31 JULY 2006 -1 Lithographic Apparatus and Device Manuf act uri n@INatya@D06
The present invention relates to a |ithographic projection apparatus
conprising: a radiation systemfor supplying a projection beam of radiation,;
a support structure for supporting patte{ning neans, the patterning neans
serving to 5 pattern the projection beamaccording to a desired pattern; a

substrate table forLihﬁlﬁwg?& ﬁ”s%9;D%Ti&[lﬂdgﬁﬁé%ﬁﬁ{'?%%emé-or proj ecting

the patterned beamon portio a first
conpartment with a contam nant sensitive conponent within it; and 10 - first
gas supply means for purging the interior of the first conpartnment with a
first purge gas. The term "patterni ng neans" as here enpl oyed shoul d be
broadly 15 interpretgd as referrin neans that.can. be used to endow an
"noomi ng radiati on DoEewnsHegsitelfsdt I bicist ol Bitiondi ng to a
pattern tRgmphi§ing0 be created in a target portion of the substrate; the
term"light valve" can also be used in this context. Generally, the said
pattern w-l| caradigpomsystem forapplyinglagprojectian beamadf rhdigéon;i n a devi ce bei ng
created in the target rti.on, such as an.integrated circuit or other

devi co (sée belPSHPPOEXTIRNIE SOTCHPPoGnS RAYCTRIRE TSN 1he RUERUNE MeAlu e RE sk
The Coﬁceﬁtatt%tﬁeﬁ%%étibﬁb%hcéﬁ?&ﬁ@td@dééi&ﬁ?ﬁf&ﬂh% and it includes mask

types such as binary, alternating phase-shift, and attenuated phase-shift,
as wel |l as vanisobsrag/tabledonbelkingygmubstrad;acenent of such a nmask in the
radi ati on beam causes selective transmssion (in the case of a transm ssive

i s
mask) or refl eRAIBKCHIISYSRE 105 PRojetingthe patigrned HepmonfR,a [arges Porting ‘?féﬁ‘? ation

i npi ngi ng (\te mask, according to the pattern on the mask. In the case of
a mask, the support structure will generally be a nmask table, which ensures
t hat the mask adlrst@nipattcheat withdesnraedngn sersitive compbhent withioit agl r adi ati on
beam and that it can be noved relative to the beamif so desired._ 30 -
progr &%mabl e nifirst@as sYRPLY meaRsfop RuTEHIEShe interipriof shedfarst campastmentyyith; a,first

purge gas.

The term “patterning means” as here employed should be broadly
15 interpreted as referring to means that can be used to endow an incoming radiation beam
with a patterned cross-section, corresponding to a pattern that is to be created in a target
portion of the substrate; the term “light valve” can also be used in this context. Generally,
the said pattern will correspond to a particular functional layer in a device being created in
the target portion, such as an integrated circuit or other device (see below). Examples of
20  such patterning means include:

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

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

30 - A programmable mirror array. One example of such a device is a matrix-



31 JULY 2006 -2 addressable surface having a viscoel astic cont 8alJuLa2806and
a reflective surface. The basic principle behind such an apparatus is that
(for exanple) addressed areas of the reflective surface reflect incident
light as diffracted |ight, whereas unaddyjessed areas reflect incident |ight
as undiffracted light. Using an appropriate filter, the said 5 undiffracted

| i ght can be fi 0, i .

diffracted |i gﬁ?a‘%éﬁa}?a%&fagé P%m‘{?’gg érgfﬁ%‘ge?&sa? ﬁ@“ﬁ%‘e‘é?#ﬁ%!%ﬁ%ﬁ%%? ge‘?ﬁ“‘é% The
according to thasic peificipisbehgndosaich ah Apwiratuizs that(forexatpled addibised sdhd afthe An
alternative enbodinment of a programmable mrror array enploys a matrix
arrangement of reflegjive sprfacsreflecs merdest ligiiag Hiffragted ightnwhereaswpadgressed ed about
an axis by applyin Q sui e | i .electric field. or l.oyi ng
o ezoel ectr o atntgiioshmsRitnt M & b8 uachllidhy c Bl B poPigpaR i, LTaid

nat ri xsaddr essafligfrag&bé lghttah baditke RIS ofthe rélceted Behm, [e@{in@ Gnlythe | NCOM Ng
radi ation beamin a different direction to unaddressed mrrors; in this
manner, the refiffratted lightbehind; pathismasntr be beatn hecomestpaticadd newsding tpat t er n
of the matrix-addressable mrraors. The required trix addressing can be 15
performed usin %Qﬂed?'%?ﬁﬂng p@f‘%‘@togélr‘ﬁ_ pa éﬁﬁ@r sf*ﬂ’?% ot Kpﬁgteg\ap&%ti ons .
descri bed her eaPQufner: BEa gﬂ}glﬁ\-i?rﬁxﬂhﬁg ﬂi%ﬂ%@hﬂ@@& ki XOAHPanBEmERY &F tin
programmable mrror arraysS. More informati on oh mrror arrays as her
referred to camibrersyeadmddyhi€locan Exadividually tibed buut enl afs by @pplpatgent s US
5,296,891 and US 5,523,193, and E atent applijcations WO 98/ 38597 and WO
98/ 33896, whi cﬁuyi%e f%@&es&le&frgdg i 02@5?9935 BICZORlPRUEC agthatiqRamealse of a
progr ammabl e m r . i J r . pjed as a
frame or tabl reT,U grﬁgéﬁhﬁ%%#Btﬁha?%hlq%&gg&ﬁééﬁugé mﬁg?/% ee&)glslﬁ?iieggﬁlhr ed. A
progr ammabl e L¢dbleat armincoMingeradiafibe bedm dug tifferend dgtcetiontto anaddreged anrrom; Uni t ed

States Patent US 5,229,872, which is incorporated herein g(i/ reference. As
above, 25 t helsthypBannes; the gstigctedibsamys paticaucd acagrdmg tethpeddsessing pattemane or

table, for exagth ’ma&g?iagp.rt l@xﬁirfdrée?hé)feg?}?é’@}?x%&'xflfqd'ié%&[ %rcggbe For purposes

of sinmplicity, ere I'S text may, certail ocat Fons, specifically
directs itself peforexsinplimssuitablelelectronia nisask htbtiirefthe tsabativins ldesveibed , t he
general principles discussed in such instances should be seen in the

br oader cont exhersabavseths PatterniIHe3ns §AR comprise one or more programmable mirror

arrays. More information on mirror arrays as here referred to can be gleaned, for
example, from United States Patents US 5,296,891 and US 5,523,193, and PCT
patent applications WO 98/38597 and WO 98/33096, which are incorporated herein

20 by reference. In the case of a programmable mirror array, the said support structure
may be embodied as a frame or table, for example, which may be fixed or movable
as required.

- A programmable LCD array. An example of such a construction is given in United
States Patent US 5,229,872, which is incorporated herein by reference. As above,

25 the support structure in this case may be embodied as a frame or table, for example,
which may be fixed or movable as required.

For purposes of simplicity, the rest of this text may, at certain locations, specifically direct
itself to examples involving a mask and mask table; however, the general principles
discussed in such instances should be seen in the broader context of the patterning means

30 as hereabove set forth.

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

a circuit pattern corresponding to an individual layer of the IC, and this pattern can be



30 as hereabove set forth. Lithographic projection apparatus caldlldeLu2006
for exanple, in the mnufacture of integrated circuits (1Cs). In such a
case, the patterning neans nay generate a circuit pattern corresponding to
an individual |layer of the IC, and this _pattern can be 31 JULY 2006 -3

i mged onto a target portion (e.g. conprising one or nore dies) on a
substrate .(sili : i fr et

ad: at | on- ) Fitda EERbRE ¢ WHARRR GBS Bl dh { BFa@ilicon, |

cont ai n a wifet)ehadiavbedn @hteddyidice iyer @firgdintiqosdnsiive nidiaial fesisyLibGesatNal y
irradiated via the projection system one at a tine. |In current apparatus,
enpl oyi ng Singlaater il goptpina wﬁgfé nstvork of akjagens fasget Rogians that aresHcessHivel¥ made
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commonly referred to as a wafer stepper. hi an alternative apparatus -

commonl y rtgpesrof eeachinealn enedypgofdithograpiic aysyentian @pparatws,clach target popiontis on i s

irradiated by 1 rogressj,vel y_scanning th sk ttern. under th

proj ect i od”ﬁé‘ﬁ??‘gi eéggﬁlg% ere@%écr@ attEP‘r%Tg? H]af’rfm(gg TUQR I fic&ps S‘(B‘iﬁ‘r"é’cti on)
whil e SV”PJPS%EH&%& YorimBAR rBfried € 24P VafeRsRpp&Lintan AiRFAtiVEhpRratgfLL - paral | el
to this direction; since,” in general, the projection systemwl| have a
magni f i catdoonmndmy rederréd (Ogsaestep-ind-scad ppparites spead tatgat poxhow ks itrhdiatedibyt r at e
table is scanned wll be a facgtor M%rif(ge that at which the magk table is
scanndd. NBPEEISHYELY SRAPNIGE th Ask RatieEundsT the RroleRii DESM 1R afveiserenceer o

descri bed Gap; Qe %mng-fafecgéﬁwﬁife syhbRBh&Rly &aRfifle AiR2ubbiRaOtaf at ed
herein by reference. I'n a manufacturing process using a |Ithographic

proj ect i orpasgllehodntisparallel pattiedinectiongsindenirgamassal,)the projevtige dysierh ovill haubst r at e
that is at least partially covered by a |layer of radiation-sensitive

et er | al  (PRSEHIAON EAte MY EeRerAll 1 hhdiegeed Uyt v Bedhsiratedableys wAmsdgo 20
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exposure, Strate may be subjecte ot her procedures, such as a
post - @§posugaed bkthogiaphir devidey ad lmperaescribad dwarte giedned aforexample, from US

measur enent /i nspecti on of  the inmaged features. This array of procedures is
used as a%@%’zﬁlcﬁm%?%h%fﬁ“ﬂﬁ’d? dG& | ayer of a device, e.g. an IC. Such

ont i pl antati on 25 adE R R APresSLrE R RN B R ok i B ke P

pol i shi ng,pattérd.(e.gainl a madky iglidshged ohiond sibstrate that is at least partially covered by a layer

of radiation-sensitive material (resist). Prior to this imaging step, the substrate may undergo

20  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
patterned layer may then undergo various processes such as etching, ion-implantation

25  (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
technique such as dicing or sawing, whence the individual devices can be mounted on a

30  carrier, connected to pins—, etc. Further information regarding such processes can be
obtained, for example, from the book "Microchip Fabrication: A Practical Guide to
Semiconductor Processing'', Third Edition, by Peter van Zant, McGraw Hill Publishing
Co., 1997, ISBN 0-07-067250-4, incorporated herein by reference.



of f an individual layer. If several |ayers are required, then tB3¢Jvngl2006
procedure, or a variant thereof, wll have to be repeated for each new

| ayer. 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 sawi ng, whence the indi vi dual devices can be nmounted on a
30 carrier, connect i 1
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by Peter van Zant, MNcGaw Hi |l Publishing ., 1997, 1 SBN 0-07-067250-4,
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or nore substrate tables (and/or two or nore mask tables). In such
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i ncor porat e rein by reference. The key optical eflements of the apparatus

descr i bedimbrpoeated berbinasy refeeencpr oj ecti on | ens for exanpl e, nust be kept free

of contam nants such,as oxygen,. noi st 15 and, h rbons Sour ces of
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t hese conpar nts, to such contam nant sensitive conmponemnts Is a SO
losses and/or local variations in beam intensity. It is necessary therefore to ensure that the

ingress of external contaminants to compartments containing contaminant sensitive
20  components is minimized and that the penetration of contaminants, generated in proximity
to or within these compartments, to such contaminant sensitive components is also

minimized.

25 It is an object of the present invention to reduce the level of external
contaminants reaching optical components and to remove internally generated
contaminants.

This and other objects are achieved according to the invention in a
lithographic apparatus as specified in the opening paragraph characterized in that said

30 apparatus further comprises:

- second gas supply means for supplying a flow of a second purge gas to the exterior

surface of the enclosure defining the compartment.



mnimzed. 25 It is an object of the present invention to reducgltjoeyl2006!
of external contam nants reaching optical conponents and to renove
internally generated contam nants. This and ot her objects are achieved
according to the invention in a |ithogsaphic apparatus as specified in the
openi ng paragraph characterized in that said 30 apparatus further
conprises: second gef; : i : ur ge
gas to the exteri Or@ﬁlg%??%%ﬁe(lsgéfé’c{%%%tfa énoél g@ﬁ# gieggféﬁ% hg%egét%ﬁmgﬁ#gmoﬁt. 31
JULY 2006the cobmphritmentppmoatsunuclsofativ aoitagenaus generaed ahmnduhgcogpatmére
exterior surface of  the conpartnent renoves nuch of the contam nants

gener at ecesrTediegs theengisapefraxieagl conlRminayiodhe ¢qaponcgt losated withia tenal

cont am nant e ; it i gt . | eakage
ot he RERRER ARG FRRAEThd BERL Rttt A oR i SO TREERER Bhree 80 | P2

ext erisor PubingtRe Oftetibresuefaciaf theeoipiirhbntavides seeend Flow d¥fgagagsuediabitahe t hat
the contamnant |evel within the conpartnent is even lower than in the
regi on i nevatinzinantyleved wyithinithgicogparimeniofpeen lowsr thandn dersgiqn émmegiatedy y | ow.

In a preferred .enbodi nent, of this invention, .a second conpartnent is
provi ded,SWPP@B%%ﬁm?Wﬁqg? %%%Pﬁ%ﬁ?ﬁyh&‘ﬁd the second gas purging

nmeans purges the 1f) SHaferelMRAMINNSS fHid Bledidh, 84N coRPRAMEAESHtS. The
encl osure of the second conpartnent provides an additional barrier to the

i ngress ofroededrsnabunding theifiraintompaitmenhand thessdoeridgastphiegihg mehangfurges the
contam nants within the first c artnent. rt hernore, by roviding a
dof | idh " SpaRba e v bl SePg e PR E S RGP B PG Geedequ 1 od |
signifi C%r%nhﬁqvgﬁﬁi&egnfah&ﬁeﬂﬂ%mo e iRgrBIHeRbritdl RBh iRt Shirftgr W t h
ot her 15 corponentS outside the second conpartnent. Preferably an opening,

cover ed hydiudieg tedeved ofjesntirhmantsivethim thei fitstccompattivent. efwtlesmor, by t he second

conpartnent and a. ljn asses through the opening. This is advantageous as
it all ovvsPra‘“FFEkSr?aﬁlﬁflE‘&;} SPisH £ Bires AR e e AQUDY pf PAFEs 88 BORESDRs (o be

provi dedasﬁ]@ﬁfa&%t irléﬁlceggﬁat)ﬁgtﬂgg%%gi%@ggé_n@ﬂéﬁm&%hhg withGteasi ng the

contam n eve
15 components outside the second compartment.

Preferably an opening, covered by the second gas flow, is provided in the
enclosure of the second compartment and a link passes through the opening. This is
advantageous as it allows a mechanical connection and other utilities and controls to be.
provided to the first compartment without substantially increasing the contaminant level in

20  the compartment.

Advantageously, the second compartment may have an interface shield
surrounding the opening and projecting into a second portion of the apparatus, external to
the second compartment. This reduces the contaminant level within the second
compartment by increasing the distance that contaminants must diffuse to pass through the

25 opening. Consequently the contaminant level within the first compartment is also reduced.

In a further preferred aspect of the present invention, a seal is provided
between the interface shield mounted on the second compartment and the link passing
through the opening. This is beneficial since it reduces still further the ingress of
contaminants from the second portion of the apparatus to the interior of the second

30 compartment.
According to a second embodiment of the present invention, the external

surface of the first compartment is purged by a curtain of purge gas or by a plurality of jets



Advant ageously, the second conmpartnent may have an interface shi3delJdrLy 2006
surroundi ng the opening and projecting into a second portion of the
apparatus, external to the second conpartment. This reduces the contam nant
| evel within the second conpartnent by.g-ncreasing the distance that

contam nants nust diffuse to pass through the 25 opening. Consequently the
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further pre aspect o e present invent a seal iIs provi

bet ween t heedontlepinpasmshi.el d nount ed on the second conpartnent and the |ink
passing through the opening. This is beneficial since. it reduces still
further the ingress?#A§For dﬂ%@%a?%mf{th%%eé%ﬁ’avcﬁHP{*ﬂ&gr& t he

‘ . N ; !
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jets 31 JULY 2006 -6 of purge gas directed at the external surface of the
conpar t nmethe. exwrios sebadenf dlee eneloshredelingig thefiss eompartaeRiafhifentiet mac@ming t o
yet anot her, .aspect of. the present invention the first ¢ rtent .conpri ses
o out | et MERBTSIE (S rEER ey Br R L PRy abie on SR GRSED TR o1 1 or
of the fi figd coApRANERBIH th%@béi)nﬁ'-ﬁukgétgag@ﬂ@fcﬂtshglﬂ?lﬂl@_tﬁéjgdstmﬁﬂﬁrk td {ew of purge
gas to the exterior surface of the enclosure defining the first

conpar t meexteridtrsusfaceiof the enelgsuge defirying Hetfirblecompartaene Bytre-uging the kirshgurgeans

for m ing stptge first fpugg%%lgas expausted fromth first conpartnment with
t he sEton&aSHF FROPACTRY TSV RO B S8 xt ure to the exterior

surface of the encl %%H&I‘air%%ia%ﬁﬂerta@ﬁe& bf Bk HRAREH tHERYs prédécea 4s)ig the
first purge 10 gas the anount of purge gas required is even nore reduced.

Accor di ngmaoufactiiring methalsqpenirisofg theetepnefent i on there is provi ded a device
manuf acturing nmet hod conpri si .the steps of: - ovi din ubstrate that
is at |east paP‘th&ﬁP%/a é‘%&?@d{}%ﬂs ételF%ﬁtngﬁaﬁy F%‘(ﬁrg{?%%gyg‘g?fgﬁ‘ilﬁv%“‘nat erial:
15 - providi ng @ spieinghlifn beam of radiation using a radiation system -

using patterning neans to endow the projection beamwth a patternin its
Cr osst5 sect i onproviding a projection beam of radiation using a radiation system;

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

- projecting the patterned beam of radiation onto a target portion of the layer of
radiation-sensitive material,

20 - providing a first flow of purge gas to purge the interior of a compartment containing

a contaminant sensitive component of the device manufacturing apparatus; and
characterized by:
- providing a second flow of purge gas to the exterior surface of the enclosure
defining said compartment in order to purge said surface.

25 Although specific reference may be made in this text to the use of the
apparatus according to the invention in the manufacture of ICs, it should be explicitly
understood that such an apparatus has many other possible applications. For example, it
may be employed in the manufacture of integrated optical systems, guidance and detection
patterns for magnetic domain memories, liquid-crystal display panels, thin-film magnetic

30 heads, etc. The skilled artisan will appreciate that, in the context of such alternative
applications, any use of the terms 'reticle", "wafer" or "die" in this text should be
considered as being replaced by the more general terms "mask", "substrate" and "target

portion", respectively.



- projecting the patterned beam of radiation onto a target port3bduny200&

| ayer of radiation-sensitive material, 20 - providing a first flow of purge
gas to purge the interior of a conpartnment containing a contam nant
sensitive conponent of the device manufagturing apparatus; and

characterized by: providing a second flow of purge gas to the exterior
surface of the encl qfwEprestat H&u‘ﬂﬂenﬁ%@teﬁﬁmﬂhﬂ@ﬂt anld¥bRif® el Re@t g€ Sai d
surface. 25 Al though specific reference nay be made in this text to the use
of the appamgass aﬁ¢ms of elgctranagretic mdmttonnomdurimghétrmahgt wdiatior (0f. willsa it
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etc. The slecirbebeaand.i san will appreciate that, in the context of such

alternative applications, any use of the terns "reticle", "wafer" or "die"
in this text should be considered as being replaced by the nore general
terms "mask", "substrate" and "target portion", respectively. 31 JULY 2006

-7 In the present docunent, the terns "radiation" and "beant are used to
enconpass all types of electromagnetic radiation, including ultraviolet
radiation (e.g. with a wavelength of 365, 248, 193, 157 or 126 nm and EW
(extreme ultra-vi ol &mbogdiments ehthednygntion il pgwdewdesaibsdguhwanof exempimge 5- 20

uch as, ion. bea | ectron beans.
1) o B Ry R e A nd S BB R o3 00 e
only, with referenC%%lﬁeTlf@l@pl@ﬁ‘s(iﬂﬂﬁégﬁipﬁlgpﬁfjmtabﬁatﬂfug‘étdw&ing'fb%M'”Ch Figure
1 depicts a lithographic projection apparatus according to an enbodi nent of

the i nvenbmbndiméingaf@ezn@epomt s a conpart nent accor ding to the present
invention in which 2%9%1%5 of exterpal nant s t| S I duced arﬂd
internal contaninan égué? ™ Pfﬁ‘“ifflgﬂﬁ%r EPese d%‘fﬁ? P Hewhuc
accor di ngfqnbRss HF&Eenil coftaithdriisedRed and in'?éi‘nél%oﬁtaﬁﬁﬁ@@@ﬁ@ rerRb¥edl de a
second conpartnent enconpassing the first conmpartnent in
15 Figure 3 depicts a compartment according to the present invention with a
link to a component outside a second compartment encompassing the first compartment in
which the ingress of external contaminants is reduced and internal contaminants are
removed;
Figure 4 depicts a variation of the component of Figure 3; and
20 Figure 5 depicts a further variation of the component of Figure 3;
Figure 6 depicts an alternative compartment according to the present
invention in which the ingress of external contaminants is reduced and internal
contaminants are removed.

In the Figures, corresponding reference symbols indicate corresponding

25  parts.

Embodiment 1
30
Figure 1 schematically depicts a lithographic projection apparatus according

to a particular embodiment of the invention. The apparatus comprises:



which the ingress of external contaminants is reduced and i nter3bRJULY 2006
contam nants are renoved; Figure 4 depicts a variation of the conponent of
Figure 3; and 20 Figure 5 depicts a further variation of the conponent of
Figure 3; Figure 6 depicts an alternati8ve conpartnent according to the
present invention in which the ingress of external contam nants is reduced

and internal  ge{fiaMnNyeem BN, LI 0 Gying @Bidj&tiBhgiéﬁrﬁ?B 69@&1%&6@(@%@\1_
reference synbol s indicate corTespondi ng 5 parts. Enbodinent 1 0 Figure
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provi ded miatkwith nespkcthiolitderPIf;or hol ding a mask MA (e.g. a reticle), and

connected to first posjtioni ng neans faor accur,at(gl y . posi tionj ng the 5 mask
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mask) . HMRing it @encedies) of theBybsilatOWhe of a reflective type, for
exanple (with a reflective nmask). Alternatively, the apparatus nag enpl oy
anot her kAsberefdepigtedethgiapparawa issof astyansmassivesype (\gmo@asmn@ssmerm@ﬂk array of
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mask). Alternatively, the apparatus may employ another kind of patterning means, such as
15  aprogrammable mirror array of a type as referred to above.

The source LA (e.g. an excimer laser) produces a beam of radiation. This
beam is fed into an illumination system (illuminator) IL, either directly or after having
traversed conditioning means, such as a beam expander Ex, for example. The illuminator
IL may comprise adjusting means AM for setting the outer and/or inner radial extent

20  (commonly referred to as o-outer and o-inner, respectively) of the intensity distribution in
the beam. In addition, it will generally comprise various other components, such as an
integrator IN and a condenser CO. In this way, the beam PB impinging on the mask MA
has a desired uniformity and intensity distribution in its cross-section.

It should be noted with regard to Figure 1 that the source LA may be within

25 the housing of the lithographic projection apparatus (as is often the case when the source
LA is a mercury lamp, for example), but that it may also be remote from the lithographic
projection apparatus, the radiation beam which it produces being led into the apparatus
(e.g. with the aid of suitable directing mirrors); this latter scenario is often the case when
the source LA is an excimer laser. The current invention and Claims encompass both of

30 these scenarios.

The beam PB subsequently intercepts the mask MA, which is held on a
mask table MT. Having traversed the mask MA, the beam PB passes through the lens PL,

which focuses the beam PB onto a target portion C of the substrate W. With the aid of the



beamis fed into an illumnation system (illumnator) IL, eitheg1diyLe@oog or
after having traversed conditioning nmeans, such as a beam expander Ex, for
exanple. The illumnator |IL may conprise adjusting neans AMfor setting the
outer and/or inner radial extent 20 (comaonly referred to as a-outer and
a-inner, respectively) of the intensity distributionin the beam In
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respect to the path of the beam PB, e.g. after rechanical retrieval of the 5
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are not eﬁ&fﬂaﬁia&é&’fﬁ@'b@&rﬁq’li n Figure 1. However, in the case of a wafer
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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 = Mv, in
20  which M is the magnification of the lens PL (typically, M = 1/4 or 1/5). In this manner, a
relatively large target portion C can be exposed, without having to compromise on
resolution.
Figure 2 shows a compartment 10 of the apparatus, containing a component
that is sensitive to contaminants. Such a component may be, for example, the projection
25  system, the illumination system or a component (e.g. an optical element) within the
projection system or illumination system. In this embodiment, the first compartment 10 is
located in a second compartment 9, defined by a barrier 15. The space between an
enclosure 14 defining the first compartment 10 and the barrier 15 of the second
compartment 9 defines a first portion 6 of the apparatus outside the first compartment.
30 The barrier 15 separates the first portion 6 of the apparatus from a second portion 5 of the
apparatus. Depending on the component to be screened from contaminants, the first and
second portions 6, 5 may, for example, be both located in the projection system or, for

example, the first compartment may be the projection system or some other component.



table WT is then shifted in the x and/or y directions so that 3aldufLyeoeét
target portion C can be irradiated by the beam PB; 15 2. In scan node,
essentially the sanme scenario applies, except that a given target portion C
is not exposed in a single "flash". Insygad, the nask table Wis novable in
a given direction (the so-called "scan direction", e.g. the y direction)
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6 of the MBRCHR (6 OMPENCI ARy GEBHUCT YR [hoAt s DIt | cantly
| over t ha&mpartment 10. This enclosure prevents or significantly reduces the ingress of
contaminants from the first portion 6 of the apparatus to the inside of compartment 10 and
thence to the optical component. Furthermore any contaminants that do leak through the
20  enclosure 14 and any contaminants generated within the first compartment 10 are flushed
out by the purge gas through the outlet 12.

The purge gas used to flush both the first compartment 10 and the second
compartment 9 are preferably transparent to the radiation used. Suitable examples of gases
that may be used are gases from the group comprising N,, He, Ar, Kr, Ne, Xe or a mixture

25  of two or more of these. In an exemplary embodiment of the present invention, the inside
of the first compartment 10 is purged with He gas and the outside of the first compartment
10, namely the first portion 6 of the apparatus, is purged with N, gas. In any case, the
oxygen and water vapor content of the gases used for purging should be minimized and
preferably substantially zero. A suitable limit for the water vapor content is less than 0.5
30 ppm and a suitable limit for the oxygen content is less than 1 ppm.

The contaminant fraction (i.e. the proportion of contaminants within the

gas) must be lower in the purge gas used to purge the inside of the first compartment than

in the purge gas used to purge the outside of the first compartment. However the lower the



that in the second portion of the apparatus 5. Contam nants ext8ldJdaLyR006he
first portion 6 of 10 the apparatus (such as contam nants fromthe external
envi ronnment of the apparatus and from conponents |located in the second
portion 5 of the apparatus) are restrictled from passing through the barrier
15. Contam nants that do |eak through the barrier 15 and those generated
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means of providing such a link whilst minimizing the ingress of contaminants to the first
20  portion 6 of the apparatus. The first compartment 10 is located within the first portion 6 of
the apparatus and separated from the second portion 5 of the apparatus by a barrier 22. As
described above, both the first compartment 10 and the first portion 6 of the apparatus are
purged by a flow of gas.
The barrier 22 has an opening 23 through which a link 21 passes to connect
25  the first compartment 10 to a component of the apparatus (not shown) in the second portion
5 of the apparatus. The link may provide a mechanical connection, for example to provide
a means for positioning the first compartment 10 using an actuator located in the second
portion 5 of the apparatus, a utility link, for example to provide electrical power or purge
gas to the first compartment 10, or a control link.
30 Preferably, as shown in Figure 3, the barrier 22 has a an interface shield 24

surrounding the opening 23 and extending into the second portion 5 of the apparatus. The

interface shield 24 increases the distance that any contaminants must diffuse to pass from



apparatus. I n such circunstances the purge gas supply for purgi 3bJube2006i de
and the outside of the first conpartnment 10 may be conbined. In any case,
the contami nant fraction of both purge gases will be |ower than the

contam nant fraction of the air in the-1&nbient. environment surrounding the
second conmpartment. 10 As the requirenments for purging the exterior of the

first conprstétuatpokibms 6f the@ppartiuk k@i Frstipdatibr G 6FGelappariths dha@by he
interior, it may be envisaged to re-use the first purge gas exhausted
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i ng the first pEIGE DU HBRenof 16 Arangche R e rR AP YURTEIRaRA b ¢ he
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a flow of s., The rri 22 has an eni ng 23 thrgugh.which a |ink 21
passeld ¢ oD avihE SBW iR st AR 28 by L R Dt to e
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may provide a nmechani cal connection, for ‘exanple to provide a means for

posi tioning the firbtaddgmmaotrediinglte ugresg o portamimntto Ithecsepbrtion bloé second
portion 5 of the apparat a utility link, for exanple fo proyide .

P ect 11 caihe galttupbg e the, Seal it aglics e Shurl S pEp B gt rom e Berono
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contam nants _nust diffuse to pass from 31 JULY 2006 -12 the secgnd portion
5 of the Bpkraviil theopartEmpneeal THEHETOTHE S fﬂ“aEeFlén %F%%@Qﬂl%gpgev
reduci ng Jg{bﬁraluf‘s"e' of contam nation in the first portion. It may be
subst anti y cylindrical.
Figure 5 shows a further variation of the arrangements described above in

relation to Figures 3 and 4. This arrangement may be especially useful if the required

20 travel, perpendicular to the barrier, of the link is relatively large. The first compartment 10,
located in the first portion 6 of the apparatus, is linked to a component 48 of the apparatus
located in the second portion 5 of the apparatus. The barrier 42, separating the first and
second portions of the apparatus has an opening 43 through which the link 41 passes. The
opening 43 is covered by a curtain of purge gas. The curtain of purge gas is provided by an

25  outlet 46 on one side of the opening 43 and extracted through an outlet 47 on an opposite
side of the opening. The curtain of purge gas substantially reduces the contamination that
diffuses through the opening. The gas curtain may be provided either in addition to the gas
used to purge the first portion 6 of the apparatus or may be part of the means to purge the
first portion 6 of the apparatus.

30 It should be appreciated that apparatus of the type described above will be
operated in a clean room environment. Such a clean room should not be regarded as a
second compartment as described above nor should any airflow within such a room be

regarded as the second supply of purge gas. The air in such clean rooms contains oxygen



Figure 4 shows a variation of the arrangenment described above i 31J¢Lgt2008 t O
Figure 3. The first conpartnent 10, |located in the first portion 6 of the
apparatus, is linked 5 to the second portion 5 of the apparatus by neans of
a link 31 that passes through an opening-33 in barrier 32 which separates
the first and second portions of the apparatus. In this case a seal 35 is
provi ded i i r L rther
reduces t%gh}(;@gﬁgs Sro%d({lﬁé&%eofﬁﬁglnoitt E‘gﬁﬂg %r o%ﬁ—%ﬁg %'Saiiélgﬁgé%rgg%lﬁ)ofﬁﬁ%ﬁrg?én? he
appar at us apphdadionhe first portion 6 of the apparatus. It is inportant that
the seal 35 is made of a soft 10 rubber having a | ow stiffness, such as

cel rubber, or a rubber with simlar stiffness to reduce the transm ssion of

vi brat i on; &et!\{\eer‘ihe conponents of the apparatus. In addition to reducing
the ingre mnants to the first portion 6 of the apparatus, the

use of sthe seal willmraduesatieeabddinent, ovalindBg@es, He@itdrha stffacelof il t i on
6 of the apparatus to the second portion of the apparatus. This nmay be
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to Figur es&gﬁ&gnd 4. This gr rSIangement1 may be especi(iiglﬁbé? usefuleif“{ he
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| arge. The first conpartnment 10, Jlocated in the first portion 6 of the
apparéQusPhF§“WPﬁw380FBmﬁeé istadiat 48 eHemah @i Spar atus | ocated in the
second portion 5 of - : Ly d : t i G- i and
second portions of t‘fﬁgﬁ%%gﬁ‘?g%@%ﬁ%@gﬁqgé@nﬁ%‘ﬁ@ }f‘lﬁggﬁﬁ]hdé\%ﬁﬁl%éﬁedtb {elé’ﬁ nk 41
passes. Thdll bepppico@tediXhatahe nwentich myy be practiGidroticdrwiserthym apadescrited. The t ai n of
purge gas is provided by an 25 outlet 46 on one side of the opening 43 and
ext r act ed desariptigh ispotdpiendad ta finyghths inyshHeRi t e si de of the opening. The
curtain of purge gas substantially reduces the contam nation that diffuses
t hrough the opening. The gas curtain may be provided either in addition to
the gas wused to purge the first portion 6 of the apparatus or may be part
of the nmeans to purge the first portion 6 of the apparatus. 30 It should be
appreci ated that apparatus of the type described above will be operated in
a clean roomenvironnment. Such a clean room should not be regarded as a
second conpartnent as descri bed above nor should any airflow within such a
-room be regarded as the second supply of purge gas. The air in such clean
rooms contains oxygen



31 JULY 2006 -13 and water vapor and is therefore not suitabl e3hduny g00@i ng
gas in the context of the present application. Enbodinent 2 5 In an
alternative enbodi nent, shown in Figure 6, the external surface of the

first conpartment 10 is purged using cxétains 55 of purge gas (only two
shown). In this case a second conparfnent, defining a portion of the
apparatus that is flushed is not requiredaiMs: before, the inside of the
first conponent 10 is purged. In an alternative of this enbodi nent of the
invention, the external surface of the first conpartnent is purged by a 10
plurality of jets of purge gas directed at its external surface. Wil st

speci fic enbodi nents of the invention have been described above, it wll be
appreciated that the invention may be practiced otherw se than as descri bed.
The description is not intended to limt the invention. 31 JULY 2006 -14
CLAIMS: 1.1 A |ithograhddraptic pfcgedtion appjrpiak adbmprisiagpri sing: a radi ation
system for providing a projection beamof radiation fromradiation emtted
by a radi ati ohragintiossystemdonpreriding ¢ pojstien perm of gsrtionfgpm sadidioni ng neans,
.pattern the projection beam according to a

the patternin

desired patte%ﬂﬁ-agga:rg@é{@gﬁﬁ%eabl e for holding a substrate; - a projection
system for pr@pgpbitReruttiee foakigioneeh ;&h@@?ﬁi%hﬁaﬁs,ﬂﬁiﬁh@&nﬂﬁg et sefvih
substrate; - a first conpartnment through ich radi'ati on passes enmtted by

sai d r adpadfeirofhe pogjedvn bean ageonding togrdeamedhpaiterensi ti ve conponent within it;
and - first gas,s I ans.f.or purging the interior of the first
conpar t nent wf f%sﬁggitﬁg?orgﬁ}%gg éééb&@%ar acterized in that said apparatus
further conmpri s@fction SR G056 ceiRPINg paRaAsd bodm SHRP tidddpatibhemif a
second purge gas to the exterior
substrate;
- a first compartment through which radiation passes emitted by said radiation source
and with a contaminant sensitive component within it; and
- first gas supply means for purging the interior of the first compartment with a first
purge gas;
characterized in that said apparatus further comprises:

- second gas supply means for supplying a flow of a second purge gas to the exterior

surface of the enclosure defining the first compartment.

2. A lithographic projection apparatus according to claim 1, wherein the
second purge gas has a lower contaminant fraction than the air surrounding the first

compartment.

3. A lithographic projection apparatus according to claim 1 or 2, wherein said

first compartment at least partially surrounds the projection system.

4. A lithographic projection apparatus according to claim 1, 2 or 3, further
comprising a second compartment surrounding the first compartment, wherein said second

gas supply means purges the space between the first and second compartments.

5. A lithographic projection apparatus according to claim 4, further

comprising:



surface of the enclosure defining the first conpartnent. 2. A |31 Jogy 2006 c
projection apparatus according to claim1l, wherein the second purge gas has
a lower contam nant fraction than the air surrounding the first

conpartment. 3. A lithographic proj ect_ils)[l apparatus according to claiml or
2, wherein said first conpartnent at Ieast partially surrounds the

proj ection sysbpefingin sAid sdcbadEappartm@itoyRict i on apparatus according to claim
1, 2 or 3, further conprising a second conpartnment surrounding the first
conpar t ment , alinkpessingshrengbdbonpeningis supply neans purges the space between

the first, and second conpartnents. 5. A ||t raphi c_projection apparatus
accor di n§PEEISFE Fﬂa(zlErOY {.ﬁg?nnegﬁ%g?t&e%{heg‘% f@%@%%é’%@fl%cmﬁﬂor%g‘ ning in
sai d secigpsled OBRE tHERbonPpathddtk Passing through the opening; wherein
said link provides a connection between the first conpartnent and a
conmponent | ocated outside the second conpartnent. 6. A |lithographic

proj ection apparatus. according.to claimb5, wherein sajd_second conpartnent
further @onpri ses ‘gﬁlﬂi‘(fﬁr%ﬁhf‘%ﬁ J&GHOR agparatys F‘?ﬁ?ﬁépﬁé" glainy Soﬁg?ﬁeﬁ’gs%d

ext endi Fp‘gt Ldrent ' ' .£CL |

appar at tr]%célg&é%%rﬁl ngrjr'%e?l g C aef?ng%ﬁf 1% urthrétée &%%dr%phé‘%lasrkﬁg;oagagggﬁa(ggfa&}éégﬂ% he |ink
and t he éxurlidgemsheé slcond Bompertrhéritogr aphi ¢ proj ecti on appar atus accordi ng
claim5, 6 or 7, wherein the second conpartnment conprises a gas outlet on
one side of said opening and a gas extractor on an opposite side of the

i ng,, t her eb g1t ning with tain 9 A lith hi
ot of eoti bn appat at Satsaarl RyRaohARe bR afioRdie FaFhith B, et boraariE Stond

gas Suppi dalBaWsePiheVind@nd eheibdrRice skitldpur ge gas across at |east one face
of the first conpartment. 10. A |ithographic projection apparatus according
to any preceding claim wherein said second gas supply neans provides a

pllural ity of outl e g afiHl 9% 885n Sh985l QooBlink ST s2BS:34Rertha b0° 117"

second compartment comprises a gas outlet on one side of said opening and a gas extractor

on an opposite side of the opening, thereby covering the opening with a gas curtain.

9. A lithographic projection apparatus according to any preceding claim,
wherein said second gas supply means provides a curtain of purge gas across at least one

face of the first compartment.

10. A lithographic projection apparatus according to any preceding claim,
wherein said second gas supply means provides a plurality of outlets for purge gas close to

at least one face of the first compartment.

11. A lithographic projection apparatus according to any preceding claim,
wherein the first compartment comprises an outlet exhausting the first purge gas after
having purged the interior of the first compartment, said outlet generating an additional

flow of purge gas to the exterior surface of the enclosure defining the first compartment.

12. A lithographic projection apparatus according to claim 11, wherein the
outlet is connected to gas mixing means for mixing the first purge gas exhausted from the
first compartment with the second purge gas and for supplying the gas mixture to the

exterior surface of the enclosure defining the first compartment.



11. A lithographic projection apparatus according to any precediniyia 2006
wherein the first conpartnent conprises an outlet exhausting the first purge
gas after having purged the interior of the first conpartnent, said outlet
generating an additional flow of purgg gas to the exterior surface of the
encl osure defining the first conpartnment. 12. A lithographic projection
apparatus according to claim 11, wherein the outlet is connected to gas

m xi ng neans for mxing the first, purge gas exhausted fromthe  first

conpart et wit h tHdithegrapiuc Bipigséiog ABPHAES perording 1 gmpreesdingdaimhi xt ure to

the exterior SUkRf f i.ni.n iLrst c ar it. 31
LRy SuEhd S S EIRA5F bt U6 SRS ARLLE ASHI0S0G bR RO,

precedi nge, A2K®) Ne,ebed mikthe dfitvelor dors BEMAEE. gas supply neans supplies a
gas fromthe group conprising N2, He, Ar, Kr, Ne, Xe or a mxture of two

or nore of these. 14. A device manufacturing nmethod conprising the steps of:
- providing a substrate that .is at |eas arti.al} overed by a | ayer of
radi at i { “sensi piéﬁﬂ?é’?%ﬁﬁcay?nﬁr%?}ﬁaﬁﬁ ﬁ‘ﬁ?&“i}% 1écsfeipér‘?f'beam of radiation
em tted by a g3¢idald @ﬁb%ﬁ%%t‘i‘ssét']gasﬁpaﬁﬁﬁ@r 8dvePdll BYS1§8 of radighisly patterning
means to endow the projection beamwth a pattern’in its cross- section; -

proj ecti ng t heengiéivt eratezchl;beam of radi ation onto a target portion of the
| ayer of radiatjon-sensiti v% matgfri al; and - providing a first flow of
purge gas to HAVi§eg herojsstian petm of radiatiomsanited RY 2 frahiRgrsoulggiUeMeradi at i on
passes em tteﬂdf&i’ioﬁ@&s‘? 4adiation source, and which contains a contam nant
sensitive conponent,; char act er i zed by: providing a second flow of purge gas
to the exteriwingpatieatry afeaidi® edovake p®jectioh bsim gvithpd pattzodriaitd dregst i n or der
to purge said surface.
section;
- projecting the patterned beam of radiation onto a target portion of the layer of
radiation-sensitive material; and
- providing a first flow of purge gas to purge the interior of a compartment through
which radiation passes emitted by said radiation source, and which contains a
contaminant sensitive component;
characterized by:
- providing a second flow of purge gas to the exterior surface of the enclosure

defining said compartment in order to purge said surface.





