1 Lithographic Device, Device Manufacturing Method and Devi ce Manufactured
Thereby The invention relates to a Iithobraphic proj ecti on apparat us

conpri si ng: a radiation systemfor supplying a projection beam of

radi ation; a mask table for holding a mask; a substrate table for hol ding
a substrate; 5 a projection systemfor imging an irradi ated portion of
the mask ortithodrdpBicdBévie Devive Minufhdt@istPRilodlfd DAViRMadmFhdtredThekbs t ype
can be used, for exanple, in the manufacture of integrated circuits (ICs).
In such a case, the mask (reticle) may contain a circuit pattern
corresponding to. 10 .an indiyvidual |layer of the |1C and this pattern can
then be i nagec]ﬁﬁﬁ?%en&o’f‘ Pyt Yoa‘f E@‘O%T&P © RS CGH APOFARSLOTRIS on war er ) ,

whi ch hag Q%&&laﬁ&?éﬁ%ni"f&rﬁu?”pl&ﬁg%r _r&fecﬂ?&l%é%ﬁ%ﬁh&i‘aﬁ&l;”m erial (resist). In
general, a single wafer wl1 to tgl n a whol e network of adjacent dies,

whi ch ar e asnaskeside ¥@lhplding adiaaked t hrough the reticle, one at a tinme. In
one type of |jthographic projection apparatus, each die is irradi ated by
exposi ng *t Héumait‘?@bﬁefpl'E‘Plémﬁé‘tsﬂ%ﬁtﬁt@into the die in one go; 15 such an
apparatus i s_co nly referred to as .a wafer.st r, | ternativ
epparat us * RRIETH chriof khellnd fu FRadfhu P GUSh SERE mark britla Rrifpdtinl
each di e i shd dubsigdtat ed by progressively scanning the reticle pattern under
the projection beamin a given reference direction (the "scanning"

direction) while synchronously scanning the wafer table parallel or
anti-parallel to this difectiaon; since the projectiaon systemw.ll have a
magni 1| cat i on PR SOTE SR P S Tt L g e S st ¢,
t:abl e i s cHEARNEOGs)Wn duck @ casel BfetrRdskNkdticld Sndyhahtant a cmip;kmﬂehﬁcd@sp&{d@l%]tabl e

is scanned. More information with regard to |ithographic devices as here
deschl bedn individealdayea pbtheflCopnd thisaratigrm eandherrlg imagedoplo atarged aren(liglmma205.

Up to ver ecent.| a r at. of this.t cont ai a single mask table
and o o AEREes wRBRE Mt ekl bartd Bin ATRLR o oS ble RlERL o T b
i N whi chrekier) Sindefert, alsRB% wapwillBort HASPLRSIE AEOrIOBY 2h&nb 8RS tWidkieadeabl es;
see, for exanple, the nulti-stage apparatus described in International

Pat ent Appicessatelypirdiagobragbébe retidie)nod/a40m9 In o typp #f lithogtplicaqrpiegtion
principle behi nd such.mul t.i -sf.age apparatus.is.,that, while_.a fitst .
Lot r ot SRS SV il A RRRBIRE s P Wt oS ot i g o
expOoRlr eitth a dpbhdtusSsEsthadhly reReRE ¢l a N whltddtepe Th @n aBem8E P Shpatidst L at e
table can run to a | oadi ng position, discharge an exposed substrate, 30

pi ck up whivhis semsmonbitreferisd i os astoprapdispan dnparafls greashdiams agadistadhys on t he

new su bsi[n[oagtfe%sivgly scanning the reticle pattern under the projection beam in a given reference

direction (the “scanning” direction) while synchronously scanning the wafer table parallel or
_ anti-parallel to this direction; since the projection system will have a magnification factor M
; 20 (generally < 1), the speed v at Which the wafer table is scanned will be a factor M times that at
which the reticle table is scanned. More information with regard to lithographic devices as
here described can be gleaned from International Patent Application WO 97/33205.
Up to very recently, apparatus of this type contained a single mask table and a single
substrate table. However, machines are now becoming available in which there are at least
25  two independently movable substrate tables; see, for example, the multi-stage apparatus
described in International Patent Applications WO 98/28665 and WO 98/40791. The basic
operating principle behind such multi-stage apparatus is that, while a first substrate table is
underneath the projection system so as to allow exposure of a first substrate located on that
table, a second substrate table can run to a loading position, discharge an exposed substrate,

30  pick up a new substrate, perform some initial alighment measurements on the new substrate,



and then stand by to transfer this new substrate to the exposure position
underneath the projection systemas soon as exposure of the first
substrate is conpleted, whence the cycle repeats itself; in this manner,
it is possible to achieve a substantially increased machine 5 throughput,
which in turn inproves the cost of omn;rship of the machine In currently
avai l abl e I'ithographic devices, the enployed radiation is generally ultra-
violet (UV) light, which can be derived froman exciner |aser or mercury

| anp, for exanple; nmany such devices use W |ight having a wavel engt h of
365 nmor 248 nm However, the rapidly devel oping electronics industry
conti nual |3 &Eﬁﬁﬁﬂ%mﬁPpﬂﬁg?HﬁHWHSﬂﬁvﬂﬁé@h%ﬁP€W“ﬁ§W“T®m§€HW@v@eever-higher

resol uti ongoejedidd systBasisSonfad Expofie dik: ArRAISIAY il OMBleRd MR RS LIET - _
wavel ength radi ation, particul arl_g U Iight wth a wavel ength of 193 rim or
157 rim Begraidtselt; il this Junner. tipgsably feachievas swbstansialdy intreasedmashing os, i ncl udi ng

the usg Ofthﬂoﬂgl'?gﬂgrhi%ﬁwt&%nf%NVQSiﬂﬂ%stofw'rsh%‘fﬁlle%ﬁgﬁiﬁb' 50 nm and | ess,

e.g. 13.4 nm nmor 11 nm, X-rays, 1on beams or electron beans. All
of these so- calll @rentlhayvaifgbl &hagremic deridesathc employaddedizjion slgserglyiubn- in air, so
15 that it,;H8GONERHISREFIAS Ve defvall - ' t nvi ronnment
in which tvﬁeyqa?z g%g’rrpl oyec!.e h?’? ffohfa?%éﬁg‘gg%gg#s?{%@r@ﬁ{g’ fgrr%%ﬁélg‘s. A

gener al dimayseihalaviess useeV light hofingRNavilangth of 368 nmmn 248 pn. djowetar,ae appar at us

can be fq soc | Gl roh .al. in Applied
Optics 32 %Bg%/ ?g\%%p@gg@“@&@fﬂ%@%%ﬁ %ﬁp;g\?és g‘i‘ng%'%fg% o‘r'%es\?\;hfcﬁ czrmegar dto

el ect rifn- believe averHogheansivjutioesnardehif suerding the By toywHT Oved tidriand US 5, 260, 151,
as well as,.| - A9820 -%ﬁ&§ 000- Eur o n t ent

applicati g%alvéﬁ%h @9%‘%‘0@%”@%@?91 es'tha‘?il ‘%VFE%)%]F ‘}':l_p |3(r:1m é’ﬁgar“ar?'t%%?ongv\her eby a
pr oj ect i onhisysintghare sre sopal mbtside fceronpg irgllisp tietuee ¢falpbadleytranre U\iligt veni ng
space. Th {,Nnt erveni ng.space, can | ea arti.ally be evacuated. The

i nt erveni ﬁS@p‘%"é@@hf’ gPﬂJE‘ a&‘?ﬁ%sr ‘f‘%\?{/5 ‘4%2%'5‘%’ﬁf’rcﬂ B, %’(Sar;l'f'il?{ﬂ’ﬁf“?v’rf | ushed by
a flow of eason Heams. Al ehesr soRslted GoNt-@EAerlibn Rkialicts WwadsfpotdbSorptidh insdihsd r at e

tabl e .and the projection sysiem: The gas does not substantjally absorb EUV

o at'Bon oA BRI Gror SR B eGR parily cHisnact e SRR RV e S ur 1 ng. Use,

radi at i on einplogléd: Thik @Erodichy @hgderdblegrdbldne, from the projection systemto a
An advant age of the use of

argon st hat S G ot B UIoErR R AR B f vel y good.
For i nst am&fd, foiexayipiedathe wRicle b BUNMRShyiered in Applick 0pG¢saR 249, ppBPZY-at us, such
o 20 LBaTRLEGM 2 BUTBS,. AR BUTEL NG, SReC LRt Shgen (ke
very hogh,009$Esand $1809R683 5 Ny aDR i KF-al L0 19e7 80t-€00/080-EPRSS 2), Or very
AT TR NN R SR TG T
whereby a projection system is separated from a substrate table by an intervening space. The
intervening space can at least partially be evacuated. The intervening space contains a hollow
tube, which is continually flushed by a flow of gas, to reduce cross-contamination between the
- 25 substrate table and the projection system. The gas does not substantially absorb EUV
radiation. According to EP 0 957 402 A2, the gas is Ar or Kr. During use, radiation is directed
through the tube, from the projection system to a substrate which is held by the substrate table.
An advantage of the use of argon is that the ‘removability' or 'pumpability’ of argon is
relatively good. For instance, in typical vacuum pumps used in lithographic apparatus, such as
30 turbomolecular pumps, the pumping speed for argon (relative molecular mass 40) is relatively
large compared to the pumping speed for very light gases, such as hydrogen (relative
molecular mass 2), or very heavy gases like Xenon (relative molecular mass 131).
International application WO 01/84241 A1 describes a lithographic apparatus and
method, comprising a non-contact seal using a purge gas. Therein, a purged optical path

35  between an optical source surface and an optical target surface is provided, as well as relative



met hod, conprising a non-contact seal using a purge gas. Therein, a purged
optical path 35 between an optical source surface and an optical target
surface is provided, as well as relative 3 novenent between the opti cal
source surface and the optical target surface. A purge gas of a controlled
purity is used. WO 03/087867 describes an EUV source for us with a

| it hographi c apparatus that contains 32 debri s cont roller in the formof a

shield and a buffer gas of He, Ne, Ar, N2 or 5 EP 1 389 747 A2 al so
di scl oses ao@ﬁ]l@.l;ﬂbaw%&' thE&Hiekl swcetsnﬁacfc%mmpuean %%emfaéé Rlpuidclobicdrdr € Wit h
gas injection nbers 1 njecting buffer gases of , 2 or H2. US

2003/ 01900®2tr01&é9'@‘rt]'i§@s€dan arrangenent for the suppressi on of_ particle
em ssion in they9eeak1 &4 n%ﬁ an%ﬂ* &ubc0 o RESRL l‘ﬂﬂoé?:gﬁ]ic%%ﬁé@s thfd X-ray

radi ati on sources, parti cul radi at1 on sourc e generation of
radi ati on dostainas édbripeergoliryin the &)srrmf hehisldrgd a buteee gasof Elsalib évr, Moot Hgener at i ng
by oo £ PRIPsddal U3 bick SOl § BhiRRLAG, BE rfiBe Y BRUIRCRANDE S 10 | opied
y nmeans for “denerating an e ric tfreld, erern the electric field is
ori ented oga hxgngmc_mahentb@rstzﬂgactmghmffeagaseqnfﬂpa@am,d)h odiy, &S{A08HOO0KE di ver gent
gae sk ST 2 reSuft ARyt i e Pus g MR ey 277007 o”
di recti on radiatichbaseé brekuxdt piaemef me{ ﬂay raﬁhéormnmesclbaeidxladvaUS/ rachatmhsmuresl in the

direction of the .gas. si.nk by an 15.0 OSI el arrange a devi ce.
't e an ol et S cr R ot e uS PO b o LG Fam AT o BRRt: o
appar ats t@splasmatietlat thaoutlB@poitiifiig vpamaghmiﬂe; 1s\M1lo@lad apqneernafdns is

conmpatible for use in um or sem -.vacuum., enviro parti cul ar,
TP cpeinga oo e Sliere d SR Paf Rt teser be 20
conpati bl eprwagehhoh Biesctisitofaldive@htdtind Bundie RFitinSin @ gefidy solhagigadd matmki cl es or
X-rays. M ecificall i §.an object . of. the invention that_.such an
appar at us_ h%fﬂ?r g 3 EASIKSS ét‘haf?f?ﬂi tugglp@rﬁpllpﬁggmomggﬁw{heﬁlg-thed{}rg 48 %ecr ease
of oper at i f@éctriteieldo MABpLRcIE AGIE Bdeibircetbiy @Reiradivn of thefaskiak bpanj ect i on
system_ A further ob%fct of the invention is to provide at |east one seal
for sktal i WEOSHFY pEang ga%lt}wa'ﬁé‘m%e zones from each other, this seal helping
to prevent cross 25 cont am nati on betvveen t he zones The basi c apparatus to
achi eve these obje fprises an ap eC|f|ed inth opening
par agr aph, i nclté r? eftr?gthr"é‘&’f"m”@é"‘&?p ﬁ&i lfjpé ?‘it'B‘n 2RRPRUS Af Y4 e par at ed
fromthe shbgbopaig éyhﬁghﬁh bmmaappafahﬁIis\ceﬁpamgles@a@cemwmm dGadnibacam | east
partially evacuat which is delimted | ocation, of the

proj ect | oﬁ““‘%?s'l“é’ﬁ‘n“ﬁ‘i}ara“ is3nbjed ﬁf‘P%E'(‘ée“fl?rb ‘\R)’l‘f PRRASIHPNI ™Y r adi ati on
i's di rgct e@dmbivRwthithBuse of radiation comprising EUV, charged particles or X-rays, More

specifically, it is an object of the invention that such an apparatus should not suffer from

significant “down-time” due to decrease of operational performance caused by degeneration
of the projection system. A further object of the invention is to provide at least one seal for
sealing different apparatus zones from each other, this seal helping to prevent cross-
25  contamination between the zones.
The basic apparatus to achieve these objects comprises an apparatus as specified in the
opening paragraph, including the features of:
a) the projection system is separated from the substrate table by an intervening space which
can be at least partially evacuated and which is delimited at the location of the projection
30 system by a solid surface from which the employed radiation is directed toward the
substrate table;
b) the intervening space contains a hollow tube Jocated between the said solid surface and the
 substrate table and situated around the path of the radiation, the form and size of the tube
being such that radiation focused by the projection system onto the substrate table does not

35 infercept a wall of the hollow tube;



substrate table; b) the intervening space contains a hollow tube | ocated
bet ween the said solid surface and the substrate table and situated around
the path of the radiation, the formand size of the tube being such that
radi ati on focused by the projection systemonto the substrate table does
not 35 intercept a wall of the hollow sabe; 3a c¢) nmeans are provided for
continually flushing the inside of the hollow tube with a flow of gas.
This is known as a dynam c gas |lock and is described, for exanple, in US
6,459, 472 5 B |1 and EP 0 957 402, upon which the precharacterising
portions of & heakASRARRE R cShRLATH fushingdRSiRAde dFulehbRSw fuSHH £8ov At 1 mprove
the apparatus are described below The "solid surface" referred to under
point (a) is, 8%r exanple, the final mrror in the projection systemfrom
whi ch the radi at {fskowl & § Gl fchid SRR ard1Saesisd, tREEamp, iy & Mond7r0pt i cal
flat (i.e. optical wndow) conpriSed of a vitreous material. The term

Vi t r eous Ishdtil ad BB (5B 4021 epdnryrhaehiheprecharagerising perperssif g indgpshdentelaimi i§l s as
silicates, qhah! bt iind (AISRALE ] HE3:sab nddul0r  des (such as
magnesi um fl uori de, for exanple) and 0Ot her Fefractories. In experinments

| eadi ng to the i Thedhtlidourface'refeired/tornder poitffd)li, fa epmplep thy fiealdeneramthe n whi ch
e L ad Al ! SRS ST Tk Mol dhe A BUSH AL SRRLRTudE 4 1T
A proj ectioff systeém (conprising varrous mrrors) was used to 0cus t he

| aser radi atflanfe.optlical windaxt)sdmprised of ;abir@yps roatrial. he ehn aite@s shosbifhere beoul d be
nmount ed., /A sybstantially evacuated enclosure, 4 delimted ounded) at one
end by ilRe EFPeRRE Frpip e TP R RS it BRI
substrat e t dinbies aach apmagtesied flackidenidr éxamplpy 2 etdier refacgyisd. em so that the

path of the radiation from.source to.substirate substantially.airless,
Paeludi ng & her ef Beemen ety eSisk b ity HECRPE R ot d) o1 o
and t he subsierafistioh siole.deiTricd BUM @ritianiandengtha¢ sppraxs | Dehm)TAtpegecioron t he si de
facing the substrate table by the last m.rror {n the projection system(the
"gol 1 sur PREE CHRIFEE opymiTeRl aBo e © e s P PAS IR car y
because of tthisde,fomtt whicht té&SUwafarcdelddeasowmitain Af substantiallysvaenatesencloserer , and
was ai med at avoiding substantial light-l1oss at substrate level. In
working with this prototype system the inventors observed rapid
degeneration of - 10 the resolution and definition of fine (subm cron-sized)
i mges projected onto a resist-coated wafer on the substrate table. Mny
different possible sources of this problemwere sought and




I nvestigated before the inventors final le‘%\ observed that the final optical

surface (mnor) in the projection syst had becone unaccept ably

contam nated. Further analysis denonstrated that this contanm nation was

caused by t'hj?{ (Eresence of a spurious, coating of organjc material, 1@ whi ch
£

was subs@gisred (pounded ot PrsrEnaldyBA S¥i& peTire Pf tetasesangal thy ethpr SULRLESf rom
the res Shhsupfi@bieNad f6yit84 & %gg%edﬁ%kﬁﬂ@%g& WBYfel I patf Bt B rMlation

"sputtere oose fro e eam an e evacuate

i nt er venifidgh ShacstoBebsaewhd@bwahedlledifledshincudajgabérefore Syesinefvenitld pasd t he
rel eased material to mgrate toward the projection system (and ot her
vi ci nal between gregyroigrtiomspsteunans (e swhptwinfablant his Intevaring spag was dsbmitgdt i on.

he. 1 gl Sl beBedfls RESAE LT R Rnf B BBl R 84 ©

optical suificet ecfaeel RdrtdabOve)l Suchievabilatioh via necssbay bebiuse pf tielfednthat BTV

i nventors increased the distance between the substrate table and the

proj ect i tndergenssignificent absprniiondn elingnsavisormet at #voiding sybstantipbhghtdosstabce  of
t he proj e@skg% Is%n?t emwas still observed. Subsequent cal cul ations (see
"Resi st 2 t'84M nants" bel ow) reveal ed that such an approach was in fact

dooned to be mRASAIASHAREIE protéffe Eidm aheiventoiblsaived Ripid degdnanitioa bl on
nmeasure was required. Eventually, after trying various other approaches,

t he IthveHeaesolation anddiedinitionef Sk (subsmicrpasizdad) gages pejegied oxtp)a rasist-qoated

b . he i t] | Yt .t he fl f . ' '
from reSaltap B ausriF sl SreSunbn ol Rl SSRIEERNE HRE Shefithll’ ©
enpl oyedirdvastidated BefsiB tisdiavbitloREinalls eBsdraiiCBat tha FindlgsicAdur Sbd Ghitfr) ial thy
absorb the radiation in the projection beam (e. ,_ While having a

. E
subst ant pei¢ojioh syeterhpd beeome wweedntalile pentpwimategdn galﬁher%@ly.sis Hemapstesseddhats uch
that h b d i ' | ock. A d_Kr. ding t
o irst Bunetymparimnas sust b A Stsedftord @ipEl Gtk of Bikebls meteid " o5

li t hogr apfich vwaRabsdquentGoabheREded cbﬁsi@tmghardebas pid bR protit@ranPRk &gt Ng
device onto a 5 substrate, the lithographic apparatus conprising at |east
one gas myenetthesaférnBidpetly, aneh matcaabivagbdies VwpaHewilt lose ronyiba safaby thhe

bl vi nEUe BB e SR ire SRR b a SRR PP RE BhmPoastietre
one or n@lﬂ&wﬂﬂﬁ@%eléﬁs@@hﬁt@fa@t&ni?&% itSWAradhOprofectb §aem (ARIUStRED wWetalthel T um

deut erat ed hydrogen, krypton and a m xture of argon and hydrogen, and said
seal i ng spéaces)rvethont emibsgding suhstantialsghtering @ defpetione Pnge suityed ahthe t abl e

Ot 08 e Al R SR 1P PR BB S ot e
- system, causing the said optical surface degradation.

In an effort to combat this problem, the inventors increased the distance between the
substrate table and the projection system, but rapid contamination of the final optical surface
of the projection system was still observed. Subsequent calculations (see “Resist

25  Contaminants” below) revealed that such an approach was in fact doomed to be
unsatisfactory, and that a more radical anti-contamination measure was required. Eventually,
after trying various other approaches, the inventors arrived at the solution described in steps
(b) and (c) above. In the inventive solution, the flush of gas prevents resist debris from
reaching the projection system in the first place.

30 The gas employed in the flush should be a substance that does not substantially absorb
the radiation in the projection beam (e.g. EUV), while having a substantially low diffusion
coefficient for contaminants. Examples of such gases that have been used in dynamic gas
locks are Ar and Kr.

According to a first aspect of the present invention, there is therefore provided a

35 . lithographic apparatus configured to project a pattern from a patterning device onto a



A dynami c gas | ock that uses gases such as Ar is described in US 6, 198, 792
Bl, which 10 describes a hole in a nenbrane, the nenbrane separating the
proj ection systemarea fromthe substrate area, the hole being for
allowing the projected radiation to inpinge on the substrate. The inert
gas flows across the transm ssion direction of the radiation beam A
dynam c gas | ock which describes a flow going in the sane direction as the
projected radiation, which further has a nenbrane or w ndow t hrough which
the projected radiation nmust be 15 transmtted is described in US

6, 683,936 B2, US 6,642,996 B2 and EP 0 532 968 Al . E%trﬂé’hxeﬂéﬁ’ e of t hese
| atter docurrents t hat d| rects the inert gas may be cone-shape

covered at i 1PRAHSSOmPENEE AbirashonEtBrasdacaliNgBRIYrE citpnding between ﬁ’éfEFPfanﬂ?mf rrust
travel bef orise ippaoitaghagtetised ikt helippiritaicompritdiar lea@iﬁﬁbgaaa@plﬂﬁges\fﬁéﬂ whidhae 1 nert

as from rds the pro roplemwth
%aw ng a me% %greeajlfg\é%g?z{\)/{gg%mﬁv%mde 1 1[') Orl"%rf g‘is?‘fer}r olnr?éFc’Pp ﬁ’&gs"f‘%‘% Hg‘tge’i” he 20
amount of préspetmeilivm divterdted hydypaem kymtdraodaghixtuisef ampniandhiydroges, ahdhevi tabl y

absor bed or def | @ﬁitsg‘ﬂdng aﬁenu?e)éme&i@-incuj‘ie@r?assubsﬁat@-ﬁ)nmppsuQs?ratpQLIL &k ‘ela or EW
radi ation i nsi tl% probl em w th using heavy gases such r is that a

greater pre %a‘ st P’lfd\ihs't""é"d and 30 RRUIESEPTS, CQNIEIEg Rraieplien QpliFsoft ﬂﬁé@&"?‘éﬁ' gases
because of the gopahe gas B thattuges EﬂBé&@uch ihe ;sme@ﬁ&a fin W9s/BBY92H, Sigadks to

prevent fshe 4 d| at.i on nefits of a
dynani c tg?as dfzsgﬁt%saohfcén %mc ar ar ‘tijhse g o sepammg hﬁ{’mﬁeﬁ gﬂ"ﬂ%ﬁ‘%‘g‘&&" Bonprise a
hol | ow t ube S%%‘%ga,tth?éﬂfpbmmf@fall@mmhﬁ@mjecmmaéthnonmpaplsgelonmﬂﬂbsratennx di rection

extendi ng f QA4 MEwsSRlod 1RahsHhisSibl iBGitn JrOWRalRonlble, SUbSt rate table.  Seeing
as the projectiopn sxstem serves tQ focus an image onto the substrate, the

radi ation emer gi nOeT BoPhghigdeieRhet ¢ Sy eops t“étfﬁs%wal q‘fe‘t“afp@r‘hclpf%a‘f"ﬂs t owar d
the final i meiggonprhichifiethuahermenbiand di @in@sWIhioyR AhiBRHEPbieQM rhdidatn st Rf a

coni cal ;kor I wi |l have the
i i a1y opmtbet MkiBlaiFut b oSkl BBAOb Brond BEG 2B A Watiiny  on hi <
i s advant agé’@ﬁ%f "B@é"é‘éfs"ecwms gt ﬁiquis she inert 8ﬁemﬁ)r Wl@fshaywmﬂ @queredd itt 1op pr oduce

an ef fecti valdfbws.anhrdnemug}gvm tmﬁadnadu& tﬁ@yﬁeﬂﬂ‘ﬁmpi‘nﬂng Addisius. Thhe gas
| oad to the s{xs emis reduced n% be i ntroduced into the holl ow
SR

tube via at "FELTFPEHAS %ﬁ@ﬁﬁﬁaﬁm i & the prgigetion temy ¢ or nat i vel y, t he
gas can, for exé‘hmrdnlcnbethmugmdwmbﬁne@wmvcxauﬁmpﬂ Howraf ik inkdgas istaethe | N A
parti cub@r anvo%ﬁt%ma]ec% rahiaﬁon (oBh b m}a hﬁ%@% 121%/9:}%1 %9%%' g8 dffﬁct ueg' on 1 hat

is porous to th % a? e maybe at
| east parti 'é{P‘F"f/"’SsdﬁaPé'& @b f(?\?\?é?ﬂé"’m@‘ﬁ@“ﬁ%%%é?@blﬁarﬂi%“smth@mwysmh esence

of gas at aislAr (s\ﬂﬁﬁid%fer fésiiird iS reQUiredily B4l LdesiRE VRS edvidBpals bhSIriRt € and the

rojection s I’OVI des a scattering barrier to de ris mgrating from
Phel gr%?e mass ‘0 move.

he

The present invention seeks to prevent the loss of EUV radiation, while optimizing the
25  benefits of a dynamic gas lock.
The apparatus of the present invention may comprise a hollow tube having the form of a cone,
which tapers inwards in a direction extending from the said solid surface towards the substrate table.
Secing as the projection system serves to focus an image onto the substrate, the radiation emerging
from the projection system will taper inwards toward the final image on the wafer. If the employed
30 hollow tube is of a conical form that imitates this said tapering, then the tube will have the minimal
volume necessary to encapsulate the said emergent radiation. This is advantageous because it
minimizes the flow of gas required to produce an effective flush, leading to materials savings; in
addition, the gas load to the system is reduced. '
The gas may be introduced into the hollow tube via at least one opening in a wall of the tube.
35  Altematively, the gas can, for example, be introduced over a top rim of the tube. In a particular

version of the qu_'mer embodiment, the opening is a region that is porous to the employed gas.
The flush of gas in the hollow tube may be at least partially directed towards
the substrate table. The very presence of gas at all (whether static or dynamic) between the



substrate. However, if such gas is additionally directed toward the
substrate, then this provides an additibonal safeguard agai nst such debris
reaching the projection system It should be noted that the flush need not
be directed in its entirety towards the substrate; for exanple, if the gas
5 is intsudtratednd the papjcetieihsystym provises aatatterng bamier théehrisarigryng frogbihe
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may be provided as scribed above, wherein the gas used is 10 Eé/tdrogen,

heavy hythabife flusl: nekdutos bie directed in iés entisefy hgmiards) the, substraigidoheanipiey bt the 838 The

dynarg ¢ gas, | pck, ray have. no nb ratin e interveni ace from
the SspabangoRerhPAgoeREsg IR D Tabet Danen b pmemtin ey SHBES &
regi on i Gerwitis dppRa 1ovhed Mol (RARS, IhdrSsouid WF the 848 dahdlovwtemitBs Boland a fl ow
of the gas are opposed. The solid surface may be a reflecting surface and

t he opt i upwath(tbwanh thépwjeativhepstempandithe sest ¢acow dommavardsr(tprargthiet i on of
the substrate held in the substrate table may traverse only fluid; 1i.e.
t here m?‘bﬁgatﬁ)o menber separating the intervening space fromthe space
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inventive notion that” a purge gas m xture conprising at |east argon and _
hy drifige nhystrogendiesiva hydoogemoydeaderduy | denigraséd ksstrogein, phenctksallighygas20 aperture,
conpared to the yuse of argon al gone. Follow ng fromthe invention,.a
suitably chos gasJpe oy haveep W@?’S@%“%mﬁ‘{%@i Jotervenie spacairomthe,

figure 0§pa€@frjlicfudﬁ'%r}fi§ hOIAY thRE anB B8R MbNOw b 18y BRRAMW BgioWeHaRS floW &f
m xture I's relatively easy to punp fromthe apparatus, “conpared to the use

of pure amgoninaBe sssoiag framy thessubgjrage mdxa {low of thehgadrapgyeprosed ar gon, t her nal
conductivity the sealin as 1§ increased. so,.ionjsation effects that
coul d 25 ema_nﬁ‘@s‘? .}c})wr?qqgn%ggae@fre BHeS Bf %’Qﬁhﬁgptﬂb}?é}hiﬁo&} r&ﬁ%ﬁ’@ﬁed by
the jar esgpfact VKR Hrgeﬁ portESY thé Sut@steheRinithd SublstBte Y51 ﬁ{ﬁ?'tﬁv&@@&ﬁ? fhufd;
achieve a particular level of sealing performance, a suitably-choSen

m xt ur e od. thargmay ba do hyanley separaimgdthe dervening spdss drom therspade in¢lhdingitheat | on
ener gy th@r%veith r argon or hydrogen alone. Simlarly, in vacuum

appl i cath WAEPE- ar gon may be considered, a mixture of 30 hydrogen and

argon may be BRGNS idheHEE BaRAGAUAE iR Enti EnFHERNEIY NS fRGhixRke t he
hydr ogen. Such applications include gas curtains to reduce contam nati on,
use of aconyaiskgy st drgme kndhydioganeovidesom suittahgoed scaltng affecodfdhbenalinand use
of %?) | 'naepregnn%?cszonﬁgarred E)ut%g iugg of argon alone. Following from the invention, a suitably chosen
mixture of argon and hydrogen provides a relatively high figure of merit concerning the
sealing of the aperture, whereas this mixture is relatively easy to pump from the apparatus,
compared to the use of pure argon. Besides, by using a mixture of hydrogen and argon,
thermal conductivity of the sealing gas is increased. Also, ionisation effects that could
25  emanate from the use of pure argon can be potentially quenched by the present invention.
When the gas flow into the system is chosen to achieve a particular level of sealing
performance, a suitably-chosen mixture of argon and hydrogen can cause lower absorption of
illumination energy than either argon or hydrogen alone.
Similarly, in vacuum applications where argon may be considered, a mixture of
30  hydrogen and argon may be advantageously used because of the quenching effect of the
hydrogen. Such applications include gas curtains to reduce contamination, use of a
background level of an inert gas within a vacuum chamber, and use of an inert gas for
purging. |
The invention is also based upon the inventive idea that neither the use of pure argon

35  as asealing gas, nor the use of pure hydrogen is advantageous. According to the invention, a



The invention is al so based upon the inventive idea that neither the use of
pure argon 35 as a sealing gas, nor the use of pure hydrogen is

advant ageous. According to the invention, a 7 suitable m xture of argon
and hydrogen has to be used, which conbines the advantages of the use of
pure hydsiggse miReirésoagorand Mydrogindizeso bbesed] whibhaonmjes thhatveotages of the
Surprisingly, this mxture provides, an i nproved reducti of .. .

cr oss- coweakprEtydrogen and presh #nd diginishes e disedxaniages ;j%‘? 6‘%2$%H§?g%@se as
the m xture can be r far . g at i j R Bnd
ef fecti V& ‘,’Iefptg?w;‘aer?sa?‘gﬁl\ég%;g r%?\ﬂé:ttlgir? oﬁg{e}gg t@(?,lljll’{ o{rrrgilhg%’uf}sgirng%aﬁﬁ%gmoeeen when
usi ng r ehyakboslons, Whetbassppliytureatmsbeatmbhel fiyrihgappasatos wiagonly esity and

i nstance,” as a non-limting exanple, for a typical turhonolecul.ar Hunp,
the punpéffagtivgluefer instange by AnG er wRTsHErbpgleqular PEEIPS, eVgA wWhen Uige relatively

cor ool L SPRGHLANEADRD: Kl o BABMEIRReL st To 3
gases W fyhicherufrnioresalar Honle thgriuping Speed iautrg ABRBAbLUL ARS8 1gres/Fhehilathent i on

can be expl ained by the follow ng inventive notiohli, Firstly, the
per f or mesnrEespindingpueping Apeedrfpnhgisogatis gelycheadt 189 £- 0T R8P on the type

of sealin as ..us and. the fl J : i S
speci es ?&g&%agg%ﬁﬂ%pwlpﬁggpeec oggaiof}%??@%i%&%ggfgﬁﬁ%afl sviﬁ g?{"e ey
Cr 099 Sedrivesh, Meldbodt ZXWU 1ardsxat i ng species, which is to be 15 bl ocked or

renoved, for instance, by the seali ng%hgas specij es. . The _charé:acter stic mass
and col | i si ofhenysstioncanibsexphineddyithe follosing myeptivenosions fitstyithe t he

effectivengss of t sealin as | ) : Thi s
ot oot | veEEEefin e SRlne ArrRtes) Cpsb L Eng Mhdty SAthe NpRREhealibgls
Secondl yygefi Oddané NewraRMBf SRl R&BNA sdaling ghd Giecies hes moleeulgasitha used for
sealing said 20 aperture, t%le nore radiation, for instance vﬁélug/%r adibgt I on,

may be atisachaiitibpashand epdlision cupss-ggofien WithnhcubRRAERE SHEGIeS, d8

‘excessi v as, flow lead tao an.u | Een | ot { ection
radﬁit i oﬁ.o &Ié?%?@fogllpsgw039€¥ 918%9%%@@ gg‘?s é%ﬁ% ?ﬁé\/%nt?cg%\rfsng%sgﬁ@e of
nerit F..@fisign 80ad-sdtlolas waPRacdaREIlem Yatbalctdainind tht effectivehessof Ty 2alirg gasa.
Dc). It follows, accor di ng to the present 25 invention,_ that argon has a

rel at i vefoy stppressinguar eontsiminenti flovs dieeffactiyenssemag Be iaueptiied iapeach g8t byif e.
Hydrogen, has. a relatively high figure of nerit, at |east higher than that
of argon® @Fﬂé’ﬂ cgnsﬁ%jﬁétt i on beam having a small wavel ength, for instance an

EWV beam Hovey@ndlyhRlloRaenfrbmshe presbm inxeatiyn,| thoumoed gk asednfos sealiig eaiéf or e,
hydrogen is relatively difficult to renove fromthe apparatus, conpared to
ar ga@b, fapertures tl‘mnn@re\m%intitm; ifpiginstance EUV radiation, may be absorbed by that gas ata
given pump capacity. For instance, excessive gas flow may lead to an undesired attenuation of
EUV projection radiation. _
Therefore, following from the present invention, a figure of merit Fi, of a sealing gas
species may be calculated as Fr, = 1/(22.5 . o . D). It follows, according to the present
25  invention, that argon has a relatively low figure of merit concerning the sealing of the
aperture. Hydrogen has a relatively high figure of merit, at least higher than that of argon
when a projection beam having a small wavelength, for instance an EUV beam.
However, hydrogen has a relatively low molecular mass. Therefore, hydrogen is <
relatively difficult to remove from the apparatus, compared to argon, for instance when using
30  onme or more turbomolecular pumps having low compression ratio at low molecular mass. The
low molecular mass of hydrogen, howevet, does lead to smaller conductance losses for gas
flow within the apparatus.
Thus, a suitable mixture of hydrogen and argon is used as a sealing fluid, which
mixture provides a better sealing than argon by itself at a given absorption ratio, which

35  mixture can be removed better than hydrogen by itself. Until the present invention, no one has



30 one or nore turbonol ecul ar punps having | ow conpression ratio at | ow
nol ecul ar mass. The | ow nol ecul ar mass of hydrogen, however, does lead to
smal | er conductance | osses for gas flow,within the apparatus Thus, a
suitabl e m xture of hydrogen and argon Fg used as a sealing fluid, mhlch
m xture provides a better sealing than argon by itself at a given
absorption ratio, which 35 m xture can be renoved better than hydrogen by
itself. Until the present invention, no one has conme up to the sinple 5
idea to use a mxture of argon and hydrogen as a sealing gas m xture.
Preferably, the .m xture contains such an anount of argon and that the

m xture contains as nmuch hydrogen as possi ble, wherein the possibility of
expl osion of the hydrogen is still prevented. According to a further
enbodi ment of the invention, there is provided a devi ceqmaapil actimpt ng

met hod conprising projecting a patterned beam of radiation onto a substrate
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aperture byp%ff’g’ Flgggqxplgsh B‘Fewgﬁﬁegéseshl? PREMum  deut erat ed hydr ogen,
deut eri um kr ypt okecadingte afuxthen prabodifnent af thd ipgstionghegropprovidtd b yeticogemfactering sai d

seal i ng ap%&@m&a&ks&ﬂ%ﬂ@ YRRGA bamraala&o% oftQ DEbdGHe ifh 1RMPEIEAt € table for
15 hol ding at | east one substrate, and on optics zone, contalning

proj ect 1®n eRRRRES Whestin & jeast g senesef the apparp s ﬂﬁlFPgﬁW%{' %hﬁ?‘tyﬁblfastéﬁ%a. ment of
the inventi gmgedtséam{gepdnsmpmweded mahasmalnetﬁdarﬁ;ra.edcbmm.grpar@hg aidapliag at us

conprising a gas g2kt N erture t.en et.we two .7 nsof t he
appbr at us. i oot SRR PRIk THERE ARLRE MBRA L IBAROCC 1 o
is confi guredbatl@rgmqg@hyyhoacnlanght gas to the seal ing aperture. 20 A further

enbodi nent of the i nyanLyNRL.RkERSbdiien A8BstRk 2Rt ol £a8IR RS @F: hydrogen,
hel ium deuterated hydrogen, deuterium krypton and a nixture containing

subst ant{ al Wdtwheﬁu@ﬁsuaﬁra*w%wvﬂqs atoe FP%HT‘W@“@@B‘I‘?SW hepB¥ttr e of a
| it hographi c pr cqcaﬁdmgama ﬁpmaﬁﬂdomaem Aaafivahtog, tiefe ioprévided hesl feniidddrapbiat of t he

i nventi on, pmm mm%rglrnga;%? d6tdee aRIRLLGL chnggé%r@eer%%E&Iepéfr\gh@gﬁta mor e

sequences o? instructions SCri escri bed
25 above andheeplrdhftsaalgtpmvdgﬂeWWEqua*rﬂﬂhﬂmlﬁUVWﬂFOd'gefmG‘tpé'ryaﬁs‘%gﬁéﬁﬁ“st ored
therein. | negingapufacturing pr ocess u5| ng a |lithographic projection
apparatus, a pattern mamafk fg nt o I;a’?é‘substrtgé%% V\/ﬂl]i: is at

| east pdttial |y AbRherEgodigentel) IEWF““B‘PPT 1 ?@9“558 EE QP& BT RIS Yy esi st ) .
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such as pri tn}ftp mgasgﬁl St rﬁ:?aotr!s ﬁg?%% Er SOEL 2 gm After exposure, the
substrate may to ot gce 3 v
Accordmg to a further embodiment o the invention, there is- prowdcd a computer program
containing one or more sequences of machine-readable instructions descnbmg a method described
25  above and a data storage medium having such a computer program storeﬂ. fh(:féin.
In a manufacturing process using a lithographic prejection apgafatus; a pattern in a mask is
imaged onto a substrate, which is at least partially covered by a layer of energy-sensitive material
(resist). Prior to this imaging step, the substrate may undergo various‘pr‘occdurcs, such as priming,
resist coating and a soft bake. After exposure, the substrate may bé"éubj ected to other procedures,
30 such as a post-exposuré bake (PEB), development, a hard bake and meaéurcnaenﬂinspection of the
imaged features. This array of procedures is used as a basis to pattern an individual layer of a device,
e.g. an IC. Such a patterned layer may then undergo various processes such as etching, ion-
implantation (doping), metallization, oxidation, chemo-mechanical polishing, efc., all intended to

finish off an individual layer. If several layers are required, then the whole procedure, ora variant_ .
35  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



30 such as a post-exposure bake (PEB), devel opnent, a hard bake and

measur enentl i nspection of the imaged features. This array of procedures is
used as a basis to pattern an individual |ayer of a device, e.g. an IC
Such a patterned |layer may then undergo various processes such as etching,
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substrate to the mask, radiation source, etc. The invenfion ancLits
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The invention and its attendant advantages will be further elucidated with the aid of
exemplary Embodiments and the accompanying schematic drawings, whereby:
25 Figure 1 depicts a schematic view of a lithographic projection apparatus;
Figure 2 depicts a cross-sectional view of part of an apparatus as depicted in Figure 1;
Figure 3 depicts a second schematic view of a lithographic projection apparatus; and
Figure 4 depicts a cross-sectional view of a part of an apparatus as depicted in Figure
2.
30  Inthe figures, like reference symbols denote corresponding features.

Overview of Apparatus

Figure 1 renders a schematic perspective view of a lithographic projection apparatus

35  suitable for use with the current invention. The apparatus comprises:



25 Figure 1 depicts a schematic view of a |ithographic projection
apparatus; Figure 2 depicts a cross-seci®onal view of part of an apparatus
as depicted in Figure 1; Figure 3 depicts a second schematic view of a

| i t hographic projection apparatus; and Figure 4 depicts a cross-sectional
vi ew of a paadiativh systempPaslatfos supplydepi progettion beamy Eeof radiaion (g:g-tHEV fightur es,
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for Kol di nyaf#t positioning a mask MA (e.g. a reticle); a substrate table
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cross-section. The source and the |ithographic apparatus may be separate
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as a radiation system.

20 The illuminator IL may comprise an adjuster for adjusting the angular intensity
distribution of the radiation beam. Generally, at least the outer and/or inner radial extent
(commonly referred to as o-outer and o-inner, respectively) of the intensity distribution in a
pupil plane of the illuminator can be adjusted. In addition, the illuminator IL. may comprise
various other components, such as an integrator and a condenser. The illuminator may be used

25  to condition the radiation beam, to have a desired uniformity and intensity distribution in its
cross-section.

The beam PB subsequently intercepts the mask MA which is held in a mask
holder on a mask table MT. From the mask MA, the beam PB passes through the projection
system PL, which focuses the beam PB onto a target area C of the substrate W.

30 With the aid of the second positioner PW and position sensor IF2 (e.g. an
interferometric device, linear encoder or capacitive sensor), the substrate table WT can be
moved accurately, e.g. so as to position different target portions C in the path of the radiation
beam PB. Similarly, the first positioner PM and another position sensor IF1 can be used to

accurately position the mask MA with respect to the path of the radiation beam PB, e.g. after



pupil plane of the illum nator can be adjusted. In addition, the
illumnator IL nay conprise various othkr conponents, such as an

i ntegrator and a condenser. The illum nator nay be used 25 to condition the
radi ation beam to have a desired uniformty and intensity distribution in
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entire masknd/omgdirdctiops & tat £diffefer® tRgdarealScdri beirradiatédigy the (§thtislaty) onto a
target area C. _The substrate table WI is then shifted in the x and/or y
directi onsbeanPBat a different target area C can be irradiated by the

(oL 10! e g TS S B30 S Iy DOFR SRR Gl
"flash". | pgdoRétin 4 figslgeaksht’akRad/thd SasOMBRIMTIif nibvabléen a divied @iretion((te
20 so-called “scan direction”, e.g. the x direction) with a speed v, so that the projection beam
PB is caused to scan over a mask image; concurrently, the substrate table WT is
simultaneously moved in the same or opposite direction at a speed V= My, in which M is
the magnification of the projection system PS (e.g. M = 1/4 or 1/5). In this manner, a
relatively large target area C can be exposed, without having to compromise on resolution.
25 The support structure supports, i.e. bears the weight of, the patterning device. It holds
the patterning device in a manner that depends on the orientation of the patterning device, the
design of the lithographic apparatus, and other conditions, such as for example whether or not
the patterning device is held in a vacuum environment. The support structure can use
mechanical, vacuum, electrostatic or other clamping techniques to hold the patterning device.
30  The support structure may be a frame or a table, for example, which may be fixed or movable
as required. The support structure may ensure that the patterning device is at a desired
position, for example with respect to the projection system. Any use of the terms “reticle” or
“mask” herein may be considered synonymous with the more general term “patterning

device.”
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tilted mrrors inpart a pattern in a radiation beamwhich is reflected by
t he 26 r r semension; iquidrerehe ssmefayaspumt Aay ves e theferms oaoipeia Jans hsiriy mey be

br oadl y c':oqi[s%’eperdeats %gno"%ﬁrmous with the more general term “projection system”.
As here depicted, the apparatus is of a reflective type (e.g. employing a reflective

mask). Alternatively, the apparatus may be of a transmissive type (e.g. employing a
transmissive mask).

25 The lithographic apparatus may be of a type having two (dual stage) or more
substrate tables (and/or two or more mask tables). In such “multiple stage’ machines the
additional tables may be used in parallel, or preparatory steps may be carried out on one or
more tables while one or more other tables are being used for exposure.

The lithographic apparatus may also be of a type wherein at least a portion of the

30  substrate may be covered by a liquid having a relatively high refractive index, e.g. water, so as
to fill a space between the projection system and the substrate. An immersion liquid may also
be applied to other spaces in the lithographic apparatus, for example, between the mask and
‘the projection system. Immersion techniques are well known in the art for increasing the

numerical aperture of projection systems. The term “immersion” as used herein does not mean



enconpassi ng any type of projection system including refractive,
reflective, catadioptric, magnetic, el égtronmagnetic and electrostatic
optical systenms, or any conbination thereof, as appropriate for the
exposure radi ation being used, or for other factors such as the use of an
20 i mer ghaba strirgjuiessush as hsubstate nust basbmmrgethin ligyisd, bit rathsr palyrineays 8jabct i on
| ens” herein. be ..consi dered. as_synonynp with the nore general term

" proj ect ihaw%@ @t_r‘?iﬂ.be‘ﬂéceﬂ eé’rBEﬁfl%‘? é@?e ﬁlédﬁlﬁﬁlél?sﬁa&s&r?goef{p *W&f 1 ective
type (e.g. enptQy bngec«%ioﬁ%fa&rﬁqiﬂ Ufinpriges kadiatPInlsQEN A EV®, ¥hark&Epaneas atXs may
be of a transm ssive type (e.g. enploying a transm ssive mask). 25 The

| i t hogr apdyiscit silb gerserally bemeckssanyfto at tepgigatimllyreyacuats thel depictsd apedratys, arinast

bstrate. tab] / t t ahl h "nmultipl t "
e hi‘nes A8 e ol r e oy B TRy SoEcT S0 e P stk BrecgaBiste | 29
Steps May;heyhtfek ied iﬁ?‘lgnrv@ M OfterPion Mﬁfﬁ(ﬁbﬁ@ Froihk v a0 oW WvePRALively161g

t abl es are bel ng used exposure. The |ithographi c apparatus nay al so be
of a typdiswineeschand partibwady irdo fermrojectiaf system PROVianos sucht debriagabaccomulated by
a liquid having a relatively high refractive index, . ter, so as to
Fi11 a spROBIBYswbRss (4s Proruan s erion deamoenes elbek A" an i mer si on
i quid may al $Qs A RRbbEfel ARl or 8RAGGSEn! Medbareith B0kAB M subRRAE at Us,
for exanple, between the mask an tﬁe proj ection system | mrersion

t echrd quésnasthe opsitdl skifass of thetphgeatian dystem inoréaso prpvehiglebrisfion cal aperture
of projection systens. The ter%éésn%r sion” .as used herein does,not nean 13
a

that a sefqEuipting %kféﬁseé@.“&a]_sﬁﬂ . wentTsfebsis aseippplsR an !t IF‘E’HHF’&? but

rat her Ogusveaﬁ? é%ﬁatioh'iﬂ&ﬁéﬁu@?d%ﬁ% S6h BB AP pRIbRS isaibt SsByem and
t he substrate’ during exposure. the projection beam conpri ses
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solved in this waty 0 ]
baking for a few hours at temperatures of the order of 160-175 "C, for example, they will

generally have evaporated. It is not very likely that complete molecules of the resist will

evaporate during exposure, because the molecular mass is too high. However, if is possible

that parts of the resist molecules evaporate after they have been cracked by the beam during
25  exposure.

When resist is illuminated by energetic radiation, the long chains of resist molecules
can interconnect or break depending on the type of resist used: negative or positive resist. In
the case of breaking, short chains of organic material will be created, and these may evaporate
from the resist. In a vacuum system, these particles can travel through the system freely and

30  reach those optical elements of the projection system which are “visible” from the illuminated
wafer, even though the distance between resist and optics can be quite large (e.g. about 0.5
meter). Carbon- and oxide-containing molecules will adsorb relatively easily onto the mirror
surfaces.

The mean free path of the contamination molecules is:

35



Thi s problem can be tackled using the current invention, for exanple as
described in 15 the enbodi nents describéd | ater. Resist Contam nants

Resi st contam nation as hereabove described can be divided in two parts:
solvents and 20 exposure products. The solvents are necessary for spinning
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2n o

1/n cos(0) sin(0)dS d$ =~ 1%

20
where o is the half opening angle of the EUV beam [NA 0.1 = a ~ 5.5°]. A fraction of these
molecules reaching the last mirror will be adsorbed. The result of this adsorption can be a
decrease of the mirror’s reflectivity and/or a degradation of its surface smoothness, which
results in enhanced scattering of the EUV light.

25 The Total Integrated Scatter (TIS) is of the order of (4mc/A%) , where o is the
RMS surface roughness and A the wavelength of the incident light. Allowing a TIS due to
surface roughness of the order of 1%, we obtain a maximum acceptable RMS surface
roughness of the order of 0.1 nm. In the assumption that 50 % of this roughness is due to
contamination adsorption, one obtains:

30
contamination-induced roughness (RMS)= 0.05 nm = (X AZ? INY'? = A (fAZD)

where:

Az: effective thickness of adsorbed contamination
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15 =13.4nm EUV (92.7 V) or 11 nm (109 ¢V) can be estimated from measurements of the
yield after impact of 4.9 eV photons (254 nm radiation) or 25 eV electrons [see G. Hiraoka,
IBM Journal of Research and Development, 1977, pp 121-130]. This is done assuming that
the yield over this small energy range scales purely with excitation energy and is independent
of the type of excitation [G.D. Kubiak ef al., J. Vac. Sci. Technol. B 10(6), 1992, pp 2593-

20 2599]. From the data presented in Table 1 (obtained from the above-mentioned Hiraoka
article) we infer that, for PMMA resist, of the order of one hydrocarbon molecule
(disregarding the CO, production) is released per incident photon of 100 eV. If we assume a
PMMA sensitivity to 13.4-nm radiation of 75 mJ. Jem?, we find from the tabulated data that the
total photodesorption yield per exposure with EUV radiation is of the order of 5x10"°

25  molecules/cm for PMMA. For AZ.PN 114 resist, this should be two orders of magnitude less.
Dedicated EUV resists are being developed by several manufacturers. Outgassing to some
degree is expected.

If 40% of the area of a 300 mm wafer is exposed, the produced hydrocarbon amount is
of the order of 10'® molecules/wafer for PMMA and 10'® molecules/wafer for AZ.PN 114.

30  Above, it has already been shown that 1 % of these hydrocarbon molecules retraces the optical
path and coats the last mirror. The footprint on the last mirror is ~1 00? cm, which implies that,
per illuminated wafer using PMMA resist, 10" debris molecules/cm® will hit the exposed
mirror. In other words, assuming all molecules stick, after exposure of only one wafer the

debris coverage of the last mirror already exceeds the maximum allowed value.

35



bombar dnent. The phot odesorption yield of neutrals emtted after
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and coats the last mrror. The footprint on the last mrror is -1 002 cm
whi ch | nPH:€8=CBat, penond | unmi nated wafer @d8g PMVA resist, 1010. debris
nol ecul e§:/00n2 will hit Q;ée exposed mrror. 0'1@; ot her words, assum ng all

nmol ecul es™3tick, after posure of only one Wwafer the debris coverage of

t he Iast(mj)ggjecﬁgreadyn@ﬁ@ceeds t he maxi numpajg owed val ue. 35 16 Table 1.
Cont am nation from PMVA resist due to radiati on and el ectron bonbar dnent
Product BGERCKH: ef ficienene (% of Yield for 0894ev UV photol ysis at 254 am

el ectron osyre 5 and T = 297 K (nol.eg,. /100 eV] CH3 + CH4 0.8 not
neas]éred(&%%ég}ﬁ 3el@f ed CHO not measUi®d not measured 10 CH3O +
CH3OH 0. g, Ro,EH3CH=CHRomone 0. 08 0.01

CH;C(=CH,)CO,CHj not measured 022

M"/M", * not measured 0.79

20  * Monomeric compounds such as methyl methacrylate, methyl pivalate, and methyl

isobutyrate.

Although the above calculation is only a rough approximation, it is clear that the
demonstrated contamination cannot be tolerated. Therefore it is important to find methods to

25  increase the lifetime of the optical elements.

Embodiments 1 and 2

Table 2 below relates to the use of a gas flush according to the invention, and shows
30 calculated pressure distributions and contamination distributions for various amounts and
positions of gas introduction. The background pressure is 2.5 Pa. The gas loads are given per

steradian; therefore, the actual gas load on the system is 2w larger.

Table 2. Suppression of debris due to gas flow in tube.
35



CO2 0.8 0.18 (CH3)2C=CH2 none 0.08 HCOOCH3 none 0.004 15 (CH3)2CHCO2CHS3

none 0.02 (CH3)3CO2CH3 none 0.01 CH3C{#CH2) CO2CH3 not neasured 0.22 M

/M. * not neasured 0.79 20 * Mononeric conpounds such as net hyl

met hacryl ate, nethyl pivalate, and nethyl isobutyrate. Al though the above
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denonstrated contam nation cannot be tolerated. Therefore it is inportant
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Enbodi nents 1 and 2 Table 2 below relates to the use of a gas flush
according to the invention, and shows 30 cal cul ated pressure distributions
and cont am nagijgn di strigbutions for various anounips and positions of gas

i ntroduction. The background pressure is 2.5 Pa. The,gas |oads are given
per Ssteradi af;34t heref oBe, the actual gas |oad orriheé systemis 2n larger.
Tabl e 2. Supprgﬁsion of ,debris due to gas fIOM/iQ:hybe. 35 17 Gas | oad

I ntroduction A I‘ght above waf er Suppression factor of debris [nbar.|/s]
[cnm (fractiogodebris ig buffer gas) 3.17 3 10-§8¢% 5.34 3 < 10112 6.97 3
< 10-12 3.25 6 104 5.65 6 10-8 6.98 6 10-10 108The above figures were
obt ai ned usi n§.68onput er 6Fl ui d Dynani cs cal cul ati dfs. The | owest background
pressure in ta%ﬁe cal cul ations to ensure reliablgonesults is 2.5 Pa.
However, in aR~”®actual éysten1the pressure nay be”l ower.

10
The above figures were obtained using Computer Fluid Dynamics calculations. The lowest
background pressure in these calculations to ensure reliable results is 2.5 Pa. However, in an
actual system the pressure may be lower.

The efficiency and the gas path both increase with increasing height of gas

15  introduction above the wafer, for constant gas pressure at the entrance position. This is
becanse, in general, only gas flowing toward the wafer is sufficiently effective in preventing
debris from entering the (vacuum) enclosure in which the projection system is located, and
such prevention occurs over a larger distance when the gas is introduced at a higher position.
The change of absorption resulting from the change of gas path is not very significant. The
20  absorption is less than 10% for all but the highest introduction points.

A rea.sonable result is achieved for 35 Pa gas pressure at an introduction point which is
about 50 mm above the wafer, corresponding to 30 mm into the tube, since a final distance
between the wafer and the bottom of the tube of 20 mm is assumed. At that working point, a
debris suppression efficiency of 10! is possible (increasing the average time-lapse between

25  having to clean the optics by four orders of magnitude, or more) with only 9 % EUV light
absorption.

Generally, for the same absorption of EUV, the stopping efficiency of both H; and Ar
are comparable. However, the configuration of the complete system does not allow sufficient
pressure of heavy gases such as Ar throughout the system. Lighter gases such as H,, D, HD

30 and He do not pose such a problem. This is because a larger amount of lighter gas can be
pumped through the same opening in a molecular regime than a heavier gas. Molecule
velocities are directly proportional to the square root of the mass of the molecules. In other
words, light gases are easier to pump at the acceptable pressure level for the system.

According to the above-mentioned state of the art, it would not be obvious to use

35  lighter elements such as hydrogen or helium becanse heavier gases are more likely to firstly
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waf er, corresponding to 30 mminto the tube, since a final distance

bet ween the wafer and the bottom of the tube of 20 nmis assumed. At that
wor ki ng poEmbadingent tlebri s suppression efficiency of 1011 is possible
(|ncreqélng the average tine-|apse between 25 having to clean the optics by
four orders of magnitude, or nore) with only 9 % EUV |light absorption.
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the accept8BF& Bredabeam PBgerding o gike Sgﬁfé‘i"é‘ﬁﬁﬂs B HyRaTtigeat igstange the
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Enbodinent | 5 Figure 2 shows part of an_ apparatus as depicted in Figure

1, and!Sderfesarda: higwill ppssible fOF?Ei“Céﬁﬂﬁ?éﬂl'i*Féﬁ sugh debrjs fodpach [hesed™tPEn can be

appl i ed t hey Glafhe afEB:d6 OTIREL i5,30wERA R RRmEAMN &gm(c%wg;overnﬁg I8 Ghedle 4.1 OmM t he
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further potential area for error in the projection beam intensity and also require a greater

20  starting intensity for the light source supplying the radiation beam. Furthermore, the
membrane or window would accumulate debris itself, reducing its transparency to the
radiation beam.

The projection system PS is separated from the substrate table WT by an intervening
space L. This space L is delimited at the location of the projection system PS by the solid

25  reflecting surface S of the “final” mirror Ry in the system PS. It is noted that it i$ from the
mirror Ry that radiation is finally directed toward the substrate W.

The space L contains a hollow tube T, which is positioned around the path of the
radiation beam PB on its way from the surface S to the substrate table WT. This fube T is thus
formed, sized and positioned so that its walls do not intercept the beam PB. In this particular

30  case, the tube T is embodied as a continuation of the enclosure B, projecting outward from the
exit aperture O. Moreover, as here depicted, the tube T tapers in the direction of the substrate
table WT.

According to the first embodiment of the invention, the tube T contains a gas which
does not substantially absorb EUV, e.g. Hy, He, Ar or Kr. Preferably, this gas is flushed

35 . through the tube T in the direction of the substrate W. This can be achieved, for example, by



serve to focus the beam PB according to given specifications. In this
particular instance, the projection syshemPS is |ocated in an enclosure
B, which is provided with an entrance aperture | and an exit aperture O to
al l ow entrance and exit of the beam PB. Although the presence of the
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tubeli s in fluidi cFothemmore atiadvantagelvf apiagél,Br iffhscdopes is thabit dar form al | ow

hydrogen radicals or active H, molecules or other active species when illuminated by EUV

radiation (for example), which can counteract hydrocarbon or Sn contamination in situ by

reacting with the contaminants and carrying them along in the gas flow.



the radi ation beam PB to reach the substrate w thout being attenuated by an
extra wi ndow or nenbrane at the top end of the hollow tube. This allows
greater accuracy in the final intensity of the beam PB. However, the inert
gas G may be angled in such a way as to ensure 10 that the inert gas flows
in a direction which is nost suitable ior el imnating contam nation of the
projection system(e.g. R4) by contan? ants fromthe substrate surface W
At least a region of the inert gas flow therefore flows in the opposite

di recti on gadolihentzl ow of the contam nants fromthe substrate surface, i.e.
downwar ds towards the substrate surface W For exanple, rifling may be used
in the tube, forcing the gas fl ow downwards and therefore the 15
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Syst om0 torgrief BBl rise 3 B oRRRE Phsh Ol RR el el ot
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o her Thei 85 165k OB At G ok ket teve R RRRERESS | | “dep: ot
a furt her oftiphcn®foras) enbodi nent of the invention, conprising a gas
purged sealing_aperture 2 that extends be%reqn t wo neighﬁg ing zones 1, 3.
In Figure 4, tHg RRemfys mpy Soyaprs vancys gas pirepd 57198 BRRUES & PHEY " ends bet ween

two subst gl badddpetwe@Pari&isednet @NMS apparatiis Minetohmor P e ghsfurged Bealigeal i ng
aperture can al so be referred t{)? a dynam c .15 gas | ock ﬁ d%ﬂ)arn'c gas seal,
F8 RO

or the | RRetuiesEpay Redised 1Ry inganse; g0 PIPAFHYLRE A O tween
20  parts of the apparatus, such as disclosed in said European patent application EP 0 957 402 A2,

Also, the gas purged sealing aperture 2 may be used as part of a vibration isolator sealing
assembly, such as or similar to the sealing assembly as is described in the United States patent
US 6,333,775, or to the arrangement disclosed by said international application WO 01/84241
Al. Furthermore, a source zone, including the above-mentioned radiation source SO, may be
25  sealed by one or more sealing apertures according to the invention. For example, the sealing
aperture can extend between an optics zone, including projection optics, the projectidn system
PS, and an illuminator zone, including the illuminator IL; or the sealing aperture can extend
between a source zone, including said radiation source SO, and an illuminator zone, including
said illuminator IL.
30 For example, the sealing aperture 2 may extend between apparatus regions that are
chosen from the following:
an illumination zone for an illumination system which is configured to condition a

radiation beam;



orientations and forns. The apparatus may conprise various gas purged
sealing apertures 2, each of which may extend between various zones of the
apparatus. One or nore of the gas purged sealing apertures nmay be used,

for instance, for transmtting said projection beam of radiation between 20
parts of the apparatus, such as disclosed in said European patent
application EP 0 957 402 A2. Also, the gas purged sealing aperture 2 may
be used as part of a vibration isolator sealing assenbly, such as or
simlar to the sealing assenbly as is described in the United States patent
US 6,333,775, or to the arrangenent disclosed by said international
application WO 01/84241 Al. Furthernore, a source zone, including the

above- nenti oned aﬁaQera&gaQﬂceswerfo@&e§@on%¥p@c£§u§§%.@ obme%&m@ nore sealing
apertures accordin the i nvention sealing aperture
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. the apparatus to relatively low pressures. In the embodiment of Figure 4, one or more first

vacuum pumps V1 are coupled to the optics zone 1, for removing gasses therefrom.

20 Furthermore, one or more second vacuum pumps V2 are coupled to the sealing aperture 2, for
removing gasses therefrom as well. The apparatus further comprises, for instance, one or
more third vacuum pumps V3, for evacuating the substrate zone 3. One or more of said
vacuum pumps V1, V2, V3 may also be integrated. Besides, pumping means may be applied
for evacuating other regions of the apparatus. Each vacuum pump V1, V2, V3 may b;:

25 coupled at various positions to a respective zone of the apparatus.

According to an aspect of the invention, said gas mixture comprises 99 % to 1 % argon
and 1 % to 99 % hydrogen. Good results can be
obtained when said mixture comprises 79 % to 39 % argon and 21 % to 61 % hydrogen. For
example, said mixture can include 69 % to 49 % argon and 31 % to 51 % hydrogen. Sucha

30  gas sealing mixture provides a surprisingly effective suppression of cross-contamination
which may reach the sealing aperture 2. Besides, this gas mixture can be removed from the
apparatus relatively well, for instance using one or more turbomolecular pumps. Also, the
application of hydrogen in the gas mixture leads to smaller conductance losses of gas flow
within the apparatus, since hydrogen has a relatively low molecular mass.

35 Table 3 compares a number of properties or argon and hydrogen.



The punping system 20 is particularly designed and configured for renoving
t he 15 hydrogen and argon fromrespecti yg areas of the apparatus, to
prevent a certain pressure build up therein. The punping system 20 may
conprise, for instance, at |east one punp, preferably at |east a

t ur bonol ecul ar punp which is suitable for evacuating one or nore rel evant
zones of __the apparatus to relatively |ow pressures..ln rhpww
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apparatus, wherein one or more of these zones may be maintained at relatively low vacuum

15  pressures.

As has been shown in the embodiment of Figure 4, said gas supply system 10 may
comprise for instance at least one argon supplier comprising an argon reservoir 11, at least one
hydrogen supplier comprising a hydrogen reservoir 12 and one or more supply channels 13, 15
for interconnecting said argon and hydrogen reservoir 11, 12 to the sealing aperture 2. The gas

20  supply system may be configured, for instance, to supply a mixture containing substantially
argon and hydrogen to the sealing aperture. In the present embodiment, the apparatus further
comprises a gas flow controller 14, which is arranged between the argon and hydrogen
suppliers 11, 12. The flow controller 14 is configured to mix suitable flows of the hydrogen
and argon, and to supply the resulting hydrogen/argon mixture via a channel 15 to the sealing

25  aperture 2. Alternatively, the gas supplying system may be configured to supply the hydrogen
and argon separately to said sealing aperture 2, such that a desired hydrogen/argon mixture is
formed in the aperture 2. Said gas suppliers may be configured in various other ways, as will
be clear to the skilled person. |

During operation, the apparatus of Figure 3 and/or 4 may be used in a device

30 manufacturing method comprising projecting a patterned beam of radiation onto a substrate



has a | ower diffusion constant than hydrogen. Follow ng fromthe present

i nvention, the above-nentioned figure of nmerit 1/(22.5 . a . D.) of
hydrogen is higher than the sane of 10 argon, in the present exanple by a
factor 7.4. Argon, on the other hand, can be renoved nore easily by vacuum
punps fromthe apparatus than hydroggn. Therefore, the present invention
provi des the use of said m xture of ‘@ gon and hydrogen for purging the
sealing aperture 2, which |eads to a good reduction of cross-contam nation
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only. For exanple, as follows fromthe as_ m xture can conprise
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20  known use of pure argon as a sealing gas. This can be explamed by the relatively low thermal
conductivity of argon, compared to a higher thermal conductivity of the argon/hydrogen
mixture (for reference, the thermat conductivity of argon is 0.0174 W/mK while that for
hydrogen is 0.175 W/mK). Besides, when pure argon would be used, ionisation effects can
occur which may be damaging to optics of the apparatus. By using said mixture of argon and

25  hydrogen, such ionisatidn effects can be avoided, or at least be reduced.

Preferably, the flow rate of the mixture of argon and hydrogen is in the range of
about 3x10% ro 100x10? Pa.litres/min. Said flow rate is relatively high, for providing
suppressing contamination flows effectively. On the other hand, said flow rate still provides
for relatively low vacuum pressures in the apparatus, if desired and depending on the capacity

30  ofany installed vacuum pumping means.

Although specific reference may be made in this text to the use of lithographic
apparatus in the manufacture of ICs, it should be understood that the lithographic apparatus
described herein may have other applications, such as the manufacture of integrated optical
systems, guidance and detection patterns for magnetic domain memories, flat-panel displays,

35  liquid-crystal displays (LCDs), thin-film magnetic heads, etc. The skilled artisan will



In a nethod according to the invention, said sealing aperture nmay extend at
| east 10 between a substrate zone 3, configured for holding at | east one
substrate, and an optics zone 1, containing projection optics, of the
apparatus, for preventing that contam nation can reach the optics zone
fromthe substrate zone 3. Preferably during use, the at |east one

tur bonol ecul ar punp i s punpi ng at aét one of said zones and/or said

sealing aperture to a certain desired or suitable pressure level. In the
embodi ment aptafemae%% enaﬂe co'mwa@wdraﬁg%vawgh@mgnar@ruee dr@iengml Swie@d by the
gas flow controller bef ore being supplied to said sealing aperture 2.
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fl ows eff ebindes )248(1'193 tlismoraizaenn)bﬂmek;enwtd vfidla\ﬁﬁwmzedlamanl(b gimaug des for

relatively | ow vac n t he ar.at us r d depend| ng
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speci fi c riohbéamieoeeldthyn lramiade in this text to the use of Iithogr aphl c

t th f f t d t th t
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as the mamahmtqqfeeoﬁmbndaMoa@bﬁn&dna@dmg;rafracuseyﬁeﬂeamc, ngpgheiance and det ection

patterns f netl C gorral n. nmenori es, flat-panel displays, 35
l'i qui d-cr ‘TCHP“‘ &l151289 e REIS OPliga ?Qr‘i“-pf’?el Fi magnetic heads, etc. The skilled
artisan will. aﬁ:ﬂo&hﬁmﬂlhﬁﬁts ol the f&ab’b‘an@iﬂfatxehrdcn dscrsgd bbo@zb tiewitldti ve

appl i cations use of the t "dj e ei n
consi der eoﬁpatgmg%@wm‘@mwyt Bregisao st en pleireboE Fe i o,
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processed, before o after ‘f sure, fdo >§ le a frack (a tool that
typically 'ﬁ??b’l“?‘éeé‘ %eIIWB‘f“oB? e,scé&ngta rrlegwgas sclosed above, or a data storag

medium (e.g. semiconductor memory, magnetic or optical disk) having such a computer
program stored therein.

The descriptions above are intended to be illustrative, not limiting. Thus, it will be

25  apparent to one skilled in the art that modifications may be made to the invention as described
without departing from the scope of the claims set out below.

For example, a gas purification system can be included, which is configured to
perform a gas purification step on the argon, on the hydrogen and/or on the argon/hydrogen
mixture. Figure 4 shows schematically a gas purification system 51, being included

30  downstream of the gas flow controller 14 to puﬁfy the hydrogen/argon mixture.

The gas supplier can be configured in various ways, and can, for example, be
configured to mix a predetermined gas ratio of hydrogen and argon, and to keep a |
predetermined pre-set gas ratio of hydrogen and argon for a desired time period.

Besides, the gas supplier can include one or more valves 52 (see Figure 4) or

35  similar flow control means to control gas flows, as will be clear to the skilled person.



5 substrate and devel ops the exposed resist), a netrol ogy tool and/or an

i nspection tool. Wiere applicable, thesslisclosure herein may be applied to
such and ot her substrate processing tools. Further, the substrate naybe
processed nore than once, for exanple in order to create a nulti-layer IC,
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program stored therein. The descriptions above are intended to be
illustrative, not limting. Thus, it will be 25 apparent to one skilled in
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wi t hout departing fromthe scope of the clainms set out bel ow For exanple,
a gas purification systemcan be included, which is configured to perform
a gas purification step on the argon, on the hydrogen and/or on the

argon/ hydrogen mxture. Figure 4 shows schematically a gas purification
system 51, being included 30 downstream of the gas flow controller 14 to
purify the hydrogen/argon m xture. The gas supplier can be configured in
various ways, and can, for exanple, be configured to m x a predeterm ned
gas ratio of hydrogen and argon, and to keep a predeterm ned pre-set gas
rati o of hydrogen and argon for a desired tinme period. Besides, the gas
supplier can include one or nore valves 52 (see Figure 4) or 35 simlar
flow control nmeans to control gas flows, as will be clear to the skilled
person. 25



Al so, the apparatus can include a suitable control 50, for exanple a
conputer or a controller, to control ga% m xture and gas flows. The
control 50, which can be connected to the gas supply systemin various
ways, can be configured to control the at |east one supplier to supply a
m xt ure ofClaims| east argon and 5 hydrogen to the sealing aperture. Such a
control 50 can operate, for exanple, using an above- nentioned conputer
program when that program has been | oaded into the control. Besides, the
seal i ng apger t UneliGagrape bppRatd cofldufidSo PEQES dpattéadiomk & Paﬂ‘t@hin@ﬂ@ﬁi@é eMA3
pressure regime wherein flowis nolecular or transitional, or in other
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aperture (0;2) extending between different zones of the apparatus,
char act er testhd sealingtagerturh €0; 2 ppabdune ! etgoprahd bxdragen, eadt one gas suppl yi ng

system (FU; 10) .which is configured uppl to the seali,n It (0;
Sy xur e OFA AT0R “Rertith ) G dheER Aoty f BER riPRaRERS KD
ext ends Db \RRRedfos HOIAHpRE RadiUMe siibdirafe (MDA A Spticdlbhe %P@g conéfihpgured for
hol di ng at | east one sugstrate (W, and an optics zone (PS), containing 10
pr oj eldt i oproggation pEdR (R1IRRZ, BB, RP401 thefippahadusppar at us. 2. A |ithographic
apparatus according to claim1l, wherein said m xture conprises 99

t hroughput% to 1 throughput% argon and 1 throughput%to 99 throughput %
hydrogen. 5 15 %litﬁoéxﬁﬁkwgﬁﬁﬁiwaéeﬂﬁﬁ USai ACC WHdted® s4i@ nfik@kdRokpriveeoei n
said m xture conprises 79 throughput% to 39 throughput% argon and 21

t hr oughputl¥etghp6ts tcht Sugighpt® hygsnagé i throdghpiitYeito B8 dhrapglinsit Splpairegens
according to any one of clains 1 to 3, wherein a further sealing aperture
extends: 20 - between a patterning device zone, conprising support neans
(M) ffeor pat . . : Ol . ! s

pr oj elcsf i o% opt %?gtﬁ%%?pﬂ%ﬁ%mé %lé%)r,dngéﬁt%mglﬁtpwa}t% getuﬁ g{i@ ng}r?@e cl:)dgtm{v\ggﬁvggn
optics zottwodghpht% a9 thaiuehpwfojrgot nh?2 b trowghpiRi fo 6 thrR®RhpRY) hydmgenan
illumnator zone (IL), including an illum nator; or 25 - between a source
zone (SO, including a radiation source, and an illum nator zone (IL),

4, A lithographic apparatus according to any one of claims 1 to 3, wherein a further

sealing aperture extends:

20 - between a patterning device zone, comprising support means (MT) for a patterning device
(MA), and an optics zone (PS), including projection optics (R1, R2, R3, R4), of the apparatus;
or |
- between an optics zone (PS), including projection optics (R1, R2, R3, R4), and an
illuminator zone (IL), including an illuminator; or

25 - between a source zone (SO), including a radiation source, and an illuminator zone (IL),

including an illuminator.

5. A lithographic apparatus according to any one of claims 1 to 4, wherein the apparatus
comprises at least one pump (V1, V2, V3) for evacuating at least one of said zones and/or at
30  least part of said sealing aperture (O;2), wherein said at least one pump preferably comprises

at least a turbomolecular pump.

6. A lithographic apparatus according to any one of claims 1 to 5, wherein said gas

supply system (FU;10) comprises at least one hydrogen reservoir (12), at least one argon



including an illumnnator. 5. A lithographic apparatus according to any one
of clains 1 to 4, wherein the apparatus 2tonprises at |east one punp (V 1,
V2, V3) for evacuating at |east one of said zones and/or at 30 |east part
of said sealing aperture (0;2), wherein said at |east one pu preferably
conpr i ses resatvolrdas) and at leasome isepply ahanpel(d 5) Hr IIACHCPWW&WFF b)r}gﬁwaé*ﬂus
according to any one %fl clfai ns toO‘S_ wherein said gas supply system (FU,
10) conpr P98 RerYouedheFFalng WRBYEFoker voi r (12), at |east one argon 27
reservoir (11) and at |east one supply channel (15) for interconnecting
sai d hydrogen and argon reservoir to the sealing aperture (0;2). 7. A

|i t hogr apfi ¢ apiphegapluc apmortad sgordingiinanyeac of claims Into 61 wheredn sajifh epseiupryai d

gas suppl 5 t FU. 10) is configured to. supply a i xture,containing
ar gonusglndg}’ffﬁﬂ1 g%é’r]r‘ain’& Praeured.t9 Sug y&d@ﬁ#ﬂ? &ntg.nl%pﬁgq%%lgipﬁéﬁqg?n é%%lgr at us
accor di ngséa@inggye@ﬁ@. of claims 1 to 7, conprising at |east one fluid

passage (15) éxtendi ng between at | east two separate zones of the
apparatus. 10 9. A lithographic apparatus according to claim8, wherein

id | yi [ t. FU. 10 i 4, f hyd
2nd " ar gonBbef orel SaBErYE AP fishrBEER ook e AP B8R b Oketnp g Al £58%°"
(15). 15 3fig sédgte@Pgre(ﬁg%bﬁ%g$ﬁ@reﬁ%y§a§%@rsqsawe b6neloRiH® Pparehigr ei n sai d

gas suppl yi ng system is arranged to supply the hydrogen and argon
separHtely to said fluid passage (15). 11. A lithographic apparatus
according _to any,.one af. clai 1 1t0,.10 Q i Sing a.gas urification
system f of" pur g‘fk‘fﬁﬁ%’a}? %a%}?%%ﬁs, a?ﬂ@‘%@rciﬂﬁg’gﬁ]&f%’? Sﬁl'ﬂgasasf 8{%’}9%%86‘%

m xture. .18 idel PRIARD for ANPAE My D z8F HRT HbMbBreaRYpI9He tBE hidratdd |
to 9 and &1%9’ V\ﬁ%(l)’r@fn t he gsz(gm Sll:lpp| yléng séstem( U; 10) isié%?{ri%nge tggm'x a
pr edet er mumbargga® said flaidghsdagel(ldyen and argon, and/or to keep a

predeterm ned pre-set gas ratio of hydrogen and argon for a desired tine
period. 25 13.. A lithographic apparatus according to any preceding claim
wher ejsh the gag HUeRLYL 8¢ SAdAS toldind 9 AHARS s Ga DS e#es (52)
to cofnSPr o:l]&onegor n%%%ﬂlgg%pa?%{om. 141.&éA0 Iilt hogr aphi(S: a%%arug us@aéégdor ding to
any one OofFldjl8) meunknged td yppdythertiydiaggn and angbn séparately to said fluid passage (15).

11. A lithographic apparatus according to any one of claims 1 to 10, comprising a gas

purification system for purifying the argon, the hydrogen and/or the argon/hydrogen mixture.

20
12. A lithographic apparatus according to any one of claims 1 to 9 and 11, wherein the gas
supplying system (FU;10) is arranged to mix a predetermined gas ratio of hydrogen and argon,
and/or to keep a predetermined pre-set gas ratio of hydrogen and argon for a desired time
period.

25

13. . A lithographic apparatus according to any preceding claim, wherein the gas supplying '

system (FU;10) includes one or more valves (52) to control one or more gas flows.

14. A lithographic apparatus according to any one of claims 1 to 13, comprising a control
30 (50) for controlling at least one gas supplying system to supply a mixture of argon and

hydrogen to the sealing aperture (O;2).

15. A seal for a lithographic apparatus comprising a gas purged sealing aperture (2)

extending between two zones of the apparatus (1;3), wherein the seal is provided with at least



30 (50) for controlling at | east one gas supplying systemto supply a

m xture of argon and hydrogen to the seiiing aperture (0;2). 15. A seal

for a |lithographi c apparatus conprising a gas purged sealing aperture (2)
ext endi ng between two zones of the apparatus (1;3), wherein the seal is

provi ded wn¢ pasastupplyargtsystem (dhewhjak issuppplyied do suppliete theoyalingiapprtyrs, a

configured.to s |y, tq the sealiing aperture, a mxture of argon and

hydr ogen, ngﬁwres%ﬁoagg%ba&ﬁdﬁwsmﬁﬁ’érapﬁre (0;2) extends between a substrate zone
for a substrat gif ablieEYnure (002) BRbAl bt REcH LABELAL o iBBh sidHseale\ible gw)on
optics zone (PS), confgal ni ng projection optics 5 éRI, R2, R3, R4), of the

appar at us fort®lding atdvast engrsubstirate (Wi ang ometphiosizasrB ), shrgingropreteciioroptics

patterned f i at.ion B) onto a substrate (W in a lithographic
appar a{us,(}k‘)m%i?’nﬁggc’? PP zones (1,3) of the apparatus are seal ed
fromeach other by at |east one gas purged sealing aperture (2), 10

characterised in that the nethod further conprises purging said sealing

aperture b§. at A deaidte manfactfringyetbebenmptiringpraicsting g gettagesd baampigedighenr a
m xture of_at | east. ar d d id. | i t . 2
ot ends. baAkeNS & SuhshefARpan s o SR it s RaersL By 2 U15) At o
| east One@m{lg afe%%a(lé/&Rgomq?w&ham;} £3eAPHR ééf?h&g?ﬂ@@élﬁfg%b&%r@ ®), ection

optics ( , R2, , ), of the apparatus. A devi ce manufacturing
met hoih ac clearatiteripetl dn thatifhmnieghodfaethen qonguises purgingisxidisedingfapedungdyy @ fegst one
hydrogen and wherein the flow rate of the mXxture.of at |east. argon and
hydr ogen P hyqr?geph%ewgﬁ'ﬁgfhﬁ%og%G‘Fu@?‘i‘@?rladmf%ﬁ‘i g 1%% freeh 31}476 058, 41l
The use of a ms%i& Qéa%ng%péﬁir@t@,@z SR Bl /suBYEH0 961 BPE s@dsaafk thislE (WT)
flushing a sealing aperture (2} of a lithographic projection apparatus,
wher ei n sé&irdokiimgd atdepsapmr dubsteat¢ (W2, anéxinearptiss batev@8) cantaining prajesticmeptidsor a
substrate table (3V\7I') f.qr holding at |east one substrate (W, and on optics
zone (PS)Rbd: & nRﬂboﬁﬁkﬁaQE‘l‘r?‘B]ﬁ' optics (R, R, R3, R4), of the
apparatus. 25 19. A conputer program containing one or nore sequences of
machine-readabl e instructions describing a nethod according to claim 16 or
17. 20. Altat aAstwicegeanmatiuringhasthoadjacoohingtocdamut G wheraby gasns acusiudé oy t o
~claim19 stored 30 therein. | ) .
argon and hydrogen and wherein the flow rate of the mixture of at least argon and hydrogen is

in the range of about 3x107 to 100x10° Pa litre/min.

20 18.  The use of a mixture containing substantially hydrogen and argon for flushing a
sealing aperture (2) of a lithographic projection apparatus, wherein
said sealing aperture (O;2) extends between a substrate zone for a substrate table (WT)
for holding at least one substrate (W), and on optics zone (PS), containing projection optics
(R1, R2, R3, R4), of the apparatus.
25

19. A computer program containing one or more sequences of machine-readable

instructions describing a method according to claim 16 or 17,

20. A data storage medium having such a computer program according to claim 19 stored

30 therein.



Li t hogr aphi c Devi ce Devi ce Manufacturing Method and Devi ce Manufactured
Thereby ABSTRACT: A |ithographic projégcti on apparatus conprising: a
radi ati on system for supplying a projectron beam of radiation; a mask
tabl e provided with a mask hol der for holding a mask; a substrate table
provi ded [WhbBraphis TRsideabevide Migk ficalrina1ethbd ad BDebit Mirfifacthde® ThEbY i On
systemfor 1maging an irradiated portion of the mask onto a target portion
of the substrate, whereby: a) the projection systemis separated fromthe
substrate table by an intervening s%gr%@ can be at least partially
evacuated and which is delimted at tion of the projection system
by a solid surface fromwhich the enployed radiation is directed toward the
substrate table; b) the intervening space contains a hollow tube |ocated
bet wekn t he sdihdtosnaphlamommuap@arawb@nmmgt abl e and situated around the

pat h of the é{f}ldl ation, he fqrmand Size t}e(ﬁ e being such that
radi ati ot @6 QP FHCPHOr STRLEEE APROISAR AT A 2IREO Y ubst rat e tabl e does

not intgrg re provided for

conti nuaFI y Q%M@JBIIOV gdlt\{]igr} %gfa(k) %lﬁgpﬁo}]?ow tu §Sl€m th a flow of gas,
wher ei n tsha sgibstratcstably prodesd witk aisubstratchdléerafoeholiyngraogdstrateteut eri um or a
m xture of argon and hydrogen and the flow of the gas is opposed to the
fl ow of @omtavPHiIASYstEmdT inpagng ybitadiated portipnpf thﬁénaﬂﬂomwf ppgionpf
flui fidc COWP@Jsubgtratté on with the interveni ng space. Figure 3

whereby:

a) the projection system is separated from the substrate table by an intervening space which
can be at least partially evacuated and which is delimited at the location of the projection
system by a solid surface from which the employed radiation is directed toward the

15 substrate table;

b) the intervening space contains a hollow tube located between the solid surface and the
substrate table and situated around the path of the radiation, the form and size of the tube
being such that radiation focused by the projection system onto the substrate table does not
intercept a wall of the hollow tube;

20 ¢) means are provided for continually flushing the inside of the hollow tube with a flow of
gas, wherein the gas is hydrogen, helium, deuterated hydrogen, deuterium or a mixture of
argon and hydrogen and the flow of the gas is opposed to the flow of contaminants from

the substrate and/or the hollow tube is in fluidic communication with the intervening space.

25 Figure 3



