-1 1 Lithographic Apparatus and Device Manufacturing Method The present
invention relates to a lithographic projection apparatus conprising: - a
reticle-stage nodule conprising a suppoft structure for supporting a
patterning neans and a 5 short-stroke nodule for fine-postioning said
support structure, the patterning neans serving to pattern a projection
beam according to gidfgrisidc Appapitis and Deside MamifactusingMEtiodhol di ng a
substrate; and - a projection systemfor projecting the patterned beam onto
a target portion of the substrate, said projection system having an

optical axis. 10, The term "patternin s . e | d be
broadly inter prg?%areg%l AR R art%st %lﬂnigoﬁ%h%%%fjﬂgéﬁn %Dg}gtasesoc%@megﬁl OwW an
i nconi ng. § AdicRLdAR RERIR YékHigndabippbAetuaieTor suppeiting A, pat@nimpshandai@at 0 a

pattern that is to be created in a target portion of the substrate; the
t er m3'| i giort-sieake arodulerfonfisoppsiopggdaidsupparsstasfirexhe paiemdpgimegns seheng ki d

pattern wiJl correspond 15 to.a particular, functional |ayer in a device
bei ng Cr@ﬁ%ghaPﬁﬂ?ﬁ§n$8?ﬁéFxﬁ%P%ﬁ%%?ﬂ¥ﬁ%ﬁm§§ngn inte- grated circuit or
ot her devi g@steeatetR Whididasmkeseondsuch patterning means include: - A
mask. The concept of a mask is well known in lithography, and it includes

mask typesprogastihn axstasn fermyojeetinedha pattempddisamenthi farget aadioatof Euabstate,
phase-shff% as_.well as varioustQ¥ErLd mask types. Placenment of such a
mask in PHEPPIRISY PR BAHS 4F RISt i ve transmission (in 20 the case of
a trgnsm ssion mask) or reflection (in the case of a reflective mask) of
the radiation j inpinging on the mask, according to the pattern on the
mask. 1n the ca$ke gimapatiesking sadans aghere enpraexedshewld babeoadlyrinteapreied gs te-
patternipng.neans wll also be,referred .to hereipafter as .mask ta ble"; the
skt abieEO et s By R IR ERL bl R ey er S PR B ot e

| ncom NGsecti@licairtPonBBAM a ?ﬁl‘ﬁbrﬁ tha€ o be cAmieaah & &rgdtipyRidn@tiesubeedit;ithe SO
desired; 25 - A programmable mirror array. One exanple of such a device is
amat ri x-tguar Beldanlve” sar alse e vseday thgeantsst eanemliysthe said patiers willgpeespapd a

el Bt % ARG Tund B, §o BRI B, REREC B el BB RPAIALY Sy e L Pt
(for exanﬁIe addr es6ed areas of “the feflective surrace reflect: el dent

| i ght asgréiclifciragit efothéghtivice e e Rsv)UPRasil essBdclaparaing fegtd intlagé:dent | i ght
as non-diffracted |light. Using an aPproprLaLe filter, the said

non- di f f r act’edhask. dive cengerbel & mpskes swlldupwaiin lithegraghy, apd ddndudesamask tyreavi ng
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patterned ac- a essi ng pa rex-a essabl e
sur f ace. mask tgpdsePaatrhsre of Biubdi skt in the rafliatiopbegr casEtckective frafsmadsiay(in

errplz%ys t?le ggsteroif )2(1 t%glgrgiggi%mz}sk)ogr rgfilé::¥iorrp (irr]rlct)]:rlf;S éasee gt(‘: z? re%fect\i,mei n(iz?skl) of the radiation
impinging on the mask, according to the pattern on the mask. In the case of a mask, said sup-
port structure for holding a patterning means will also be referred to hereinafter as "mask ta-
ble"; the mask table ensures that the mask can be held at a desired position in the incoming
radiation beam, and it can be moved relative to the beam if so desired;

25 - A programmable mirror array. One example of such a device is a matrix-addressable sur-
face having a visco-elastic control layer and a reflective surface. The basic principle behind
such an apparatus is that (for example) addressed areas of the reflective surface reflect incident
light as diffracted light, whereas unaddressed areas reflect incident light as non-diffracted light.
Using an appropriate filter, the said non-diffracted light can be filtered out of the reflected

30 beam, leaving only the diffracted light behind; in this manner, the beam becomes patterned ac-

cording to the addressing pattern of the matrix-addressable surface. An alternative embodiment

¢ of a programmable mirror array empIO)'fs a matrix arrangement of tiny mirrors, each of which




-2 1 can be individually tilted about an axis by applying a suitable

| ocalised electric field, or by em pl oyi ngpi ezoel ectric actuati on neans.
Once again, the.mrrors are natrix-addr%gsable, such that addressed
mrrors will reflect an incom ng radi at’i“on beazn in a different direction
to unad- I~ dressed mrrors; in this manner, the reflected beamis

patterne j . . i . ttern of. th .

mat ri x- ag%‘? ggg‘% 12%%&?}1%?%?@%@%%%(}%%3 éhﬂr%a{)%ﬁ%ﬁgé%a&%e& eﬁ%mé%ﬁelgeord@' r'%r med
|' usi ngl@ting plbk@iRttcionemivs nivaa) Onck AgliRtthe Bfirdrd GreshiHRIIARSsMHES Ghdrhgst
here above, the patterning neans can conprise one or nore programabl e

mrror alfdipssedmiiory willyeHeat ias incoming radimtion beam iy diffrdne digeqtivhde peall-t o can

be gl ean r.example, frombnited States Patents US.5, 296, 8 and US

5e 593, 105 et R B el ¥ o R R S P ke SR o 39Bers hE n  he
case 30 phtt@nRTae BaFMRLIIAreRiabledhirfs. Bhe rédired M6 MRRP&EIngThi BE b¥FemiTAY be
enbodied as a frane or ta ble, for exanple, which my be fixed or novabl e

as requi neiag suiably electronipmegpsabhah ef thepiteatioay desaribasidzenp bl vof the petteraing
construction is iveneiﬂne Unitreed States,;, Patent 5 %%9,872. As above,
t he suppg}etanif%écbflﬁﬁlg ORe PHPgerasrammable mines drays- Nore iprmatiop onanigogar-¢

exanpl e, rWRiagherB¥febed td dRtheQleNBY, 3B} Sadipld, B4l UBRed Stated Pateis 1PYI5 P95 891 Of
sinplicity, the rest of this text nay, at certain |ocations, specifically

di rect i es@lfS 1.62%KpheBCT patsntappdicationa SKORRE 858 E knd WD 83/3h0Ne Wethe cadee

gener al inciples di scussed in such instances shoul d.be. seen_.in the
b oadlr BbRPEPERBRETHAT Eopn IR HERRtE A REEEE i ot <iepaicd 25 g fie of o
Li t hogr aphy, Gor@merel WARhaRAHeAt 4 of MbvaBleWs edQuirk®@angxanpl e, in the

manuf acture of integrated 20 circuits (I1Cs). In such a case, the

pat t er ni ng-mdamesramnaller<rlapuan Aol exagiple plsutle p porstmpiiapis giiengn Unged ftates

i ndi vi dual_, | | t hi ft . be | d . t t
por t1 on £aiegr U324 73 ps o e SnrtebR B Sy B o8 LT ET Tl Rh L 4 e
waf er) t BatablRforRRBMpROVHRE iyt kel @Y Blovableadrequiredli at i on-sensitive

material (resist). In general, a si ng.l e wafer will contain a whol e network
of ~adl} acentior pugeses pbsimpdinry, ttheatestaaidhis et sy steeifaip docatipag, spkcifically Higect

proj ectign ste one at. a time. .25 | uprent arat us,. enpl qyi n

bat t or ni AEFIDY SRR 1avotinga ek apg sk Bgfec howeter JiE densrab Briniales seeNietn
two di ffefairh ihstfRes SHoulBsd HebRin thd bfider JOREXPHF the bGFHIAP MeanPAIe® flrihOHere
apparatus, each target portion is irradiated by exposing the entire mask
pattern ebR¥$-the target portion in one go; such an apparatus is conmonly
referred to.as a wafer st er .or st.ep-and-r a-_ratus. ln.an
alternativ 1t§%%rg?l\§?8frsch§18§§€%rayu? (3 e[?eﬁles d’ﬂf‘cj)I %‘rs%%liie_f’ Zigﬁlﬁﬁn = ?&ﬁ%ﬁﬁ‘é‘?‘*&ﬁﬁd
- each 30cHrangaiCHOMisuttna bisel the pattarhiag nivinPmag Eefsity 8 bitad it gorkddforisk
pattern under the agrol ection i beamin a given reference direction (the
"scanni néf ardindsddyad Hyengdi thellsyad Hispotesn gansheaimaigedontp @ targeitordere(etsabpm-

B?;?LL? : Bﬁg@g 2}%1% ﬁqp l%ro?el ckigsl) oh % shgs!tlsétedes{lﬁ:gﬁ i\&%@ér) §1Ia 5 ’be(ienn(:o%?e e\gn?lll a laFere of ra-

diation-~sensitive material (resist). In general, a single wafer will contain a whole network of

adjacent target portions that are successively irradiated via the projection system, one at a time.
25  In current apparatus, employing patterning by a mask on a mask table, a distinction can be

made between two different types of machine. In one type of lithographic projection apparatus,

each target portion is irradiated by exposing the entire mask pattern onto the target portion in

one go; such an apparatus is commonly referred to as a wafer stepper or step-and-repeat appa-

ratus. In an alternative apparatus — commonly referred to as a step-and-scan apparatus -~ each
30 target portion is irradiated by progressively scanning the mask pattern under the projection

beam in a given reference direction (the "scanning" direction) while synchronously scanning the

* substrate table parallel or anti-parallel to this direction; since, in general, the projection system




| -3- 1 1 1 wll have a magnification factor M (generally < 1), the
speed V at which the substrate table is scanned wll be a factor Mtines
that at which the mask table is scanned, More information wth regazd to
l'i t hographi c devices as here descri bed tan be gl eaned, for exanple, from US
6, 046, 792. 5 In a manufacturing process using a |ithographic projection
appar at ug; t o W I 5 | b aLe at is
T ast L a2 SRR faqt 18 (ERRY 5 ) LREER, PR, BESHIALELHINT,
(resi st ) scaRnedowill lee 4 ficwr Mragienthasitaphich the nsdsh sablaisecammyd WL igrvaddous
procedures, such %g prim.ng, resist coatjng and a soft bake. After

exposur eWith fegasdieslft %Iépfﬁﬁa%‘écesﬁﬁj?@@legdlbﬁ c@t beglegiedclonexasapledin as
apost - expegUif fgke (PEB), devel opnent, a hard bake 10 and
measur enent /1 népecti on ofthe i maged features. This array of procedures is
used ;s a hasinsnufkcuiag precessasing adithogiphic prajeetioipparatiey h patters (Pg. iRl | C.
Such a patterned |ayer may then undergo vazious processes such as etching,
i on-i npl B@ATkAS BRrged oplorfgIubstiie tiat is2hlepspartipkly gavsredhby 2 bvemefradishani cal

pol i shi el ce. o] ffoangindiyidual |ayer. |f several
| ayers ng?negérngfct]fty |'3r%JéA(:tle,ﬁatl kurggr}gﬁ%éio\%ﬁt\%{hg %?‘ggi&f ttJe éFﬂeg}%S\a{ragealp%‘ﬁ?%tr%oe\gaégfl? Wil |

have to pecéRpeatiel a QFnERE Resld ch@itizlaal alkoft Byl fRk byposai, fiklsabsuaie Heyhees
will be present on the substrate (wafer). These de- vices are then

sepazat etibjactns to wthea pechdire yuch asadeni-erpeswea brked ER).cdavglopmesiaahag, balthence

epazat ctil AR _ csaahng.b
et c. 1o Rl RN R of e RN b PSRt Pl meBRRRES sl R R

exanpl e, tofgaeeint ddeinBiQtlal M &roda AepicEaly. e 8C1 Dith aAaleacd iagal mikihde uh@ergo
Sem conductor Processing”, Third Edition, by Peter van Zant, McGaw H Il ~~
20 Publ i ¥iiong prosesse goh as piohngoiog7mpbption 4doping) mpptatlizatiem aidationsi npl i city,

t h i i . i . . t " LI

novever Sepoce SRl E RKingcE, ATl laed o AEHERGH idullal e 1 BBl
types of aipr@juered, thén the Watiotdhrotdtiakd) et f gariek dredofeilldavE 6She fepédt@rior ¥g:h
optics, and catadioptric systens, for exanple. The radiation system may

al sold nchavdkeyeo FyerHedlys ab paasaef deyicar wik b prgsang onfip sybstratre@alers shihgse dsrpes 25
; di . . . . y o _ 2ot q
such conporang 1RHaBbRErhof LR W) § BEWIHE SRh P B etk P

as a "l emdividdalidéiess cah be nouhfed gh aphirer apprectddah pénsn@y DRurtier mféntiadohasti ng
two or nore substrate tables ga_nd/or two or nore mask tables). In such
"mul ti pl garding gech preggseessap ke obigied foneNampi | fen fgyeek (Migroship Falrigatian: A or

B o oty P (TSR RO A B0 8 e RO LA ORRL
appazat UBukigRing €5C, 1992 ASBMNDO-08x0afd0e4. i n US 5, 969, 441 and ~ WO 98/40791.
For the sake of simplictty, the projection system may hereinafter be referred to as the "lens";
however, this term should be broadly interpreted as encompassing various types of projection
system, including refractive optics, reflective optics, and catadioptric systems, for example. The
radiation system may also include components operating according to any of these design types
25  for directing, shaping or controlling the projection beam of radiation, and such components may
also be referred to below, collectively or singularly, as a “lens”. Further, the lithographic appa-
ratus may be of a type having two or more substrate tables (and/or two or more mask tables). In
such “multiple stage” devices 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 ex-
30  posures. Dual stage lithographic apparatus are described, for example, in US 5,969,441 and
WO 98/40791.




-4 1 The mask as introduced in the present text is also known as a
"reticle", which termnmay be used hereinafter .Al so, the nmask table as
descri bed above nay be referred to hereinafter as the "reticle stage". The
position of the reticle stage and the slbstrate table are general ly
measured w th one or nore laser interferoneters to obtain the necessary

accuracy {9f. Bosk Ll QbAGAy 1% BcR4BSLL ALSIANE! 00, SXRgsULG and, for, ut ual

al i gnnent successive pa ayers o

pr ot ect edsédyhedeisditer . AN, e nidik Pabikedd desrebell AbNLYSNbe REFRAR0 horelABePRAIther N ~
pl ane on the reticle. Such a soft pellicle typically conprises a thin

pol ymer frstitlewitsigeh The pesiion of thareticle sipgerandithd substrath tablaré generally méasured

reticle,_displ d b i all. di cul i St .t

ot ol o b iRe AR B RS A b Y RIBERRY Ry ol g of hE

di sadyaniageaeshuyingdbhgGlrelng faht@aIkliciRes: @R08ssia Rt d AL Qvice.
inpinging on the reticle. By intercepting particles on the pellicle on a

surface whireticle sambg piofecteddyfagofilanglonfien pélliclado prevird dainege wythe patfert he

ality of the . inma nerated fr t.h clean) reticl be . .
dubst amt Pant % pieTeafie SR o pelie G migE SpEERtuL R uROR I e iseHtt n
radi at i oftantpdIEtpaddlctdRpRe Birtdca vt Bk ebtid @ Ui ldcat(Bnd subskintihdf papendiafanm and
extrene ultraviolet radiation (EUW) (e.g., 5 - 20 nm deteriorate the soft

pel i cl edisaneati it yetickedt surhee.use of a soft pellicle in conbination with
(dee W for E radi a- lion j.s not .practical at this nmonent. A

Fepl Dbement AL aaelEs an il et Fotdi By tiesy Ry Lol dBeps et £
|'i thogr aphy by Tadi@RI ihpRtdi@Nen thd Rtild. BRiREREBINg RefidIECdithe BllMetdhst /et he
(deep) UV/EWV radiation and com 20 prises a thin glass plate which is

t r ans par whichfip not inéhq Hedplangwl Bu\projadiiar system, teejuality tof herigfaga genanaged from

properties of .ass pl at based on Snell's law), the radiation beamis
refractegwﬂﬁe@ﬁéﬁhaeﬁﬂghiﬁéﬁgﬁﬁmgﬁ¥§%Fmgf the focal plane of a projection
syst em f or jtthhe bagNsalv 8¢ thRAsHoRtWavelFAGH: 1Q816HES sudiuh debRuliaorldt @iffort BS.,
reticle relative to the projection systemis changed ~ i accordingly.

Howelfer , 12uaid BSTohmahasl extremp altrayidlesiradiptéanadBlon (adv &r-28Inym)adetasiorate theesoft
ability t

xamp! &, PRSP RHER s £ Khoffinrs T Heng AR TG BR TPLECD

per f or medod &AW pANEE] @Nthds hebhtnel y basis) which require the use of a pe
licle-free reticle. Areticle without a pellicle may be used in such

i T cunst andasplbewaes peliible if beipgeansidaredelybistislos usedde (Heap)e U WIRUAY lithography
R g T
proj BEt i fiksed RRBIMALIAS pRidiwhich @iishA8nti for thb €d«@PPUF/EWFV radiation.

Due to the refracting properties of a glass plate (based on Snell’s law), the radiation beam is
refracted in such a way that an offset of the focal plane of a projection system for the generated
pattern image occurs, and the location of the reticle relative to the projection system is changed
accordingly.

25 However, such a change of the reticle location adversely affects the ability to use reticles
without a pellicle during some procedures. For example, in wafer fabs for IC production many
lithography tests are performed (some even on a routinely basis) which require the use of a pel-
licle-free reticle. A reticle without a pellicle may be used in such circumstances because the
pattern may be more accurate without a pellicle.

30 "The switching between reticles with or without a pellicle requires cumbersome and time-

consuming modification of a lithographic projection apparatus and a reduction in the opera-




-5- tional Up-ti me of the apparatus. Preferably, an exchange of reticles
with and without a pellicle should be perforned within a few m nutes (say,
|l ess than 10 min). It is an object of the present invention to reduce the
effort for switching between reticles wwth and without a pellicle in a

|'i t hographic projection apparatus. ~ i 5 This and ot her objects aze

achi eved_ accordi ng the invention in a Jithogr iC.proj,ection i ar at us
Gss coi 1 gl hiy e g FRasE P HePHerBIsE & rfles %‘inﬂmoﬂl‘é%dgdﬁi c
ro'ec- ~gqhfd l%n[%rﬂ)nﬁe@(ﬁvitlﬁﬁu{févpmﬁlﬂe I(say! [ tnaRPERAUS further conprises a
conpensator constructed and arrangeé to adapt a position of i apart of

sai d reti chés st @gect ob thel presesainderp@ntto cfdutchthe effbitdbreswdtchiyg betvehsh eetaodespr i si ng
at | east the short-stroke modul e and the support structure, along said
optical wWKhgnd aﬂ@ewf*i%ﬁ%maa ihpgigahic PIQYediRNPPPERUY pattern pl ane of said
patt e ni Ng¥ : |44 i L i :

P ovi i ng s A ffPoliCei8aRElhicl focklrah) b Al 30 TRRRSpRlc arffction ;o
adapt at i gpatiiud 88pbdifibdrtap bpeniny Piraeapho chappeatset isthai daid lithsgaphic peojédie
position of the pattern plane can be achieved. Al so, the application qof a
conpens atieft AP efCogHEISEL FQEensFiolgonstructedand iangadde adagt agpweitign&fs i n
case it |s ot . i i f i : I I S
The.di st AL SRR R SRR TRAEE B2 AT AR b g B g It
changed oriasteiangriulcdndtithesuyppsit siroctuef albhesadopticabiiotocconpdnsate a Finmal
optical setting of the projection systemand its. position relative to the
waf et0 cashift @faPAteTRA Rlang of srip peattanine Srant 4e e nellisle eisaid naering 'Reanspa-
raneters f - : ' ' A it ho '

brof ect ; onBapiifibes SOHRARARY B jbribiatntla 4GBk et AHARELE
appar at Ureiliffifraplic ploReton appaensedithyespdee topthe padtipect the patbea plans cgebrer al |y
purged using apurge-gas which is substantially transm ssive for said

r adi at i ofFhiqved obkierthe apRlisatiene! aseampsneatorapducst therosapiT ieroft and mistakes her
advant agg gl%erétgl% it rcﬁs%'it 3 n%@ésFéIEYOe&ch%e'éﬁélMitﬁ A éiéﬁ(ﬁlt ?fgeﬂi@ﬁx or nore

pur ge- ga i.e., the size along a direction perpen dicular to a purge-gas
1 owg 5li r ecThodisiancebdpureethg pjetidn Syddah and i @l sy - detreticte i chgngedebyfd dhangat e |
of the purge-gas through the gap)_ between the reticle stage and )

wel | - ol enkide SOTRPHOT e dherbsireke modwe TaR gptical setER@0 BUTBSIAR TR AR edl
and arr for.. [ : It ' i, AREMH,- T O
the ret; Brayor QlaiFERORE ARG berlin St ohe oy ARl bR e ares S ST Bht ca
axi s, asrapietery fdede hycdniyensaefienisatianal seidnt With livtiogsaphét [sbipeti@f appaiathisone or
nor e purge_-%aps is of inportance ~_  since the flow rate of tggbgﬂlre e- gas

through tHigblsrer wie Wi decputiieisiadipdony apeareisrintemal spee tgvers ro-

20  jection beam is generally purged using a purge-gas which is substantially transmissive for said

radiation (in contrast to, for example, air of the enviromnent). A further advantage of the pres-
ent invention is that the size of one or more purge-gaps (i.e., the size along a direction perpen-
dicular to a purge-gas flow-direction in a purge-gap and substantially determining the flow rate
of the purge-gas through the gap) between the reticle stage and wall-elements ( provided to the
25  short-stroke module and constructed and arranged for embodying part of a cavity to be purged
adjacent to the reticle) is independent of an adaptation of position along the optical axis, as pro-
vided by the compensator. Control of said size of said one or more purge-gaps is of importance
since the flow rate of the purge-gas through the one or more purge-gaps is directly related to
said size. Narrowing a purge-gap reduces said flow rate, widening a purge-gap increases said
30  flow rate. In particular at reduced flow rates there is the problem of diffusion of environmental

éases (such as air) into the cavity which is to be purged.




said size. Narrow ng apurge-gap reduces said flow rate, w dening apurge-gap
increases said 30 flowrate. In particular at reduced flowrates there is
the probl em of diffusion of environmental gases (such as air) into the
cavity which is to be purged. -6- | |n%one enbodi ment, the conpensator
further conprises a spacer arrangenent for adapting ~ the position of the

pattern plane al ong,.the gptical axis. In this enbodi nent, the spacer,
arrange e it Opcery %@H@Gﬁﬁ@ﬁ%‘&?@f%ﬁ?h‘ﬁf RMBISEs gaPacehafgeeBrntineadrgtiogr n

pl ane i ny BANE I OhtlehEpial ASEIRE offical aBE! it i :
enbodi nment ,eiﬂ)t%ﬁe corrp%%sa?gpr conpri segﬁtfé% g justtﬁggmggglh{égeg%fﬁgé?&gﬁ eg t he
proj ect i arnsisatsednd eongetapite for gesvittidrhadgeidf shef pttain piheenie depenclondecinte wi t h
the relative positign of the pattern plane of the reticle. In this

enbodi neREeSERRE agelisle- opti cal aberrations introduced | by a pellicle or

by the confi ' : | i 4 1 : irtyal
changg of ”?ngépdgg ?S&%O%lp%ﬁgﬂ%adr? gnr g‘% ucg)gﬁ) ng%gﬁ g{raﬁ%g{igﬁ%\é% ftO(}) Qﬁuﬁ:lh{r% tgg t he
i npact oprdjetdiontsysterh tb hdapt 4 Pogitiey eitedcggidrena coifibide evithakk rebnive ipdsiibn of
particulaz rel evance for use with lithographic projec |, tion appazatus

conpri si Hig naenL planceeldhe retiglepingiis epbedinagng fasys -or#rjga@w aberegbions Birgdugade

pres enc f_.a: pelli Y i I . - or der
borr at1 5ra el ecth e oAREIRARI f b RILERE R TR Bl LEUR ML AR,
aber r at i entheipattedgsadel can by retedsdndng bahacapbingialmisetieiimgaalontdualigrodjiect i on
system i 15 Additionally, a lithographic projection apparatus maybe

pr ovi¥edPidiested prttere Thgjeabpdimgntis of parsicalay rpdqvangerfar pieoyide tithgaraplis edies

focal plan LE V] F INY : t.] I f o _

pr of ect i ot o bonkfind RARIeL BB br Aol o B 18 P it b s
system Widehifra geliéclps@jepdlyiimtrodny st emerhhdiffeqehi oaler-srlet ategratisncdimnyattously,
order to adapt to a virtual shift of the pattern | ane of the reticle in
dependended epirecHen ppdlepbrlancire of these pharadionply w@s@& adjugting ths gpHeab RFHNE
proj ecti gp %3;98}%&&&155; be provided wherein the adjusting device adjusts
t he proj ec%hl n-systemi's focal plane by inserting an optical elenent or a

| ayers of t Aad&ionally,adithezraphi eprofctiaie tppagatasmay beiproyidpé hierhiethic adjusénogd-i cal
path to create a correction of the focal plane of the projection syste
Addi t i onaiceypdiugts|the progrctipmystent b fesat plare Bppadifying 2 pasitien ok #\oriisal slprasnio

t he appapat ys: .. J sl hei rye nd
ar'r angod 11" Qs il SsRRTRILRES SpfRiica AEnGT PR pRILARAEINER: WibERuR
const r ucphggectiod sasteranigebtical etjngds cidngedmsiriéran addpt tche vipabl shifin opthampeattern
response to the presence or, absence of the pel higele. | Furthernore, a

| i t hogr apline opihsjrelals Brdppiienss orst speeegf Rediste- wher ei n t he appar at us

20 Moreover, a lithographic projection apparatus may be provided wherein the adjusting device

adjusts the projection system’s focal plane by inserting an optical element or a layer of trans-
missive material acting as a dummy pellicle in the optical path to create a correction of the focal
plane of the projection system.
Additionally, a lithographic projection apparatus may be provided wherein the apparatus
25  comprises a sensor, the sensor being constructed and arranged to detect a position of the pattern
plane, and the actuator is constructed and arranged to adjust the position of the pattern plane in
response to the presence or absence of the pellicle.
Furthermore, a lithographic projection apparatus may be provided wherein the apparatus
comprises a further sensor, the further sensor being constructed and arranged to detect a pres-
30  ence or absence of a pellicle, and the actuator is constructed and arranged to adjust the position
c;f the pattern plane in response to the presence or absence of the pellicle as detected by the

" further sensor.




conprises a further sensor, the further sensor being constructed and
arranged to detect apres- ~ 30 ence or absence of a pellicle, and the
actuator is constructed and arranged to adjust the position j of the
pattern plane in response to the presende or absence of the pellicle as
detected by the j further sensor. ~i i | i -7- ~1i According to a

further aspect af t inventi there i r.oovi ded .a devi ce nmanufacturing:
et hod. AXTET e WradUr eth ot e Mo e i Pividr 4 PR SaPHBRREE PR | on
appar at ug, ERIR AU tlring mefod Brieé Rithh g?a;;ﬂ, ' .a%ﬁ t
structure for supporti ngg a patterning rrquﬁ)s néugro%%gﬁ%@tro eoﬁgygﬁﬁfg for
fi ne- por t kestichystage Wodwp pomprisitg & ctppod, strubterepfat suppoiting ARSI Senvinignia 5
pattern ah%{)o%(%%tig b%a[p accor di.n tdo a desired pattern; - a substrate
tabl e foP HIBFERRGGRAULGI9E fingastioning said supgorh suciie; i PaljepimMesRs $rongde i ng
t he p@ttggﬁgalﬁgﬁg@tgﬂtggaﬁagggrg&%tggﬁggigﬁggﬁerhhe substrate, said projection

system having an“optical axis, “the net conprising the steps of: I 10 -
provi di ngaaulstibttatde éorthodding s selistthieamtd partially covered by a | ayer
of radi ati on-sensitive [ - providing a projection beam of

terial; |
radi at i on®B5VE°8 Sysigmde RIS Bpaticry ? 8 1HEHPORHOA N thaSubpEioy t he
proj ecti gﬁdggﬁiggﬂ%tﬁpﬁﬁnpﬁﬁhgm obfied! his Cr 0Ss-section; ~ and 15 - projecting
radi a

the pattern eam o ion‘onto a target portion of the |ayer of
radi at i on- the matlesbednpesingpthe sieps ofisi ng a proj ection system characteri sed
by further conprijsing the step of adapting a position of said short-stroke
nodu (59 ar ongj’r‘ggfi’ﬂ‘gtﬁ'ﬁgpitéﬂte 'Z‘ﬂ g a %aﬁé’ﬁ’ﬁ’éhfé gevered By ¢ fayen of radiptiqn-gwnsifve mat er n
pl ane of ($gj.d patterning neans due to a pellicle of said patterning neans.
20 Althouglh’specific reference may be nmade in this text to the use of the
appar at us aquovidingg projectidrebdanveivhdistion usidgheradimnioh agtanie of 1Cs, it shoul d
be explicitly. understood that such an appara- tus _has many .ot her possible
appl i cat i ondSImgdpRtigping neansite eﬁ‘fjg?"' the PEIRAGY 3831{1 AV IthePfiE LIS LR se-segfon;
i ntegratgg; optical systens, guidance and detection patterns for magnetic
domai n nmenori es,

15 - projecting the patterned beam of radiation onto a target portion of the layer of radiation-

sensitive material using a projection system,

characterised by further comprising the step of

adapting a position of said short-stroke module along said optical axis to compensate a virtual
shift of a pattern plane of said patterning means due to a pellicle of said patterning means.

20 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 appara-
tus 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 heads, etc. The person skilled in the art will

25  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.

In the present document, the terms “radiation” and “beam” are used to encompass all types
of electromagnetic radiation, including ultraviolet (UV) radiation (e.g. with a wavelength of

30 365, 248, 193, 157 or 126 nm) and extreme ultra-violet (EUV) radiation (e.g. having a wave-
1éngth in the range 5-20 nm).




| liquid-crystal display panels, thin-filmmagnetic heads, etc. The person

skilled in the art will ~ 25 appreciate that, in t he context of such
alternative applications, any use of the terms "reticle”, "wafer” or "die"
in this text should be considered as befng repl aced by the nore gener al
terns i "mask", "substrat e" and "target port| on", respectively. In the

present do er s t|o a e us d to enconpass
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range 5- gtxeml;resmedmgpm@mmmmhmh of the invention will now be descrl bed,
by way of onl with refer- .~ ence to the acconpanying schematic
dr awi ngs i ?Lﬁe%‘ﬁ %é’éfb%ﬁtﬂhtfd”%%%ﬂwém@gﬁr?ﬁmr@nﬁﬁ‘a pn E@Pe&wnt efdhoidi ng
part ss aaghﬂdﬁ which: Figure 1 depicts a |ithographic proj ectl on appar at us
according to an embodi ment of the in- 5 vention; Figure 2!shows

schenat i caFigpraz slowes shanitanllph crss-etdtioh ef & ratickecFitwidtvrittaa pelitlecl e; ~ !
FlgureBSEows herrat cal | n influence of optical refraction in the
pellicle ofgfghf PatT e’tlat“%lrl ugprerh ePhieal rdrastipn e pellickiogisht rathhows
a first gnrBRAIEBRL reAtlcddnk! hographl Cc projection apparatus according to the
10 present invention for a reticle without a pellicle; Figure 5 shows a

first enboBigwent shefwse fiist drolgrdimbnitef prithaedphanprajepiaredpparadteetetiing tb thd he
present invention.fo are icle with apelllcle Figure 6 shows a second
embotii me RSP 1ayefien, Iaéf)tf'ﬁ Hﬁ?ﬁt &dEllile: appar at us according to the present

i nvention; pRNEL 3 shdvlsQUHiSt St rh Tk o%@mﬂﬂl
proj ection %gpar atus accor di ng to the . rese biE i nven %tpmadtds gﬁ?fﬁgmﬁ%m an
enbodi neptesaft imveghon foy atretxdbewtthtagneﬂlctndj acent to the reticle, with wall-

el enments ppovi to ashort roke Figure 9 shows an enbodi nent
of a cavit {8t %gmﬁfﬁrags@&o@(ﬁ é‘HPerttg? ?M@OBE’PP{?IFEOJGWWRR&]&FUS according é¢ Hivent s

provi dedpfeQeR iBHRRGY; lanfirame. ~ Figure 10 illustrates an adjusting device
for adj ustl ng a projection system
15 Figure 7 shows a third embodiment of a lithographic projection apparatus according to the

present invention.
Figure 8 shows an embodiment of a cavity to be purged adjacent to the reticle, with wall-
elements provided to a short-stroke module.
Figure 9 shows an embodiment of a cavity to be purged adjacent to the reticle, with wall-
20  elements provided to a support frame.

~ Figure 10 illustrates an adjusting device for adjusting a projection system

Figure 1 schematically depicts a lithographic projection apparatus according to a particular
embodiment of the invention. The apparatus can comprise:
25 - aradiation system Ex, IL, for supplying a projection beam PB of radiation (c.g. deep UV
radiation such as for example generated by an excimer laser operating at a wavelength of 193
nm or 157 nm, or EUV radiation as generated by a laser-fired plasma source operating at 13,6
nm). In this particular case, the radiation system also comprises a radiation source LA;
- a first object table (mask table, reticle stage) MT provided with a mask holder for holding
30  amask MA (e.g. a reticle), and connected to first positioning means PM for accurately posi-

tioning the mask with respect to item PL; f{irst interferometric measuring means IF1 is provided




Figure 1 schematically depicts a |ithographic projection apparatus
according to a particular enbodi nent of the invention. The apparatus can
conprise: 25 - a radiation systemEx, IL, for supplying a projection beam
PB of radiation (e.g. deep W i radi atPon such as for exanpl e generated by
an excimer |aser operating at a wavel ength of 193 nmor 157 nm or EUY
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20 spectively) of the intensity distribution in the beam. In addition, it will generally comprise vari-

ous 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 the housing of
25  the lithographic projection apparatus (as 1s 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 these scenarios.
30 “The beam PB subsequently intercepts the mask MA, which is held on a mask table MT.
Having been selectively transmitted by the mask MA, the beam PB passes through the projec-
:: tion system PL, which focuses the beam PB onto a target portion C of the substrate W. With the




i inpinging on the mask MA has a desired uniformty and intensity
distribution in its cross-section. It should be noted with regard to
figure 1 that the source LA naybe wit hi Eothe housi ng of 25 the

| i t hographic projection apparatus (as is often the case when the source LA
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S

20  moved in the same or opposite direction at a speed V=M v, in 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 schematically a cross-section of a reticle fitted with a pellicle.
The reticle RE comprises a supporting body B1, a pattern plane CP, a pellicle frame PF and

25  apellicle TP. The pattern plane CP comprises in this case of a patterned layer located on a por-
tion of a surface of the supporting body B1. The pellicle frame PF is positioned on the sup-
porting body B1 and surrounds the pattern plane, e.g., the patterned layer CP. The pellicle TP is
located on the pellicle frame PF displaced from the pattern plane CP for protecting the pattern
plane CP from contamination by particles, etc. The pellicle TP comprises a material which is

30  transparent for the radiation and resistant to decay by the radiation. Such a material may be a

g]ass compound as known to persons skilled in the art.




is caused to scan over a mask inmage; concurrently, the substrate table W&
i's sinultaneously 20 noved in the same or opposite direction at a speed V =
Mv, in which Mis the magnification of, the lens PL (typically, M= 1/4 or
1/5). In this manner, a relatively Iarg]el'target portion C can be exposed,
wi t hout having to conprom se on resolution. Fi gure 2 shows schematical ly
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t he 20 rt wahtigavhge BibellRICTBM actuall® located. Since the focal plane of the projection system

PL is set to coincide with the pattern plane CP of the reticle, changing from a reticle with a pel-

licle to a reticle without one (or vice versa), necessitates a change of the z-position of the reticle

relative to the focal plane of the projection system PL to obtain a focussed pattern image on the

target portion C of the substrate W.

25 Typically, for a pellicle TP with a thickness of 800 um, a radiation wavelength of 157 nm, an
index of refraction of the pellicle material of fused silica and an entry angle of the radiation
beam BM]1, BM2 above the critical angle, a shift of about 312 jm is required to restore focus
when exchanging a reticle with a pellicle TP and a reticle without one. For another combination
of parameters for the pellicle TP the required shift will change accordingly as will be known by

30  persons skilled in the art.

. According to an embodiment of the present invention means for relatively quick adaptation

" of the z-position of the reticle are provided to, for example, allow for exchange of a reticle with




spectively, which intersect on a virtual pattern plane CPV, |located at a
di stance Z closer to the 20 | ocation where the pellicle TP is actually
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Dese | T bR R bR BN ERL PR PR e o
proj 86t i QRrfRof HRMWAThr duppdreiainatle Alaexy gtapb & Maf er - st age nodul e WSMVF f or
Projecting F?m%i:, E:kierrgticl:lg—gtgage I?lrc])dfllgrR ehE[F is supported on the base-frame BF. The reticle-stage
module RSMF comprises a mount RSM, a support frame RSF, a long-stroke module RSLS, a
éhort—stroke module RSSS, and the reticle stage MT. For clarity, said long-stroke module RSLS
and said short-stroke module RSSS will also be referred to hereinafter as the long-stroke reti-
25  cle-stage module RSLS and the short-stroke reticle-stage module RSSS.
The mount RSM is located on the base frame BF. The support frame RSF is provided on top
of the mount RSM. Here too, for clarity, said mount RSM and said suport frame RSF will also
be referred to hereinafter as the reticle-stage mount RSM and the reticle-stage support frame
RSF.
30 “The short-stroke reticle-stage module RSSS and the long-stroke reticle-stage module RSLS
are supported on the support frame RSF: the short-stroke reticle-stage module RSSS is located

:: within the fong-stroke reticle-stage module RSLS in order to allow a combined fine- and




20 portions of the wafer supported on the wafer stage WI. Further, the
reticle-stage nodul e RSMF is supported on the base-frane BF. The
reticle-stage nodule RSMF conprises a Eount RSM a support frame RSF,

al ong-stroke nodule RSLS, a short-stro %" nodul e RSSS, and the reticle
stage MI. For clazity, said |long-stroke nodule RSLS and said short-stroke

nodul e R N PRY-1p f . [ ) ter..as e |l ong-stroke ret, -
25 ol o stane pori LT RaPE I AAER R B P P FERET G glitar fhetee
The mounkaBSMT shidhdatetledby tHehbaseold RiiEleBhge HyaurUmEy.t frame RSF is
provided on top I of the nmount RSM Here too, for clarity, said nount RSM

and sai d sdpBigurs4 apgticRIFE hWwithow|ageellicle BR is pefsisionedion thelretidé sage BFT. A6et he
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short-stroke reticle-stage nodule RSSS is located wthin the |ong-stroke
reticl e- preage impwtibe fraelrsti¢lp RéRdeith 2 pellitle dW (aotchabinhed fine- and i i |
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is positioned on the reticle stage MI. The projection systemPL is set to
have it std thedirstpimbhodingmt phihepagseetrinvgnitianghCrirtual z-pffse ciisglibe s peHmlsTR is
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In FiguretRlearfeticle RE2 with a pellicle TP (not shown) is provided on the
reticle stage MI. The projection systemPL is still set to have its focal

pl ane on t W&e gun spacer grtaagemeap, SPAciway bi¢ arganged aoa saparafd insart wriduch therspacst t he
present inventiop, the virtual z-offs caused, by the pellicle TP_is i 10
Compons at i e hisRsaei dtinden 3 MetgifE S ke TorbGarniesnen S ere o
st age MIbapgladhb@td @k k&t RE2in 4 hged RisRioppacer arrangenent SPC nay be
arranged as a separate insert in which the spacer i arrangenent is

posi t} onedTatacedvat foe diffentpeliclesearying pigtseof sphesparranigemepis aany twmrevideshent
SPC may Alternatively, the spacer arrangement may be adjustable. The appropriate spacer arrangement
can be determined by detection, e.g., determining the pellicle size from reticle bar code infor-
mation.
Preferably, the spacer arrangement SPC can be handled in an automated manner by the mask
20 handling system, since the spacer arrangement SPC for the reticle RE2 is typically required
during operation of the lithographic projection apparatus during a production phase. The detec-
tion of the presence or absence of a pellicle will be described later in more detail.
Alternatively, it is conceivable to have a spacer arrangement SPC during testing procedures
(i.e., the projection system PL is set with its focal plane coinciding with the pattern plane CP of
25  areticle RE2 equipped with a pellicle TP). In that case, the spacer arrangement SPC is arranged
in such a way that a reticle RE1 without a pellicle TP is positioned closer to the projectidn sys-
tem PL.
It is noted that no major modification to the lithographic projection apparatus is needed in
this case. Possibly, some modification may be needed for handling the automated transport of

30 reticles RE1, RE2 to/from a mask library. In some occasions where exchanging a reticle with a

pellicle for a reticle without one, and vice versa, may occur relatively infrequently, it is con-




| be attached to the reticle RE2 in a fixed position. i i 15 To account
for different pellicles, varying sizes of spacer arrangenents nay be

provi ded. Alternatively, the spacer arrangenent may be adjustable. The
appropriate spacer arrangenent can be Hetermined by detection, e.g.,
determining the pellicle size fromreticle bar code infor- mation.

Preferably, the spacer arrangenment SPC can be handled jn an automated
manner b(j‘elf’fl*hsleﬁﬁéﬁw aﬁ@tﬁwfﬂﬁgpw B watis 19 s fegphelepe aF hamgirdin sPC
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I nvention. | 5 Figure 6 areticle RE2 wwth a pellicle TP (not shown) is
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pr ovi dedEbh, Ehd Elgr, ifflé tivedp sod alierviipehibie opHeal axis @9t the Prejeriop-systesikd-.
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by ag ustidhG WeyihaetheFodaDpladdicainlitst wigtnthe phttérh @lanpiCPo@te Bighieiy)g of the
proj ection system PL. As described above, the projection systemPL may be

an ar r angeNgitn augtige RE2prit apslligle I is prehangeddsnp aveladsE L wHbow arsllicls. and hi s
exanpl e 5ol %gpsta,l thé lob‘éfca? Xetih'rhscgf tB@fn%?ection system PL is changed in such a way that the fo-

cal plane of the projection system PL again coincides with the pattern plane CP of the reticle
RE1 and vice versa. The present embodiment is of particular use in the presence of a non-

20 telecentric projection system, because compensation for a pellicle by adapting a position of part
of the reticle-stage module introduces, in the presence of non-telecentricity, additional lower
order aberrations that can be corrected preferably as described above by adjusting the optical
setting of the projection system.

The change of the optical setting occurs after detecting the presence or absence of a pellicle,

25  e.g., by a sensor (not shown here). In response to the detection, the optical setting is modified
by the adjusting device OS. Modifying the optical setting can be done in any conceivable way
Rnown to persons skilled in the art , for example by a change from one predetermined configu-
ration of the optical elements EL1, EL.2, EL3 for a first optical setting for a reticle without a
pellicle to another predetermined configuration for a second optical setting for a reticle with a

30 pellicle. Also a new optical setting may be obtained by a computation using some optical the-
o.ry, Furthermore, the configuration of the optical elements EL1, EL2, EL3 may be adapted by

: detecting some (optical) marker or a change thereof.




el ements ELI, EL2, EL3. The adjusting device OS is capable of adjusting the
optical setting of the projection systemby, for exanple, setting the
position of one or nore optical conponents ELI, EL2, EL3, relative to each
other, along the optical axis OA of thelprojection systemPL. By changing
the optical setting the focal plane of the projection system PL can be

nodi fied i 15 such that th ocal pl.ane cojncides with the pattern
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al ong the optical axi's o oj ection system between the pattern plane
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system systtnhsrio@eastdro ¢ompensate for the absence of said pellicle TP. The latter increase of
thickness required to maintain equal optical pathlength is indicated as T in Figure 10. If npe; and
tpe are the refractive index and the thickness of the pellicle, and ny is the refractive index of the
liquid layer 102, than optical pathlength is maintained when
25 T 1iiq = tpet Dpel-

- The transmissive elements can be embodied as plane parralel plates to provide a simple and
cost-efficient structure. However, the shape of the elements is in principle free and can for ex-
ample comprise spherical surfaces and/or aspherical surfaces. -

The use of a liquid layer of variable thickness provides additional flexibility with mimicking

30  athickness variation of a pellicle or with compensating for different thicknesses of corre-

s.ponding different pellicles. A dummy (solid) pellicle does not offer such flexibility.




10 optimal |ithographic imaging performance of the apparatus. A constant
optical pathlength as descri bed here can al so be obtai ned by di sposing in
the path _traversed by the (in use patterned) ~ projection beam downstream
of the reticle apathlength-conpensation“%ptical system con structed and
arranged for adjusting its optical pathlength along the optical axis of the

projection j _.systemb ar.i at.ion .of its,thjckness..For exanple, the
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t hi ckness variations can be conpensated by introducing a liquid film
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conpensate any residual comatic aberration. It is noted that the position
of the pus§ motdngrensys foemhePtirtea shifiviVoltlelithegrpplat eradgiitipn appargthangediie fdungeng an
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trast to, for example, the air of the enviromnent). In Figure 8 an embodiment of wall-elements
88 forming part of cavities 82 and 83 to be purged is shown. The cavities 82 and 83 are adja-
cent to the reticle RE2. The wall-elements 88 are connected to the short-stroke module RSSS
using mounting elements 89. The wall-elements 88 are positioned slightly away from the reticle
25  stage MT to create purge-gaps 840, 850, 860, and 870. Due to an overpressure of the purge gas
in the cavities 83 and 84, out-bound purge-gas flows in the purge gaps 840, 850, 860, and 870
occur, with corresponding purge-gas flow-directions 84, 85,86, 87. Here, the size along a direc-
tion perpendicular to a purge-gas flow-direction 84, 85,86, 87, in a corresponding purge-gap
840, 850, 860, and 870 substantially determines the flow rate of the purge-gas through the cor-
30  responding purge-gap. An advantage of the present invention is that the size of one or more of

tirle purge-gaps 840, 850, 860, and 870 between the reficle stage MT and wall-elements 88 is

’ independent of an adaptation of position along the optical axis of the system comprising the




carried by the short-stroke reticle-stage nodule RSSS. ' According to the
third enbodi nent, the z-offset caused by the pellicle TP is conpensated by
an adjustment of the position of the part of the reticle-stage nodul e RSMF
conprising the short-stroke nodul e RSSS -and the reticle stage MI in the

direction of the z-offset. The distance 15 between the projection system
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pur ge- gaps 840, 850, 860, and 870. Due to an overpressure of the purge gas
in the cavigeigeps 8%, 8h0d 84, ansl @ 700s finet pachgeicgds 61 anpgeticle tukfop emgyeonyspsa-840,
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and 870 substantially determ nes the flow rate of the purge-gas through the
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possibility is avoided effectively; the size of the purge-gaps 840, 850,
860, andn@yicallysinffiguee 9nideimaen walHeiememerSamich sove Heringsraning #ith thotheeinsa- |
10 tion (s)t];.‘ol%anilgdu%é gr];c{ \%rgﬁ-éleimtents 98 which are mechanically connected through mounting ele-
ments 980 with the support frame RSF there are purge-gaps 940, 950, 960, and 970. Corre-
sponding outbound purge-gas flows 94, 95, 96, and 97 are illustrated. As described above,
25  control of the size of these purge-gaps is necessary. In the present embodiment, the size of the
Iﬁurge-gaps 940, 950, 960, and 970 is fixed mechanically through the mounting clements 980,
the mounting elements 911 connecting the long-stroke module to the shrt-stroke module and
the guides 91 for guiding the scanning motion of the long-stroke module RSLS, in addition to
the corresponding elements in Figure 8. By adaptation of the z-position of the whole assembly
30  comprising the support frame RSF, the long-stroke module RSLS, the short-stroke module
RSSS and the mask table MT, the size of the purge-gaps 940, 950, 960, and 970 is fixed me-

: chanically, for any reticle and for any compensation of said z-offset. Such an adaptation is pos-




The reticle-stage nodul e RSMF according to the third enbodi ment conprises
one or nore actuators AR and sensor S 1 for neasuring a presence of the
pellicle TP of an installed reticle. I _The actuators AR are part of the
conpensat or constructed and arranged tblgadapt a position of a Il part of
the reticle-stage nodule. ICl 15 In the present enbodi nent, the actuators
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20  the movement of the actuators based on the result of the comparison. It is noted that the signal
processing module SPM may be implemented as a digital processing device, an analog proc-
essing device, or as a software module executable by a computer.
The actuators AR may be arranged to provide a pneumatic two-state adjustment, or a con-
tinuous adjustment by stepper motors, or servo motors, each type of actuator being equipped
25  with its respective control.
It is noted that other types of sensors that are capable of sensing the presence of a pellicle
with the reticle may be applied in the present invention. The sensor S1 may also comprise a
barcode reader for reading a barcode on a reticle, from which code the presence of a pellicle can
be derived. Further, the sensor S1 may be provided as a weight sensor that derives the presence
30  of'a pellicle from the weight of the reticle. For example, such a weight sensor may be incorpo-
rated in the short-stroke reticle-stage module RSSS. Also, the sensor S1 may be provided as an

; optical sensor which determines during an alignment procedure of the reticle stage MT the re-




The sensor S 1 for neasuring the relative (or absolute, if desired)
position of the reticle RE2 10 is preferably provided on the reticle-stage

support frame RSF and/or on the short-stroke reticle | stage nodul e RSSS.
(In Figure 7 the sensor S1is only de'dicted with alink to the
short-stroke !~ reticle-stage nodul e RSSS.) Alternatively, the sensor S 1
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S3, i Clhahge OFhY¥ oﬁh@metﬁﬁ@sma bﬁfj’lédtl)én kfsedth@ure 7. Such a sen- ~
Alternatively, in case of the third embodiment, sensor system S3 can also be connected di-
rectly to the signal processing module SPM already present. Furthermore, it is noted that alter-
natively sensor S1 may also provide for the sensing of the presence of a reticle RE1 without a
pellicle or a reticle RE2 with a pellicle TP.

25 It is noted that in the second and third embodiments that on some occasions an automated
adaptation of the lithographic projection apparatus in relation to the presence or absence of a
pellicle may not be required. In such cases it is conceivable that the adaptation of the pattern
plane relative to the focal plane of the projection system PL is done by a manual control of the
respective element, e.g., adjusting device OS, shutter TPL and/or actuator AR.

30 ‘Persons skilled in the art will appreciate that other alternative and equivalent embodiments
of the invention can be conceived and reduced to practice without departing from the true spirit

:: of the invention, the scope of the invention being limited only by the appended claims.




sor system S3 may be connected to a further signal processing nodul e SPM
which is arranged ~ to control the adjustnent of projection systemPL, and
the reticle-stage nodule RSMF, respec 10 tively, in an autonated nmanner
upon detection of a reticle RE2 with a-pellicle or a reticle RE1 ~

wi thout one. ~ | In the third enbodi nent, further signal processing
nodul e SPM2 is preferably connected to signal processing nodule SPM for
.controlling_the actuators AR in further dependence of the ~ signals of
sensor Ssys 83. 15 In the second enbodi nent, further signal processing

nodul e SPM2 is prﬁf erably connected to adjusting nmeans OS for adjusting
the optidal set t't RGOBRPRIGPINLEH]BAPPYALUE GIMBHSIBY: setting the position of
one or notL . i EL@ .re ive to _each
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of the thial‘s S‘?‘%Of%fﬁ‘?&thoﬁﬁgg%b%%&%@ S3 can al so be connected di- i

rectly to the signal processing no SPM al ready present. Furthernore, it
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the true spirit _of the invention, the scope of the invention being Iimted
only by Piee alpihers@rmipgamenns due to pgelbelgiafsaid pagiemingoeanaphi ¢ proj ecti on
appajatus conprising: I - a reticle-stage nodul e conprising a support
structure for supporting a patterning neans and a short-stroke nodul e for
fine-positioning said support structure, the patterning nmeans serving to 5
pattern a projection beam according to a desired pattern;

2 Apparatus according to claim 1, wherein said virtual shift is dependent on at least

one of a thickness of said pellicle and a wavelength of said projection beam.

;o203 Apparatus according to any of the claims I - 2, wherein said compensator further
comprises a spacer arrangement for adapting said position of said pattern plane along said opti-

cal axis.

4 Apparatus according to any of the claims [ - 3, wherein said compensator further
25  comprises an adjusting device for adjusting said projection system to adapt a position of its

focal plane to coincide with said pattern plane.

5 Apparatus according to claim 4, wherein said adjusting device adjusts said projection
system’s focal plane by modifying a position of an optical element of said projection system,

30 relative to another optical element of said projection system.




- a substrate table for holding a substrate; and i - a projection system
for projecting the patterned beamonto a target portion of the substrate,
said projection system having an optical axis, characterised in that said
| it hographi c projection apparatus furtddr- conpri ses a conpensator ~'I 10
constructed and arranged to adapt a position of a part of said
reticle-stage nodule, said part of the retic|e-stage nodul e conprising at
| east thé short APPrBRE aperdding to elain duwhwein ssidradisting devderdadjesty sidprojec ke

nodul e for_ coar.se sitigning th atterning neans. and. a support fr.ane. for
Supe por YT RIES BRRE by Popd e AR e aiyy RaRGsl RiaR 3 2Ry nelfiRinsat o
a Vi rt uakaigBbfi¢al phthao BREASI DdrrcPiAN6f s@fd 16l flaRabl eidbRGeBARPstHe to a
pellicle of said patterning neans. IS i 2 paratus according to claiml,

wherein said virtual shift is dependent on at least |Ii one of a thickness

of said pellicle and a wavel ength. of said prgjectjon.beam .~ 20. ar at us
accordiing to angrafepRatiirdradyiain s, Wi Bl G5 ltE dripemdier i Cpr B
conpri sesyRenSRASAN plahd BNIRPRMe dptRMAhAE as@gthsRQRInth P Pelfble$RtHd BRtdET N

pl ane along said opti- cal axis. i 4 Apparatus according to any of the

cl ai ns 1path3p cihieraiorrestaindbiceitdecs gtane of said hejecBbn sympmi ses an adj usti ng
device for adjusting said projection systemto adapt a position of its
focal plane to coincide with said pattern plane. i 5 Apparatus according

to claimg4, whengbitafRiabeARGhE %S bi%rdRVEisitnsad] BSiRraRiss dRbRIpEhIPRomysle ™M s
focal plane by nbdifying a positi'on of an optical elenment of said

proj &t i emagyaveior ad@ling edidtposigon of wmbpdtern ppitd dahg slidnpiidal efis.sai d
projection system i -21- 6 Apparatus according to claim4, wherein said
adj usting device adjusts said projection systenms focal plane by disposing

a layer of tranaghssinGcdBRliBEIRLACE] MEkrad sAd APPARuR EhibA&R al sBrsod 8hid sen-
optical path to create a correction of said focal plane of said projection

syst em Sorbefpgpanstuwsdandardngay to detetta postionw Gregiatiesaplencadipdistid aguadenis ce
adjusts said projection systenms focal plane b i Sposi ng an opti cal

ol et OtITHG SRRy YRR Eearoriion af WeGRETE AT BRtiPOBedy BLRFeIchor
correcti gpvepfe sFRhdpdi@Qal plane of said projection system i 8 Apparatus
according to any of the claims 1 - 7, wherein said conpensator conprises

10 A lithographic projection apparatus according to claim 8 or 9, wherein said apparatus
comprises a further sensor, said further sensor being constructed and arranged to detect a pres-
ence or absence of a pellicle, and said actuator is constructed and arranged to adjust the position

20 of'the pattern plane in response to the presence or absence of the pellicle as detected by the fur-

ther sensor.

11 A device manufacturing method for use with a lithographic projection apparatus
comprising
25 - areticle-stage module comprising a support structure for supporting a patterning means and a
short-stroke module for fine-positioning said support structure, the patterning means serving to
pattern a projection beam according to a desired pattern;
- a substrate table for holding a substrate; and
- a projection system for projecting the patterned beam onto a target portion of the substrate,
30  said projection system having an optical axis,
the method comprising the steps of:

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




10 an actuator for adapting said position of said pattern plane al ong said
optical axis. 9 Apparatus accordinE to claim@8, wherein said apparatus
conprises a sensor, said sen | sor being constructed and arranged to
detect a position of the pattern plane,22and said actuator is constructed
and arranged to adjust the position of the pattern plane in response to
presence or i, 15 absence of the pellicle. 10 A lithographic projection
apparatu@ﬂahcordlng to claim8 or 9, wherein said apparatus conprises a
further sensor conaﬁhucte and arranged to

detect a pr é’§°v'%'ﬁ§§p5‘?]e%{lb°§1%?8@ gfsrgcéatboéllqs BCRHE" 859 act uator i s

construct ed \gid paféangadedn? taeddds! tht PRRASH bEAR vith LhatfeheinRAltRsRedlcane in
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~ ther &whsor. ~ 11 A deV|ce manuf act uri ng nethod for use with a
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target pgejdson of the layer ofradiation | sensitive material using a
projection system characterised by further conprising the step of adapting
a position of a part of said reticle-stage nodule, said part of the
reticl e-stage dule co S|n | east .t he short-stroke nodul e, the
support 5 ruct uf&CHNg nﬁ%ﬁ“@?’8%@“Wﬁﬁﬁwgnﬁchgﬂﬁr§e posi tioning the
pat tgy ni (f}Era!g%?l@&i Jf"ilr@‘ler adﬂlsti ggalﬁ'-b?(ﬁ]@«’fﬂton SS@E’B th Qapt H%QEIBh Bglt§ figal plane to

| ong-stroke nodul €, along said optical axis to conpensate
coincide with said pattern plane to compensate for said virtual shift.




virtual shift of a pattern plane of said patterning neans due to a pellicle
of said patterning | neans. | 12 A device manufacturing nmethod according
to claim1l, 15 characterised by further adjusting said projection system
to adapt a position of its focal planezﬁo coincide with said pattern pl ane
to conpensate for said virtual shift. i i Lithographic Apparatus and Device
Manuf acturing Method Abstract In a projection systema pattern plane on a
reticle is illumnated to haye i an fo .cusse n an i nage
bl ane. The pr esencliBpetsnt Aperatisandenps MaTpcirSE idhath U ¢ o
shift of the position of the pattern plane on the reticle. Depending on
t he presgnce or absence of the pellicle the inmage plane of the projection
i mge néeds®f'o be adapted for proper focussing. A conpensator counteracts
the vir : ' sy £t e
et Otgyg; Oﬁgeém% 9 tgglgg %ﬁ% e@h,?eﬂ@} zggﬁ%lte]qs fiSniRgkd i Re 2 Yoidlichtilnage F2
cussed on an image plane. The presence of a pellicle in the optical path causes a virtual shift of

5  the position of the pattern plane on the reticle. Depending on the presence or absence of the
pellicle the image plane of the projection image needs to be adapted for proper focussing. A
compensator counteracts the virtual shift of pattern plane due to the pellicle, by shifting the

position of the pattern plane.

.0 [Fig. 7]




