CLEANUP METHOD FOR OPTICS I N | MMERSI ON LI THOGRAPHY 5 CROSS- REFERENCE TO
RELATED APPLI CATI ON This application clains priority to U.S. Provisionary
Pat ent Application No. 60/462,556 filed April 11, 2003 and to U.S.
Provi si onary Patent Application No. 60/452,913 filed June 27, 2003, which
are hereby incorporated by reference in their entirety. 10 BACKGROUND OF
THE I NVENTI ON This invention relates to an immersion |ithography system and
nore particularly to nethods, as well as systens, for cleaning up the
optical elenment that contacts and absorbs water in the process of

i mrersion |ithography. 15 Inmmersion |ithography systens, such as disclosed

in W99/ 49504 whi ehpStuSIIermobNEeR RAraiced o vefesioncerfipo cegaivbi ng t he
general background of the technology as well as sone general

considerations related thereto, are adapted to supply a liquid into the

space betwegn a workpi e@RcﬁSi*:CﬁEﬂﬁR@Ndﬁ@férRﬁﬁﬂTﬂ‘ﬁAiﬁfﬁicﬁﬁﬂ@ opti cal

el ement of an optical systemfor projectin he 1mage of a reticle on the
20 wor kpi ece. The | lhgiagplidatien gepisipriedtyit %ﬁ@@“ﬁ%@ﬂ$%$@éfWﬂh@éO@thhe

optical system | suppl i ed
may be water fggﬁﬁgSﬁ?ﬁkggﬁﬁ&gée%g%%?ﬁo§?§%§§%§$m%?§ﬁgﬁgﬁhgE?Pe?ght | i qui ds
maybe necessar $OM82,913 fletl Jwiet 27, diBewhinh we|herehy rsorpoBéaiduygeletdnee ingbeir st age
opti cal elenen% @f the optical systemis exposed to the liquid, 25 there is
a possibility that“some of the liquid may be absorbed. This possibility is
particularky high if the | ast-stage optical elenent of the optical system
is a lens because calciumfluoride is a common | ens material for

|i t hography systens while it BAGKGRNEHHOFHHE INYENTIEIN ready to absorb

water from the surr@uRGLRAHGMEIER mmmneT Q@n ﬁd%%f pgplsy%ﬁq%d WRYe cause
several problens. Firstly, it may degrade 0 image projected t he

| ens by changi nampwéﬂy Exipelbpdsyes Wlbaéér’%t%% f@fclﬁtaﬁ@gméﬁ@ %’Flcwlen@ah@ﬁ g the
lens to swell C}m@g@%&ﬂé@% &hﬁe&e@g@&mm%&h@mbg@lﬁl Secondly, it may

cause |ong-term degradation of I'ens due to chem cal effects
Convent i on&dl air- i niressison 1@1%;th evstansheygh ap Aiyclased fie WEOPEPIP4 whichés opt i cal

herein incorporated by refersnce for describing the general background of the
technology as well as some general considerations related thereto, are adapted to
supply a liguid into the space between a workpiece such as a wafer and the last-stage
optical element of an optical system for projecting the image of a reticle on the

20 workpiece. The liguid thus supplied improves the performance of the optical system
and the quality of the exposure,

The liquid o be supplied may be water for light with wavelength of 193nm
although different liquids may be necessary for light with other wavelengths.
Because the last-stage optical element of the optical system is exposed to the liquid,

25 there is a possibility that some of the liquid may be absorbed. This possibilify is
particularly high if the last-stage optical element of the optical system is a lens
because caleium 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

30 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 o chemical effects.

Convenlional 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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el ements to be made detachabl e for maintenance work such as when they are
cleaned. 1 It is a cunbersone and tine-consum ng operation, however, to
renove an optical elenent and to reset it after it is cleaned or to
exchange an optical element for a new one. It is therefore an object of
this invention to provide systens and nethods for 5 periodically renoving
the water fromthe | ens such that the anount of absorbed water w Il not
reach a critical |evel .and the degradation of the inmge and the |ong-term
damage to the [ligns coaberbanpmaventedsuniing peerativot heweveb fetstons ait drgicklnvent i on
to provide Sys.te%%n%q tUFcts{a}qgﬁtcfr s cl%iéél ngtotegcglaggé z[ﬁtog)%@ﬂ%ﬁamfr& 1&?? n&Pt! cal
el emrent of an immersion [Tthography apparatus easli er an er eby

i nproving the wseful lifetine of the optical element. SUWARY OF THE

I NVENTI ON | mrer si on.l.i t hogr aphy, .apparat.us._of this .i,nvention,includes a
reticle stage arrahgded Ol?g‘i‘ éli’jﬁé%ﬁ?ﬁléstli“é Feon g) RBPRT Sr?ﬁ{éisntsa%demﬁtﬁﬁf) %Sngled to
retain a wos kpipeg&lically rapdticgdhe whizr Systtemehnakl diahthe amoiubtlof Ahsned oatesour ce

and an optical e] enent opposite the kpi ece f havin n.image pattern
of the reticl e"‘anJ SPEEEE S Wé?lé%vr?E By q\f‘\g‘ﬁﬁggatdia% Of%{‘%lﬁ?aﬁﬁ@gq H%F {PHE%%P} on source
whi | e defi ni ng dam@aio el weedan bberefpitédcal el enent and the workpiece and a
fluid-supplying device for providing an _ inmersion |iquid be e and
contacting both theﬁdﬁﬁFﬁﬁ?ogFﬁ . e TRt M y@@%s W*?W%ﬁgﬁgﬁnnersion

20 1it hogr aphy npikeGesSmaiiltf R BANRLYEcAREISR et DE kY B85 e@io6 ligRRiPEy APUi68 t O
clean the optical el enment. Throughout ?ereln, the term"cleaning” wll be

used to medh bEbFET apd HRSUEDH dOPRBE Shegrel vigtiee ochte opi@! ple@Rttabsor bed i nto
the optical elenent and renoving dirt, debris, salts and the |ike. Mny
different kinds of the aforenentioned cleaning device may be used 25

within the scope of this invendgaRiaAReTOERXMPINVENTIORY conprise a cl eaning
liquid having affinity to the immersion liquid to be contacted with the

optical element. I|fphRersionMRIgBHaN apdatitisdrigs Web®lon IRINRketBRYtZEI Ve as
the cleaning liquid. As another ‘exanple, the cleaning device may include a

heat - gener at i ngriefespil Exrefa & FEgkei hyyorHe stgpeianed & wHeht warkgices 28 opi@lum
device for lgengff@énil Hﬂhﬂin\éadﬁqm&%ﬂgli sbin@P @t cﬁﬁical element opposite the
workpiece for having an image pattern of the reticle projected thereon by radiation
from the illumination source while defining a gap between the optical element and the
workpiece and a fluid-supplying device for providing an immersion liquid between
and contacting both the optical element and the workpiece during an immersion
20 lithography process. The apparatus also includes a cleaning device fo clean the
optical element. Throughout herein, the term "cleaning" will be used to mean both
removing immersion Hquid that has been absorbed info the optical element and
removing dirt, debris, salts and the like.
Many different kinds of the aforementioned cleaning device may be used
25 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
30 optical element.
Ultrasonic vibrations may be used for removing the absorbed liquid. An

ultrasonic vibrator such as a piezoelectric transducer may be altached to the housing



30 optical elenent. Utrasonic vibrations may be used for renoving the
absorbed liquid. An wultrasonic vibrator such as a piezoelectric transducer
may be attached to the housing 2 for the optical elenent or placed
opposite the optical elenent such that the vibrations may be transmtted
to the optical elenment through a liquid nmaintained in the gap.

Al ternatively, cavitating bubbles may be used for the renpval of the
absorbed liquid. A pad with fins muy be used to generate cavitating

bubbl es in a | ifeuheloBicabsivnet perladed opprsitg s 0bb@al\eiemer@tr$@cfp@@|t thpdibrakiensopt i cal

el ement . Accor qlg@g)eggﬁgﬁllﬁkcﬁ toelﬂé’&ﬂ?{%ﬁl F e‘?lg{hgﬁiéﬂ 294 ufd{h?ax SENE i fﬂ%apt he

nozzl es through sion liqui |nto
bet ween t he morkpleé@mamuwﬂheawbpngw&mREMEwénMNﬁdyr%31wmnﬁlwhhmﬁﬁﬁbmhtiveIy

supply a cleaning. | iquid. . i.din hln vi ce such
as a switch vaH@g@"fgﬂV§?ﬁyﬁ %??§&§%%§%ﬁ%1 8EV#&W%|S |n3E% dﬁ t he

cl eani ng prbcedmmﬁﬁhatmnmswmﬁmgnnﬁﬁm@mﬂmyﬂmasmﬁmiaadmﬂaster because there
is no need to detac

and cl eani ng
b ocess. npr oves. £ nacHUSPER e FReTRR e ot SRR wRanvie TaSull oF
DESCRI PTI ON OF whHih iERQMﬁNﬁoﬂ' kguit M@pplieﬂﬁntotwpheﬂWem tha mfoulqﬁdfberan@bneect s and
advant ages t her eof @%W est, be, un ersto Lﬁrené .0l | owi ng

description t alfBR°A HeRSHBARAESH! Qi tﬂnf‘thvé’yséle F&,’{é B2 whi ch:
Fig. 1 is a schembie- s%t@lﬁﬁg&sﬁ@delsﬁﬂﬁés AwEIOh Qflvan i mer si on l'i t hography 20
apparatus on which nethods and systens of this invention nmaybe appli ed;

Fig. 2 is g processWilioyéeieaghaMetold ws tHiihi figioahedemplAinycaaie tRSEndy Wni ch
sem conduct or deVICes are fa rlcaged usi ng.the ap aratﬁs sho in Fi

according to CHEPEEEHES WOLMT Shcaus %}61335 ognesd 19 Gge éIFBLOPBF CHERA er

processing st epcSROWA and tifeiclhanidg bibobREmBRTEs 18E uscAD lifdiid Fald dpical
sem conductor devi ces according to the present invention; Fig. 4 is a

schematic dr awelk§8howi ng a si de view of a portion of the immersion
| it hography apparatus of Fig. 1;

15 BRIEF PESCRIPTION OF THE BRAWING

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:

Fig. 1 is a schematic cross-sectional view of an immersion lithography

20 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

25 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;



3 Fig. 5is a schematic side view of a portion of another inmmersion

| it hography apparatus having an ultrasonic transducer attached so as to
serve as its cleaning device; Fig. 6 is a schematic side view of a portion
of still another imrersion 5 |ithography apparatus having a piezoelectric
cl eaning device below its optical system Fig. 7 is a schematic diagonal

vi ew of an exanpl e of piezoelectric device; Fig. 8 is a schematic side view
of a portion of still another imersion |ithography apparatus having two
nutual |y attached piFazoed aascmmahcmlcanmw oﬁnﬂaﬁuﬁcﬁa @Smothbremeleestoni 1o gtaptivee; 10
Fig. 9is ascherratlch5|de VI Ror o({] still anott elglrmersmn

| i t hogr aphy appBPAtHS HARE Hd: téaSBlH‘bHF‘ég ‘g@hé LR PASEE FHE CErEFRI ng
device; and Fidgvicd0 is a schematic side view of a portl on of still another
i mrersion |ithography tus havi ng a.sw tching devjce incorporated in
the fluid-supplying ENATERR Clﬁ@icﬁmﬁafeﬁgheﬁﬁp%%%qfﬁg 1 HERES %hat are
simlar or equivaephy Hﬁi&a@@ha’vﬂﬁ@'&‘b%weé@ﬁc AP S XBBAbw Ot opwwgﬁtem n
different figures and nay not be explained repetitiously fo

sinplicity of descrF & SchrrAlEEo T SER qrfm@irﬂmﬂesﬁeewle@msw MENTS 20
Fig. 1 shows an 'W@B@ﬂl slch&ﬂﬁ&rs%the“a@ﬂD?ﬁcﬁ‘ﬁd{xsof%Q@ax‘i’d@héﬁhh%xsﬁ:'nean' ng

met hods and systens O his invention ma ' ed hown in Fig. 1,
the i mrersion Fikogeghapripradpdarias tgo nm@aﬁbmtﬁ«:h e?@ﬁlecﬂip plamrﬁm@rezwl cal
unit 1 includi '?i 5.641151 heyg@urce such as an exciner laser unit, an optical
integrator (or orm e |zer§J and a lens and serving to em t puI sed

ul traviol eto 25 [ ghflg B isd schemizsidervigvho48minent of shié amdleke ithmeisthence to a

Dot b b et e BTl O DS S TR R 07 2,
1/4 or 1/5) throughFe. ﬂ@isacselmmtaltlc side gletv qfraqzjoacmmdatﬂhmotthe: Phmerfioe puI sed
103nm  F2 | asof TegRey Wt el e S i AR AR Shoohe A PATRIBREIR, | o
wi th 30 wavel eldgshhe 365nm | n what foI | ows, the coordinate systemw th X-,

Y- and Z- axes as

Throughout herein, components that are similar or equivalent may be
indicated by a same symbol or numeral in different figures and may not be explained

repetitiously for the simplicity of description.

DETAILED DESCRIPTION OF SPECIFIC EMBODIMENTS

20 Fig. 1 shows an immersion lithography apparatus 100 on which cleaning

methods and systems of this invention may be applied.

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

25 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

30 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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shown in Fig. 1 is referenced to explain the directions in describing the
structure and functions of the |ithography apparatus 100. For the

conveni ence of disclosure and 4 description, the Iight projection unit PL
is illustrated in Fig. | only by way of its last- stage optical elenent
(such as a lens) 4 disposed opposite to the wafer Wand a cylindrical
housing 3 containing the rest of its conponents. The reticle Ris supported
on areticle stage RST incorporating a mechanism 5 for noving the reticle
R in the X-dirdetcriphon thrdight plioreeicer wiit Binid ihsbatedinafig. It wapnof iterlentind t he

Z-axis. The t i i . it - Q] o] icle Ron
the reticle srg‘fé‘gé @gbﬁg@gﬂ@&g@% Béédé)]bﬁggrqilmgg%aéra%ﬁéggg e@%%&gw %\d& shown) in
real time and cyhingaldiotsions noptghing e redof ¢4 eonfponentef f ect ed by a main
control unit 14 on the basis of the detection thus nade. 10 The wafer Wis

hel d by a wafer hol ggf 4Rk Sh - f.or 0L rol Li he
focusi ng position (gﬁoﬁgl t he Z@ﬁ%%tgnf&aﬁr&%:%tesﬁgﬁi??rx}r%og)ﬁga]%gé8&%@}%@5\}\1& er W
The Z-stages 9 ifey radvfinxidd ratigleghinilye Etdigetich) thadaptration andvby eotarp dirbe@ioXY- pl ane
substantially r lotQ.t ege:fonmng surface of the. ligh roj ection
unit PL. The %—1@% g%ez %ﬁs'i{;&set oﬁenasmgg? g%ilfla ?Jlée,n%{uﬁ%o%p%f‘%ﬁfee lgo%er ves
to mat ch the wéfeartid&stsgr RIE arevibeticd hiea lanadeteservfuaee(mof shblva) nirghitime

proj ection uni .adj.usting t.he. .fogcusi gsitian,(al he Z-axi s)
and the tilti nté‘mgér?ﬁﬂb’ém@%h# o é&e%lﬁﬁﬁﬁ%&@ﬂo Ban e iﬁ%?ﬁ;ﬁlahle%ams
aut o- | evel i ng réthhddicctimdhishead€Y- st age 10 serves to adjust the position of

the wafer Wn the X-direction and the Y-direction. The two-di nensi onal

position and orientation ] -stage .9, (and. hence al so, 20 _.of the wafer
7 ar e monifor ed 1 nEpeSiel W Mo Sy ARRE 3 1GR00: RREF o s SheelR o5 Wit
reference to acombilie the foonsidZpafifonXdehd the PhwxisY aist g altBe agadf ik wdatra based

on the results,of.thi nitari arg, transmited fromthe in control
unit 14 to a s%gé‘glegfsﬁ%ﬁg%ds ﬁtﬁf{?&%ﬁngﬁﬁﬁ?%%ﬁ{n?ffaggﬂﬂ’BPvetIPI ST PHRS of the
Z-stage 9 and tletaXiYalBtiageleld thaianos-tdirmthd rfbheoMecaihygdiLomt iigd pidat a. At
the time of an_ex ure, the projectiop light 25 is nmade to sequentially
move from one Fﬁe %&gﬁt‘ff‘ﬁf’rmd? Se&f’]ﬁflb?sérjrtl' gkb%gﬁr%s%%fs? ¥ GAL Hafch fhﬁé""‘\}(ﬁf er W
accordi ng 10 thefpath@nike ehgt Aefrebf B Belfikptdledlios LEPPBBY afj0RRAYLd OUt i ne or
in a step-and-scan routine. , o

focusing position (along the Z-axis) and the tilting angle of the wafer W by the auto-

focusing and auto-leveling method, and the XY-stage 10 serves to adjust the position

of the warer W in the X-direction and the Y-direction.

The two-dimensional position and orientation of the Z-stage 9 (and hence also
20 of the wafer W) are monitored in real tine by another laser interferometer 13 with
reference fo a mobile mirror 12 affixed to the Z-stage 9. Control data based on the
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
25 is made to sequentiaily 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
30 "mmersion 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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The |ithography apparatus 100 being described with reference to Fig. 1is
an immersion |ithography apparatus and is hence adapted to have a liquid
(or the 30 "imersion liquid') 7 of a specified kind such as water filling
t he space (the "gap") between the surface of the wafer Wand the | ower
surface of the |ast-stage optical 5 elenent 4 of the [ight projection unit
PL at | east while the pattern image of the reticle R is being projected on
the wafer W The | ast-stage'optical element 4 of the |light projection unit
PL may be det #igbl yoihe igdaraiestiohanie Yl izhidest vhile howstiay iBrgandthegetidsi gned

such that the Iy %EQFZ“E%“%%”¢h§Q9%PﬁQ only the |ast-stage optical elenent

4 and not the cylin housi ng cause the housing 3 typically
conprises a netallic material and is likely to becone corroded. The liquid

7 is supplied from &h¢ lagfoitage suiisl glemantt & theniéaht prajecbomprii emay bank, a
ressure
p u punp %@Qolﬁbmgd% erggféﬁﬂfég}%o%még hd s'agél egléﬁ'tgt t){atstlgholmd

to the
space 10 above the W un a tenperature-reg condition and is
col | ected by awillgeitept pé&(ﬂtﬁelﬂ%i stag ppi8al élttreeitiératpén‘atthﬂ%/hoﬂmtahhmismgdi d7is

chanbor i n i SR Rane [ ERRS k)6 ARERAR A00H FRREMALHET DR 3R R rer o

21 indi cates suppbdednozzl es through which the liquid 7 |s supplled from
the supply unit 5. Nuneral 23 indicates 15 recovery nozzles through which

the liquid 7 is col lrﬁ&ﬁ th&ds‘ag@&%f@??ﬁ@h %’ﬂ% un%ﬁth&trh co%n ngee fa nded

however, that the struc ure r|be refere
not i nt ended t@phwﬂntpmhmwsbmmam@hhmMEGMMNEhmtmﬂn@hmhwgmaphmtappap@tus to

whi ch the oCl e%@é\@%tmgﬁoﬂsunﬁgrda tgglv&%{%ret ﬁ,guigteg ctpn 1011?3%11 tls 9 Elre]cgtlecfbeséar ©

appllcable ni ng
nmet hods and devqmésmmﬁmyhmtpr@heanEHMEmbfmahQﬁdamee@ppbdaable to i mrersion
| it hography apparatus i

rem nded that tHE°H t§B§W%”§F ;§%§QEW5*%8§ Pﬁ§h§@%rnb&gﬁ§ﬁfrecoLZr;O e
nozzles 21 andh&&gapmpn@amhe1bogﬁﬂfppmp@£ﬁlNnmamlztBummaymppbdﬁﬁﬂgped in a
vari ely of ey ok SSUORLhAMH% Sralachs e Ari Y Rkprereeny of he
portion of 1st herdch@il dozkles through which the liquid 7 is collected into the recovery unit 6. It is

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

not intended to limit the scope of the immersion lithography apparatus to which the

cleaning methods and devices of the present invention are applicable. In other words,

it goes without saying that the cleaning methods and devices of the present invention

20 are applicable to immersion lithography apparatus of many different kinds. In

particular, it is to be reminded that the numbers and arrangements of the supply and

recovery nozzles 21 and 23 around the light projection unit PL may be designed in a

variety of ways for establishing a smooth flow and quick recovery of the immersion

liguid 7.

25 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, ete., 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

30 isremoved 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
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such as water absorbed by the | ast-stage optical elenent 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 Wis exposed with |ight
fromthe illum nator optical unit 1 through the 1light projection unit PL

in the presence of the liquid 7 as showm in Fig. 1, the liquid 7 30 is
renoved from underneath the light projection unit PL and a cl eaning device
30 is brought |nto contact with the | ast-stage optical elenment 4 as shown
in Fig. 4. In theZ-sagé wfheplppnenioned wifsaholde taroinesishowm g Fig. 4, fnplace

cl eani ng devi ce,@f. WAk, e placed on 6 the Z-stage 9 or the af or ement i oned
waf er hol der thereon, as shown in Fig. 4, in place of the wafer W
Different types andIWﬁﬁﬂﬁt@?%@Mééﬁﬂﬁgf@@mH@eE8®0é%me@1@@%@rﬂ@munhs3@Drpose

of this inventiQn, Af.2 }xé § Bist S%E?Fy B, cIeQﬁquUI gﬁi\:e' dCC%ll Qi ey be a

container 5 containing a liquid ani ng rong affinity
to the inmmefsi mnl?qllquﬂ? @Illqllld \’I{Mie@lhng Bowudhy enthedstioyg aiﬁeltx)mtth@mhm@fmemqmldd | f

the immersion |jgui d%?] 1§edv}%ttfféc33tm n?én%“h‘%%l evérs(ign ﬁ%lwgﬁ\@% ﬁg i qui d

et hanol since et anol as a |n|ty to
may be used pr ovéadedg devicha®may scuftehn cihemt Ismcsmhmghafafqtrnng yffibdy toheated, | qui d

to be renoved a t nt. 4 _or s. coating. The
10 botton1surfd%g’ #mgﬁgmgﬂﬂp@f lgFg @‘%%?fs%%gﬁeaﬁyﬁ“?ﬁeﬁﬁPE%H’h@ l'i qui d
for a period ofliquid ﬂnié)esuﬁcﬁued iagdddey nbmglag@thre%ﬁu@eelb:ﬁl@nﬂé%&)t@ds coftinghe habsor bed
S 100" P BB B ot R A o B
exanpl e, the cliaaniulficielelilee; 30:dweythe MR Mhdatiedbe BARE! Bld dgmie Rextce
and/ or a vacuum devi ce ep ar@tel shown) . The conbi nati on of heat and

vacuum on the 1?5%%“ﬁét?ﬁ%?%ﬁF¢ 51oP¢ W%ﬁ@ﬁpn%4%éﬁ@%gﬂﬁﬁépﬁﬁgé?B@éﬂPﬂqU|d
to undergo a phagf. change into vapor, or to evaporate fromthe surface.

The reduction in liquid density on the surface of the optical elenent 4
draws the |iquid 7 tHapoihe ‘“éﬁ%lﬂ‘?éb‘@ﬁCle#ﬁﬁ%d‘ﬂ’é‘?@ﬁ’leynaryﬁotlﬂﬁ@ icahBEIeraing o t he

surface. 20sFi gieviRe O8NS \?acﬁd?ﬁ B @@L sﬁévﬂ US6e bSmIBARnYr ndf an
B

ul trasonic transducer (or ultrasonic vibrafto attached to theahou5|ng
3 of the |ight Yg¢8peet ihesudase of the Optméeltementlﬂl @ﬂ@gﬁma@smb@rimut@mn@@gésuch

as a. piezoel eqlgihG dMuARSAHGELD:, drfo 8FpbMA 8 the surface. The reduction in liquid

density on the surface of the optical element 4 draws the liquid 7 that is absorbed
more deeply in the element 4 to the surface.

20 Fig. 5 shows a third example wherein use is made of an ultrasonic transducer
(or ultrasonic vibrator) 32 attached to the housing 3 of the light projection unit PL.
As the ultrasonic transducer 32 (such as a piezoelectric transducer) is activated,
pressure waves are generated and propagated, serving to clean the surface of the
optical element 4,

25 During the cleaning operation in Fig. 5, the gap adjacent the optical element 4
is filled with the immersion liquid 7. In this case, the supply and recovery nozzles can
confinue to supply and collect the imumersion liquid 7, or the supply and recdeovery
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

30 the Z-stage 9, or a surface of another assembly.

Fig. 6 is a fowrth 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
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pressure waves are generated and propagated, serving to clean the surface
of the optical element 4. 25 During the cleaning operation in Fig. 5 the
gap adjacent the optical element 4 is filled with the imersion liquid. 7.
In this case, the supply and recovery nozzles can continue to supply and
collect the imersion liquid 7, or the supply and rec4eovery nozzles can
stop supplying and collecting the imersion liquid 7. Al so during the

operati ptical element 4 can face a. surface of wafer W a
(S:{JrG? glcggof IO30 t fi 11%@?%@1@4@1006%0 mpteigd suehdhasits BiderervikSuemib yheFig. 6 is a

fourth example ugiagsaayiera ol ¥ jinel bady MAGRLRELAN 1 g 0RU caly (! ement

b | eaned. The tool 34 may be shape
fm?g o(ra ress eqﬂ?&rﬂntl%f*tglqbtanéﬁwtaabbme@rthwapmaz @lblmnt 4@1115%@1 3amdﬁlﬁmiybe made

7 entirely of ayph ﬁl%Qfe‘[ln%Oit peSouPB, Sk %] Qe& I}Aﬁ Cle dn% nﬁ 2%%%?11&3?

fluctuate when activated. As the t ooI ac
el enent 4, Pi kePniel clgiest. W as shown in F| g 1, and the gap bet ween t he
ressure

ag'\tllecs:agr gl Sgﬁg'ﬁ afegﬁ?ﬂh{%ﬁhé ﬁ&kung%lp!n’?iu%ﬂ éfl Pe%. 67¥1\!{e SR F(ﬁgﬁ%‘n Lﬂ% opig:ab%?rp@alzt

el enent . DurlngSﬁH@iWﬁbawum@wam@WEUhdnsaﬁeEhgmm§Wah?ew?a@ya&maﬁ@m%h;hgupply
n this case

gﬁtjl (r:glcos Ie(ra;/TE Rf)cg Az%ﬁmdesm Siop Il}g%rq}t@iﬁfrlfﬂcé hteémgﬁfjgb(i@ qéﬂiid OlctBF PR P EEq0NHRr si on

94 1&g sp Ves colﬂedtitﬂ &l G SHORSUPPIYIRG o
l'iquid, or the mapp sanatg sngdyivend tﬁer lexar pquthe wb?ﬂ?%r t 00|

h n
34 mmy be &t (hREBIRL Y 2k ifibeF uieborth Behouiret REClmie frerigiiedelisnons
Z-stage 9, or éhﬂh@eroaaﬁﬂﬂbb¥mnﬁyg 7 shows anot her tool 36, structured

ively, havi | ural j.t pi ezoel ectric transducers 38
SL;SLP?;thyya planiﬁggﬁg %%%%%ﬁméﬁﬂmhﬂﬁuw8vﬁhdMEmg@mhﬂﬁamofher

exanpl e of a Claﬁaﬁtlé’tgnd&bldsﬂlﬁzeﬂ%\@sﬁ ieR bPhanAkr subtbiH &ﬁﬁer%@ of a
pleggelectrlc éater tache |nﬁ3 acg ?o- ac%é?e [7at i onshi p and adapt ed

to oscillate parall t}g f ShEhll spother eéﬁaplé@fa@hwpnm@eequlamsgtw planarespect to
each ot her s As nanfiesuctor a%k&§§eﬁ?d’ﬁt%ﬁ6ﬁal%@caclﬁ& Erﬁé:ﬂ@éj f?xccelgﬁa,tﬂoﬁ)sthglpe{nd Wil

vibrate in the _transverse directions, as s
exagger at ed maAtidted tygecilatepaplichp cach other and out of phaz.e by 180° with respect to

each other. Asa result, these members 40, attached to each other, will vibrate in the
transverse directions, as shown in Fig. 8 in a very exaggerated manner. The vibration
has node points at constant intervals where the members 40 are not displaced. The
20 members 40 are supported at these node points on a supporting member 41. As
voltages are applied to these members 40 so as to cause the vibrations in the mode
described above, ultrasonic pressure waves are thereby generated and propagated
through the liquid 7, and the optical element 4 is cleaned, as desired.
Fig. 9 shows still another example of a liquid removal system characterized as
25 cleaning the optical element 4 by creating cavitating bubbles. Cavitating bubbles
trapped and energized by ultrasound are hi gh-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 profruding upwards and rapidly moved
30 horizontally as shown by an arrow below the opiical clement 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.
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has node points at constant intervals where the nenbers 40 are not

di spl aced. The 20 nenbers 40 are supported at these node points on a
supporting menber 41. As voltages are applied to these nenbers 40 so as to
cause the vibrations in the node described above, ultrasonic pressure
waves are thereby generated and propagated through the liquid 7, and the
optical elenent 4 is cleaned, as desired. Fig. 9 shows still another

exanpl e of a liquid rempval system characterized as 25 cleaning the
optical element 4 b)}'Jl% HB&??VYFQQI@ VR PP RiSb Loy Pl Rnige EﬁﬁgﬁP%s
trapped and enesgtdetniyit 41b¥ 5@%@901@5&@1&%!{& SETRRBhULSacelyIimpiiRSSUr e
m croreactors and i ntense energy rel eased by the inplosive conpression of

the bubbl es i SPHEFPEGRPZEES #1 Preddiraupnlvas disammersimdioaidahpios thihpiposen Fi g.

O 1s charact erdadnasive oaRihsiBod BAdN 4Gl a1l B aRM L Filidh 0, YN ds and

rapidly noved 30 horizontally as shown by arrow bel ow the optica

el ement 4 wht h thatPuibmessigeli@ridy prithe Plguiias Hauid ¢dnlbiengprlied sgiensively thretsteen
(means for novig agd.48 not being shown). As the pad 43 is thus
moved, the fi nsﬂﬁgse‘%\ggl{aogt?r the liquid 17 and to generate cavitating
bubbl es whi ch in tudiis sgaivie hegeminderhthatibe dpirgahetbddsmphbysteBskiceprdin® tshows a

di fferent appraack : i the | st-stage. tical
el enent 4 by aS%%?F%gm%n%?ggﬁ?%%ﬂ%?%ﬁ%%gﬁﬁhﬁggqﬁﬁfP%%¥%ﬂ%faé%mﬁ%uﬁging t he
sanme source nozafl &9e@kay dedng diffesoppinylicrapftshece mrelesi Anwittlquilee 8. For this

pur pose, SW . i is.inserted between the supply nozzle 21 and
Pher: qui d Tt (o PEYE RS ARy BRSNS, BERIRRR, (8 oS B Ripke B el g

| i qui d can be sugyeipecvidel teetgiongloythichowugiozzlehe supply nozzle 21. It is
again to be rem nded that the cleaning net s, and tens according to
this invention are gtprﬁ?yla]%ca%? galt%ﬁﬁﬁtﬁﬁﬁgf g?’%cﬂ&d‘?fta%ﬁ?"j%ﬁi}gg%bﬁ'f% tBlag

di fferent ki nd$cloantle bythabsieii@y ¢ thpviidg adbitdb By @ptin WERNShedlthSAGE

nozzl es. A sw a.ch. vawgs@gul descri bed above need not necessari

[ _ ly be
provided to eadfuffs PLRrHEY Desurnbypozzitg ¢ L b sy rhodieent & e gr oup of

the sourceNozh@siiod f adtpeok Becanef 188 sald dosakd aiRhdPpmad: H8s @Sttt abl e
kind that may be placed  below the gptical. elenent 4 to provide a suitable

gap i n bet ween RUFERYHEIE @ARE HEUZed RfineiclPaningmiecestappl i ed t hr ough t he
supply nozzles 21. Khsu@RAdisTBAfoRhatdRen separately described above, it goes
without saying that they may be used i combinations although not separately
illustrated in drawings. For example, the pad 43 with fins shown in Fig. 9 may be
26 used instead of the pad 18 of Fig. 10. In other words, the examples described above
are not intended fo limit the scope of the invention and many modifications and
variations are possible within the scope of this invention. For example, a polishing
pad similar to one used in chemical mechanical polishing may be used for this
purpose. The cleanup procedure shown in Figs, 4-10 may be carried out with
25 ultraviolet light. The light may 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
uliraviolet 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
30 adjacent the optical element 4 is filled with the immersion liquid 7 from the Hauid
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 already present for

supplying the inunersion liquid can be utilized for the cleaning process.

Al though various nethods have been separately described above, it goes

wi t hout saying that they may be used in combinations although not

separately illustrated in drawi ngs. For exanple, the pad 43 with fins

shown in Fig. 9 may be 20 used instead of the pad 18 of Fig. 10. In other
are not intended to limt the scope of

h |
O ol S A S UL o8 RO SR

the scope of ttheﬁwwﬁh‘ngﬂIﬁcﬁs[bniﬁ@da&&@@@bﬁhe@as%’thé%ﬂﬂ@ﬁ eie?r?tﬁi & RlsatO_one
used in chem cal mechani cal poljshing nmay be used for this purpose. The

cl eanup pr ocedut@OL oW 3 deirdhat may haveeagcwsaulatad.r Tesdemueloing thagtore

ul traviol et |iglters b dfglffgsemoinléﬁ@i%éﬁe the optical elenment 4. The |ight
may be normal exposure romthe illumnator optical unit | or sone

other |ight3of an dﬁé&r%@rq%a?@eﬁm}é|t@¢@@rrﬂsefcarroqehrefop (abpogmgafsemvendiceanup.
I'n other exanpl gy the usté b AhOLeh 1 Hogﬂé%%manﬁlypcldéﬁ%i%ﬁgfzq{iﬁget%lg anup may

be used wi thout the Cleanup procedur y be used
under a condi t i¥eePviery swhiclentbldyiga hiGovantpachrtept 3¢ tleapiavrcals fiekgorenid 4 is

filled wth th HRS! fromthe l.iqui su unit, 5. Al
such nodi fi cat ﬁjo{a!rrlfs8 angé\b/%??éa%rlﬁgélss %ﬁeas £ ér:aayﬁ%m *Egt %s%?ﬁta r?%icélegg?)stgﬁmgsakl |l ed
in the art are Hatitmngédigned M@omngm thettheviacadpggdfig sth, and mmalaﬂstg@ %Agal n,
it should n d t he..above descri be t hods_ for
renovi ng i E’ﬁergogh #JF@} 15%1%5 %%Sl%gfnt%agelfa hegpas éw'%?ﬂ:ll 8% ‘?’F@h%()?as wel |
as salts, depdsetmseddintd thamdfazléztam sept J0atin sy 3 dvedses ﬁﬁdlmdg@etpﬁsisysﬂ?ﬁ term

cl eani ng theref efe S enonmena herein. 5 Fig. 2 is

bot
r ef er enced nextsg(f}1 abcf or eﬂlgtdgscﬁlgf)‘?@é’gef@ﬁ%ﬁ’é@? hesemirgndickE drdshiduct or

devi ce by usi ngis@mbllerah"fﬁfcmdﬁig thé ﬁmﬁgpﬁja&y Wﬂﬁé@i&ﬁsslaﬂ@95&@@1%%%%?%@ ljle 3:“(: g .
e

et and recov this invention. In step 3
{CUI’IC'[I on and Slé%lffisi%ﬁ'&ﬁ@él%ﬁlﬁ‘af% g?tF%]tnlSB?Q Pe designed. Next, in step 302,
a mask (re %cl e) ha att s, desi gned according to the previ ous

desi gni ng step, and éﬁ%?tﬁi? f g?ta%‘idélﬁwfbm BImPE qfdhcaborsmsnidmet sism a
silicon nmateri ab4 i tlne cila ok rapatite @eﬂ@&ﬁnﬁz@@»@déﬂﬂc&t ﬁpstépa?ll bﬁdﬁ?&ﬂ%?e‘ﬁﬁj qnto
the wafer fr Om\:\?atfeez sur e?c% 1é c?*uc%tzg In stcp 3¥2 (CVIS1 (s)ge;?)l, IEIIE mggl:lt?ori} Iy lms is ?érglrgd on the
wafer surface. In step 313 (electrode formation step), electrodes are formed on the
wafer by vapor deposition. In step 314 (ion implantation step), ions are implanted in
20 the wafer. The aforementioned steps 311-314 form the preprocessing steps for wafers
during wafer processing, and selection is made at each step according to processing

requirements.

At each stage of wafer processing, when the above-mentioned preprocessing
steps have been completed, the following post-processing steps are implemented.

25 During post-processing, initially, in step 315 (photoresist formation step), 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

30 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 conductor device
is assenbled (including the dicing process, bonding process and packagi ng
process), then finally the device is inspected in step 306. 15 Fig. 3
illustrates a detailed flowhart exanple of 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 formed on'the wafer surface. In step 313 (el ectrode
formation step), eIé@@ﬂ%éégméﬁ%hX%@Wﬁﬁﬁ@ﬁgﬂW@ﬂKWd@@WWDﬁﬂmab@hnd@pmth|on
In step 314 (i Ogykip 1@93?1@@1 bx‘ﬂ@oﬁﬁﬁm ’111(!19 %aﬁéz%éxﬂ?&eﬁﬂﬁtﬁﬁi@ﬁs an%Qf i wafer.
The af orenmentioned steps 311-314 formthe preprocessing step P waf ers
during waf er pr8@@§§Wﬁ@mvdﬁﬁs§@K@é@lWﬁmnﬂﬁﬁadaﬂéwueawhn&m@@ﬂamhbﬁduMQ to
processing req t en t he
above- nentlonedggégg?g%éggﬁﬁg E@@gﬁhﬁ%ﬁg@& %&n&mﬁéﬁ% gﬁﬁ% ollomnng
post - pr ocess$i ngayewpiseoeridhd Iptpseehlamwdn R tDamfomgmpmééd—tbatoh:eﬁ)ﬂbwgag

appl i 60 Lo o warr Aar R AR e R L B o B Pt R RSt f oned

exposur e devi cevall@uuweltitum e'qmaaisﬂite Bs falh &zltéhlﬂtﬁeltme adita0 Bcapb oﬁth@@ﬁéﬁex{tr eticle)
to a wafer. Thﬁ@mﬁln step 317 (devel oping step), the exposed wafer is
devel oped, and in's ep 318 (etching step), parts other than residual

phot oresi st (exposed material surface) are 30 renoved by etching. In step
319 (photoresist renoval step), unnecessary photoresist remaining after
etching is renoved. Multiple circuit patterns are forned by repetition of
t hese preprocessi ng and post-processing steps. 10 Wiile a |ithography
system of this invention has been described in teans 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 al so
be noted that there are nmany alternative ways of inplenenting the nethods
and 5 apparatuses of the present invention. It is therefore intended that
the follow ng appended clains be interpreted as including all such
alterations, pernutations, and various substitute equivalents as fal
within the true spirit and scope of the present invention.
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VWHAT IS CLAIMED IS. 1. A cleanup nethod used for inmersion |ithography
apparatus in which an imersion liquid is supplied to a gap between an
optical element and a workpiece through a liquid flow passage during an
i rmersion |ithography process, said nethod conprising : supplying a
cleaning liquid, that is different fromthe imersion |liquid, through the

liquid {iow Rass ing a cleanup process. 2. The cl eanup net hod of
[ wﬁgfggn §g?§ﬂg#% [ [

claiml anup process conprises causing the cleaning |iquid
to contact said optical elenment, said cleaning liquid having affinity to
said i mersidn | iAudieshupwieioahyed foe inmmeeios liooglaplguipgaais of Beidh By insadrélon

opti cal lﬁzﬁﬁ%ph@ tB%fﬁgf! ngpéﬁ atnrb%t[?zh %%H{gptgandla'vﬂ)%[geceﬁnogﬁ CF I(ELLUI? W met hod

of clai ereln sai eaning liquid
i s et hadgFsasedurpg an Huagisign hHJ@glﬁa’w IEfP“‘é? SRhmethgdSPBIPTSBRI d cl eanup process
conpri ses heatupplging aictbanioptiipcd| thelicaeBient Hom TRemaleesamupune throgthafe Gduad m 1

wher ei n {al GGl eanup Qﬁgﬁ gQuOprises generating a vacuum condition on
sai d optlcéﬁs Fenen : §§ﬁ0 I'eanup net hod of claim1 wherein said cleanup

process conprises subjectlng said optical element to ultrasonic
vi brations. 2. Thdhekkangpnaeidhddlaoh 1chiarain Gidkiemep prosess dombxﬁsreasming the

vi brati QféﬁmﬁJ ﬁqtg@ Ebe(foﬂfa&c%aﬁyoptl el@ln%ﬁta%@blgan\{%q &ﬂcﬂ{ téta?fﬁn LR AndQUSA N

for salq g ﬁ h The cl eanu wherein to said
opt i cal "BVEnEHTERS %H‘H]‘%@P%qut‘%a?sﬁ@ed Y ¥ Sk e KUPORE Y HriBugrrge
cl eani ngigkiiqui d. 9. The cl eanup net hod of claim 1 wherein said cleanup
process conprises generating cavitating bubbl es in the cleaning l'iquid.

10. The cl eagup hod of claim._| in,said imersjon |i S supplled
Tn sad ouPtont N4° QBRI EEY TSt SO EGOT Tt o eat s on o

opt i cal cleisrgehduidligreibagelt he i nrersion |ithography process; and the cleaning
liquid is supplied via said smﬁtching devi ce such that said cleaning liquid

contacts sai 9 opt Ll"%e cleanup merllod ol#r fzurllrg I w}?]erem sa%nc!ffgang : &%&Sﬁ comgrises heating said

optical element.

5. The cleanup method of claim 1 wherein said cleanup process comprises generating
a vacuum condition on said optical element.

6. The cleanup method of claim 1 wherein said cleanup process comprises subjecting
said optical element to ultrasonic vibrations.

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 to said optical element is subjected to the
ultrasonic vibrations through the cleaning liquid.

9. The cleanup method of claim 1 wherein said cleanup process comprises generating
cavitating bubbles in the cleaning liquid.

10, The cleanup method of claim | wherein said immersion liquid is supplied via said
switching device such that said immersion liquid contacts said optical element during the immersion
tithography process; and

the cleaning liquid is supplied via said switching device such that said cleaning liguid
contacts said optical element during the cleanup process.

12



11. The cl eanup nethod of claim| wherein the cleanup process results in
renoval of debris fromthe optical elenent 12. An imrersion |ithography
apparatus conprising: a working stage arranged to retain a workpiece ; an
optical systemincluding an optical elenent, said optical elenent being
opposite said working stage, the optical system being configured to
project an image pattern on said workpiece wth a gap being defined

bet ween said optical elenment and said workpi ece during an i mrersion

| i t hogr aphy pnocesHie cafilpuheth&LgFRIdh Novidesh ¢ cleanpr fRvdeeereatits iinreaiostia

l'iquid tfgough I w passage to the gap between said optical
el enent dsuiga}lﬁled ggéllgleeggﬂdurl ng the imersion |ithography process; and a

cl eani ng deV| ce for suppl ying a cleaning liquid, that is different from
sai d i nmersida. | i qui thmerdioolingbg raghiychpbaraus d)nﬂdxm.tdopassage during a cleanup

process. 13. atvhﬁkih%gF%e?I&ﬂ%éd tBh&QE%Wk;ﬂ&%ar atus of claim12 wherein said

cl eani ng device | reservoir that 'stores with the cleani ng liquid
havi ng af f i ni gPiQ! SaPE PoRSIOIPUCY Giment $ad ontird! SisHteY 8¢'8% OPROEifogFaphy
appar at unsnloﬁg ah@, rthe P tiveh ersennbesi@) abnfigored s maje&tlaq irhgbeipatterwah edid andkpsat d
cleaning Iiqyjid . o %E n@&%mﬂd %éweéll-hs%id mgl%:leﬂgn dinegrap lg%ecéiagﬁﬁ@&ys of

claim 12 whereln said ¢leaning device' includes a heat-dgenerating device
for heat g ¥ai Ligho B‘PP%BIIOCQF’enent 16. The inmmersion |ithography apparatus
of claim 12 wilerdejupplgag de‘ud:eetarpncwgdecbel\ﬁmmsimﬂojuuﬁés)ugh v Aquid flodtepassage foohe

gener at i E&ch@wé’e%%'a!fd%ﬁ&”@l'eﬁmbﬂ%n@ 0.i@ Aol pRRL e dtﬁé BN ion Moorlﬂ?y ArpaEY: Shen
| thography ag&a at claim12 ere| n evice 1includes an

ul trasonic vi QLEIBT Vdfre fa BPREE Ag eéﬁllnﬁlhﬂ‘ﬂg’l hayis @?fa??ﬁhgmf*éalﬁl"fl?“&?lﬁ’ﬁl c
vi br at i dagd, BugTkad ligne flew passhdetduoige apleypmmppeseat us of clai m 17 wherein
sai d ul trasoni o vi brator is attached to a housing for said optical

el enent . rsion |itho apparat u o cl ai rein said
ul trasonic vﬂ%r at gP® uEFTiey 1’@%?&%&%@“@ O?Flég’b Hl?fF‘BrS ’H] l}ﬁgmg 44 d

opti cal II@]UéffﬁemteSthfmoﬂngWthfewam tanieagng liqui davi@Daftifietoi ssemsieoson liquogr aphy
apparatus of claim 12 wherein said cleaning device includes a

bubbl ' for. t t bubbl t.h l.
i qui . 13 20 THAOT IHGR SP O PEEADG ARy S B A9 BT s GRAFTR sar

cl eani ngarg@mdcséxd cleaning liquid is ethanol.

15, ‘The immersion lithography apparatus of claim 12 wherein said cleaning device
includes a heat-generating device for heating said optical element.

16. The immersion lithography apparatus of claim 12 wherein said cleaning device
includes a vacuum device for generating a vacuum condition on said optical element.

17. The immersion lithography apparatus of claim 12 wherein said cleaning device
includes an ultrasonic vibrator for subjecting said optical element to ultrasonic vibrations.

18. The immersion lithography apparatus of c¢laim 17 wherein said ultrasonic vibrator is
attached to a housing for said optical element.

19. The immersion lithography apparatus of claim 17 wherein said ultrasonic vibrator
serves to transmit ultrasonic vibrations to said optical element through the cleaning liquid.

20. The immersion lthography apparatus of claim 12 wherein said cleaning device
includes a bubble-generating device for generating cavitating bubbles in the cleaning liquid.
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i ncludes a switching device for selectively causing said imrersion liquid
to be supplied to said liquid fl ow passage during said i mrersion

| i t hography process and said cleaning liquid to be supplied to said liquid
fl ow passage during said cleanup process. 22. A nethod for nmaki ng an obj ect
using a lithography process, the nmethod conprising: projecting an inmage of
a pattern onto the object utilizing the imersion |ithography apparatus of
claim12. 23. A nethod for patterning a wafer using a |ithography process,
t he net hod @orrpr iﬁieﬂgxnemm 1Btk apyy appatdBoe clifim a2 patietr saidadaoing laevivaf er

utilizi ngclﬁdesa G R0k K OBE AR, LARRGIAR 2 BLA BbLZnefds JhRq cf eanup

method of claim1l ereln rocess 1 nc

t hr ough t9Hi fl?&’fi’aé%lﬁe SRl "“E?SI'S‘GFHéh%I‘@Qﬁlﬁﬁ’cﬁ%taﬁé)éf“%ﬂe@ll%i ifﬂ”’éjﬁo\kﬁer e| n the
| i ght i supdlitd avisod dtuit ifigittpassage. dufing sall eemup preketrod of cl ai m 24 wherein the
light has a wavelength that is sane as that of an exposure |ight used
during the i rsion |ithography process. 27. The innmersion |ithography
appar at us ofggfalﬁﬂTﬁmWH£¥€FH“¥ﬂ%°@P%§ﬁﬁ% ﬁWE@E@QyPWH%FJB%ng%ﬂF%PWHﬁ@I|ght
through the opfi¢ctiag aringagent a p@Brn die the whjecsitidining el ogreaphmytitappanat us  of
clai m 27, whereimidihgol ight is ultraviolet [light. 29. The inmersion
I|thography apparatus of claim 27 wherein the light has a wavel ength that
is sane as that of an exposure |ight used during the imrersion |ithography
process. 3023.The Acinethndifor pettdroidg efwadr asing 4 lithepepk proudss,rtesoathed vi br at i ons
are genggﬁ%@ghg n the cleaning liquid during the cl eanup process. 31. The

i mrer si on atus of claim12 ei.n ultrasonic V|brat|ons
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apparatus of claim 12,

24. The cleanup method of claim 1 wherein the cleanup process includes radiating light
through the optical element.

25. The cleanup method of claim 24 wherein the light is ultraviolet light.

26, The cleanup method of claim 24 wherein the light has a wavelength that is same as
that of an exposure light used during the immersion lithography process.

27. The immersion lithography apparatus of claim 12 wherein the cleanup process
includes radiating light through the optical element.

28. The immersion lithography apparatus of claim 27 wherein the light is ultraviolet
light.

29. The immersion lithography apparatus of claim 27 wherein the light has a
wavelength that is same as that of an exposure light used during the immersion lithography process,

30. The cleanup method of claim 1, wherein ultrasonic vibrations are generated in the
cleaning liquid during the cleanup process.

31. The immersion lithography apparatus of claim 12, wherein ultrasonic vibrations are
generated in the cleaning liquid during the cleanup process.
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