CLEANUP METHOD FOR OPTICS IN IMMERSION LITHOGRAPHY 5CROSS-REFERENCE TO
RELATED APPLICATION This application claims primity to U.S. Provisionary Patent Application No.
60/462,556 filed April 11, 2003 and to U.S. Provisionary Patent Application No. 60/482,913 filed
June 27, 2003, which are hereby incorporated by reference in their entirety. 10 BACKGROUND OF
THE INVENTION This invention relates to an immersion lithography system and more
particularly to methods, as well as systems, for cleaning up the optical element that contacts and
absorbs water in the process of immersion lithography. 15Immersion lithography systems, such as
disclosed in W099/49504 which is herein incorporated by reference for describing the general
backgroundof the techHdlagy B MENLEKOID FeR) ORFECSdNSINEMERSEON AETHOGER A PAXY adapted to
supply a liquid 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 20workpiece. The liquid thus
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calcium fluoride is.g,£9mmon lens material for lithography systems while it is a hygroscopic material,

ready to absorb water ffom the surrounding environment. The absorbed water may cause several
problems. Fi¥&tly, it may degrade the

BACKGROUND OF THE INVENTION

This invention relates to an immersion lithography system and more
particularly to methods, as well as systems, for cleaning up the optical element that
contacts and absorbs water in the process of immersion lithography.

15 Immersion lithography systems, such as disclosed in W(099/49504 which is
herein incorporated by reference for describing the general background-of the
technology as well as some general considerations related thereto, are adapted to
supply a liquid info 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 liquid thus supplied improves the performance of the optical system
and the quality of the exposure.

The liquid to 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 possibility is
particularly high if the last-stage optical element of the optical system is a lens
because calcium flucride is a conunon 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 fo 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,
1



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 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. Itis a cumbersome and time-consuming operation, however, to remove
an optical element and to reset it after it is cleaned or to exchange an optical element for a new one.
It is therefore an object withissmwe atid s -vrovide gy spemicanbowethio dsfordSpericaicedly removing
the water from the|enssugh w%s@m MU e&a@&%@&%&aﬁﬁ{g@fﬂh%9&5%9&%&{%&89 igye! and the
degradation of the image and the long-term damage to the lens can be prevented. It is another
object of the inverffithn to provide systems and methods for making the maintenance of the optical

element of an immersionﬂiﬁdmgfa@m/aam@wcatustﬂi@e@sd@n@n@ g}evﬁﬁ)sym@m\dﬂ@ﬁfmmw{ui lifetime of

the optical elejment S ARY OF T NTI n lithogr dqj*% app: ratL{s of this
Sp gtl E110VIn & ler% T ie am
invention includes’a reticie age ar nge ) re ain & reticie; a wor Ing S age arrange Y6 fetain a -

workpiece, an optiedl 18gpathra initkadieyehemil tmidestiotrsourdéhannage aptitel lefentent opposite the

workpiece for havm&g%l{g@g@i&gtggﬁrb%}g%ﬁgpe projected thereon by radiation from the
illumination source while deflnll‘lE &Hp between the optical element and the workpiece and a

fluid-supplying device foFpFGURIRT SHcFhPREIeB iR thaurEdn Shtpes AtdcrGB5tPthe optical

element and the wetkpieae: dmnmglammwgnczﬁmﬁg{a@mh@iﬁgﬁassonﬁhao@mwyﬁaaém includes

a cleaning d%wce to clearéttll"l qtptlcal eleme t Thfoﬂ out h r?ln the f orm c%eanlng will be used to
mean both removing immersion fqurd tha 545 dhtopt ical el t and
g sion fiqui een absorbed € optical élement and removing

dirt, debris, salts and the like.

SUMMARY OF THE INVENTION

[mmersion lithography apparatus of this invention includes a reticle stage
arranged to retain a reticle, a working stage arranged to retain a workpiece, an optical
15 system including an illumination source and an optical 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 to clean the
optical element. Throughout herein, the term "cleaning” will be used to mean both
removing immersion liquid that has been absorbed into 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 liguid. An

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



Many different kinds of the aforementioned cleaning device may be used 25within 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
30optical element. Ultrasonic vibrations may be used for removing the absorbed liquid. An
ultrasonic vibrator %t&he 8t Hierasricriplicsd shnesitatiz obtcattelemet wrehdhabilisinthripne optical

element or placed,gppesiiaifigRiicahelamentstiatitaidig WhRieAs ManLeirarsated to the
optical element through a liquid maintained in theb?ap. Alternatively, cavitating bubbles may be used

for the removal of the abSOFBRA HEiE2 R BHEE MR Rrs ARy Dreiay e gemarateidheitharid Blbbles in
a liquid Smaintainégunith& gajpwhtivieen 4hé oacdard:therapieaiaiamendles idctgnding to still

another embgd'meﬂ'atigga;(%?d'ﬂzvtﬁg%%gR%Q\%eréﬁ%ﬁléesa E{%ngré \c’)Vh'g;Q g glal(ragpersmn !IQUId is supplied into
the gap between the workpiece afid the optical element may be used to alternatively supply a

cleaning liquid by providifécarfio trotit-swhthing wdiew selchsis wrivite tho alezziasOivigeh system

and method of this,invsriiomthe:IraRing R'agRdure ke aames ignficantly sasietand faster
because there is no need to detach the optical element to be cleaned and the cleaning process

improves the usefGPHFEHRESPINES BRCSFLIQ AR s kTP Y R SERIPETONDE BFREBRAWING

flow route-switching device such as a switch valve.

10 With a system and method of this invention, the cleaning procedure becomes
significantly easier and faster because there is no need to detach the optical element to
be cleaned and the cleaning process improves the useful lifetime of the optical

element.

15 BRIEF DESCRIPTION OF THE DRAWING

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

accompanying drawings in which:

Fig. I 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;



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 20apparatus 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 iFigig. i #ndhanaseiot 2pfrbyicaiingosamnicendvaiendevcasasepiding to the

present invention; Fig. 4 is.a schematic. drawing showing a side view of a portion of the
e AT e SRR RGBS TR of another

immersion Iithogrfﬁﬁf’/‘%ppara u
immersion lithograjshjegipparatus having an ultrasonic transducer attached so as to serve as its

cleaning device; Fig. 6 issg,sghemalic-side yirwela PoIon-al.slk RO0ther immeisign Slithography

apparatus having a piezoelectric cleaning device below its optical system; Fig. 7 is a schematic
diagonal view of a%t%%'ﬁi?ﬁlﬁéaﬁf’ Hrdvobiaete @ gisgradectiic pdppndpsdsaen ekt els RESAESY S8 portion
of still another immersiorFighpgrapkhappateiisHapviag sy mddalbatiashedRirzasiestric planar
members as the cleanin%.degice; 1gFA%t9 isda schematic side \gevgof agg)_or.tion of still another
immersion lithography apparatus RaVIRg & Bubbie gereratifg SaH A< RE B BRI GBvice; and

Fig. 10 is a schenidticgsigbwignaoiis pevigiteb stititeaihtheadmiecsimiclitiogtaphyrappearatss having
a switching devicqﬂggg&qﬁgt@&g&}he fluid-supplying device. 15Throughout herein, components that
are similar or equivalent may be indicated by a same symbol or numeral in different figures and may
not be explaifed repetitibily Fof BRBGASIRAS v aederpigan of still another immersion

lithography apparatus having a bubble-generating pad as the cleaning device; and
Fig, 10 is a schematic side view of a portion of still another immersion
lithography apparatus having a switching device incorporated in the fiuid-supplying
device.
15 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 inctuding 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 I may alternatively be ArF excimer laser light with wavelength
193mm, 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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DETAILED DESCRIPTION OF SPECIFIC EMBODIMENTS 90Fig. 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 25light 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 splesifiptianafnifightion;jstich ast HY ion1is) daromdhs teleentriclighitiplagection unit
PL. The pulsed li ' A imer laser light with wavelepgth 193nm, F2 laser
light with Wavele%at{iré %LS m%ﬁéﬁlg{ﬁ%%- %%}g%a? rﬁrgrelggﬁry %Oréler? moﬁﬁmgsﬁgvyv?/g\ll%}‘é%%{ter% nm. In what
follows, the coordfyatedsyatdaisigdeoniaining thegrairhistromenantig. 1 is referenced to explain the
directions in describing the structure and functions of the lithography apparatus 100. For the
convenience of disclosuf@:andidieRdd ptipmy:thedightapicdiettionRETtiRioisdiitsateddhakignl only by
way of s last- stage QRYGRl SEMEL RHPMaS AcaR).d HIEROSE eRPORS (he Walol iy and @
cylindrical housing 3 contathing the rest of its componénts. The reticle K Is suppgr edonareticle
stage RST incorpéfeitihtias ieahanidn taofdimaeringl thesittichadomethaide dif doticticthB ¥odirection
and the rotary direeliofigrounct tReZarXiRict R HyQ-HiMSRRIORIRASAN snd.AsieNatioR.ef the reticle

Ron the reticle stage RST are detected by a laser interferometer (not shown% in real time and the
positioning of the ?%%&’5 PORIOREE 84 BY TSR BoHFSISIY 24 B BALILbE i dtdettn thus
made. 10The wafef ¢ ideleetibbyhaswaiét. holder (not shown) on a Z-stage 9 for controlling the
focusing position (along the Z-axis) and the tilting angle of the wafer W. The Z-stage 9 is affixed to

an XY-staged0 adaptedrio maxe i hedaplansraubsieptialhsRAaYekte 28.mpageforming surface

of the light projection unit PL. The XY-stage 10 is set on a base 11. Thus, the Z-stage 9 serves to
match the wafer 15GFHERE MEH RS IPgA S dorlans ihn & 1rim sroidetibliinmanete ol Baiatng the
focusing position Elorthétie Eaguxis)saifithditietdiking vagie: abthewedas Woby ibheéamto-feguesing and
auto-leveling meth@% Qq }? %%&t% 10 serves to adjust the.position of th waferk}g\qn the
. . t 1 : : 10 :
X-direction and thSe -@r}act o%n e two-dimensional cs)géll fon %e% eérL 1r?t%ft? %C%?Dtﬁén -Stage 9 (and
hence also The XY-stage 10 is set on a base 11. Thus, the Z-stage 9 serves to match the wafer
15 surface with the image surface of the light projection unit PL by adjusting the
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 wafer 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 time 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 confrol 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 1is 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
30 "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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20 of the wafer W) are monitored in real time by another laser interferometer 13 with reference to a
mobile mirror 12 affixed to the Z-stage 9. Control data based On the 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 25is 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 steplandrsdat fatitige: pkbeditbo grayry A pRar atkise 100 heing deseriveskwith reference
to Fig. Lis anim r.sif])n Iitho(graplayai';]}(%?g\rvaelt%és\%nd is hence adapted to have a liquid (or the

30"immersion liqui ';)S ‘otaspecified 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 element 4 of the light
projection unit PL at least WHAE 22 SREPAL Fhgaist ehérdirhbnroisctiampnirBlevrsaben the wafer W.
The last-stage optizadistherfideaftth@dighiirectianiupi Rld Raydhmeetachabhailixgsito the

cylindrical hoysing 3,and is desigped such that the, liguid 7 Swil con%ct nly the last-stage optical
element 4 ang no%ﬁgcgf/Eﬁcﬁ?gé?ﬁlgﬂ%?ﬁﬁ%%g %ﬂ%é’%ﬁ%@ to%%%lgn%ttty |@§I’I§/ 18@8%%%%9metallic
material and is likélscaudsebohwsgogrdtiadeally chheilispsid Makbiepplieddrend & liduld sUppbawenit 5 that

may comprise a tank,Agressure pump and a temperature regulator (not individually shown) to the
space 10above the wafer W under a temperature-regulated condition and is collected by a liquid

recovery unit 6. The temperature, of the liquid 7 is regulated tqg be approximately the same as the
temperature inside the cﬁanEtb(gl‘ljr? W Si%ﬂ&h%g éﬂlggaﬁa?ﬁﬁ%tg‘ﬁﬁg}(a‘fﬁg% it8¥ ‘fgﬁ?é%?etal.ﬂﬁumeral
21 indicates supplymossziesthrpugh mﬂam_taethwﬂm@mts’_ Qunmﬁédiﬂugﬂﬁhbowpmyherﬂpﬁz_eNumgral 23
indicates 15gCoveRy NoFEIgs A AL aRieiPE e Lk CalRHR NG L6RAYEDLYRI 6. Itis

liquid recovery unit 6. The temperature of the liquid 7 is regulated to be
approximately the same as the temperature inside the chamber in which the
lithography apparatus 100 itsel{ is disposed. Numeral 21 indicates supply nozzles
through which the liquid 7 is supplied from the supply unit 5. Numeral 23 indicates
15 recovery nozzles 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 miended 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

liquid 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, 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

30 is removed from underneath the light projection unit PL and a cleaning device 30 is
brought info 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



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 20are 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 fortastahlighingatstndaiftavoantheficksato eaeof, thesimmesiap, liguichdc25A
method embodyin%ftrﬁils wé/i%p jon 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 referéhgigrasiRigss argdridnds Aftdethingwefdc B isexposead Withblight romdhe

illuminator optical yit ihhreughAbe HehtRigiselian bRILEL iLthe RiRsENES PEMRdigHid 7 as shown
in Fig. 1, the liquid 7 30 is removed from underneath the light pro!ectlon unit PL and a cleaning

device 30 is brougFig B8 adaridirireinsticud e vtk e iy 42 SR dnmsH IR liaithhe case
of a portable kind, esishavwbsinteig b4 b eglednirg:devicer3nkmayde placadiondw the, Z:stage 9 or
the aforementioned wafer holder.thereon, as shown.in Fig. 4, in place of the wafer W.  Different
types and kinds ofgclzfggirll Sedg\?igg]%yc%oﬁl Se" tﬁ%%& ?losrl?ﬁg%ﬁk}%%gleaso? gt ("‘/gﬁ}%nt.o,&”saglﬁrst
example, the cleardiny déw@gﬁﬂﬁhwbeba.wﬁtmn@ﬁﬁtﬁmmwkimw Pofeeafi tiduith§ with a
strong affinity to the,immeraionisiiflfrIas: abearRed Ry 4ba eRficak 8'smEnk 4y L the mmersion

liquid 7 is water, the cleaning device 30 may contain éthanol since ethanol has a strong affinity to
water. Any cl8anindP HGTEHTAS? BE Tie catisrd Gamant hissarkafisidims) cnbrdiawinir wrsrefqdid to be
removed and doesinetsiaforgetheppiicaletementd of its epatingl Thad 1@kaiiemi st dage.of the
optical element 4 ifosoakedviir)‘?‘;[gl?3 céla%%lr_@r% ltilquid f.orLaelQeriod of timéa sufficientl%:&)ng to reduce the

level of the absorbedlii(r:ﬁ?l] . Thé cleaning evice té?jlls rénn%%v%ﬁ fﬁaer%ztﬁt%? Eiied et%f)lﬁet ﬂ'é‘l%ment 4
is ready to be exp@g@dite the liquid 7 again. As another example, the cleaning device 30 may

contain a heat-generating, 4 3dgyice.andier éxé'étfé%!!ﬁﬂg%@WE@&QS‘%%%%B&?%%Q@%\@H&J&%

combination of heat and vacuum on the surface of the optical element 4 causes the absorbed liquid

to undergo a phastETaRGE b XPaRYP Hrisedvaptnasiryhatesuriseorreainuetibrridifuid

density on the surface.nh thelapiicalelementdidsavientbe iquidd thabisabsored margidagply in the

element 4 to the ) gﬁgs%'change into vapor, or to evaporate from the surface. The reduction in lignid
density on the surface of the optical element 4 draws the liguid 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. 3, the gap adjacent the optical element 4
is filled with the immersion liquid 7. In this case, the supply and recovery nozzles can
continue to supply and coliect the immersion liquid 7, or the supply and recdeovery
nozzles can stop supplying and collecting the inumersion 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 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
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20Fig. 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. 25During 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 continue to supply and collect the immersion liquid 7, or the supply and
rec4eovery nozzlesntaelstdp pispplyiogiandieaieaingibe amersiandiauidcfAlsedyring the

cleaning operation ‘;pg tical element 4.can fa surface of wafer W, a surface of 30the Z-stage
9, or a surface of aanoltﬁat%e' éls[gserﬁ ff}f) 4 ’I‘Eigﬂ%efg% Gﬂ}h’? RUGRTENEN G SR PGS F0 Y 8% placed

below the optical efetéringdie beastbhnedp PhievtooltBaaptaypihteshapeddikadheoivaias Misuith
thickness more or Jasp agugLia 3tk icMAICLLEARAE 0,2 AN, 3% MAy e mads, eniirely of

a piezoelectric material such that its thicimess will fluctuate when activated. As the t00 15 placed
below the optical SBRHBHIATFRE the wafer W as shown in Fig. 1, and the gap between the optical

element 4 and the tool 3Pisififietenitaihe ligeisién PRSSUCMABS AR GRS BIRRINiBR dmmpersion
liquid 7 to clean thg gﬁgéi €l rqentérsiont)]ur'tln%the cleanin%agpera ion of Fig. 6, the gap adjacent
the optical element 4 is il e with Tha TR SIS fAshybR s i GSPRFartPratsvaRy nozzles can
continue to supply&Ranes e ciphéy isnfeakitohthie tidnosihel suphly: aindsnpphverny rogzies can stop
supplying and collggting the inmersipniaud & ile.0heke the,vjbrator tool 34 may be a
ultrasonic transducer attache%a?; tk?ﬁé er holc()jer oﬂéa Z-E%g%&%g%lﬁ%ﬁie@a?sts%lrﬁﬁ)r}}p%’ Fig. 7

shows anotH@r todl'3& LHAEIPEdLmhar Bl raeaspraraniadidity telsetic irddsducers 38

supported by a plahstegupparinghnemsend0. Fig. 8 shows still another example of a cleaning
device having two planad%.15t}1&mbers 49 of apé'%zoelectric material attached in a face-to-face

relationship and adapte 165 Oscillate paranal 1h EadHv St ARG AL S RIBHAWRE respect to
each other. As a resaiec!asssetmhisers #0svattadbiétito slach othesytwiy wmibtate 39 the transverse

directions, as shown in Fig. § yﬂ@”\gg%%gglgp@ﬁ%@gpggfeai&% MQ&%&'&%QVE‘&%%%%BS#”B at
constant intervals where the members 40 are not displaced. The
15 members 40 of a piezoelectric material attached in a face-to-face relationship and

adapted to oscillate parallel to each other and out of phase by 180° with respect to
éach 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 thé 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 high-temperature, high-pressure
microreactors and intense energy released by the imnplosive compression of the
bubbles is believed to rip molecules apart. The example shown in Fig. 91is
characterized as comprising a pad 43 with fins protruding upwards and rapidly moved

30 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



20members 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 25cleaning 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 implosivergompsessiondafrthabiphlesishslignadn sncmalecuies apatiIhe
example shown in Fig. ii char terizegg’%; comprising a pad 43 with figﬁﬁ)rotruding upwards and
rapidly moved 30h%ﬁ%3 Fi?f?%%é(ﬁg\ﬁ? rf SIFEUPE AR AR IR R R oY WS Bubble-
generating liquid 1satfitisguthergaples bietaeichr(tnssnifohaiovirgihelpaii43 Hot heingrpbewvn). As
the pad 43 is thus , fins. 3 ir. the liquid 17 and to generate cavitating.bubbles which
in turn serve to cleé%gi{r%ﬂcﬂ%aﬁigrﬁn%‘g%% ég{“é%l} %%gﬁgj\zysngz(ﬁ&ﬁe%g% %%Srlg %é to' hes%(?l(l)blem of
cleaning the last-stagjélgpteassieméntd byndpyileaninel Bavithepliduidionlied besivebutfaeeshy using
the same source negzalgpRhesad for supplying the immersion liquid 7. For this purpose, a switch
valve 25 is inserted betwgen the sugjply nozzlna 21 and the liquid unit 5 such 5that the immersion

liquid 7 and the cleaning TIGLTERRAHS SAPBSd Yaidts JeRofAet SpTlPme ssresIRe to it s
again to be reminded thvedritiven cheaapipigs shit hotisnaind sy Kteepasioc osgingto dhikfiamentioniare
applicable to immersion, li ifferent kinds and types, -say, having different
numbers of sourcg1 Fr?o?ngluégg? gv%ﬁ%%g@g)ﬁée% %a%s%ﬁo}?e%sc?%seéu gﬁéf)l\%ﬂncé'eéﬁ)L ﬁ(\ﬁl%%epéé?svseaarﬁy be provided

to each of the soufsEcHbBsZ R htibeRAYBaeHasI oIy idubio ik eobece ey akasles but may be

the wafer W itself gra paghddrbiasyiahie kingd thatnay.begplaced below the optical element 4 to

rovide a suitable gap in_between when the cleanin
P gap It may%e the water W (i:tself or zgl pad 18 of a suitable kind that may be placed

below the optical element 4 to provide a suitable gap in between when the cleaning
liquid 1s thus supplied through the supply nozzles 21, This embodiment of the

15 invention is advantageous because the same nozzles already present for supplying the
immersion liquid can be utilized for the cleaning process.

Although various methods have been separately described above, it goes
without saying that they may be used in combinations although not separately
illustrated in drawings. For example, the pad 43 with fins shown in Fig. 9 may be

20 used instead of the pad 18 of Fig. 10. In other words, the examples described above
are not intended to 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
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

30 adjacent the optical clement 4 is filled with the immersion liquid 7 from the liquid
supply unit 5. Ali 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.



liquid is thus supplied through the supply nozzles 21. This embodiment of the 15invention is
advantageous because the same nozzles already present for supplying the inunersion liquid can be
utilized for the cleaning process. Although various methods have been separately described
above, it goes without saying that they may be used in combinations although not separately
illustrated in drawings. For example, the pad 43 with fins shown in Fig. 9 may be 20used instead of
the pad 18 of Fig. 10. In other words, the examples described above are not intended to limit the
scope of the invention andgnianit shodlifications ang xariationsmake RassIE Within the-pearegf this
invention. For exa alishin d.similar, to, one used in chemical mechanical polishing may be
used for this purpc:%gl.l%?’l%eg ¢ ggﬁﬁ% g%%ééﬁ?%ﬂéf%% i %Fé??%ﬁ@ﬂ?ﬁ %%188%%3/ ggﬁ‘/\ﬂ‘i‘ﬁs’
25ultraviolet light. Terosidhtdinand debiistchaeapticat elemerniatdd THeclight meaning fierafateexposure

light from the illumiaataroptigal it SrsemeQtherlight 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 protEHE SHERATH Mgesuian? e tripbielitsating riwmicsoddeton in

which the gap 30adjatertythenpiicahelementithigijiad wishihe invnersion diduigaiamuthe liquid

supply unit 5. All such modific%a%oer}l?baqd. vatrf'lations that r%a%/_be %[iparent to a person skilled in the art
SR SR

St ing s BTGB AiPREany of the

) TetoVery s
are intended to be Within’the scope of
above described chssnie e et fotstamavidepignnde Sion, fiudeal3sor hedakly (leddashatageaoptical

element as well ag,galis dapagiis: did-andAghris shatnaxbaym acrumulpied , g cleaning

therefore refers to bath of these phenomena herein. SFig. 2 is reference Xt'to describe a process
for fabricating’ a setficBMHIEids WadrBBy LEltgamHarerSbn Hasbgaiishy dpisardtinstaedfforating a

liquid jet and recoveeysystemtenibeediftagithissiayeotianstp step3dbhe devsasiuasiign and
performance char ristics are designed. Next, in step 3 mask (reticle) having a pattern is
SIS AU nad Bt rsi%}?ng ﬁsp%?ﬁ&léf W30SV RWafer is made

designed according to the previous designing step, a
from a silicon matégiamirise imabkivattbenliding gnedss tegi@grocess and packaging process),

then finally the device is inspected in step 306.

15 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. Instep 312 (CVD step), an insulation film is formed 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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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.
15Fig. 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 wafer surface. In step 313 (electrode formation
step), electrodes are formegi R/, the dvalsiayHaRYr dapasiian 1 DasR 3 4 Hosimplaniation step),

ions are implanted in 20the v afeé. The aforementioned steps 311-314 form the preprocessing steps
for wafers during V\%Yée?%%g S GRS SRR TB 7R AHEr SRS TR A it § 5 Processsing
requirements. At eadn@zagecpﬁms pidcissingiiihér tepahdveisnentidaedipieplocessing steps
have been complefegl, he, fallowing RASI-HIOGERSING.; Cabinit p%{“‘a{‘é%%p%o%?‘d{f 9

post-processing, initially, in step 315 (photorcsist foimation step, oresistIs applied to a wafer.
Next, in step 316, EERPGELS sfdpy, Hsecabiveniinantibiidlicssiusintendedidetithasdibtongnsfer the

circuit pattern of a spgskiteeticlelstecaniafesicd Rehdn alerAl4L0aueloring iiin&apgsed wafer
is developed, and in ste%% ? gﬁtchin% S?{E%; p%rt other than residual photoresist (exposed material
y

surface) are 30 reMove eV Srah 28 Fo BTGB ABi Rr FRTBb AR Aephe G Hisoissa)
photoresist remainimgatfter. etching is removed. Multiple circuit patterns are formed by repetition of
these preprocessing and post-processing steps. While a lithography system of this invention has
been described in terms of several preferred embodiments, there are alterations, permutations, and
various substitute equivalents which fall within the scope of this invention. It should also be noted
that there are many alternative ways of implementing the methods and Sapparatuses of the present
invention. It is therefore intended that the following appended claims be interpreted as including all
such alterations, permutations, and various substitute equivalents as fall within the true spirit and
scope of the present invention.
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CLAIMS 1. A method for an immersion lithography apparatus wherein during an immersion
lithography process, a wafer for lithography is positioned on a holder of a stage and an image is
projected on the wafer through an immersion liquid between an optical element of projection optics
and the wafer, said method comprising: positioning a member placed on the holder under the
optical element during a cleanup process, whetep g Bquid exists in a gap between said optical
element and the member placed on the holder during the cleanup process. 2. The method of claim
1, wherein the member is placed on the holder in place of the wafer. 3. The method of claim 1,
whereirlthé\ifmatleaditer [RjuitMIS Aol Eadianty LaReisieshere b idjeot cin omtiess andithediaghy member
placed 9.%&&@ QIR PRSIIGASH wg:tta%@eﬁ%ah&mraaégeﬂaa methed @ Fﬁlfwaea,dwwein the
member incl container in wh e liquid i tained., 5. The method o clalwéc_}&, v%%slrein the
membeW?ée&HHB%‘%?r?Qé’ﬂ‘?éeﬂﬁé{?é M %%%BH'S?P FRSEH I BHEABE i pElike the

wafer. mefhhe coppnisth@f claim 1, wherein the member has thickness more or less equal to that of the

watfer. 8. The,MalfHqr L AaBesp W8 GRS TR h@%@ﬁ%@@ﬁeﬂa% deRsApghiathat of the

wafer. 9. The method of claim 1 wherein the member has thickness abou 5-Imm. '10. The
method of clai"g SRR EHIEY Hdh B ERMERWERAGRL SRlisE A emeni Al the e RRERIPB RSy one

of claimslbidodlionyvhe obéantipepiouasersion lithography apparatus includes a supply inlet from which the
liquid is supplied to said gap between the optical element and the member, and a recovery outlet
from which the liquid is collected from said gap. 12. The method of claim 11, wherein the supply inlet

and theZreboR/@gedMECiate prodiged iemeataed Dpaesd @digdatdehtn ecaeides Walling the wafer is

moved below the supply inlet and the recovery outlet during the immersion lithography process. 13.

The me ol%ofa n fcI |m 1to 10, whereln yof the liquid tos etween the optical
elemené heeﬂrr}:oég)m &P C'[IO%]I‘? o the" F"q q%om CE N g%%lflare St oppe%%gunrpg%e créanup

procesptics, aﬁéheiétmﬁem’@hpim of itlahelget iwposti ovied reidesthesiptictitlentieniid to said gap
between the optical element and the member and collection of the liquid from said gap are continued

during the cleanup process.
4. The method of claim 1, wherein the member includes a container in which the liquid is contained.

5. The method of claim 1, wherein the member is shaped like the wafer.

6. The method of claim 3, wherein the member is shaped like the wafer.

7. The method of claim 1, wherein the member has thickness more or less equal to that of the wafer.

8. The method of claim 3, wherein the member has thickness more or less equal to that of the wafer.

9. The method of claim 1, wherein the member has thickness about 0.5 - 1mm.

10. The method of claim 3, wherein the member has thickness about 0.5 - 1Imm.

11. The method of any one of claims 1 to 10, wherein the immersion lithography apparatus includes a
supply inlet from which the liquid is supplied to said gap between the optical element and the member,
and arecovery outlet from which theliquid is collected from said gap.

12. The method of claim 11, wherein the supply inlet and the recovery outlet are provided around the

optical element and the holder holding the wafer is moved below the supply inlet and the recovery

outlet during the immersion lithography process.
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15. The method of any one of claims 1 to 10, wherein the immersion liquid includes water. 16. The
method of any one of claims 1 to 10, wherein the liquid in said gap between the optical element and
the member includes the immersion liquid. 17. The method of any one of claims 1 to 10, wherein the
liquid in said gap between the optical element and the member includes a cleaning liquid. 18. The

methodigf ctaimnéthowbesajnditeotiganivg kislal inwtsiesuppnasothelifuide RRrilpg edasshane of
claims 1 to 10, wherein the cleanup process js perfaormed after the immersion. lithography process.
Eetingo e B S e o e e b o
wafer iSkeRpasigcess.

14. The method of any one of claims 1 to 10, wherein supply of the liquid to said gap between the
optical element and the member and collection of the liquid from said gap are continued during the
cleanup process.

15. The method of any one of claims 1 to 10, wherein the immersion liquid includes water.

16. The method of any one of claims 1 to 10, wherein the liquid in said gap between the optica

element and the member includes the immersion liquid.

17. The method of any one of claims 1 to 10, wherein the liquid in said gap between the optica

element and the member includes a cleaning liquid.
18. The method of claim 17, wherein the cleaning liquid includes ethanal.

19. The method of any one of claims 1 to 10, wherein the cleanup process is performed after the

immersion lithography process.

20. The method of any one of claims 1 to 10, wherein the cleanup process is performed after the

wafer is exposed.
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