeqfoﬂgﬂl@dem 26 further conprising supplying and 15
recovering imersion liquid fromthe area where the

opti caPlel e |Télmclqasup meﬁrod@cﬂ clairh@6 funnhm lesin@Hsing @upplying and

bﬁéclggﬁ%ng) lbed. and reco ed d\lill tht cleaning o
S‘F{ 8 1[q1 IEI At Eﬁe hgontiral elpmgripimmersed, the
phi@gREson Ii?uld biRg GlsARY Fénﬁf?éce\?&ﬁ@ Huﬁxh?fh@g?g@é%ﬁi%e immersion

t he cl eanup is carried out wt
cpé%?ﬂhsemlh@wwth@mwmmomer ei n the light is

ul travikel et 4 cle od of claim33
wher ei E t he %{anup %S%gggFI@HF E e1e113§1 © ClGREUR IsrariRsl out
metithdihaf cI al m 31 wherein the inmersion |ithography

has a gp and recovery unit which supplies and
col | ec DeRieARITLRethpd of elaim 32 wherein the light is ultraviolet light.

The cleanup method of claim 33 wherein the light is exposure light.

35.  The cleanup method of claim 31 wherein the immersion lithography
has a supply and recovery unit which supplies and collects an immersion liquid
through which a workpiece is exposed to exposure light and the optical element is

immersed in the immersion liquid from the supply unit during the cleanup process.

36. The cleanup method of claim 1 wherein the cleanup is performed with
light.

37. The cleanup method of claim 36 wherein the light is ultraviolet light.

38.  The cleanup method of claim 36 wherein the light has a wavelength

used during an exposure operation when the pfoj ection system projects the pattern

onto the workpiece.
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t hrough which a workpiece i s exposed to exposure |ight
and the optical elenent is 25 imersed in the
WO povei0giten | iquid fromthe supply unit during PEEUS2004/010309
cl eanup process. 36. The cl eanup nethod of clain11
mhereln he eanu erforned W th 37. The
cl eanup %Eth %F %1 %%ﬂ%H@F@PﬁBFﬁprhgﬁﬂ%w¢mﬁunhecbmnm
ulkmaﬂbﬁhﬁiwhhgght 30 38. The cl eanup nethod of claim
36 wherein the ht has a wavel ength wused during an
ex p osurd)-opetiat mnerme nithdgeaphy appartius of sipih 8 viieniie teSight is
%%%%g gg onto the workpiece. 15 WO 2004/ 093130
47010309 39. The i nmersion I'i t hogr aphy
5 ap par at4is of Tigd 1mrﬁa:rl12>n\l\i|ﬂﬁfg€dp|hytabﬁar§ﬂu§ 80ERim B§ whereﬁn the light has
erforqed with light. 40. The inmersion |ithogra
appart W}b\“seéldélﬂﬁg 39 PRSI aperation Mhghtthe grojection system projects
ul 1. The imersion |ithography
adgg?ﬁ?ﬁggg?th GJOﬂq)geé)%\/\hereln the light has a
wavel engt h used during an exposure operation when the
projection systemprojects the pattern onto the
wor kpi ece. 16
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