1 Lithographic Device, Device Mnufacturing Method and Devi ce Manufactured
Thereby The invention relates to a |ithdgraphic projection apparatus
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behi nd such nulti-s%a e_appar tus is tq{ét, .Whi I.ei a first substrate table is
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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 alignment measurements on the new substrate,



repeats itself; in this manner, it is possible to achieve a substantially

i ncreased machi ne throughput, which irturn inproves the cost of ownership
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non-contact seal using 35 a purge gas. er el ptica

bet ween systemps sepatatgbiiome sibsttae by aninteptano® 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 substrate

25  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, which is also incorporated herein by

reference, describes a lithographic apparatus and method, comprising a non-contact seal using

35  apurge gas. Therein, a purged optical path between an optical source surface and an optical



target surface is provided, as well as relative novenent between the optical
source surface and the optical target urface. A purge gas of a controlled
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encl osur e,being such that radiation focused by the projection system onto the substrate table does not

intercept a wall of the hollow tube;
¢) means are provided for continually flushing the inside of the hollow tube with a flow of
gas.
25 This is known as a dynamic gas lock and is described, for example, in US 6,459, 472
B1. Further features that improve the apparatus are described below.

The “solid surface” referred to under point (a) is, for example, the final mirror in the
projection system from which the radiation is directed toward the substrate, or a (thin) optical
flat (i.e. optical window) comprised of a vitreous material. The term vitreous should here be

30  interpreted as encompassing such materials as silicates, quartz, various transparent oxides and
fluorides (such as magnesium fluoride, for example) and other refractories.

In experiments leading to the invention, the inventors built a prototype device in which
the radiation system delivered EUV (with a wavelength of approx. 13.4 nm). A projection
system (comprising various mirrors) was used to focus the laser radiation onto a substrate

35 table, onto which a test wafer could be mounted. A substantially evacuated enclosure,



4 delimted (bounded) at one end by the exit aperture of the |aser and at
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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



According to a first aspect of the present invention, there is therefore
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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. Seeing as the projection system serves to focus an image onto the substrate,
25  theradiation emerging from the projection system will taper inwards toward the final image
on the wafer. If the employed 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.
30 The gas may be introduced into the hollow tube via at least one opening in a wall of
the tube. Alternatively, the gas can, for example, be introduced over a top rim of the tube. In a
particular version of the former 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
35 the substrate table. The very presence of gas at all (whether static or dynamic) between the
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may be no nenber “Separ I'ntervening sp rom ce 1 ncluding

the hol $pave fileniditig. thd hellee adedarithe Hole@n tubeSndyaachio b rédién innwkich flé® dfot | on
that a pur?e gas mxture conprising at_|east argon and hydrogen provides an
extra goeuntagiapgtyipseng dom e spbsrateandiaflpw obthggas argrapposednpared to the use

of argon a1 onye KN SUb8 ol A DAcd PV I Bre kA AR Rolctpht © O

argon and hydrogen provides‘a re nerit concerning the

seallisng Qirfabifd @P elrbdtportiohhEtRasubsRAtS hbldXh teSubstrdtetadld Mey tatasyorl P 1R
fromthe apparatus, conpared to the use of pure argon. Besides, by using a

m xt ur e ©of theyeimey bp na meenzhey separatingdheratervaviri spars fromp the spase inpdudingithegas i s
i ncreaselgg Al so, ,ionisation effects that could 25 emanate fromthe use of

pure arg OHlogvaIHe%'gerpotenti al ly quenched by the present invention. Wen the

gas flow i nt oThdeconbémbddimertiobaRA0A tRCiveME/edhoridh that dlpargel gy flixtte seal i ng
performance, a suitably-chosen m xture of argon and hydrogen can cause | ower

absor pt | exmpsising at [leasi argon and kydsogpp providesaintextre gaed)ernling efigeirod ghasealinge.
ST Yoerthl, EGHHY BPBL LSALE 205h MDSE BoftbIRD AR AR 1500RI.A%S &ltanfy Hoxbure of
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  asasecaling gas, nor the use of pure hydrogen is advantageous. According to the invention, a



30 hydrogen and argon may be advantageously used because of the quenching
effect of the hydrogen. Such applicati®dns include gas curtains to reduce
contam nation, use of a background |evel of an inert gas within a vacuum
chanmber, and use of an inert gas for purging. The invention is al sq based
upon t hesuifablempixtuse phiergon Aed hyfspgeandias thee wssd, which gpabineg i adzantages #f theal i ng

Prvent o o PRy hodd i S 206 By AEMAIR D RcOBERLE! Worifog 0 i
conbi nesmiigregavvdtdsa@eitpddvedieductis oDEropdiccntdiiAndgs; forcinstardegdingistdre and

di m ni shes the di sadvantages thereof. Surprisingly, this mxture provides
an i mpr olxkoqaghnmss Whereasrthe paxtyrecsnbgreRardddrom they appacatusrelatively gasilyiande and

hydr qcar ] r
el o vePy By ot Bffinbe By BhbiinGhelRbolBI AP LaS cOR ke, AREI KR
t ur bonol RighksaplP LEESof thy Byirydearnnd stgop. Fér iasthiv| ¥ a hdrgimstindanipdd, €ésr 0f t he
hydrogen and argon. For instance, as a non-limting exanple, for a typical
t ur borrol Bpisebiurhompleculas@upprienympiegspeed for aFggnris paoud B8NP litrew® Whilerthe/ s |
while the correspondi.n unm eed fqar r [ I ut 1800
litres/ s ofGPY é IBg 8‘5‘?6@?&%‘? (P%eﬁés %rﬁ a?é/n“g lgg‘zgg"%’?p@ %%&%? 50% m xture
of the tysprédmationithé plpiaglshaddlof al02DLI096 aiixture 6f the BRsIgasé3WAll be hilesdys. The
i nvention can be explained by the followi ng inventive notions. Firstly, the
per 1 nabgweet, i.eraboye2dQ0dyresfsr angenent depends, anongst others, on the type
of sealing g used, and.the flow rate.qf the gas. Al so . seali ng gas
apeci 5 has noneFRlorRn e Feplaidl b Mo Bprinklntdtiys foihs Pifh e

Cr 0SS- Sefdrfthaléd dF tRe &ANhS Biraichidft SpRAAL Bmodtt 6thetsS oh thed§pdlof fhmekad or
renoved, for instance, by the sealing gas species. The characteristic nass
and col hiedj o the Bow-rgiecfithegasadlsned seabng gasi spedieohasmeleculesevidh ai ne t he

ef fectiveness of. the sealin as for. suppressjng a.contam nant flow. This
of f oct | VEMEELETRtG e FULR TP Eq PRSI oot g a oDl PEOFO A ROHS ISR Do,
Secopd! yplobiedd RWeMevdd; BPihdighce! B5RBedliNY $Bs dpbies. I TIR dHaFaltedidfc nasska@d for
sealing said 20 aperture, the nore radration, for instance EUV radiation,

may be abdbsibedrobsssachian, agaeclbds said ffpw eate, platepming pbe ¢fifsctivemess phhe sealing gas

o b UL TR BRSO SRR R See SR

merit F. 4i9fs@nSbitadi® gas species may be calculated as F. = 1/(22.5 . a .
DJ. It follows, accordi ng to the present 25 invention, that argon has a
rel atively | oSedondlyy follovimgefrom thopresann invgntidre tleaabiermys of useti dor sealarg saide.

Hydrogen has a relatively high fiqgur f rit, at least higher than that of
ar gc??(? WPRSHUEE, H}ed}"‘%rétri“gﬁg%é‘% lﬁﬁelgﬁffgﬁé\? é%ﬁftwnvﬁwﬁvs ﬁgﬁ%?e thatgas ahze an

EU'V b €afilven 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 Fy, of a sealing gas
species may be calculated as Fr, = 1/(22.5 . a . 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  one or more turbomolecular pumps having low compression ratio at low molecular mass. The
low molecular mass of hydrogen, however, 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



However, hydrogen has a relatively | ow nol ecul ar mass. Therefore, hydrogen
is relatively difficult to renove frondthe apparatus, conpared to argon,
for instance when using 30 one or nore turbonol ecul ar punps having | ow

conpression ratio at | ow nol ecular mass. The | ow nol ecul ar_ mass of hydrogen,
however , cComfdp 1ogheisimple idsp FRYSCATRIKINE 2f 880N 384 Bydrpgen agAsscalinggasiiixiite t he

appar at u , i M i a
coni 1 ng TP el Gl b L o bl e A OR A B MARRE BRI %, sl 1
at a gi venclabhgibogeni as possible.owhevbinahe P&ssibility of explesiobef the ipdredetbmststilr t han

hydrogen by itself. Until the present invention, no one has 8 conme up to the
sinpl e i re¥enied use a mixture of argon and hydrogen as a sealing gas m xture.

Prefarably, tRe.JTsk W 8 g@&% gxirnﬂédiﬁ}éﬁpoﬂﬂe g{;gﬁfeﬁn, ai]er@fsgﬂgviﬁ&ga hbate t he

m xture contains as ogen as pos erein the p033|ebi lity of
expl osi omamifadtiengdinethod @bmipsisiag ipkdjectingavparttmed béando€ eadititiog onto @substrith én
enbodi nent _of the invention, there is provided a device manufacturing

met hod coH{beBEPhG appapBe: Whgein ab leastdpaaanesaf hoapparisare serlehiromgadypst rat e
i li i i : . f t
ire cen SHERNAR et GRARG Bty s EhBE, RSl SIDARASHe Rt TR B 1S

char act e¢dngsibes Pn’gh@tsatdmamg fettufetiyt Addast arergithyd@gen etjumgdanémdtedeal i ng
aperture by at |east one of hydrogen, helium_ deuterated 10 hydrogen,
deutldr i ubrdsegenedsnjerivy polgany bydragen et amixtee ofat leay argonragd hydisgemy dr ogen.

i e bydrag e ofet | véigchydrogen.
for o 11t noghesihOss MR ERRlRhoNfe LV, e 186 G0LES P HATT 7 o0

ext endi ngthbglapkie Appaterug 6oaprisifg a ghepapiibdealitbaperify &ltéhdilEbéa®adn two oheyi ded
with at | east one supplier which is configured to supply a light gas to the
seal i ng effbe appasatus, vhardin thetsep! ie provyiedwyith afleashend supphier wichisoenbgered e use

of at least,o f, [ ogen helium deuterated hydrogen, deuterium or
heavy hngale%ﬁ%ﬁéa%wﬁﬂif%ﬁgggg?fué?'ni ng substantially hydrogen and argon
for 15l ushi ng A feRMdriecRbodRednt B theGhveatibh bR Y wse T ai REdtions of:&@ﬂﬁ)g@ﬁ,us :

According to a further enbodi ment of the invention, there is provided a
conput er helipm, dewtgratad hydmeshdavtprivneordicary hydregap rad easixgre gaiainge r eadabl e

instructions d ri,.bing a, nethod,described above aogd dat a .st or.age nedi um
navi ng. sUBRASER R aPa afERh g, nieBRe A tEing Wer i e A PRiG M ocess
using a Jgpaf@@l aphi c projection apparatus according to the invention, a
pattern in a mask is inmaged onto a substrate, which is at least partially
covered by 25Aecdrdipgto afurtheeempodiorest ¢fi the inventeor, fierg isqud@tiyd a Bornputet o t hi s
imagj'ng step, the.substrate may . . . o
0 ¥ prograim containing one or more sequences of machine-readable instructions describing a
method described above and a data storage medium having such a computer program stored
therein.
In a manufacturing process using a lithographic projection apparatus according to the
invention, a pattern in a mask is imaged onto a substrate, which is at least partially covered by
25  alayer of energy-sensitive material (resist). Prior to this imaging step, the substrate may
undergo various procedures, such as priming, resist coating and a soft bake. After exposure,
the substrate may be subjected to other procedures, such as a post-exposure bake (PEB),
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, e.g. an IC. Such a
30  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
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

35  technique such as dicing or sawing, whence the individual devices can be mounted on a



undergo various procedures, such as primng, resist coating and a soft bake.
After exposure, the substrate nmay be sBibjected to other procedures, such as
a post-exposure bake (PEB), devel opnent, a hard bake and

measur enent/ i nspection of the inmaged features. This array of prqcedures is
used as $ATHEsFYMeeted 19 P’@Ff?’%ﬂf“ﬁhﬁi ipfogaation regaidingsugh a&aﬁeesgs C@l'gf« obigingds.  Such

a 30 pat gl %ﬂ%llea%% tﬁ%’oc{l@%mk&;ﬂﬁ{ ﬁﬁn%étﬁan%SPrgét?&?é}ﬁﬁﬁ: 3 %&1&%&&&8@' ng,

i on- |nplant opi ng zat1on, oxidation, cheno-nechani cal

pol i shi nBrocedsing;’, Ehitd EditiendsdPdta viah aat) MdGraw dHilli Publishidg &lo., 119 BIISBNiO-sever al
| ayers are requi red, then the whol e procedure, or a variant thereof, wll
have to 75%(9 -ed for each new | ayer. Eventually, an array of devices wll

be oy esent o i SUSHE ErehlPh Roken FBSEertBAE 8 1RRe bPBRE DERAET ed from

one anot her by a n| que suc IClng or saw ng,

i ndi vi duadcoftiivg ehe aeventien mhahﬁdu@aufe ¢F ICarit stiuld boenpdicitciniderspodshatet .
Further information regardi gt,?n such_processes can be obtained, for exanple,
from t heSis8ER aPRATaluS BRS HamaofrrRAssble aPRlieations.iFos examplgeit may 8sempitygd i or

Pr ocessi )

rooy ) o mpnbloh fie bloideitod BjcaP b Rfon Bt an BT bdder Bt ot ehg

her eabOV&oﬁlﬁlntrﬂi‘éindtﬁd@ lﬁxiuldJaﬁys&pﬂﬁpawsnelmmermngagmnb lheadsnate Theaskilied t he
manuf acture of ICs, it should be exgl i C|tI under st ood that such an

appﬁlroat ggmh%wﬂhmrmafﬁ@rhapoa gheroatexppf S“éhtl @’ﬁ%theFET?Ph@%ém&I agly us¢ ofyihg Ltfémsd
enpl Oyed.l, B%}F t,hyvﬁgeﬁr‘“glF ‘acﬁé” Pl% textgﬁoelﬁg gL %‘Qns?d’eiécfaas qeﬁ'éirteﬁﬂ‘éed l&]tlh? e an

detection Nenori e | Spl ay

panel s, pdieRal tdrindr ﬁﬁglE'Et‘édbsﬁ@t@’dﬁnd Ghget b, Eéspédn@élylo artisan will
appreci ate that in the cont ext of such al ternative applications, any use of

the terms "r Altheysirthe disgussion ipthis éﬁxéconcﬁnttwsssonmhaé%medlsb ef EBiYs iltder ed as

e’ 9 CBRRES: G525 PR b Mo afBRSble i SEDS BB o
somephat radihtioh @ypés. q?d?fexfhgle intthe 6430V & lilfd gfpBld dpphlatusaislyihHaty ﬁglﬁ in

invention is also appli le in systens enploying other 15 radiation types.
For exanpérabination wigh eémtldiy)avaqumdgnalmnmer&ppamd;@r@xpm@iq Algredneing ght i n

conbi nat i th a rtial] cuated en or e rrple

T educ P e sBuRPBEoh oa e furRh G Bl BR B PSR 4ebb ot B e

bui I t - UpUYf proRBIISH optRRY SitniRily! MGhe bide BF Ble@Fdr &HoR Bbdrk Hithogkdphlyatht Yresédt t he

case of el ectron or ion beam lithography, the present invention conbats t he

bui | d- uplrwﬁntmmbmmmsethpbodwupdf substrateipnediced contirimlaitsloarflélans eleotiedss. 20 | n
ebris from

all gcas resent nven tion als the rat.i on of

e Afinehialt &ed Heineenbretiongtsnogtbatgts pusrebeitol Sl Hngb e saiaRsS: «
at t endantheaghéRNaGASN ¥hurbe, lg?c further elucidated with the aid of exenplary
Enbodi nent's and the acconpanyi ng schematic draw ngs, whereby:

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 In the 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-sectional vi ew bof part of an apparatus as depicted
in Figure 1; Figure 3 depicts a second schematic view of a lithographic

T SRR Sy B e R B e BB B
symbol s deg, ?ch% v&%feﬁgﬁﬂﬂ% %éaﬂf -Y5 firh, pr :Ple;E XF@I\%&U s"BRGbAKYS ¥5‘ gure 1

renders a schematic perspective view 0 ograp ic projectron appar at us
35 sui t abl gnfagk tabkeM®W, fdr hohiingad wsitioningenhaskiMAT(eg. apgtivigt us conprises: 10
a radiation system SO, IL for supplying a projection beam PB of radiation
(e.g. EUY & s@}strate\mhlwé Vviavkeldingtand pﬁSltlmng afgstrar- Weegnp resist-gogtpd siliegn

el ect ns a%%s or X-rays); a mask table MI, for holding and positioning a
mask areticle); a substrate table WI, for hol ding and positioning
a substr at @ Mée(c@ioﬂ sydterh @S| (8lg: Q%Te@ﬁlvéd})sieﬁpgﬂnrrﬁr g@faﬁf ora ﬁéld éR) R limBFingy st em
PS (e.qg. reflective system (mrror group) or a field lens) tor imaging an

i rradi at edarpmama@d mefrtiomef the siaskMA ente atarest gmwp@r(ldl@ iof the(substyatoW.t he
substrate W The ragdi at,i em conpri ses a ce SO nchrotron
undul ator or Iase‘rilﬁle Eﬁd“’g%ﬁésf‘aa&%‘ap A S@“E?F asséfﬂ?}(h(%t)rghﬁpgﬂ F 8uces a
beam of 136} 8fd Qfarg eﬁmaﬁlﬁ@&nxlrﬁ%s&ﬁ’cd)%ﬁﬁfbrbbﬁ&b'Q'Be&rﬁ%f?ﬁﬁﬁﬂ&h@ms%arﬁ¥§t em

IL, so that the resultant beam™PB is substantially collimated and uniformy
i nt elflse pissalihhmgh the beaor swpingsystemriL, sthibattbelresaltznt $earh &8 is tshlosgandigHy ¢

appar at us e rate.entitjes,. for, ex when the source is an
exci mer chgg%te&aﬁagﬁﬁ'ﬂn@é@ggnsett glb‘ﬂ‘?btéc'ioégg???wﬁonsi dered to formpart of
the |ithographi cTRPRAFEL4A tﬁé‘ﬁth%@ﬁﬁﬁﬁ%ﬁérhﬁé‘ g%@seﬁarae%ﬁeﬁiesf fRBddislesour ce

SOto the 15 illumnator IL with e ald of a beam'delivery system
conpr i si when fhersoercanypdnesxcgnértlader.dn sudhr asts, thg smnrcc dv sotanusidered tcodamperpnder .

In other c ses the source be an inte raI of, the |ji ho raphic

appar at ugl @g‘é‘iﬁl th%raéi&?PEg 1) thesgyre &’Gr ce SO and
the 4 I upj .@,.85 T with B Jps Bldnh aling f@hﬂ&J i, % id stigm red, may
be ref errel ras la ra?'atf%n systemr}b T I?{fs n% nat orﬁHiPL ?raly conprise an
adj ust er difrentmgmlrrsts ang/drladbeamgutparider. ih ethet tases thie sourck utayde anfintepral patiofat i on
beam Generally, at | east the outer and/or inner radial extent (canmonly

r ef er r edthedithegraphig apnaragivg fof examele wheadhesquresds ¢ mesury lamp nkhesepgeg SO
distri b“&ﬁootﬁ ]ﬁ.rﬁlnatm"m liodidt liem%ﬂﬁlf tht BEarh hém@\l;g?;k% f‘ﬁ &%dax%langﬁé ferrddo

addi tion um nat’or may conprise ri ous ot her tonponents, such as
an i nt egasd radiagiod sgst@ondenser. The il lum nator may be used

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 c-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



25 to condition the radiati on beam to have a desired uniformty and
intensity distribution inits cross-sebtion. The beam PB subsequent!ly
intercepts the mask MA which is held in a nask holder on a mask table M.
From the mask MA, the heam PB passes through the projection system PL,

whi ch f oBif¢RARiqal eet%%valhgp@_ e fbres geduriieescan.dp eppfaals MOYPPEHLTRIC BEk ¢ h
the aid of,dhg ﬁ%&ﬁmaﬂi’iﬁ' Wit e aid oY daﬁfaﬁ%-gﬁ‘élké hBdule Fbatle r’iJOE 'oﬁﬁ?;gan@{'
interferonetric device, |inear encoder Or capacltive sensor), e substrate
t abl e W sloatistioke madodel(faeqositibeing), which fosa pagt df thepfixst positionet PMe ISentlardyar get
portions Cin the path of th iatjon _beam PB. Sim'IErIy, t he fifrst

posi t i onBIOVPREBRT thBIOREste fbls Wlomay B eglizqdrusingloge-stekgmogule 4pd asaet
posi tg on HBGilfe, Whidh Foltm' PRAGhe L M'ﬁtlﬁ B Piv. W ACl 6t QBpRER PB. €. 9.
aft er5 1lst%r§3lghanl c%i:\%rlxen[ %:(Ji?lé]\}gi roem a0 mas . ﬁ%? ary, ore %ur?fng gbﬂs%cgﬁ]. I n
gener al , opposedrend scafindrihthemassk tailaM BEmiif beragnrizeted ¢éa b sk@ttstrokdactuatorainty, of a

| ong- stroke npdul e (coarse positioning), and a short-itr_oke nodul eyhfi ne

posi ti onfy)pe tixad-dHagkoMd s subgirate Nemay be plignsd;usingfaaskpiignigent arks

novenment : i . I - St roke
nodul e a%@i ?dﬁg%%ﬁl&%?gﬁ%}oﬁu%? Q‘%}t@ﬁ@ gﬁérél%gg%tggpgltgﬁ%tgg%gsn%l posi ti oner
PW | n tlitusease ocfupg detieppéd tarf@ portappahegimhpbalward iespacthivetwaaktatgebl e MI

may be connected to a short-stroke actuator only,. aor . nmay be fixed. Mask MA
and HubsPpHicas (thepgareknoyn rsHderdans gligpragnt aarks) nitilaghyy wssitygtionsip which

substr at i . - P P u I'%r\;gq rks as
illust ra?ﬁ1 e?gé g‘%@ﬁ%%@%f’@%@ ¢ ér%%@%l{)gﬁ’?%n%,g&t% r?%y ekg In(ll) at egéa}tér;aaspaces
bet ween beasnget tht@igorti ons (these are known as scribe-Iane alignnment marks).

Sim‘larl%ll;h in situations in which nore than gne die is provided on the mask
MA, the rfaeHenisted ApRasttuneande ypad hivg Géfgreatmogest ween t he dies. The depi ct ed

apparatus can be ys in.t itf.er.en des:.. In step mode.. the. mask table
TRPRCAS oG e frods e bk MR TS BERE B RT Bvive plhsR oRReTS Plje fEinftR o' 2

fSi ngig "fl @Seh&)sin@l?:t‘ma@h’i)@hﬁﬁi tafde€arefC. Théswéhﬁtfeftﬁﬁlé*W”ﬂ@ BeNVhiftsd tlh@e xshi ft ed
in the x and/or y directions so that a different target area C can be

i rradi at edaid/on héirgotions sothat a/dlifferant targareal(heandrenirmadidied bydhe (stitipniry) t he sane
scenario aggalﬁxinﬁﬁ‘ except that a given target area Cis not exposed in a
single "fl . Itnstead, the mask table MI is novable in a given direction

(the 204Sg; &ah hitfle, Scaftiafly 'El?ecstahf_%r&'éenaﬁogppltié%?e%eﬁﬂ- thecd éig@ﬂ nptﬁalg“%(ett Bred SR&BEH V.

so that the projection beam PB is caused to scan over i mage;
concur r ent kxposedin ssibgle (‘Hash”t labtead, e maskstabie M & nemogdble oy gien diredtienthee or

opPogh Lo UL Eal o0 BLia ERSed Vo Mok e ML, e mRamLILRtLon o
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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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
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really solved in this way. This problem can be tackled using the current

i nvention, for exanple as described in 15 the enbodi nents described | ater.
Resi st nt.an nants Resi st contam nation as hereabove descri bed can be
dividedC%ﬁﬂﬂgéﬂgﬂﬂg§¥§solvents and 20 exposure products. The solvents are
necessary for spinning the resist onto the wafer, but after baking for a few
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too high. However, it is possible
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, it 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:
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20
where a is the half opening angle of the EUV beam [NA 0.1 = o ~ 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 (4no/A?) , where & 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) = 0.05nm = (T Az’ /N)"? = (f AZY)

where:

Az: effective thickness of adsorbed contamination
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of the type of excitation [G.D. Kubiak et 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/cm?, 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 ~100% 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
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the optical path and coats the last mrror. The footprint on the |ast m nor
is 1002 cm which inplies that, per illum nated wafer using PMVA resist,
1014 debrRreduatl ecul es/ cPuanithin dfficienére(% ) pbMbeld foi 26wV | n ot her words,

assum ng all nol ecul es ick, after posure _of only one wafer the debris
coverage of the |ast ni i&%i’lﬁam?%?f@é’é’éds el“r‘fé"’ﬁ&ﬁl’%‘?ﬁp&?ﬁfmﬁd val ue. 35 16
Tables 1. Contami nation fnqny EMYA K esi st due h@)dcafaivpn and el ectron

bonmbar dnent Product Quantumefficiency (% of Yield for 25-eV W photolysis
at 254 nm 5 and T = 297 K CH3+CH4 0.8 CO 0.7 CHO not neasured 10 CH3O +
CH3OH 0.9 CH3CH=CH2 none. CO2 0.8 (CH3)2C=CH2 none, HCOOCH3 none 15

(CH3) 2cH&ERROBChsne (435 3C02CH3 none CH3CMEEMSIBEHCHS not measured Mh

/ MO * nQiq measur ed el egfyon beam exposure  [nplec ({100 eV] not neasured
not measured not nmeasuréd 0.01

CHO not measured not measured
10 CH;0e¢+CH;0OH 0.9 0.01
CH;CH=CH, none 0.08
CO, 0.8 0.18
(CH3),C=CH, none 0.08
HCOOCH3; none 0.004
15 (CH3),CHCO,CH3; none 0.02
(CH3);C0,CH3 none 0.01
CH;C(=CH;)CO,CHj3; not measured 0.22
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 27 larger.

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



0.08 0.18 0.08 0.004 0.02 0.01 0.22 0.79 20 * Mononeric conpounds
such as nethyl nethacrylate, nethyl pivafate, and nethyl isobutyrate.

Al t hough the above calculation is only a rough approxinmation, it is clear
that the denonstrated contam nation cannot be tolerated. Therefore it is
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gto e inv tedr

flush accordi ntion, and shows 30 calcula pressure
di stributions and contam nation distributions for various anobunts and
positions of gas introduction. The background presgure is 2.5 Pa. The gas
| oads are giv -17per st éradi an; therefore, the adOual gas |l oad on the system
is 2nglarger. ¢laple 2. Suppression of debris due tpygas flowin tube. 35 17
Gas | 0ad Introduction hei ght above wafer Suppression factor of debris
[ mbar.Vs] [cni6.qfractiorg debris in buffer gas) 3.4W% 5 5.34 3 6.97 3 3.25
6 5.65 6 6. 93?256 10"s 6< 10-12 < 10.12 10-4 11(()).41 '
5.65 6 10
6.98 6 10"
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
because, 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 reasonable 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 because heavier gases are more likely to firstly
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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 PL. It is noted that it is from the
mirror R4 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 tube 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. H,, 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



The projection beam PB comng (e.g. reflected) fromthe mask MA passes
t hrough the projection system PS befor@9inpinging on the substrate W
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PS conprises four reflectors (mrrors) Rl, R2, R3, R4, which serve to focus
t he beamipBodusingraidaygnwasd @iovveqf the gasi infodhe e lnlpmoxlmltsr tp ats torciimd 1 )i it ance

h
wieh on lsgelnnthe S be deR itsfon R iifon) AR o 3he B8 Bh RSeudiitel shh fd 00
exit of tiherhedne BBint eﬁg)fwg&rth@ﬁowrxﬂ@ajmmfward Elﬁiﬁdiﬁin@? Y& @pWatdefps to

prevent the accunul ation of resist debris on the surfaces of the 15 m nors
R - R4, exgmple. The pdvapiage phpsing snalies mplecylegdikgttatip that 8t gasérmeredikely toditr each

wi o coDEeh % rReo shebilE (BBTE! bttt RSB S dBONTRRDRBED  ovent

debris from t hEheHosH tab&isgn ﬂnmlwomﬁﬁum@aﬁdiﬁwme Bysdc® B 'Eniis i ofRi ey Aley
attenuates | arge anounts of the projected beam which would give a further

pot ent i altheradsationbeamn PE tojraachithe strhs}r@t@t\m&wub@m attanaatefl tby ansytranigloreeui re a
greater 20 s

eam Furtrapany ol e b SREcue o] . TR IS B ARy AP pladfel ) So1 7

reduci ng jhichsity GNBPBERNPE. HOWREr, tHeAdbrd b0 nkSHR anged iR s@IECWhPSS B XRHIEN PS
is separated fromthe substrate f abl e by an intervening space L. This

spacdOL itbatdl¢ ineitigasiflaws ithedireationivdnclols mdsesyitablecfor clunmysg eont@gingtion pe

lid 25 ypefl f f th PL.
s ot ed PRBIEO SYFSBAF £t Phr e aninans i Pt et 8 RO ¢ ect ed
tovard thesisHBsineah&t s IR tRRFER flowsARR dppoditd WikdcBBh (4R fibw ¥fthéh s
p05|t|oned around the path of the radiation beamPB on its way fromthe

surface Sontanmihatsrbmithasubstratolser3E, 1. ldownwmatsls thwarsls theusmibstiage m&ce ¥ zEBodr and

positioned so that its wall not i.ntercept t eam P
Porti cul dxamgle Aling Rube uisd i e s des 1oge Ay M 87 Beretire the

enclqgurecoﬁt1 ﬁgitggwd]gwmgmyﬁgﬁpmw@ow%et aperture 0. Moreover, as here
depi cted e tube T tapers in"the direction of the substrate table WI.

Accordi ng to the fiA §urthenbddintegatof ofing hdighteletule natheritbart Ahdoilinstandeqisns a

gas which, does not substantially .abso H2, He, At .or. Kr

Pr ef er abl 2t 1} Igpels gipce aé’O‘FagB’stﬁg’ﬁ“éso?ﬁ?‘{)%ﬁu:éﬁ%&f%&éloﬁ (Prothpiradiatior psedh of
the substgalfy ith thirSt sﬁ?ﬁcéa%naq@éﬁys%qhe &%ﬁff@ﬁmé %yheba/aswe 'mi I HDG R
downward flow of the gas Into the In prOX|m to I'ts top rlmel) or
at sone vyeoy limtle(ifﬂ)allbxecmethdrheletuipsmad; sncdlieom ri ns; | n the case of

i ntroduction at such |l atter jnternedi ate point (E2), part of the flow may
be défnward and parﬁ“"ﬁi‘ﬁ?’“‘ﬁé’ WA AFags efrusingtlaRs|its. lséf?@sdﬁ&%t‘cag@qu usi ng

The. por oS e PRI Akt B icflepled® 088 4y SR Eics ERIARRI RSy AL RO ow

t ube. 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 hollow tube is in fluidic conmmunication with space B. This is in order
to allow the radiation beam PB to reacl20t he substrate without being
attenuated by an extra wi ndow or nenbrane at the top end of the holl ow
tube. This all ows 2great er accuracy in the final intensity of the beam PB.
However, Embodiment2 gas G may be angled in such a way as to ensure 10 that
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not specifi cal shown in Figure 1, for clarity. The sealing aperture
serves f oorientadionsgndifoifier ent zones of the 10 apparatus from each ot her using

sai d argon and_hydrogen m xture. Figure 4 schematically depict Bu t her
exampl e of an DHBRRHGRIBE IS YOROS B PUrEEB ARG ARG e G R ot P DR Beal | ng
aperture gaf Batn B RBLSyRRUVEERLs DA MBpAARRUOMG RORAT tie oad purddd SERIGHY © 4.
the sealing aperture 2 is a fluid passage that extends be%wepen two

subst ant i aplettyres sepydeaset] famnstanc, f@ tmhsmittngagapbprajection Bewnm sEeddiatignaper t ur e

can also be referreq to a dynam ¢ 15. gas |.ock, dynam ¢ gas _seal,_or the
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forms. 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, which is incorporated herein by reference, or to the arrangement
disclosed by said international application WO 01/84241 Al. Furthermore, a source zone,
25  including the above-mentioned radiation source SO, may be 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 projection 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;



The apparatus may conprise various gas purged sealing apertures 2, each of
whi ch nmay extend between various zones 20f the apparatus. One or nore of the
gas purged sealing apertures maybe used, for instance, for transmtting

sai d projection beam of radiation 20 between parts of the apparatus, such as
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15 hydrogen and argon from respective areas of the apparatus, to prevent a

certai n pvasssmpanipsiV ldare apupilébtogthe optidsezopel bpfiongensopsngegas@E thargfromnpri se, for

i nstance, _at | east one punp, preferabl .
%B Furthermore, one or org%ecorr)ld vacuum p%llmps 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 be coupled at
25  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. Herein, throughput is specified in mbar/sec. 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. Such a

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.



at | east a turbonol ecul ar punp which is suitable for evacuating one or nore
rel evant zones of the apparatus to rel @2ively |ow pressures. In the

enbodi ment of Figure 4, one or nore first vacuum punps V1 are coupled to
the optics zone 1, for renoving gasses therefrom 20 Furthernore, one or
nore second vacuum punps V2 are coupl ed to the seali ng aperture 2, for
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As has been shown in the embodiment of Figure 4, said gas supply system 10 may

o0

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



provi des the use of said m xture of argon and hydrogen for purging the
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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
hydrogen, such ionisation effects can be avoided, or at least be reduced.

25 Preferably, the flow rate of the mixture of argon and hydrogen is in the range of
about 3-100 mbar.l/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 of any
installed vacuum pumping means.

30

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



15 Alternatively, said hydrogen and argon nmaybe supplied separately to said
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the use of lithographic apparatus in the nmanufacture of ICs, it should be
underl$t ood t hat tTHe teims'trediatpdn candfpeanat wsed heeesrenchepassealkiypesfy have ot her
applicatigns, such.as.the manufacture.qf infegrated optical systens,

Gul dance SftomALaRi BaaroBnHLTE StV TR b hoTine & WA PSP oher

di spl ays, ap3at 3650946l-198Y 55 Pbr DeSRhR cktr&e tral ibRt (BUV) PREHRNIE ¢ RRR a 81 C.
The skilled artisan w YI 22 appr €ci at e that,rai n thte I(Jl-g?ﬂ ext of( §uch °°

al t er nat i wavedgngth indh¢ mange offn20mse forf insthecet 18r Sm ), \aa fwetl“as particlabeaainshaichian nay
be consi d.ergd as s%non}ég{oeus with the nore general terns "substrate" or
"target pOPOFYRS OF FEUPRACAPE] y. The substrate referred to herein nmaybe
procggsed, befor erfien@ifeRE”, WHBRIHE ontdl aflOWs Y& REE t@aﬁ&r Sfor(@niv@Rioh BA
typically applies a layer of resist to a 5 substrate and devel ops the
exposed resioss Jypesofagitical agyponents, iacldding refracting pefitdtion, magletic\Wher e

applicabl e, the disclosure herei n%ﬂr;iy be aﬂgl ied to such and other substrate
processi ngettiparagnetiqandiglestrosiatie opligs FOMPCAEy be processed nore than once,

for exanple in orggfe E&fcﬁfce&ﬁl?od?me b f-h'elil?%ﬁgg[nll hay g{} RBlcribBE ab Vet %Hﬁ%f: rate

used herein may also refer to a substrate t rea contarns hultiple
pr ocess edappeeceatal thitthd hrevehiommay bagiaaticadrothawibe thapas desartttdhBoredxample; thigpas s
all types of _ electromagnetic _ radiation, including ultraviolet (UVY)

r adi a?%si oninyentign max takgths fore ef 2 eRyupHteR Pregramepiaining gne oymorejsgguengesofyr 126

nm and exh G GE it @métrifths ﬁMirfgaa%Qt}l&? AN (ﬁigclgsedré%xjv@, %rd data storage

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 2 shows schematically a gas purification system 51, being included

30  downstream of the gas flow controller 14 to purify 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 2) or

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



wavel ength in the range of 5-20 nm for instance 13.5 nm, as well as
particle beans, such as ion beans or el2ctron beans. 15 The term"lens",
where the context allows, nay refer to any one or conbination of various
types of optical conponents, including refractive, reflective, nmagnetic,

el ect romagneti c aN8o.-dheernamiiseandnedpds 2 ayitablspententls fongramplesheqmpyter or a
enbodi ne the. | i escri bed above, it will be
appreciap%)U?E%fQvﬁéﬁ¥ﬁ§§ﬁ??gﬂgﬁﬁigﬁgﬂggﬁcticed ot herwi se than as descri bed.
For exanplle, contiel 50 hidhvemtieaonneyed takige gd3suppsly 8ysdém dn carigustverys an@eam
cont ai ni ng gne or nore sequences of machi ne-readabl e i nstructions describing
a net hod @&figpred to,eqnirod Bis\ab leagtong sypplier & sHpRbea mipdurethat teagt argmndonduct or

oo ARG kgl 6 AR Sl g e

t herein. TFhe ove are 1 nten ive,

l'i m ting. mditlemed cémphitet prograny wip pledt @rdgrdr hadieeeakodded dntbnhé dumt@dt.t t hat
nodi fi cati ons may_be nade to the invention as described w thout departing
fromthe scope of Befideseihgispalingaaperiuse cpi PRRAAe b Y arious MHISsUre Fegmss, for RMPi i on
systemc rhel ude [ IS gured .. per. rification
o epon- 1 HeuELte et 3 Lo GRA R oGl P SR Brcdie Rl UE
Figure 2 (fdp@mﬁn%ﬁﬁleﬁ’ﬁh' el diménd&s JTutid g‘ehn@gir;muﬁeyst em 51, being included 30
downstream of the gas flow controller 14 to purify the hydrogen/argon

m xt dPe. The gas supplier can be configured in various ways, and can, for
exanple, be configured to mx a predeterm ned gas ratio of hydrogen and
argon, and to keep a predeterm ned pre-set gas ratio of hydrogen and argon
for a desired time period. Besides, the gas supplier can include one or nore
val ves 52 (see Figure 2) or 35 simlar flow control neans to control gas
flows, as will be clear to the skilled person. 25 Also, the apparatus can
include a suitable control 50, for exanple a conputer or a controller, to
control gas m xture and gas flows. The control 50, which can be connected to
t he gas supply systemin various ways, can be configured to control the at

| east one supplier to supply a mxture of at |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 sealing aperture can operate at various pressure
regimes, for exanple a pressure reginme wherein flow is nolecular or
transitional, or in other pressure reginmes, depending for exanple on

di rensi ons of the sealing aperture. 10



26 Clains 1. A lithographic apparatus configured to project a pattern froma
patterning device onto a substrate, chdfacterised in that the |ithographic
apparatus conprises at | east one gas purged 5 sealing aperture extending
between different zones of the apparatus, wherein the apparatus conprises
at Ieastgﬁﬂﬂ%upplier which is configured to supply, to the sealing
aperture, one or nore gases froma group consisting of hydrogen, deuterium
or heavy hydrogen, deuterated hydrogen and a m xture of argon and hydrogen.
10 2. A lli.t hogk HfHographicppatats canfigured togprojecicd getterrl frombeepatiemis@delicd ottar e
conprises 99 % to 1 %.argon and 1 %to .99 % hydrogen. 3. A lithographjc
appar at us? ﬁtmtawﬂ@ra?tsnﬁqddpmai?h%me?%?m APRETEHYSE RIISES Aplepsl g8e & Bk 39 %
argonsan 1 9% f i i . ding to
any one. GFAmEpLAu bR AR R R AR st
bet ween aospbists alasrarsupplisriwldch Baohfigurbbtodiupplyato the asdlingrapertigelasieroat e,

and an optics zone, containing,projection opti.cs, of the apparatus. 20 5. A
|'i t hogr apRoTE 2asss drom & ronpcondsting efhydrogen sleutsriugy ogiheavythydgogen, dendsrated sai d

seal i ng @Hﬁf ﬁgﬂ; - he \ﬁqgja atterning device zone, conprising
suppor t ané#%lr?dg%pat e?fiarrl%&d&é]vi efo%gfr?fd an optics zone, including

projection optics, of the apparatus; or - between an optics zone, including

projection optics, and an illum nator zone, including an 25 illum nat or; or
- betflleer?-a sdllithogrphic appaafusareryding tagiabr il ohersinrsaid myghere gAmprisesAoiat or
zone, in Q) il WITY A |ithographi c apparatus according to
any one gch%%m@%dtlo%g&%%qrﬂg?ai d different 30 zones at |east conprise
the following: an illumnation zone for an illum nation system for
conditioning a radiation beam a patterni ng_ device zone for a support for

i

supporti g a phiithegrmphiy appdratis aceqiding jiclabn hi whergdsatdeambdung goBwFsHgddot o
inpartin @ | at i i attern in its cross- section to forma
patter negotr?’g({?é%glol%ﬁ%ggﬁr}f)%g@ %@gﬁo&eﬁate zone for a substrate table for

hol diipg a substrate; 27 a source zone including a radiation source; and a

projection optics zone for a projection systemfor projecting the patterned
4. A lithographic apparatus according to any one of claims 1, 2 or 3, wherein said sealing

aperture extends at least between a substrate zone, configured for holding at least one

substrate, and an optics zone, containing projection optics, of the apparatus.

20 5. A lithographic apparatus according to any one of claims 1 to 4, wherein said sealing
aperture extends:
- between a patterning device zone, comprising support means for a pattering device, and an
optics zone, including projection optics, of the apparatus; or
- between an optics zone, including projection optics, and an illuminator zone, including an
25  illuminator; or
- between a source zone, including a radiation source, and an illuminator zone, including an

illuminator.

6. A lithographic apparatus according to any one of claims 1 to 5, wherein said different
30  zones at least comprise the following:
an illumination zone for an illumination system for conditioning a radiation beam;
a patterning device zone for a support for supporting a patterning device, the
patterning device being arranged to imparting the radiation beam with a pattern in its cross-
section to form a patterned radiation beam;

35 a substrate zone for a substrate table for holding a substrate;



radi ati on beamonto a target portion of the substrate. 5 7. A lithographic
apparatus according to any one of claing71 to 6, wherein the apparatus
conprises at |east one punp for evacuating at |east one of said zones and/or
at least part of said aperture, wherein said at | east one punp preferably
conprises at | eadtSOHICCFPRY HGIUdig Hradiapoppourggs and A | j t hogr aphi ¢ appar at us

i ses ¢ "B RUILE aed ! arat us
east ong. hydr ogentriscayfofieTeate s ot dentbinditgling Bl pofael 230 &

t “one argon r east one
supply chdiatied bdanr ontotagargetpretion ofiths autgtrsedr ogen and argon reservoir to the
sealing aperture. 9. A lithographic apparatus according to any one of clains
1 to 8, wherein said supplier is 15 configured to supply a m xture

cont aicni subgt.anti i 0. A
Tt hodr aphi o dpuaiErthicrBaAll AR 2BEhe & it 1B MerePEE Wb fand -

| east oneconiprisedlatpesscagepudng fordiagating sdedast ate ofsarl zdnepasipredt ddast Fones of
the apparatus. 20 11. A |ithographic apparatus accqording to any one of

clai ns 1 seisl apgrtuggnwheicin said o least onapipp prefakly §?@W%%?ﬁa§&tu@mew&ﬂr

m xi ng hy en and argon before supplying the hydrogen and argon to said
fluid passadge. 25 12. A lithographic apparatus according to any one of
clains 1 to 11, wherein said gas supplying systemis arranged to supply the

hydrogen and arg‘_?n sq%gar ately to said fluid passage. 13. A lithographic
apparlBt usB-accoh dithegrapsi aw?{r@ ageordingjtpany opepficjaims d g 7, whargisayhsuppier
purifi cat ] L Jyi ] r r

ar gon/ hya¢°§g’€§¥ﬁtj L# gl{;e }%MJXX |r|&?ﬁf§’3‘? g@ﬁ%gggepp ?%Péég&gg?ép %?ge%&togtegﬁgpl%ne of
clai ms 1 dhanded foriRf@nAedting sgidshydfogpi hnd®irgbs redévaiige thel Raliiglaprtpfecdet er m ned

gas ratio of hydrogen and argon, and/or to keep a predeterm ned pre-set gas
rati o of hydrogen and argon for a desired tinme period. 35 28 15. A

l'ithographic aratus accordi ng to an recedin |, ai wherein the .

supp! Ler 2 ncf HRET e BPembretul el P b i 1B s ViR Silobples 16
A |i t150gr afizEred B APPlYS MBA GRS @nfihih® sianBM8) &Eork hidi FfdrdgenGo U seEr | Si ng

a control 5 for controlling at |east one supplier to supply a m xture of at
| east ar capartaed hydrogen to the sealing aperture. 17. A lithographic
apparatus according to any preceding claim conprising: a radiation system
for supplying a projection beam of radiation;

10. A lithographic apparatus according to any one of claims 1 to 9, comprising at least one

fluid passage extending between at least two separate zones of the apparatus.

20
11. A lithographic apparatus according to any one of claims 1 to 10, wherein said gas
supplying system comprises means for mixing hydrogen and argon before supplying the

hydrogen and argon to said fluid passage.

25 12. A lithographic apparatus according to any one of claims 1 to 11, wherein said gas
supplying system is arranged to supply the hydrogen and argon separately to said fluid

passage.

13. A lithographic apparatus according to any one of claims 1 to 12, comprising a gas

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

14. A lithographic apparatus according to any one of claims 1 to 13, wherein the gas
supplier 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.

35



10 a nmask table for holding a mask; a substrate table for holding a
substrate; a projection systemfor imd8g an irradiated portion of the
mask onto a target portion of the substrate, wherein: 15 a) the projection
systemis separated fromthe substrate table by an interveni ng space which
can be at13-east liikegranii gpnatates aeceidingta annpraseding geimpvhaginghe supplichcat i on

of the prgj | i I whi ch the enpl oyed

radi at i onﬂ*fs?lﬁé% @%c rZ%osr%grg\fla\@%tot °§%£§’b§#r‘%‘?§%?%§€‘g? b) the interveni ng space
contains a holl ow tube | ocated between the solid surface and the 20
substrate table and situated around the path of the radiation, the form and
si ze of the tubdithomsanhic anparatesaecording taany Ang etelaims Iotp k5w eopPB§IBE f CoMIdy st em
onto tshe - ' r I I t ; and
oy 1 i Fy SRRl hAeasF o6 Gballetso s RN Eoliteslisb nd Rrde O R 2
hol | ow t ugliig aferdare.f | ow of a gas. 25 18. A lithographic apparatus according
to claim17, wherein there is no nenber separating the intervening space
fromthe space including the hollow tube; and the holl ow tube contains a

region in ic | ow. 1 nak [ ' . h rate and a
fl ow of th@hga‘g lg?%r%\gbgépg?ﬂ%wfgﬁﬂ?ﬁolaﬁgt;erg g%lh# gmal%’pcgoﬁ a#ﬁgﬁgaccor ding to
claim17 orafddiatioheyfém foRippBArgth SrdfecBsEbéatn of ratitibgct i ng surface and the
optical path fromthis reflecting surface to the target portion of the

substllat ee hehdslbtablelfer beldmgraanaskt abl e traverses only fluid. 29 20. A seal
for a lithographic apparatus conprising a gas purged sealing aperture

ext endi ng® %&%@ﬁtﬁ%?%iﬁ@%wq Halgnpar at us, wherein the seal is provided
with at |ga j . j IS, € QU i ng
apert ar o, © o PofQ AR R i ool bR R RURRN o el DoAY
hydr ogen orthdeubstrateym deuterated hydrogen or a m xture of argon and 5
hydrogen. 21. A device manufacturing nmethod conprising projecting a

pat t er nedWB&8 of radiation onto a substrate in a |ithographic apparatus,
wher eicn a : e h r by
a1 ot B ERRGecR sE00RDs Pah 5 FRRTHELUTAL Bi SRR El L AR LR4L: BH0P

met hod f ur t &@rbeGd 19at faesal BLovaE U dSamidOviE eiaisideBmape bt the ¢odayioabf thedsdjeaiva Of

hydr ogen, helium ) _ L
system by a solid surface from which the employed radiation is directed toward the

substrate table;
b) the intervening space contains a hollow tube located between the solid surface and the
20 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; and

¢) flushing means are provided for continually flushing the inside of the hollow tube with a

flow of a gas.
25
18. A lithographic apparatus according to claim 17, wherein there is no member separating
the intervening space from the space including the hollow tube; and
the hollow tube contains a region in which a flow of contaminants issuing from the substrate
and a flow of the gas are opposed.
30

19. A lithographic apparatus according to claim 17 or 18, wherein the solid surface is a
reflecting surface and the optical path from this reflecting surface to the target portion of the

substrate held by the substrate table traverses only fluid.



deut erat ed hydrogen, deuterium or heavy hydrogen or a m xture of at |east
argon and hydrogen. 22. A device manuf &% uring method according to claim
21, wherein the flowrate of the 15 gas is in the range of about 3-100
nmbar/ mn. 23. A device manufactured using the apparatus according ny one
of claims2® t oAsgal ahehﬁwaﬁah@faaeeawéeoeeeena?ﬂgs Pl&g?%eaﬂes ﬁ%%@&?reﬂa g to

claim 21 twg%{f t\&%o o%és ofT €a a?atﬁg \ﬂ{erélﬁ‘ %tse wadé&é%%t?Qﬁ@ast Bﬁé éd'ob t1er.

deuterate ogen, deu er m or’ heavy hy en an m xture c ai ni ng

subst ant i Which ihyuhfiguesd tasdpray,qo thef seahrig zqﬁ:hungataemaha: 845 frapargroupeconbisting

I'i t hographic projection apparatus . A conput er program cont ai ni ng one or
nor e sequeEEogsn, hgdkn hy@ogewapﬁrl@nugs dw%%r@teé@wﬁmgn 863 BHX Y16 Rf a8ReAd,

accor %I ngpi(ﬂggénal m 21 or 22. 26. A data storage nedi um havi ng such a
conputer am according to claim?25 stored therein. 30 35

21. A device manufacturing method comprising projecting a patterned beam of radiation
onto a substrate in a lithographic apparatus, wherein at least two zones of the apparatus are
sealed from each other by at least one gas purged sealing aperture, characterised in that the
10  method further comprises purging said sealing aperture by at least one of hydrogen, helium,
deuterated hydrogen, deuterium or heavy hydrogen or a mixture of at least argon and

hydrogen.

22. A device manufacturing method according to claim 21, wherein the flow rate of the

15  gasisin the range of about 3-100 mbar/min.

23. A device manufactured using the apparatus according to any one of claims 1 to 19

and/or manufactured according to the method according to claim 21 or 22.
20  24.  The use of at least one of: hydrogen, helium, deuterated hydrogen, deuterium or heavy
hydrogen and a mixture containing substantially hydrogen and argon for flushing a sealing

aperture of a lithographic projection apparatus.

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

25  instructions describing a method according to claim 21 or 22.

26. A data storage medium having such a computer program according to claim 25 stored

therein.

30
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