1 Lithographi c Apparatus, Device Manufacturing Method, and Device

Manuf actured Thereby. The present invention relates to a |ithographic

proj ection apparatus conprising: a radiation systemfor supplying a

proj ection beam of radiation; a support structure for supporting patterning
means, the patterning nmeans serving to pattern the projection beam
according to a desired pattern; 5 - a substrate table for holding a
substrate; hitlographi¢ Apparutus\Devive Menufactjragt Methdd) and DeviverManbfaemredt 0 a
target portion of the substrate. 10 The term "patterning nmeans" as here
enpl oyed shoul d be broadly interpretedTEQTbyeferring to means that can be
used to endow an incom ng radiation beamwith a patterned cross-section,
corresponding to a pattern that is to be created in a target portion of the
substrate; the term™"light valve" can also be used in this context.
Generally, the said pattern wll correspond to a particular functjiona

| ayer in a devi cd B&reERIdRERItion Telates A {I@Pg@pmf@r%“rttquar@u@woa@nawg:

i ntegrated circui . i . . . of such patterning
means i ncl ude: Aakggéggﬁﬁg&%gﬁﬁgﬁﬁﬂ%iggpﬁgéﬁ%%gmﬁéﬁﬁ?%ﬁ%ﬁﬁhin | i t hogr aphy,

and it includes masfport #Rfsurs fersupportih@ paterniap hana thgareRhase nehnd derviagd
attenuated phase-shift, as well as _various hybrid nmask types. Placenent of
such a nasko baftern herpraicatiorbeanranerrkingsios gesirebpatier;ve transmi ssion (in the

case of _a transm_ssjve of neflection (ipm the case of a reflective
mask) of the radi®ati Sotﬁtt‘?n%%re#af Ogld%lﬁatsll‘{%mr%%(kd?daccor ding to the pattern on

the mask. Ln the aGRsectan Fs@eBStor pidjetiny BROfatefiled BeArH bt takeed bRICAIJfYhde a
mask tabl e, which ensures@t hat tﬁejmasE can be held at a degsi rged position in

the inconisneptratedi ati on beam and that it can be noved relative to the beam
if so 25 desired. A programmable mrror array. One exanple of such a device
is a matri x- addressabl e surface having a viscoelastic control |ayer and a
reflective surface. The basic principle behind such an apparatus is that
(for exanple) addressed areas of the reflective surface reflect incident

| i ght 48 diffractlée téringTpattemiveg means? as hera dohpbyse chauld s broafllysoterpmeid dent
light as undjffracted |light. Using, an ropriate .. . .

referring to means that can be used to endow an incoming radiation beam with a patterned

cross-section, corresponding to a pattern that is to be created in a target portion of the

substrate; the term “light valve” can also be used in this context. Generally, the said pattern
will correspond to a particular functional layer in a device being created in the target
15 pbrtion, such as an integrated circuit or other device (see below). Examples of such

patterning means include:

- A mask. The concept of a mask is well known in lithography, and it includes mask
types such as binary, alternating phase-shift, and attenuated phase-shift, as well as
various hybrid mask types. Placement of such a mask in the radiation beam causes

20 selective transmission (in the case of a transmissive mask) or reflection (in the
case of a reflective mask) of the radiation impinging on the mask, according to the
pattern on the mask. In the case of a mask, the support structure will generally be a
mask table, which ensures that the mask can be held at a desired position in the
incoming radiation beam, and that it can be moved relative to the beam if so

25 desired.

- A programmable mirror array. One example of such a device is a matrix-
addressable surface having a viscoelastic control layer and a reflective surface.

The basic principle behind such an apparatus is that (for example) addressed areas

of the reflective surface reflect incident light as diffracted light, whereas



filter, the said undiffracted |ight can be filtered out of the reflected
beam leaving only the diffracted light behind; in this manner, the beam
beconmes patterned according to the addressing pattern of the

matri x- addressabl e surface. An 5 alternative enbodi nent of a programmuabl e
mrror array enploys a matrix arrangeneﬁt of tiny mrrors, each of which
can be individually tilted about an axis by applying a SU|tabIe | ocal i zed

electric field, mmddscsmdmrwure@ecpu@zcbm kghtap yn lﬁbﬂtcmﬁ]t ighfr Hemgsn a@nm@na@au n,

the mrrors are ab uch .t

or1act an i ncortii: (Heana PaRTaaEh ek b 4 ARkred it A PR S BN R, Having
unaddressed mr r&{1§ thel difftdted! 11600 B&Hind; il ik Rlahg&! o b@ﬁﬁmeb&n&aﬁs&@ﬁﬁad
according to the addressing pattern 'of the matrix-addressabl'e mrrors. The

required matrix acaddh@mthgadﬂmssm m@clﬂmfﬂh@m‘slm@i@@md@s@f@bem oni c
means. Jn both of the tions.described her.eabove atterning neans
can COF#:)I’I se onealEﬁmaﬁB’F(? Lbﬁa%?’éﬂﬁ%{"@fwgw DYFTPLALAY GiRp 40 %F’Gﬁ%t i on on
M rror arrays as,fgy rﬁ%&%r&t ea&ﬁ;fmcwéquwi&w%ﬁe@bﬁmfaﬁQﬁﬂs
United States Patents US 6,891 and US 5,523,193, and PCT patent

appl i cati ons WO BB4pBHag aauﬂiahlﬂo@&lﬁz%ﬂ&%mwﬁnldlnr bgremplmmmg pieradledribier ei n by
reference. In the case of a prog rammlbelre mrror arr sai.d support

structure may beddwo8iTaERNEs DACE pgaiRy thy mirgeyp are mgpxg@dgwﬁa@?e syt Bat nay be
f d bl f
e or "oV g e hac SRR ) Cld Bl BIATLE O

i ncor pry at ed her i uhabifresseti amieroess in this mbee, the tdilected ppan tis sdtteneddwiceordingt hi s

case nay be enbodi ed as a frane or_table, for exanple, which nmay be fixed
or movable as rekuhe addressing palepLRdhe BRtr-Addressatly mirpis. rTé@trecﬁmefim%mext

may, at certain ' Ies
involving a mas kl]‘gcﬁ%tsrrg}k%n bﬁ%ﬁ&bﬁ%&% Iiérs%t%lﬁgtelect%mkﬁf%b% n%lﬁop 8| scussed
in such instancegnafiond desbebeitiReabbve, hl@c%h’t@ﬁd@g nﬁmtcgntcomfpn&éﬂ&wmefem ng
means as hereabove set forth. Litho I c projection apparatus can be

used, for exanpl programmalde FEAOr FeAYSr Qﬂ? infprmatignangvirer agays as hereagsferredn such

a case,. the patterm an ener.at e t

cor r esbbnd gt o KR EAPT PTEIe G KT et FoBRls TR 2 2oRRe end Uk
i maged onto a tasges 199rdldPTL Fatéht agﬁmhhbﬁéﬂg)%‘@%w AR w0833 09%) which
substrate (silicon wafer) that has been coated with a |layer of

radi ati on- sensi t argangraperpied hegeieby wifrenden Iydhwatasd of aprogragimable fdrronvirtdy, 3

the said support structure may be embodied as a frame or table, for exampile,

which may be fixed or movable as required.

20 - A programmable L.CD array. An example of such a construction is given in United
States Patent US 5,229,872, which is incorporated herein by reference. As above,
the support structure in this case may be embodied as a frame or table, for
example, which may be fixed or movable as required.

For purposes of simplicity, the rest of this text may, at certain locations, specifically direct

25  itself to examples involving a mask and mask table; however, the general principles

discussed in such instances should be seen in the broader context of the patterning means
as hereabove set forth.

Lithographic projection apparatus can be used, for example, in the manufacture of
integrated circuits (ICs). In such a case, the patterning means may generate a circuit pattern

30  corresponding to an individual layer of the IC, and this pattern can be imaged onto a target

portion (e.g. comprising one or more dies) on a substrate (silicon wafer) that has been

coated with a layer of radiation-sensitive material (resist). In general, a single wafer will



contain a whole network of adjacent target portions that are successively
irradiated via the projection system one at a tinme. In current apparatus,
enpl oying patterning by a mask on a nmask table, a distinction can be nade
between two different types of machine. In one type of lithographic

proj ection apparatus, each target portioh is irradiated by exposing the
entire 5 mask pattern onto the target portion in one go, such_an apparatus

i s conmonlapntasd amhele negworksofadiggend targetopiions that aggsuseessivalytirrodiateg vig Beus
-comonly referre .en- - ‘- oAk de jon is
i rradiat eo‘[ r%g%ér%%}s{eegé?)\ég%ygéggh%%%éﬁﬁ%pﬁgﬁ%ﬁ@ ern i pgﬁ%lél heﬁjggg‘jgée%t ion
beam i n a ghskaableef dikemeidndah € tniads béiween hees differdd@ typds bEGhEKING. TMbhé 6rpe
synchronously scanning _the substrate table parallel or anti-parallel to this
di r ect i on;ofdithegsaplopiojeciien apparatus,ieacipiaget pertion isiymdiatad Y ¢xphsing the entire

i ficati f act ll.y < 1), th d V at whi t h trat
Tabie i ooak el b HsEREL Rinttn Tt oernst N PP s B s SPre Bl
scanned. MarSwhfef QEHFREI 18N WtkMafi €O LicbRRMhRPREGredqY be 8 StepSnA8ES

descri bed can be gleaned, for exanple, fromUS 6,046,792, incorporated
her ei n by appafagrsenczach t@Bggtportionan utasitated bnprogressivey seaninmyg the maskh pafteaphi c

Phat i arieBRge mparidh P siutr offronch aefleping Setnies oo oavah foytg ' ©

material (&@8hShdustyidaBhing thd dibStrd BBl Yhral € Br arlt?Bardli1$h F1Al Sird@nURHES 90
various procedures,” such as primng, resist coatinhg and a soft bake. After

exposuile, inlpeneralyiist prajeetiomyysteen silbhaectaadagnificition faquoradddenceadly s Ui theas a
post - exposur e. bake (PEB), 20 devel opnent, a hard_ bake and )

measur errerﬁPFF‘_?'l?r% é"fh(iﬁhgﬁisu?wé‘tﬁ tﬁlél_ﬁ égscfl%%ﬁdd?"élg?e arigeter g? fimgs Bt alvkich isr es i s
used as a Bgﬁﬁ SibieQs BALh&] MR ihBah M AUGkh }egéﬁ‘arto %in T %gduc ice€adhe@" | G Such

a patterned layer nmay then undergo variou§S proces as etching,
i on-i npl andatiileed caqdeleagdd, fordxabple dtonol'S 600E60R| tRorpormrethereialbgni cal
polishing, etc., all intended to finish off an individual l|layer. If several

| ayers ar &cf&@ifer ed, then the whol e procedure, or a variant 25 thereof, will

have t@ be repe > i . f ices wll
be prlcessent on ﬁhgaqg%%&f?ﬁgﬁgg %ég%ﬁéﬂgs{@% ié%?%?%%%%%éﬂ%ﬁé ed from
one anot hefe.doyn &matleah inaged Gueh suistraicatha ds alesapdrtiglly wvengdebytdiayérndi vi dual

devi ces can be nounted on a _carrier, connected to pins, etc. Further
i nf or mat i oWdieEgamsensiyvesnatsripl (Ersisds Beortathis dmaging stendbe sebstratemagpydergo om t he

book "M crochi p Fabricatian.. A. Cli. i 0 epl.conduct or
Processi ng*a" EPFOC? c@ﬁ%%is gﬁ?aso@mg{engé%egl\%gér? a%aé]gr?d %\/E ?/l\/{gl—ﬁthapﬁgl@ WEnhsy  co.
1997, | SBNfps@dte @afdRGubiecled €0 biher ploesiuRQ! Qich abY poSit&ipesiEe bakk (PEB),

20  development, a hard bake and measurement/inspection of the imaged features. This array of

procedures is used as a basis to pattern an individual layer of a device, ¢.g. an IC. Such a
patterned layer may then undergo various processes such as etching, ion-implantation
(doping), metallization, oxidation, chemo-mechanical polishing, etc., all intended to finish
off an individual layer. If several layers are required, then the whole procedure, or a variant

25  thereof, will have to be repeated for each new layer. Eventually, an array of devices will be
present on the substrate (wafer). These devices are then separated from one another by a
technique such as dicing or sawing, whence the individual devices can be mounted on a
carrier, connected to pins, etc. Further information regarding such processes can be
obtained, for example, from the book "Microchip Fabrication: A Practical Guide to

30 Semiconductor Processing”, Third Edition, by Peter van Zant, McGraw Hill Publishing
Co., 1997, ISBN 0-07-067250-4, incorporated herein by reference.



For the sake of sinplicity, the projection system may hereinafter be
referred to as the "lens"; however, this termshould be broadly interpreted
as enconpassing various types of projection system including refractive
optics, reflective optics, and catadioptric systens, for exanple. The

radi ati on system may al so i nclude conmponénts operating according to any 5 of

t hese design types for directing, shaping or controlling the projection beam
of radiation, ~alfet theetkeod sivamiciy sthepyoiedtion sydern atayrhegqinatter herefgrred to as

col l ectively,pr ,singul ar a “hens” . G Further, the |ithegraphi
oo st us i R BV tofs e85 sRould BE BroaalyIHEREEA ot Atk iR PRI ymes |
or nore nagiorbpbli@bystei) iSdleding Paftaciid eptivh AGHectieVpaES ahd atadidpiricapaitmb,abl es

may be used in parallel, or preparatory steps may be carried out on one or
nmor e t abl efr ¢gampilie] Ehoradiabon gystem orayatsotingpéscamponieis wgeratiag a¢oording poanyr es.

Dual st [th ' t .e d i hed, . for. I i.n US.
5 060. 43 e REesn s Fo Rk Bb Shfiteor ket Ploi<SiBR eSS PEBKAOS. known
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a conbi nation of photons and gases. Several differenf cleaning strategies
15 have beEurtliedghe lifhogthphicoapperatusphay S artypk betviimgtwe ertmaoneysgbsiratd Gblem

radi ati on w oxygen, EUV radiation W th ozone qr, 150nmradiation wth
ozone. Th eegﬁé;tg’ﬁ B‘Hg gﬁV’BF‘V@QSk @%& b? 'ﬂﬁwo © 1388 s ViFrS iaaalt’é?fm]ttﬁ@% urface
of the opt| G Hard R or biephat) 58S kdy BE carfibBRETh ERCH r

suppl yi ng %%F%%l ngq%ggalgh’tgfb%ﬁotm t Sth)é sﬁz}rﬁacg of t ertcl)%(t?ﬂiéga léseeI enent .
The cl Hani whilbeasroohohahernsblesarbdkingweell foo cxpusares dowad 3thge Yitlelgeathicons to be
20 generated near the surface of the optical elenment. The secondary

el ectrons %qureﬂeswﬁp@,\fat examyie. 4R gehdamit ltand WEr 840784 - seggeriteden
oxi di zes a t may have built up on the surface of the optical
el enent . Tﬁ%eﬁggéﬁ?@r‘%‘{s@t hat carbon is renoved fromthe surface of the

optical el ement Thdrees kiomea retiddwieltaping die @pticalaémeands bfa tithogiapilicout by
suppl ying oxygen to all of 25 the optical elenments in the Iitho%raphic

appar at us araTatewsiagppeRbingtierel Riotonsiand epsandeveral gifberepicleaningsiratagies

are ol ool htPhideBghat Tol Bl by ARtk G2 R BT T3P e R OREY 7 0°

optical el gERRhSEUY rabhafian@athicRohdier 580 rdéigtieewithdeonys. EBthethod @il in a
first aspect stenms fromthe realization that it is not 30 always desirable

to cl ean abupphiing heygspte gl viehayrehiths sarfacetnd theagnsical lement thatihreghised tarhe
cleaning rate. ,The invention.t.herefore provides varj qus ans .f.or cl eani ng
oni y se ecoegieda b sShRE 3R ERTEY of FRowEl kbR sPas R larhefll s
and/ or nmeapRmkAi BRUSsdMNng beam of photons is believed to cause secondary electrons to be

20  generated near the surface of the optical element. The secondary electrons thereafter
activate the oxygen and the activated oxygen then oxidizes any carbon that may have built
up on the surface of the optical element. The result is that carbon is removed from the
surface of the optical element.

The above-mentioned prior art method is carried out by supplying oxygen to all of

25  the optical elements in the lithographic apparatus and then supplying the cleaning beam of
photons using the radiation system. In this way, all the optical elements in the apparatus
are cleaned at the same time. Further, the whole useable surface of the optical elements is
cleaned to the same degree.

The present invention in a first aspect stems from the realization that it is not

30 always desirable to clean all of the optical elements at the same time or with the same

cleaning rate. The invention therefore provides various means for cleaning only selected

ones of the optical elements in the lithographic apparatus and/or means for causing



5 different optical elenents to undergo different cleaning rates and al so
to undergo spatially resolved cleaning (that is to say the cleaning rate
varies across the surface of a single optical elenent). It has been

di scovered that overcleaning of the optical el enent can overexpose the 5
optical element to light which can causedrreversible reflection |oss of the
optical element. This problemis aneliorated in the present invention by
only cl eanidiffereti eptica plamecits to|vadenge lifferent cif@emgc,ra@amcﬁgl.so ta undergorspebiplbet  of

the present invention t verco the .prohl em.of over,exposure. of .the
optical el é?‘?gﬁ’teg cteﬁ%]tngéﬁ"@gllﬁso \?\ﬂgﬁe 6{@’?‘6‘5% 5‘?%5%1???9&0?%? h%?d%ﬂ%?ee()fu%%ﬁglelo The
present i n\égﬁ@dlglhﬂegt)appl icable to the cleaning of all types of optical

el ements including those having reflective or transm ssive characteristics.
The invention i slthsabeércdisenvieseddhasioversisianing@f the qriticaleglementican pyersxpsise e

di sclosgd in . EP-A-1, 06 2,.EP-A- 1 065, 568 an ur gpean Pat ent | i.cation
No. 022834 PRI cleen 8 gl SRy e ARPISTHIC ST SSr I e PR e

el enents capRya61En0t arldAb atedan e predeht BNERNIAShYIGE EleRgfg 'tHbsEBRtﬁfal 15
1,174,770. Thi's and other objects ‘are addressed according to the first

aspect of eleentovtbattrieed cleaning. | it hogr aphi ¢ apparatus as specified in the

openi n aragraph,. characterjzed by.cl eanin nmeans, for subjecting to
o emnt g’ Tnatur ks Sp ARBELH hE Plase imveRron chetoaredhe inbldt bf oYerSthogire

opti cal el eRRt sl diindlis IRANCuA WG] FRRIMANBEHRLas AL Qi on and a gas. 20

The ability to@ubj ect only 1 ndivi ones or ~subsets of the optical

el enenti8 (i.e. (bt padsentdhvdniion dpdpptiadble toethe pieading of all ek nfogitaliclementsat

t he probl em of .overexposure can be reduced, because the cl eanest opti cal

el enent s i analyding{hose hdn redlealiveery transmiseive chyAstABsticsr dbewentioni§ ¢l eani ng

of the opti . ' - QO | . rki hil e
those opt 1 EateaFEERPAGER o atiAa Rt 30N ROuSAD. T EP Aot 5B,
advant ageougaseio8atid Burogean PhdhngpplivatobBoe 02253455140 Fugtemicre Othe ifdfeation
shutters that obstruct the path of the cl|eaning beamof radiation._ The
shutters canandicpls e ppitrabelgments spmprisedpd sdaptiiedniriors yish ap dessgibad i BP-A-
appar atlgs 81“1“7407% be selectively opened and closed so as to block the beam
of radiationh to ohe or nore of the optical elenents. The use of such

shutters does notTh@yandidthé \Whjcdwiréladdiessédsdcotding to the fikdt bSfecOdt the alvenién
el enent, (i.e. the nost "upstream'gé)c{)tl cal element relative to the cleaning

beam of r anlpdithagrdphicanpaeiyssssnesiibed mghe epaiingprragyapth sharaeterizesdiyatl¢aming
systemis lfge%(rjls %0?' sxslgj%&liﬁ/g 'thc‘fearﬂng individual ones of said optical elements or subsets of said
optical elements using at least one cleaning beam of radiation and a gas.

20 ' The ability to subject only individual ones or subsets of the optical elements (i.e.
not all of the optical elements) to cleaning ensures that the problem of overexposure can be
reduced, because the cleanest optical elements in the system are avoided in the cleaning
process. Thus, cleaning of the optical elements which require cleaning can be carried out
while those optical elements that do not need cleaning are not cleaned.

25 An advantageous method for providing this benefit is to use one or more shutters
that obstruct the path of the cleaning beam of radiation. The shutters can be positioned at
various positions in the lithographic apparatus and can be selectively opened and closed so
as to block the beam of radiation to one or more of the optical elements.

The use of such shutters does not on its own avoid the fact that the first optical

30  element, (i.e. the most “upstream” optical element relative to the cleaning beam of

radiation) is always subjected to cleaning when the radiation system is used to supply the

cleaning beam of radiation. This is because it is necessary that the cleaning beam of



cl eani ng beam of radiation. This is because it is necessary that the

cl eaning beamof 6 radiation at |east reaches the optical elenent to be
cleaned and for this to happen it nust reach all optical elenents upstream
of that optical elenent to be cleaned. This problemcan be overcone by
providing further radi ation sources at v#&rious points along the path of the
radi ation. In connection with this, special cleaning masks or cl eaning
subst r at esradatiobat Bastrsaheetheioptioal tehpmednit tiprleguied @ndimrahiattmhapmnribhhﬂct t he

cleaning |i rough th ste i .e. | | r i on [verse to
the di rect’f‘a’ggh ?“281’“‘\?,@8@ g Ethf“ﬁ I?H’}Fﬂ)ﬁf(’mﬂgéo b?c ed. e@% emc

Accor di ng B@o@eré&ﬁeafpﬁﬁz&ﬁﬁg ﬁﬁihe} Hﬁldtl’&ﬁ%ﬂﬁﬂcé)snat v‘éﬂ@ﬁsepdlﬁts aroﬂg'tﬁéﬂatﬁofme ,

l'i thographic apparatus characterized by cleaning neans conprising spati al

vari ati on radationf dn cmstumgwa;h tHi§ sppeitli caetalnylg\maskedr cleasng spstaa@s) ndm bo occur
across }he, sur ai d tical elene s as t t t| on

t herefote H’dﬁ?“'é@ |“I]l§.h @E‘F%?'HWS tPtrefge&ﬁthSé eﬁB‘é’quﬂi‘bb ‘it’&“iaﬁﬁﬁ (‘E‘Peeanl ng
processes Ll gan iﬁé‘ﬁﬂ%oﬁ?%éett% tlflé SRBBE tﬁa@fardgmﬂqiava@%n ﬁp&mﬁ %Le offhgnent

but at the sanme’tine overexpose other portions o enent where
there aresysess). carbon deposits present. Spatially varying the cleaning
anount across the surface 15 of the optical elenent allows cleaning to be
concentrated on PREYEME IR FSeeHRdasPEchal ths imsationdhess iy rrogided abithqgsaphiq her eby

avoi ding oy C@Ja?ﬁ‘tﬁ?a{ ﬂ‘h&fz%a% Fﬁ\é{lﬂlg rf?é%hé’c& 141&%%‘:1&1&19‘? %ﬁ %an?f%?%?d x?gd The

means for usi ng suc aried c can or exa gray

filteriowi eputialy vmaécyctw@mg ANSUNLIS bdRur @diroﬁsﬁthé mﬁ‘ac\é@f@zﬁabpﬁéa&relesﬁdnﬁs across
its extent 'so as to 20 endow any cl eani ng beam of radiation that passes

through it or i sTh@faISEf@tt éﬂﬂlﬁrl@‘fﬂnﬂpn\'iheﬂfm& addyssges 4hq @wbl&ﬂyﬁhn@t Faft bﬁhmssgble

Preferably a se rage
pattern of wi é‘r?? Cﬁeén cf N g‘?%@e%lpﬁﬂg% deﬁ?sfs%qrﬁg l% { i cl eaned
since the El%ﬁfenﬁbtﬁ%ﬂﬁfé&mn@&ﬁﬁ‘@@@rex'ﬁbwoth 4l ofbie@@wcm ¢1&mbﬁaw1kae@mei@und
that the build-up of carbon deposits is 25 related to the light intensity

recei ved byrealngs gaehomidspdsits ppesent. gipatially wpving ghe deanmgamount aenosmithe sudace | n
o acfon of BRavieticiry AR Erdue G Bl GTEs RSt IR ceilfni o
o The machians e EEEH H%i‘%"?‘““ﬁ%f‘?é?‘??g‘?%“""*322*‘“%‘3"“8?%‘“;'“‘%‘?Ff“é?‘“ﬁ%?“fﬁﬂi
have a pat tlepasitbased on t he act u;al deposits of car bon that 30 have been
? ﬁteeCt ed across tl“ﬁg nrlselejlrrn;c (r:%m?sfmgt shueé‘ho ét{aﬁy v::u‘lec{3 cHE eaning c'::a%rben%élempfel E )éll‘a?(l ity
filter which has varying transmissive or reflective characteristics across its extent so as to
20  endow any cleaning beam of radiation that passes through it or is reflected from it with a
spatially varying intensity.
Preferably, the gray filter has a pattern which is based on the average pattern of
light received by the optical element or elements to be cleaned since the last cleaning
process. This is useful because it has been found that the build-up of carbon deposits is
25  related to the light intensity received by any particular part of the optical element in normal
use. In particular, parts of the surface of the optical element receiving the most radiation
tend to have the thickest carbon deposits. The pattern for the gray filter can be calculated
in accordance with the known history of usage of the machine or, alternatively, detected in
use. The gray filter may thus have a pattern based on the actual deposits of carbon that
30  have been detected across the surface of the optical element. For maximum flexibility, the
gray filter is capable of being dynamically adapted so that, instead of being replaced for

each cleaning process, its characteristics can be changed in situ. This can be carried out by



gray filter is capable of being dynam cally adapted so that, instead of
being replaced for each cleaning process, its characteristics can be
changed in situ. This can be carried out by 7 naking the gray filter froma
plurality of discrete elenents whose transm ssive or reflective
characteristics can be changed sel ectivelly. A third aspect of the invention
provi des a Ii;hographbgﬁg&paratus characterized by cleaning neans for

suppl yi ng makingahg grgy om aRlumalit Wfilisceste plemspisfvdiose Hansaissive pr jelgetive
el ement, acd a‘i‘ﬂéﬁsﬁ@%c&h&rcﬁa 14 HBdi: Dy, means for establishing an electrical
qpﬁg sgldéop£

field near surface o 'Chl el enent, so that secondary el ectrons

created by the i Atthir@aigeonofahe irvahtibrcproaideng litheaniphic dppskatisichiravtetibed hie
surface of said optical elenment are attracted away fromthe surface of said
optical el deamng means 106 avpplYing 2 clegping ibagm of eadigsionrto the surfagepiosagd erticel cal

field so that said, segondar 10,el ectrops are.then attrac oward the
surface of EXEH: 8%4 ?ng‘ﬂer g?aé#é?ﬂz.ed%é‘leélp%gotr?s@@fs%mgewl%c&%éﬁ%@%e&r ar the
surface of girhRe 0PLdig dpti®dl eI¥RiEht, 3b tifd k&dond AP CREEABLTREER R IStclREFRYL aAVaAY
fromthe surface of the optical elenent (and thereby pass through the

oxygen in sd#iéclepningbeam of radiationwithathe swffacetnd saigoptied! elimume ate)attaanded dveay
subsequent .reversal, of .th larit )f the electrical field causes secondary
el ectrons f8 eigf%tofﬁﬁ'ﬁé)ﬁa?%mgtaﬂ surface of the optical elenent,
such that the el gebfOR? rdfd e BURAL FHRaidAHase FiBMSH thivsaf RBchdag) ential l'y
I ncrease the cleaning rate by a factor of two. A fourth aspect of the

i nventin gleavirdese thehiatthrotpdapiad thppafaat ofsadaptaont eetmzad by cl eani ng neans
for supplying a ﬁ_hePni Ny m of r atign to the of said, opti cal
e

b di f
el enent, and fur o i‘]atgq?‘éla"rt%@ﬁﬁ?fi/“%g}?smffé?e ‘éfstggrﬁl’t?%c“ﬁ?ﬁ@e%at}lr@ct rical
field near ' | gal ’ j a
react | ve o OpErh SRR BlovEahily Bkl 2 sufy T M ol Bphel (EREKADD 3
means for pisitigongh teexyeacin thevigastyrabltiecukfase oflihe oprivibelatentmndftheel ectri cal

field and charged reactjve gas (_e.(%. oxygen) _ 25 nol ecules allows a higher
than aver agibse@isabraversgl ¢iihepolgay ¢ %@ecgegqltﬁiew@eswamdﬁ@' eleqiyong éebef t he

oo !¢, S50 2 S S il AN OO M
cl eani ng r ak@enfligfer twick had pokntimlyi ifataselthndedirtinCar Bea Aetorevedo.by varyi ng
the | ocal gas environnment using the electrical field and reactive gas ions.
A fourth aspect of the invention provides a lithographic apparatus characterized by
cleaning means for supplying a cleaning beam of radiation to the surface of said optical
element, and further characterized by means for establishing an electrical field near the
20  surface of said optical element;
means for supplying a reactive gas to the vicinity of said optical element to be
cleaned; and
means for charging the reactive gas molecules.
The combination of electrical field and charged reactive gas (e.g. oxygen)
25  molecules allows a higher than average concentration of gas to be positioned near the
surface of the optical element. This in turn means that a higher cleaning rate will be
achieved near that optical element. It can therefore be seen that different cleaning rates for
different optical elements can be achieved by varying the local gas environment using the
electrical field and reactive gas ions.
30 Preferably, the reactive gas is oxygen that is preferably charged to be negative so

that the secondary electrons do not de-charge the oxygen. In order to attract the oxygen to

the surface of the optical element, the optical element can be charged positively with



30 Preferably, the reactive gas is oxygen that is preferably charged to be
negative so that the secondary el ectrons do not de-charge the oxygen. In
order to attract the oxygen to the surface of the optical elenent, the
optical elenment can be charged positively with 8 respect to another el enent
| ocated distal fromthe surface. Preferady, the surface of the optica

el enent has a negative charge with respect to the On%ﬂl‘ifn particles and the

el ement  direspadt té ﬂmﬂwrwé-ersww@tedotlst@l 1o thei swefiece | Retanablndbe surfase oftheor e
negative cha al t the urfa t he o t . aI

negat i vel y CBHGH gRthenkte & Fiablis PRrdroiet Kb 28T Be ok gt O ey B Eement
particles) didtdl fioh ﬂfésshifhcveeéﬁ’th@l‘i i@EeleMiehthak 86 RE&GE mbR: fdpatieH GHafde $0Qhatt s and
thus is still able to attract the oxygen particles towards its surface. A

fifth as pe@tth@ightthe surfage rof teroppical\dlahesnt & deigatiedy elpniat @pgb theatfors does not

characteri ze cl eanin S L.Sin ns.for s ctj t he surface
o - sa S optFehies i Eeeh S g Sat Pt GOATBreariss Fnsd o e bt modty 88 et n
a gas so a%httsqsettﬂ g6lk t&bﬁa@ﬂtﬂgoﬁgeh@ﬁnﬁwsft@&ﬁds #9s@fackhe optical element.

The cl eani ng beam of el ectrons can be magnified and/or steered so as to scan

the surface of thbfibpsiectvf the srvention fitoeides ehthogr@h&npphnaw chyratteszed Bani ng
beam of electrons work in .the s as the seco trons that are
o o od wheIPaBG B CHBRHSING Meaenar Sies e Uik PGS AheAid aptieal HEmBR d, o ch
oxi des car hn, 0 Helf otlda68s Alco facp Wl a RSect leRfifie bPieRRAROf

§la

el ectrons can %g contror l'ed, a spatially vargagg eanl ng rate across the
sur f acepof otfltlﬁ:(tmltcaloaémaiterrent can be achieved. A higher rate of cleaning
can be achieved conpared to ho}on cl eani ng since the el ectron den5|ty t hat

can be provi ded Bipe ciggping bsamalsleskams Gan bimagarhiadand/or sigeregdsews Efe%PaW 4 he
secondary %}Lﬁ%‘éﬁr&g@ iﬁt&%ﬁg WaRN ltﬂe%l%cﬂja% %ﬁllé&%fﬁ@%ﬁeﬂntg}emeof%&tc

el enment sur si Xt h aspect vention provitdes a |1t ographlc

appar at us cliakacthershmedvdyyas thesosndaey elsetfupk yhat greecrghed whebe photbn bedig isur f ace
of the optical elenment having a wavel eng‘ktlh which wll not substantially be
absor bed byIS?CheT}é?p?l?‘éﬁlnS artéypisthe gy gapviigh axides C%@ra%@ﬁeeﬁawféh@omwal

hydroc%bo en\{\ggsorp &%HJ tff%tl% %@at‘ill Bﬂ&l%d%f ﬁ&@l& afaht&?c Eﬁlh 6%me

el enent’: eam rocar

nol ecul es a%fb@é tlersarfbtheoﬂtﬁ@gpttbaotleﬁmteﬁﬁ/caﬁfbetabmseem M%ll\eﬁﬁlte%f dlélﬁlm@kfah%e of
the optical element. Preferably, the photon beamis |ow energy and

conpri ses alchlamchqqmar%b@mhw@clml@eltm ¢lactrangdenaidy et ean bemr@wéed bymto
10:m regi e eﬁlégtponr Eae%lmaitslhlg%e t@l?a? Eatbo%gdeta%yqﬁe Xecondary electrons caused when the

photons interact with the optical element surface.

20 A sixth aspect of the invention provides a lithographic apparatus characterized by
means for supplying a photon beam to the surface of the optical element having a
wavelength which will not substantially be absorbed by the optical element but which will
be absorbed by any hydrocarbon or water molecules adhered to the surface of the optical
element.

25 The absorption of the photon beam by the hydrocarbon or water molecules
shortens the length of stay of these molecules on the surface of the optical element.

Preferably, the photon beam is low energy and comprises a radiation beam, for
example infra-red radiation in the 1:m to 10:m region. Such radiation is absorbed by many
contaminants (including water) and is also very well reflected by the optical element.

30 . A variation of this aspect provides a lithographic apparatus characterized by
means for supplying microwaves to the optical element, which microwaves are absorbed by

any water molecules on the surface of the optical element.



contam nants (including water) and is also very well reflected by the
optical elenent. 30 A variation of this aspect provides a |ithographic
apparatus characterized by neans for supplying mcrowaves to the opti cal

el enent, which m crowaves are absorbed bé any water nol ecules on the
surface of the optical elenment. 9 The aBsorption of the m crowaves by the

wat er nol ecul es_reduces, the Jength of stay of the water nolecules on_ the
surface of the ESE? AbsRrDtiandrahe mikawaves by e WalET BolecHies diess S frdgth of ey

phot on beag{,](hglg)@afteqrnqgh%lémr{@érsggacrquiﬂ?%%{#ﬁ}d elQhedll Crovaves can be applied

nore gener Into the vacuum system er than at 5 specific optical

el enents in theA¢acuatatisysf thakixgoadphet] tha pjioteatbesam (plebaaible infea-rediydiaegr bons
in the vacuum systemwi || ahsorb the photon beam or m crowaves and the

| ength of StENFrewaysssdl be apRlisHiMAR ECRBRIBEIBIehe yacyue systrn Galsr thagate t he

vyacuum §y5%¥%§oﬁc\éﬂ;ﬂ&icggeqer¥1§rgﬁgleﬂe g}esice?ﬁ} B¥ndi 25 %{e?hﬁgéuge%%es and/ or

hydr ocar bo 0 phot on am’or mcrowaves 1s belreved to

assi st i n hydakirbéhstihehdrardsmalstemntidnbesrbithel fhotst Beut eSmavnsiwaves Agdtlieng up
t he contam nant nolecules so as to assist in their renmoval fromthe surface

of the opt length ofistayerfithese sopfamsaphmoleciiies Bn thesurfapestingdedietvaeyum R¥stemyvent i on

there is proyided, a |ithogr.aphi c rojection a rat us cl eani t hqd
conpri si ng“?OIXbe E%élﬁféd' o‘é?sogﬁ’tbo\%irbd(i trllla g?éé 0611%(1“285 a@@%ﬁﬁﬁ%ofae{h‘f%ﬁog%ugﬁailglegas to
an optical prbt6ABEAm OF micrbWavexdi Bbiicad S SsRBiin Reddhd Bk Monds MRBABNThar _
proj ection systemof said |ithographic projection apparatus to clean said

opt i cal0 el emwigvules\andioehsatimgartibe capaninant rapleerdes soofs te apsist imthieatremnavalsyst em
sai d patte%rni nt% nﬁ%.ns 3r sai. d roljnecti on systemis not cleaned. In

accor dance "1t He HEA S edolg’scﬁg%l? Bt the invention there is provided a

| i thographi ¢ projeadcbRIAnéPRAR Rl SrsEAspactiof the TRV N TMTP S prblided B GitlRlePiphicOf

20 providing a cleaning beamof radiation so as to cause a spatially varied
cl eani ng arpemion tapparema cleaning seethdiecamprisinggho ftepmofopt i cal el enent form ng

e o A A S E eI R R PR, eSO, & B eSLen System el
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near the suppaates af clean sapt oah! dbmeamntvhémbyramghgaptical elenzent afiszad raifatRpst em
2 PaLLer 109, P ol bt S Sl g o proyectior
appar at us; 3Y$ p g proj Yy
In accordance with the second aspect of the invention there is provided a
lithographic projection apparatus cleaning method comprising the steps of:
20 providing a cleaning beam of radiation so as to cause a spatially varied cleaning
amount to occur across the surface of an optical element forming part of a radiation system,
a patterning means or a projection system of said lithographic projection apparatus;
In accordance with the third aspect of the invention there is provided a
lithographic projection apparatus cleaning method comprising the steps of:
25 establishing an electrical field near the surface of an optical element forming part
of a radiation system, a patterning means or a projection system of said lithographic
projection apparatus;
providing a cleaning beam of radiation so that secondary electrons are created,
attracting said secondary electrons away from said optical element using said
30  electrical field; and
reversing the polarity of said electrical field to thereby attract said secondary

electrons toward the surface of said optical element.



provi ding a cl eaning beam of radiation so that secondary el ectrons are
created; attracting said secondary electrons away from said optical el enent
using said 30 electrical field; and reversing the polarity of said
electrical field to thereby attract said secondary electrons toward the
surface of said optical elenment. 10 |In décordance with the fourth aspect of
the invention there is provided a |lithographic projection apparatus cleaning
met hod conpri si nfp adeerdeneswith thedfoumiy bspeht ofghainvententthérea$ proveded anear t he

surface of .an optical. el.ement form ng par of a.radjatjon system a

patt er ni ngllﬁggﬁg_i“{‘frprgleﬁ?%r} TIEFOR g?@%%ﬁmgﬁ‘?lﬂpq‘?l?%&ﬁﬁ Pt 5 projection
appar at us; char gbqisb1RRHIR UR%ridiP il WeRSthe 3idacs WPRh Bpikth] SRhfEnf PAfHEA 2K Y JEN
gas nolecules to the vicinity of said optical elenent. In accordance with

the fifth ebpediatioh syfemi apattariiog mdaes er 4 propcbon shestenaof saidhbtpogpiphic 10
pr oj ecg on apé)ar atus cl eaning nmethod conprising the steps of subjecting the
surf ace® of PEUCCHRP ARBI2¥Penent fornming part of a radiation system a

patterning mansc@}%ﬁg%&?ﬁféa&%l&){%e&l&f sai d |ithographic projection

apparatus to a cleani'ng beam of electrons in combination with a gas so as
to affect cleani agpdfing bad sharfedexygoh ghdraokepilectl the veirdtytof sifd dpticalccor dance
with the sixth aspect of the invention there is provided a |ithographic

proj ecti oneléﬁ"ﬁ&?-at us cl eaning nethod conprising the steps of: subjecting the

surface of an opyl gal, &LEMRRh ol ApeDs eoifl’l\i%lt{o?l?.h%% irisggoﬁ’fi%& g'ﬁlmo%rallpgj]c

patterning means or a projection system of sai hic proje

appar al@s pidj¢ctiophppaatsbivhing neethmvaingr3ing théiskpd of: not substantial |y
absorbed by said optical_ elenent but 20 which breaks the bonds of

hydr ocar bon or watigcting|the srtase gfipeorticat eJemprt forping part of a fdigtion HERL Bhe

bonds of t r et er . r s t.am nant
nol ecul es E%\%@g%%ggp?ﬁgﬁ%g S%%g%%iﬁ@gga ﬁ{cﬁgﬁg?él{;%%%ﬁ%a i%on of

the opti cakleghiaf®BBirs of RcA6ndii@ombiRfibn hithiar QY e hed Afdt &1bshipyoPhe Qufadene of
the vacuum systemis decreased. 25 In accordance with a variation of the

si xt h aspeef thefoptipd elememit i on there is provided a |ithographic projection
appar ali 51 cl eani Prgacrg%}* %ge \%ﬁ%ﬁ! sﬁli(tﬂ%slger(]:?ois tthg ri)r§1\f<3,(r)1Ii(:)n there is provided a
lithographic projection apparatus cleaning method comprising the steps of:
subjecting the surface of an optical element forming part of a radiation system, a
patterning means or a projection system of said lithographic projection apparatus with
photons having a wavelength that is not substantially absorbed by said optical element but
20 which breaks the bonds of hydrocarbon or water molecules adhered to the optical element.
Once the bonds of the hydrocarbon or water molecules are broken, these
contaminant molecules can be pumped from the system. Thus contamination/oxidation of
the optical elements inside the vessel is prevented and the pump downtime of the vacuum
system is decreased.
25 In accordance with a variation of the sixth aspect of the invention there is provided
a lithographic projection apparatus cleaning method comprising the steps of:
subjecting the surface of an optical element forming part of a radiation system, a
patterning means or a projection system of said lithographic projection apparatus with
microwaves, which microwaves are absorbed by water molecules to reduce contamination.
30 There is also provided a device manufacturing method comprising the steps of:

providing a substrate that is at least partially covered by a layer of radiation-

sensitive material;



subj ecting the surface of an optical elenent formng part of a radiation
system a patterning neans or a projection systemof said |ithographic
proj ection apparatus with mcrowaves, which m crowaves are absorbed by
wat er nol ecul es to reduce contam nation. 30 There is also provided a device
manuf acturi ng nethod conprising the steps of providing a substrate that is
at |east partially covered by a |ayer of radiation- sensitive material; 11
provi di ng a pr oj Beviding bpmincoen beam af 1adiation vpige 4 radialien $ysi¥syst em  usi ng

patterning means_to ow th rojegtion beam-with a pattern i.n.jts cross-
section; proj ect?sﬁlﬁggﬁr%%r%g P%?lﬁsetgjeggéé ?%efpr%?ﬁll% %’ec?ﬁn ‘o"ﬁﬁ@l’gﬁ?g’r@é DEFti on of
the layer of 5 gpfb@tion-sensitive material using a projection system said
met hod bei ng characterized by: cleaning the apparatus using the nmethod of
any one of the fpioictingthsipattirngd peam of pliatipn entorp/target pertion Of fet Inyar @i

specifigc ref eren%ﬁ. 'imﬁ be.tmade inalt his text tto th‘e use of the apparatus
accordi'ng to t het P RPQAEFEH Y PR R MR G R PATF RO Y B, it should be
explicitly under gf@pgiHoAMeingShafacRfz&PHAr at us has nmany ot her possible
applications. For exanple, it may be enployed in the nmanufacture of

i nt egr at ed opt i cdbariysthemppargius dsing ¢heamethded pBartyi ane qf sliet Brshto fixth aspatet i ¢

domai n menpri.es, liquid-crystal display panels, thin-filmnmagnetic heads,
etc. 15 ThECRYPHI8Y artisan will appreciate that, in the context of such
alternative applications, any use of the terns "reticle”, "wafer"” or "die"

in this text should be considered as being replaced by the nore general
terns I'Omask", "sAbboughtspécifindeféteacgmby pomadon thisrtestpechd wselof thd appatatuspr esent

docunent, the fernms_ "radiation' and beant_ are use o0 enconpass all types
of el ect r ofEgFHDE 10 thedVERTIIHD The Bappienyre el s %}%lfd b wrtgfﬁmtd@%?owwh a

20 wavel en f e; -vi ol et
r adi a;/i on, gl%ac.ﬂga.El ap ﬁ%@t{uﬁglélgm\i\%ggﬁhgﬂgqsﬁﬂgen%ﬁgﬁﬁlﬁgl}qg%pw?ﬁaggg% V\éél‘% IfIBgeéi !
particl e biaie madufatudsof integheahsptizal sysleas] guidanee and detdtidnopiglerrsibs

application focuses mainly on _the renoval of hydrocarbon and _ water
mol ecul es Pegpsticiomain mgawsiepliquidcrysial digplaypanglsnthin-filyp magnelp bepdssetc.

contariants Bt i £ Brk BRSPS SRNSGRISAIBo AT,
Wit h car bogisgamBxicdas "deticles, "alafe" be"do'sa ithib &xt shouddbyéonsidered as being
replaced by the more general terms "mask”, "substrate" and "target portion", respectively.
In the present document, the terms “radiation” and “beam” are used to encompass
all types of electromagnetic radiation, including ultraviolet radiation (e.g. with a
20  wavelength of 365, 248, 193, 157 or 126 nm) and EUV (extreme ultra-violet radiation, e.g.
having a wavelength in the range 5-20 nm), as well as particle beams, such as ion beams or
electron beams.
Although this application focuses mainly on the removal of hydrocarbon and water
molecules from the surfaces of the optical elements, other types of contaminants may also
25  beremoved. For example, oxygen deposits from oxidated ruthenium can be removed using
an appropriate radiation together with carbon monoxide. It is also be possible to remove
deposited silicon (e.g. from a silicon containing resist) in a similar manner. For example,
gaseous hydrogen (H>) can be used to remove solid Si contaminants to form gaseous SiHj.
The use of infra-red radiation is preferred because it is believed that such infra-red
30 radiation causes an energy transition in the contaminant molecules (e.g. water) that are not

caused in metal. The absorption of the infra-red photons by the contaminant molecules

often causes the molecules to reach an excited state and thus increases the probability of



deposited silicon (e.g. froma silicon containing resist) in a simlar
manner. For exanple, gaseous hydrogen (H2) can be used to renove solid S
contam nants to form gaseous SiHA. The use of infra-red radiation is
preferred because it is believed that such infra-red 30 radiation causes an
energy transition in the contam nant nol &2ules (e.g. water) that are not
caused in netal. The absorption of the infra-red photons by the contam nant

nol ecul es tmltlzﬂmg:@zﬁ@égede frem g seface s Waterhaa a nemyrbreadeabserption spectrytand-igs
i ncreases the pro o%?l'b &sent ﬁ%él{u[o%% H%logfgé R@%ﬂer“ hOM0HRE it ace.

Water has a véry roa sorﬁ]t]r Ion spec even possi ®ble with
the pr esenbxygmemﬂlt@arowbdn &mdmts@rd Not\wéfeeted. nIIhﬁgﬂéf@ﬁale \Mowle@er, @X¥geN and
hydr ocarbon nol ecul es are not affected. It is preferable, however, to al so
di sl odge hylistastigamdipcaibpemlesylegas wisll|as soteraaecuiast ecul es. 5 Enbodi ment s of
the invention will now be described, by way of exanple only, wth reference
to the acconpanyi ng schematic drawings in which: 10 Figure 1 depicts a

| i t hographi c projection apparatus according to an enbodi nent of the
invention; Figure 2 depicts an illum nation systemaccording to an

enbodi ment of the invention; Figure 3 depicts a projection system according

to an enbodi nent of t.he 15 i nvention;, Fiqu 4de cts dified
reticle or wafer E\ml{oﬁuaerg f{f}gér}vegl ano‘?ig’ng 1% W%Yn Fer% of the
present i n‘Gﬁﬂltﬂeﬁ'?encg'ttgﬂfeeacéoﬂlﬁa@n@s@%}nim EE h?whl’cill ectivity of a MSi

m nor according to the present invention; igure 6 depicts an

illum détion sysﬂrmnrwl ﬁhpmtsgrlayograpmepr@mondpmammamrdmm gmebadimEntt he
present inv {l'!f: Fl gure 7 shows the corrp05|t|on of a gray filter having a
plurality igyentio 8 elements; Figures 8 and 9 show a pair of discrete

el ements being i lg Q%Eﬁigtsaaﬂqllﬁ IG5} WY Aoldifhlo SMlfbddifeibriaee of an
optical elenent a dem)wstrate re ectl properties

di screte elieretibs, are vari ed accordl ng to an enbodi rent of the present

invention; Figure 10 shows a neans of cleaning a surface of an optical
el ement using an Figure 3 depicts a projection system according to an embodiment of the present

15  invention;
Figure 4 depicts a modified reticle or wafer with a diffuser element, according to
an embodiment of the present invention;
Figure 5 is a graph showing the reflectivity of a MoSi mirror according to the
present invention;
20 Figure 6 depicts an illumination system with a gray filter according to an
embodiment of the present invention;
Figure 7 shows the composition of a gray filter having a plurality of discrete
elements;
Figures 8 and 9 show a pair of discrete elements being illuminated and reflecting
25  light onto the surface of an optical element and demonstrate how the reflective properties
of the discrete elements are varied according to an embodiment of the present invention;
Figure 10 shows a means of cleaning a surface of an optical element using an
electron beam according to an embodiment of the present invention;
Figure 11 shows a view similar to that of Figure 10, but which includes a
30  magnifying means for magnifying the width of the electron beam;
Figure 12 shows a side view of an optical element and an associated electrical

field according to an embodiment of the present invention at a first point in time;



el ectron beam according to an enbodi nent of the present invention; Figure 11
shows a view simlar to that of Figure 10, but which includes a 30

magni fyi ng neans for magni fying the width of the electron beam Figure 12
shows a side view of an optical elenment and an associated electrical field
according to an enbodi ment of the presen#3invention at a first point in
time; 13 Figure_13 shows a side view of an optical elenment and an

associ at ed el ect Figtisg 13 paws 2 slervieyrofiap optieal e&mammmsgm@edzl,ecﬁwl at a

di fferent pgjnt. i | fe; JFlLaur e i iLew. of..an optical el enment
and an assglgilda%%ndpaélwec Ffllc% |1(Iallq: é'ﬁ 52gmﬁﬁ%&tf%?%{%p@%%dﬁ"ﬁ%’nt of the present

invention; 5 Fi g@igrd b4 sivavisa dévider ofla@\Wpatal Ren@dit hiPdn Ss6¢TRIGH eRBEicAHTEId
associated electrical field, simlar to that shown in Figure 14, but with a

di fferent etawrding éxnin embodimept ofithe preserd ewestion;pl an vi ew of the configuration
of Figures 12 to.l15 and:;. Figur.e 17 shows iew simlar to.that, of. Fjgure 11
oxcopt S ot the iz Rasnrhie tEudd D eRr et i abSoib bisPlrichl.”

el ectron beap, aliak RSt HcviA SR8 31 RR Kifhth IBRASE eledBcdlTiddie Fi gures,
correspondi ng reference synbols rndicate corresponding parts. Figure 1

schemati cal |y depigirs l@shawhwplenphevcofithe pedigumiioapp diiguress! Zaocddradng to a 15
particul ar enbodient . of the invention. .The aratus conprises: a radiation
ystem Ex. 1L Gt pryi i e pette ofet e BB RRT L Pee e R he foin Tgklitel
radi ation) v, Wi § Brdafr WiteRiRAlibA SRt RSF béHnd SnFABRY drS RS blarh 3LAk¢ ARamOUr Ce
LA, a fi rs?aobfeg{ at égrlméﬁi mas}k t abl g) MI' provided with a mask hlgﬂg%er or

hol di ng0a nask Mitthedigures coatsponding refiancosynael enldicatefdorsspondiigtpacsi ng
means for accurately 20 positioning the mask with respect to itemPL; a
second object table (substrate table) W provided with a substrate hol der
for holding a substrate W(e.g. a resist-coated silicon wafer), and
connected to second positioning neans for accurately positioning the
substrate with respect to itemPL; a projection system ("lens") PL (e.g. a

mrror group) for_ima?i ng an_irradiAategi 25 portion of the nmask MA onto a
target portion CFigirgl selsmpptically,genctea dith CRTEISTN anpaErtusAcseRding te ay  As

ot By o pfflioulaP EnBORRA Pl "l BELANS cbfadsl: 9, D25 B Ll ective

mask) . ener a 't may al so ansm ssive type, for
exanpl e (e.g. w thadiatisranstens Bk Ve, foraspplyindatpesjsationtehin, PB beradiytiondé gs nmay
empl oy anotE%a‘; rzi(ciiigtgong),fw}?igltl t'1netrh?si ga%tigl?grnczée eﬁgocchon?psrises a radiation source LA,

a first object table {mask table) MT provided with a mask holder for holding a
mask MA (e.g. a reticle), and connected to first positioning means for accurately

20  positioning the mask with respect to item PL;

a second object table (substrate table) WT provided with a substrate holder for
holding a substrate W (e.g. a resist-coated silicon wafer), and connected to second
positioning means for accurately positioning the substrate with respect to item PL;

a projection system (“lens”) PL (e.g. a mirror group) for imaging an irradiated

25  portion of the mask MA onto a target portion C (e.g. comprising one or more dies) of the
substrate W.
As here depicted, the apparatus is of a reflective type (e.g. has a reflective mask). However,
in general, it may also be of a transmissive type, for example (e.g. with a transmissive
mask). Alternatively, the apparatus may employ another kind of patterning means, such as
30  aprogrammable mirror array of a type as referred to above.

The source LA (e.g. a laser-produced or discharge plasma source) produces a

beam of radiation. This beam is fed into an illumination system (illuminator) IL, either



30 a programmable mrror array of a type as referred to above. The source LA
(e.g. a laser-produced or discharge plasna source) produces a beam of

radiation. This beamis fed into an illum nation system (illumnator) IL,
either 14 directly or after having traversed conditioning neans, such as a
beam expander Ex, for exanple. The il | ubfnator 1L may conprise adjusting

nmeans AM for setting the outer and/or. inner radial extent (commonly
referred t élra@,ﬂsaorcﬁ%é hayipg traveripdesonditiening angans spsh aya beam expanderdia, yor
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intensity distribution in its cross-section. It should be noted with regard
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being led into the apparatus (e.g. with the aid of suitable directing
mrrors); fhoss-skettoner scenario is often the case when the source LA is an

exciner |aser. The.current inpvention, a d ai enco both of . t hese
scenarios. 15 Thét$HeY4 W%?iﬂ%’&ﬂ&“&f}qu‘gﬁffsﬁég%&e i%@eﬁgﬁlwe Wihigihs s hel d
on a nask : j : i J@cﬁﬁc -1 he
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porti om0 C afmérherydanp] foateanile\butthitiemapalio bt rérhete Simaothe liplegiraphdei ng neans

(and interferonetric nmeasyring pneans IF), the substrate .table WI can be
noved accuPEPEFHPAD @P@f.ams?og‘%a‘g%u whichpthredusat g‘?‘%& &ét’“ﬁ? ¢ ARRFEAYY C i n
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to accurat%?'y position the respect tot eam PB,
e.g. after therehaiiAadd ar etcimeniaser Ofhet duerentiakerdt#dnfand Olamzeakohpdss doh, ofor
during a scan. In general, novenent of the object tables MI, WI will be
real i zed witheseSeRaHPY of a | ong-stroke nodul e (course positioning) and a
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stroke actuator, or may be fixed. The depicted apparatus can be used in two
di fferent dewdy:, which focuses the beam PB onto a target portion C of the substrate W. With the
aid of the second positioning means (and interferometric measuring means IF), the
substrate table WT can be moved accurately, e.g. so as to position different target portions
20  C in the path of the beam PB. Similarly, the first positioning means can be used to
accurately position the mask MA with respect to the path of the beam PB, e.g. after
mechanical retrieval of the mask MA from a mask library, or during a scan. In general,
movement of the object tables MT, WT will be realized with the aid of a long-stroke
module (course positioning) and a short-stroke module (fine positioning), which are not
25  explicitly depicted in Figure 1. However, in the case of a wafer stepper (as opposed to a
step-and-scan apparatus) the mask table MT may just be connected to a short stroke
actuator, or may be fixed.
The depicted apparatus can be used in two different modes:
1. In step mode, the mask table MT is kept essentially stationary, and an entire mask
30  image is projected in one go (i.e. a single “flash”) onto a target portion C. The substrate

table WT is then shifted in the x and/or y directions so that a different target portion C can
be irradiated by the beam PB;



1. In step node, the nmask table MI is kept essentially stationary, and an
entire mask 30 inmage is projected in one go (i.e. a single "flash") onto a
target portion C. The substrate table WI is then shifted in the x and/or vy
directions so that a different target portion C can be irradiated by the
beam PB; 15 2. In scan node, essentially5the sane scenario applies, except
that a given target portion Cis not exposed in a single "flash". Instead,
the mask tabl e Mn scgn mpdabtsecritialln thegiamerscetiarioapploes, ¢xdept thet xgiverthrggcan
direction",
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beam of photons and oxygen to every optical elenent in the apparatus and
t hus does FsPIutigRe account of the fact that different optical elenents
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lead to irreversib ref ectlon ure {ion applied

to theld! | pafrnatthe Bpsystiers which g prSseat i’n@éﬁiﬁbn lgﬁplﬂﬂﬁVWlll roRebdésoribdd.
radi ati on produced in the source LA enters the illum nation systemIL and
i mpi nges upon a first optical elenent, in this exanple, mrror SPF. The beam

is then rrors FF, FF, Ni, N2 and Guntil it
event ual | y TG eﬁﬂ: IWﬁﬁffOﬁ]t em as projection beam PB. Wen it is
desired to clean the optical elenents, the entire illum nation systemis 25
filled with oxygen and a cl eani ng beam of radiatjon is supplied. In the
prior art, this Tblmmqﬁgfﬁ@amqmtwnmﬁlmcmdrtomﬁ theprobleaa thal sheskanpp’m ed by the
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radi ation i.s caused to interact only with individual ones or subsets of,
t he require different amounts of cleaning. Overcleaning an optical element can lead to

irreversible reflection loss.
Figure 2 shows the invention applied to the illumination system IL. As is already
20  known, the beam of radiation produced in the source LA enters the illumination system IL
and impinges upon a first optical element, in this example, mirror SPF. The beam is then
reflected by several further mirrors FF, FF, N1, N2 and G until it eventually leaves the
illumination system as projection beam PB.
When it is desired to clean the optical elements, the entire illumination system is
25  filled with oxygen and a cleaning beam of radiation is supplied. In the prior art, this
cleaning beam of radiation was most readily supplied by the source LA since this required
no further radiation sources to be supplied. In accordance with the present invention,
oxygen is also supplied to all internal parts of the illumination system IL but the cleaning
beam of radiation is caused to interact only with individual ones of, or subsets of, the
30  optical elements. This is achieved by using shutters SH1, SH2 which selectively obstruct
the path of the cleaning beam of radiation. For example, shutter SH1 can selectively

obstruct the path of radiation between mirror SPF and mirror FF. It can thus be arranged



30 optical elenents. This is achieved by using shutters SH, SH2 which

sel ectively obstruct the path of the cleaning beam of radiation. For
exanpl e, shutter Sill can selectively obstruct the path of radiation
between mrror SPF and mrror FF. It can thus be arranged 16 that a

cl eani ng beam of radiation fromthe sourdé LA can be caused only to clean
mrror SPF and not any of the mrrors downstream of shutter SH . As a
further exa]nmlae:leasmgtheam of Shiliatgadrombke seirte lopean bé camsed onlyltd olesn mademt i on

to pass) a sh tter can be glosed in. whic ase rrors SP SF and FF
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i sol at ed for cleaning in the sane way as previously described. The mask NA
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either the illumnation systemIL or the prolectlon |l ens PL, or both at the

sanme time. dfmitder 82way, source LA3 and LA4 can be provided in a sinple
ranner. Figure 3 shows a similar implementation of the first aspect of the invention, but
this time the projection lens PL is provided with shutters SH3, SH4, SH5 and additional
20  radiation sources LA4, LAS, LA6 and LA7. The various mirrors M1, M2, M3, M4, M5
and M6 of subsets thereof, can be isolated for cleaning in the same way as previously
described.
The mask MA may have the configuration shown in Figure 4 whereby a special
diffusive element DF is provided on its surface so that a beam of light supplied to it will be
25 reflected in numerous directions. With reference to Figure 1, it can be seen that the
diffuser can be arranged so as to project light into either the illumination system IL or the
projection lens PL, or both at the same time. In this way, source LA3 and LA4 can be
provided in a simple manner.
Any type of cleaning radiation may be used including the EUV radiation that is
30  used for the radiation source LA. Alternatively, DUV, IR, 173 nm, 150 nm etc. radiation

may be used. Figure 5 shows a graph describing the spectraily resolved reflection curves of

MoSi mirrors. It can be seen that such mirrors reflect both in-band EUV (around 13nm



Any type of cleaning radiation may be used including the EUV radiation that
is 30 used for the radiation source LA, Alternatively, DU, IR 173 nm 150
nrn etc. radiation nay be used. Figure 5 shows a graph describing the
spectrally resolved reflection curves of MSi mrrors. It can be seen that
such mnors reflect both in-band EW (arblnd I13nm 17 wavel ength) as wel |l as
EUV, VLV and IR radiation. Thus, cleaning of groups of mrrors wth
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this princtHf®SEYRUE used to provide radiation source LA7). SECOND ASPE
OF THE PRESENT | nggécwcle%ﬁinyi‘bl%lé‘minq:fi 88 chA B AkinHle 1w BkgatSind toward
the problemthat, 1" a photon beam of hom)%enous intensity and oxygen of
unchangi ng ghpatvithbutcmyasudtirlayer ooating, whied,willlveork grevided) thatrtheglearsihg lightlik occur
across the whol e surface. of the optical elepment (e.g. multi layer mrror).
However, i feﬂf‘ééedﬂéfé’rfL‘élPE@%‘S/B?‘gd FuRhermo Se%ﬂrgﬁaf‘?%@gg‘éqf%ré 2l hpR@Lapt i cal

el enen 2 i { L r :

opt i cal el SrRGink GHTEr R eTbAcH ol WA Sl FeR TR ) SR bl
wher e the catbousedapahiah snianes MBiand &4 shominl in bégure B €andids behcple cahdamisedy of
the thicker carbon deposits has_finished. Continued cleaning wl|
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SECOND ASPECT OF THE PRESENT INVENTION
20

This aspect of the invention is directed toward the problem that, if a photon beam
of homogenous intensity and oxygen of unchanging spatial concentration is used, the same
cleaning rate will occur across the whole surface of the optical element (e.g. multi layer
mirror). However, it has been discovered that the carbon deposits on the optical elements

25  may not be uniformly distributed across the surface of the optical element. Thus, those
parts of the surface of the optical element where the carbon deposits are thinnest will be
cleaned before cleaning of the thicker carbon deposits has finished. Continued cleaning
will overexpose the already cleaned parts leading to irreversible reflection loss. However,
if the cleaning process were to be stopped when the thinly deposited carbon is cleaned, the

30  thick deposits will not be cleaned off.

This problem has been solved in the present case by providing a cleaning process

which can cause a spatially varied cleaning amount to occur across the surface of the



if the cleaning process were to be stopped when the thinly deposited carbon
is cleaned, the 30 thick deposits will not be cleaned off. This problem has
been solved in the present case by providing a cleaning process which can
cause a spatially varied cleaning anount to occur across the surface of the
18 optical elenment. This means that certl8in parts of the optical el enent
surface where the carbon deposits are thickest can be subjected to a higher
cl eani ng r apticalledemethdhispagans thet ceridie papr dfdhé¢ opticehelamengrarface wheredhdron
deposits are_.thinner, 1t _ has been fagun at. .the c| eanin at e, depends on
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Thus, a confi gptical Liefiefitivherdthd GarlshQiMpodifs ardiliiicg 6 can be provided. The
conponents of Figure 6 are simlar to those shown in Figure 1 and it wll
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20 In part of the illumination system IL, a constant intensity profile is observed in the
beam of radiation that is supplied to the optical element, in particular the first optical
element that the beam of radiation interacts with will receive a constant intensity profile
since there are no NA/c changes prior to this optical element. Thus, it may not be actually
necessary to have a gray filter GF located in the position shown in Figure 6 although it will

25 in general be useful for cleaning other mirrors, in particular in the projection system PL
which receives, in use, radiation beams having intensity profiles that depend on the feature
types and sizes of the integrated circuit. Thus, the filters used for cleaning can be made to
mimic the history of all of the exposures for which the optical element in question has been
used.

30 It has been discovered that the carbon build-up on the surface of the optical

element bears a close resemblance to the intensity of radiation to which the optical element



mmc the history of all of the exposures for which the optical elenent in
question has been wused. 30 It has been discovered that the carbon buil d-up
on the surface of the optical elenent bears a close resenblance to the
intensity of radiation to which the optical elenment 19 is subjected in use.
Thus, the gray filter GF can be constructl®d purely based on the known
hlstory of use of the I|thograph|cﬁgro ection apparatus. Alternatively, the
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As an alternative to varying the reflective/transmissive characteristics of each discrete
element DE on a sliding scale basis, digital elements can be used which may be set to one
20  of two states — a reflecting state and a non-reflecting state for example. The time that each
discrete element is in the reflecting state then determines the cleaning amount received at a
particular position of the optical element surface.
This adaptive solution is particularly useful because the gray filter GF can be
incorporated internally in the device and can have its characteristics changed without
25  needing to remove it and replace it. The gray filter GF can thus be changed in situ during
cleaning which improves the time taken to perform the cleaning process.
One practical method of creating the filter of discrete elements DE is shown in
Figures 8 and 9. Figure 8 shows a pair of discrete elements DE of the filter together with a
radiation source LA and an optical element OE to be cleaned. The carbon deposit CD is
30 also shown on the surface of the optical element OE. In Figure 8 the two discrete elements
are shown in the reflecting mode whereby light from the radiation source LA is reflected

across the whole surface of the optical element OE. This will cause overexposure of the



Figures 8 and 9. Figure 8 shows a pair of discrete elenents DE of the filter
together with a radiation source LA and an optical elenment OE to be

cl eaned. The carbon deposit CD is 30 al so shown on the surface of the
optical element OF. In Figure 8 the two discrete elenents are shown in the
reflecting node whereby light fromthe radiation source LA is reflected
across the whole surface of the optical elenent OR This w |l cause

over exposubetterh pateof it opsisel dempatrQE. oF igures® dhomsdhg cask avherm thotoweridiserate 9
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i ntensiloy of el 8tkereowd] bdhdegbrdseddbienmn ognreativrbweitha diei feftteakpbdtanf thdy@wsemt phot on
beamis used. 15 An adv r]t,agoz~ of usi Pg an_el ectron bear’rLi s that it  can be
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deposi t s anthittotenfoves eietcathn depositoiSited thediéattondehin qan pr@vide a dorsE expsityr e of
sone parts of the optical elenments. This concept is shown in Figure 10 20

wher e el ectof lect feher geapgrandeschivyed thap when 4 Phetembsedds nsrg- unit BS
can be'Seon o spurinaliaee UF AB6EusCledR| Hin ENERR VP weeRU TSN ARRER, | P

can belgeen to span e sur

and beam stsgefihfaniNThuBtheasctRn beaml dahbalifrecté Db BcrbiiethbeaaceR i scan
only that portion of the surface where carbon deposit CDis present. The

t hree bearm®pspdiement 5p gotoaimpingermthesecareds sderatarbaadapasitome prased. dibtis.er ent
tines and
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time that tRere@p&iké 8fsome parts of the optical elements. This concept is shown in Figure 10
20  where electron beam EB is shown passing through a beam steering unit BS before
impinging on the surface of optical element OE. Carbon deposit CD can be seen to span
only a portion of the surface of the optical element OE and beam steering unit BS can be
calibrated to cause the beam EB to scan only that portion of the surface where carbon
deposit CD is present. The three beams shown in Figure 10 show the electron beam at
25  three different times and it will be appreciated that the electron beam is capable of scanning
over all areas of the optical element where carbon is present. The time that the electron
beam EB takes to scan the carbon deposit can be adjusted to be in accordance with the
thickness of the carbon deposits. Thus, it can be arranged that the electron beam EB scans
quite quickly over thinly deposited carbon but more slowly over thickly deposited carbon to
30  ensure total cleaning of the surface of the optical element.
Figure 11 shows a further development whereby magnifying optics BM are used

to expand the width of the electron beam EB prior to steering the electron beam EB with



beam EB takes to scan the carbon deposit can be adjusted to be in accordance
with the thickness of the carbon deposits. Thus, it can be arranged that
the el ectron beam EB scans quite quickly over thinly deposited carbon but
nore slowy over thickly deposited carbon to 30 ensure total cleaning of the
surface of the optical elenent. Figure 12lshows a further devel opnent

wher eby magni fying optics BMare used to expand the width of the electron
beam EB pr itle bdam sltcah‘rg’unjtB&eThiseaﬁbwsﬂlebaémeBewht\ﬁdeIo bk iscrbssadnss heter | ng

unit BS. This allows the_electron beamw dth to b reased . s to
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used to di rcaﬂiontdlaposme@mmd\ﬂmbhathearmgbmn is bsedepdiredt .thd beam tdwabd theparteai at ed
that the resolution of local cleaning is only limted by the electron beam
di amet e arigresile accuracy of the beamsteering unit BS. Since the electron
beam provides a f I d which
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toward obtaining a cleaning process which 1is faster than the known cl eani ng
process usibsgmarptideniasenrataniiclesnjnp aleaming Simes sar be eucerbwhish tianslates insm

wi |l be describe h refer u and 13. In Figures 12 and 13,
t he opti calrEE, i 13'&%’ |®S§Pf§%ﬁ%ﬁa&{f ﬂ:z\[}%?:[ age source VS which applies a
pot ent ijgl di fference between the optical elenent and a grid nenber GV

di stanced in space fromthe surface of the optical elenment to be cleaned. In
a preferredHH SRIEGT OF AHBINVENTKIN GM i s di stanced so that a space of
about 1cmis pr esent 20 between the surface of the optical elenent and the
grid nenber GM The voltage VS enables an electrical field to be set up in
the space bet weemHihgs st JfaeeinQéntidngs BRéEBlowak @&ﬁmngq?a@daﬁhg ﬂ%c&rsl\ﬂnwpﬂber
GMand this is depicted in Figures 12 and 13 by the use

synbol s. | nis EstentleniBe kodwn eleaing prabssfusmiga plr@tcméleampﬂnd@xagen oTllue aspmc‘eof
positive at points di | , 25 fro e surf el enrent OE so that

t he se(,lgndapglnéfle’été‘?“rwatg"s‘%esﬁﬂlﬁeé{%%@ Heneee lg‘ﬁ?sgga%’t%l IBh of the photons with
the surface of thg RIECE afl BT optic8 AhERUIEH 28¥EHEd t6 QVbltage source VS

which applies a potential difference between the optical element and a grid member GM

distanced in space from the surface of the optical element to be cleaned. In a preferred
embodiment, the grid member GM is distanced so that a space of about 1cm is present

20  between the surface of the optical element and the grid member GM. The voltage VS
enables an electrical field to be set up in the space between the surface of the optical
element OE and the grid member GM and this is depicted in Figures 12 and 13 by the use
of “+” and “-” symbols.

In Figure 12, the electrical field is set up so as to be more positive at points distal

25  from the surface optical element OE so that the secondary electrons SE generated by the
interaction of the photons with the surface of the optical element are attracted away from
the surface of the optical element and pass through the oxygen in the vicinity of the surface
optical element OE. In this movement, some of the secondary electrons SE will activate
the oxygen and thereby cause the surface of the optical element to be cleaned. Shortly

30  afterwards, the polarity of the electrical field is reversed by reversing the potential
difference supplied by the voltage source VS. This is illustrated in Figure 13 where it can

be seen that the surface of the optical element OE is more positive than the grid member



the surface of the optical elenent and pass through the oxygen in the
vicinity of the surface optical elenment OE. In this novenent, sone of the
secondary electrons SE will activate the oxygen and thereby cause the
surface of the optical elenent to be cleaned. Shortly 30 afterwards, the
polarity of the electrical field is reveded by reversing the potential
difference supplied by the voltage source VS. This is illustrated in Figure

13 wher e i tGMarThigeausesdhe serandary slestipnsatte taobe atiyecteshtowasd the|sarfasrof®ie | s nore

positive than th [ [.2 Thi auses the sec ar | ectrons SE
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secondary qhRebh@RE thBkey avasiablenslafinate tho 6RUEA tb BRavIkKIR cledNEproasd. ar e
thereby available to activate the oxygen to establish the cleaning process.
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supplies a g(?’ldéﬁ?ff‘f%%f d&ﬁe g‘ﬁgatcﬁﬁg}ﬁr?@“ﬁ@(lfg@fmﬁmvery optical element in
the apparatus and thus does not take account of the fact that different
optical elenments require 15 different anmounts of cleaning. The first aspect
of the 1pr e FOURTH ASPRCT OQRTEH ENEENTIOMNg different anount of photons to
each mrror and this aspect of the invention is concerned wth supplying
different amounts of oxygen to the vicinity of each mrror in order to
affect a differ eftis Gleanifif hdbRida rélibd &f BB brdBIGh M she WHoSm(bh

achi eved using neans that are simlar to those that are used to cartry out

the third gspestswipliche cieaviapbean of peotehyandtdxgg@t fotkves optichiedlerddtam the
associ ated voltage source VS. It will be explained with reference to .
Fi gures 14,apparafiisdgnd ghusaipes potple gogpyuny of thedaet tht differentaptisgli dementheequise t age
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similar to those that are used to carry out the third aspect of the invention, namely, the grid

20  member GM and associated voltage source VS. It will be explained with reference to
Figures 14, 15 and 16.

As in the third aspect of the invention, the voltage source VS is used to establish
an electrical field that spans the gap between the surface of the optical element OFE and the
grid member GM. The voltage source VS applies a potential difference across the gap such

25  that the surface of the optical element OE is more positively charged than the grid member
GM. At the same time, the oxygen supply means OS supplies oxygen that has been
charged to have a negative charge. This means that charged oxygen molecules which are
supplied by the oxygen supply means are attracted towards the surface of the optical
element OE. This serves to set up a concentration gradient of oxygen so that the partial

30  pressure of oxygen in the system will be greater nearer the surface of the optical element
OE than it is at points distal from the surface of the optical element OE. This means that

the cleaning beam of radiation will have a greater effect in cleaning the surface of the



supplied by the oxygen supply neans are attracted towards the surface of the
optical elenment OE. This serves to set up a concentration gradi ent of
oxygen so that the partial 30 pressure of oxygen in the systemw |l be
greater nearer the surface of the optical elenent OE than it is at points
distal fromthe surface of the optical ePément OE. This neans that the

cl eaning beam of radiation will have a greater effect in cleaning the
sur f ace of optiel 2BmenpOEdzcause dhaze wilbbe b greates bocehemmeentidtion o oxygenedt ean | ocal

concentration of .oxygen. lt can., therefor.e be. seen that applylng the
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are local to eac nor. It is nmuch nore cost effective to sinply supply
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adj acent t é0ohexYRgRARREEVOirsHBE Preseiyre of vhiohsan bp pidivduatlyahangdgdder g spreifig t he
oxygen andogggﬁgle%e%tﬁtom in Figure 16 as oxygen renoval neans OR  Thus, a
constant fl'ow of oxygen can be nmai ntai ned such that the charged oxygen

particles can beigigpleshehedpladQidvi of the Bpdateirbleat OB 208 gaitlinvehber @MI ge t he
oxygen particles so that the charge is not |ost when the oxygen particles

core i nto dbarmewswhew therehazgedsyggnymeleseles ereringrthranghdleg oxyzemaepniheeans i s

preferaple . make the electrical fi nor.e si tdhve,at .t tical
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has a positive charge and the grid nenber GMis given a negative charge.

Whi | st t hi domydnting Hsr dxygen kekibesenase glaqyan indagyre d has gsyReoxygeval pagans ORes
within the ﬁliug,i ancic;[ tagI ﬂ(t)vr\}%f %g)rfgfe%%gn % maintained such that the charged oxygen particles
can be replenished.

20 \ It is preferable to negatively charge the oxygen particles so that the charge is not
lost when the oxygen particles come into contact with the secondary electrons. This fact
means that it is preferable to make the electrical field more positive at the optical element’s
surface than at the distal points of the grid member GM.

Figure 14 shows a configuration whereby the surface of the optical element OE

25  has a positive charge and the grid member GM is given a negative charge. Whilst this will
work to keep the negatively charged oxygen particles within the vicinity of the surface of
the optical element, there is a chance that when the negatively charged oxygen particles
reach the surface, they will be de-charged due to the positive charge found at the surface.
To overcome this, the configuration shown in Figure 15 is used whereby the surface of the

30  optical element OE is negatively charged but the grid member is more negatively charged.

Thus, the surface of the optical element OE will be positively charged with respect to the

grid member but negatively or neutrally charged with respect to the oxygen particles. This



the optical elenent, there is a chance that when the negatively charged
oxygen particles reach the surface, they will be de-charged due to the
positive charge found at the surface. To overconme this, the configuration
shown in Figure 15 is used whereby the surface of the 30 optical elenment OE
is negatively charged but the grid nenmbeR4i s nore negatively charged. Thus,
the surface of the optical element CE will be positively charged with
respect t o wilensyeitlnt thagrsticlpyare netda-chaeged by arfbesaras tipneahainigay the effect e§pect

to the oxygen .particles. This, 24 il ensur hat ..t articles are not
de- char gedqﬁ?ﬁ?lgﬁfhet%{é’g%%ﬁlé’?etcfﬂf%nﬁ%%tk%Sﬁ%%f%‘gf%? f)%té‘iai]glf © éepi ng the oxygen
nol ecul es near to the surface of the optical elenent. FIFTH ASPECT OF THE
INVENTION 5 It has already been nentioned in connection with the second
aspect of tHIETH ASPHGDOR FHE INYENIION) beam of el ectrons may be used

i nstead_of a cl eaning beam of photons. It has been found that a cl eaning
beam of 5photons requires _an interaction with the surface of the optical

el ement in order It basalisadsabesnduadiqned ( conpetion ath the seoend peneckekthoat e 10 the
q. . . .
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times are decreased. The apparatus _shown in Figures 10 and 11 can be used to
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I f the optiyeam ofl fadhs RaBata diditéaicnbiel Sitdlddpdhi o K preAdB® BndigR@SEfal, as
shown in Figure 17, then a beam maﬁnlfl er BM may be used to bathe the

surface of d¢mingrateccah bedhareasad swl that cleapmigitioneh dbedgerasbed| ectrons. This is
useful for the fixrst mrrors of .the illummnation systemwhich ge ally, in
ise, recei ve a unl PR ae TR Fiepisnd DA 18 5ot e B30 Ganfemeps RRHE .
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instance, a beamsteering unit BS is not required. SIXTH ASPECT
| NVENTIIGN 2bBe fhicstiarsfoeany sfatiaheariation ta desnr agossshe surfasd ofithetpptina ghenpditéon t hat

wat er vapour qr hy car bo ases can infiltrate into or gre present after
tart - up orbeeanse R SouRLrRRRRhaRa b giiifion 25 ebon Aesosf Sefewt o
the surfaceg mfuORYi thaeh a BLEABHRIfFEBM nal B8 vt B'battPRhEGHERS ofl1R dpXieRsed to
hi gh energy phodtons 1 n an exposing step, oxidation of the surface
element OF in a uniform beam of electrons. This is useful for the first mirrors of the
illumination system which generally, in use, receive a uniform radiation intensity and thus
20  generally have a uniform build-up of carbon deposits. It will be appreciated, that in this

instance, a beam steering unit BS is not required.

SIXTH ASPECT OF THE INVENTION

25 This aspect of the invention 1s concerned with the problem that water vapour or
hydrocarbon gases can infiltrate into or are present after start-up of the vacuum system of
the lithographic apparatus and stick to the surfaces of optical elements OE. If the water
molecules are exposed to high energy photons in an exposing step, oxidation of the surface
will oceur, which leads to irreversible reflection loss. If hydrocarbons are exposed to high

30  energy photons in an exposing step, this leads to contamination of the optical element.

The sixth aspect of the invention proposes the solution of breaking the bonds of
water molecules or hydrocarbon gas molecules that are stuck to the optical elements using

low energy photons, preferably in the infra-red region. This reduces the number of



will occur, which leads to irreversible reflection loss. If hydrocarbons are
exposed to high 30 energy photons in an exposing step, this leads to

contam nation of the optical elenent. The sixth aspect of the invention
proposes the solution of breaking the bonds of water nol ecul es or

hydr ocar bon gas nol ecul es that are stuck2fo the optical elenents using |ow
energy photons, preferably in the infra-red region. This reduces the nunber
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optical el epepsifdsiof theatsy@bROules br BAddatidnddas mdleduis REBBKENWRG drbat  hi gh
energy photons can cause silicon oxide contam nation on the optical

el ements. TPuimpeil awisru$hel spEmpambe previdad truparfors deaningeinggal g sosasiip nsure
perfect, and Wat(i:r vapor ﬁ{?.ot hehrfcont ?gjl nants are ﬁvr.&‘lsen%. The net hods of
the sixth &OpHRYal gheap & of FRFRRS™ SHUTRSER of e VRS AYSIGTP M j GRguous pumping

away of the contaminant molecules. Since contamination is not allowed to build up to any

20  appreciable extent, the pump downtime of the vacuum system is shortened.

The low energy photons and the microwaves are effective in reducing
contamination, but at the same time do not serve to damage or contaminate the surfaces of
the various optical elements in the system. In particular, it has been found that high energy
photons can cause silicon oxide contamination on the optical elements. This is caused

25  when the vacuum inside the system is not perfect, and water vapor or other contaminants
are present. The methods of the sixth aspect of the invention excite the contaminating
molecules and allow them to be pumped out of the apparatus by the standard vacuum pump
in the initial pumpdown of the apparatus. In connection with this, the low energy photons
or microwaves can be applied generally into the cavities of the system and do not have to

30  be focused or directed towards any one optical element. The fact that the low energy
photons and microwaves will interact with any contaminants situated anywhere in the

system will cause a reduction in contamination of the optical elements because the low



nol ecul es and allow themto be punped out of the apparatus by the standard
vacuum punp in the initial punpdown of the apparatus. In connection with
this, the | ow energy photons or mcrowaves can be applied generally into
the cavities of the systemand do not have to 30 be focused or directed
towar ds any one optical element. The fac26that the | ow energy photons and
m crowaves W ll interact with any contam nants situated anywhere in the
syst em wi | kenergy photans evmirewaves gxeitathe poniamingntsep thaysheypnaychkd pushpadenit of

because the | ow 26 er hotons or..m crowaves, excite the contam pants so
Chat they s SBeT HBIE Eier BPor Prresyeian ot F most s fpgive reduce
particul ar oiHepBIpREbLT EdiRarimbhic ebechillyAsd1Y BolRuleS APREinveAG hds¥Resdvahiage
contam nation, "eéspeci ally di pol e nol écul es. The invention has the advantage
that the ptimtewmpdosvnctame ban biedeceeasetibdvenssutwill be ¢asier tdopurepsitethet o punp
out the_5 contam nant en they are.in the excited (heated up) state.

Whi | st gpe89?@%¥%ﬁé§%ﬁ?ﬁ@@%wﬁﬂéﬁﬁ@”FHVQQFwBﬁuﬂév@ebegn described above, it
will be appreci aigkt Ts%b?:ﬁﬁé OfbodIHERs 0P theTRYeriBn REACEdA s RIHRE LB REhARN as
tion is not Intended to 27
CLAI MS: 1. bAappretiagddidiithe mventent manbappetict wtherwisp thami asglesaibeddlat | on

system for providing a.projection beam of radiation; a support structure for
supportingdﬁ%?@@P%ﬂ%@“ﬂ@ﬁW%?tPﬁgnb YRR neans serving to pattern the
proj ection beam according to a desired pattern; a substrate table for

hol ding a substrate; a projection systemfor projecting the patterned beam
onto a target portion of the substrate; - an optical elenent formng part
of said radiation system said patterning nmeans or said projection system
characterized by cleaning neans conprising spatial variation neans for
causing a spatially varied cleaning amount to occur across the surface of
said optical elenment. 2. Apparatus according to claim1, wherein said
spatial variation nmeans conprises a gray filter which is arranged to nodify
sai d cl eaning beam of radiation so as to provide a spatially varying
intensity of radiation across the surface of said optical element. 3.
Apparatus according to claim2, wherein said gray filter has a pattern which
i s based

descri bed. The descri i i [Imt the I nvention.



on the average pattern of light received by said optical elenment to be

cl eaned since the last cleaning process. 4. Apparatus according to claim?2
or 3, wherein said gray filter is dynamcally adaptive so that its pattern
may be varied in-situ. 5. Apparatus acquding to claim4, wherein said
pattern may be varied by adjusting the “transm ssive or reflecting
characteristics of discrete elenents nmaking up said gray filter. 6. An
apparatus according to claim1l, wherein _said cleaning neans further
conprises: neans for establishing ahL&I¥:rical field near the surface of
said optical elenment so that secondary electrons created by the interaction

of said clgani n%;#ﬁ?é%éﬁ% EI%}QC%,# gfébg%ésrb"mtp gingur face of said optical elenent

are attracted a T e"surface of sard optical _element; and neans for
reversing the parakidtiop systergdprprayidnge praipctiondieameb radigtions aj d secondary
el ectrons are thegpRttstashRdok Q)@@bﬂin\%ﬁ@tt&ﬂfhéﬂfe@n@fthé@ttér meals sehviigret . 7.

Appar atus according to any claim 2, erein, said cl eaning beam of radiation
is a photon beaﬁ‘ﬁe%?@epg‘?%%g}e%@gcoé@%#ﬂ? fred P 7, wherei n said

cl eani ng beam of ittt forhollxie a fbMrai@di ation. 9. A |ithographic

proj ection apparatus conprisi.ng: .- a radiation,systemfor prowidi a

pr oj ect i on “beant SFIFHAN ST ,for?pr%'e%tﬂlﬁﬁg‘? ?a%‘?f"reﬁéﬁi?é’" o%tars%fg%%%?lil ﬂgt%e

patt erni ng nmeansybstrhte; patt erni ng neans serving to pattern the projection

beam acoordi ng 0o APabReR MALMERIE of i AURRM 8ot leali OO A0G: 2

substrate; - a projection syste projectingt beam onto a
target portion efidpregectionbgstemte; - an optical element forming part of said

radi ation Y5h&Mized Y ¢dARnE MAhOLIRRANE Phtial %aﬂiéiioarrﬁéaﬁgrdrqaumogsé §lially
characterized by cl eaning ans for subjecting to cleaping Individual® ones

) ! g :
of sai d optVRde CleasingAIRUET trocsynRcess thersutfpes feid oRficalelssit s, t he cl eani ng
conprising spatial variation neans for causing a spatially varied cl eaning
amount to qQccur ,across the, surface o]f aid gﬁﬁéi caJl el emrent. 10. ar at us
according Lo ol APRITES ageariaR 1@ IR s Yirei SHL SPYe! NGO YRS ChebUrea h
gray filter which is arranged to modify said cleaning beam of radiation so as to provide a

spatially varying intensity of radiation across the surface of said optical element.

3. Apparatus according to claim 2, wherein said gray filter has a pattern which is based
on the average pattern of light received by said optical element to be cleaned since the last

cleaning process.

4, Apparatus according to claim 2 or 3, wherein said gray filter is dynamically adaptive

so that its pattern may be varied in-situ.

5. Apparatus according to claim 4, wherein said pattern may be varied by adjusting the
transmissive or reflecting characteristics of discrete elements making up said gray filter.

6. An apparatus according to claim 1, wherein said cleaning means further comprises:
means for establishing an electrical field near the surface of said optical element so
that secondary electrons created by the interaction of said cleaning beam of radiation with
the surface of said optical element are attracted away from the surface of said optical
element; and
means for reversing the polarity of said electrical field so that said secondary

electrons are then attracted toward the surface of said optical element.

7. Apparatus according to any claim 2, wherein said cleaning beam of radiation is a
photon beam.



of said electron beam 11. A |lithographic projection apparatus cleaning

nmet hod conprising the steps of: providing a cleaning beamof radiation so
as to cause a spatially varied cleaning anmount to occur across the surface
of an optical elenment form ng part of a%g;adi ation system a patterning
means or a projection systemof said |iThographic projection apparatus. 12.
A devi ce manufacturing nethod conprising the steps of. - providing a

substrate tghat iappaatus %@@&dfﬂ?% ichirh Y7, GNCRAIE Chid ¥ le@nin @ RAM QST radiation is non-
; - providing a projection beam of radiation

radi ati on-ﬁg\?i tive materia
using a radithf Y€ st em - using patterning means to endow the projection
beamwith a pattern in its cross- section; - projecting the patterned beam
of radiati gn ont tﬁ tg@_ﬁet poE.t i on a(r)f the |l ayer of radiation-sensitive
mat erial using éﬂb BF AR BIPIEIRP 8RR WTIREPISY bei ng characteri sed by:
cl eani ng t ke appaidiition systemdot previditgaaojetticnl trhm of tadidtBin; A devi ce
manuf act ured accordi ng to thF met hgd of .claim 12, . .
= a supportstructure for supporting patterning means, the patterning means serving to
pattern the projection beam according to a desired pattern;
- a substrate table for holding a substrate;
- a projection system for projecting the patterned beam onto a target portion of the
substrate;
- an optical element forming part of said radiation system, said patterning means or
said projection system;
characterized by cleaning means for subjecting to cleaning individual ones of said optical
elements or subsets of the optical elements, the cleaning comprising spatial variation means
for causing a spatially varied cleaning amount to occur across the surface of said optical

element.

10.  Apparatus according to claim 9, further comprising means for magnifying the width

of said electron beam.

11. A lithographic projection apparatus cleaning method comprising the steps of:
providing a cleaning beam of radiation so as to cause a spatially varied cleaning
amount to occur across the surface of an optical element forming part of a radiation system,

a patterning means or a projection system of said lithographic projection apparatus.

12. A device manufacturing method comprising the steps of:

- providing a substrate that is at least partially covered by a layer of radiation-sensitive
material;

- providing a projection beam of radiation using a radiation system;

- using patterning means to endow the projection beam with a pattern in its cross-
section;

- projecting the patterned beam of radiation onto a target portion of the layer of
radiation-sensitive material using a projection system;

said method being characterised by:

cleaning the apparatus using the method of claim 11.

13. A device manufactured according to the method of claim 12.



