-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. ma&¥k @pdsePhasmate of siuhdi mEklin the rafliadopbegt eamEdeciivd raismidsiahy(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?ski) of t%le 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




| 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 .
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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
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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
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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
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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




i | wll have a magnification factor M (generally < 1), the speed V at

whi ch the substrate table is scanned will be a factor Mtines that at which
the mask table is scanned. More information wth regazd to |ithographic
devi ces as here described can be gl eaned, for exanple, fromUS 6,046, 792. 5
In a manufacturing process using a |ithographic projection apparatus, a
pattern t 0 \a r |
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tables (and/or two or nore mask tables). |In such "mltiple stage" devices
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for Exanpittishing OdS 1999 A8 pAAQ- oamd'izso-w\o 98/ 40791 - 4 i The nmask as

introduced in the present text is also known as a "reticle", which term nmay

be For the sake of simplictty, the projection system may hereinafier 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.




used hereinafter .Also, the mask tabl e as descri bed above may be referred
to hereinafter as the "reticle stage". The position of the reticle stage
and the substrate table are generally r’rEasured with one or nore | aser

interferoneters to obtain the necessarytaccuracy for positioning of the 5
substrate during exposure and for nutual alignnment of successive patterned

ayers of $ndRULEE: ifiohELle) BetAAT MRS LEG DY, Aooll 8oL AR b,
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of the focal, pl.ange .of rojpection systemfor the generated pattern inmage

occurs, g‘ﬁzdf:%@r B@%ﬁ“ﬁlﬁp%‘gg%téauyé’f?%wgg‘rel ative to the projection system
i s changedfthas becrosbaaved et ShortdRaaRnerahdiaboe Rudh ShrBgeltalioldfadifidntk.,

| ocation adversely affects the ability to use reticles wthout a pellicle

“duriHg sbfeapl benin) arsl exFome etravslet radiptionaftdV)i(algs 5-@i0 nng Jetestduaie thersoftany |

lithogra tests .ar r forned 0 even on_a.routinel S i cf
Fequi e biclen g Bl e RERER L BTRUR ISP tBadiiild QRS T Sorhu e o
may be ug@gisiﬂbt?%ﬁcaqiamlméﬁaﬁes because the j pattern maybe nore
accurate without a pellicle. 30 ' The switching between reticles with or

wi t hout a pPetplaedmeent pellicledsbaingrbmsislorad fanrgticlesased am &leap gV ABAY fliteegrardr of a
lith hi i ecti d ti 00 i .~ 5.
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and % t hgiides a thigl dldss lplite whieH igkrigpaentifor e ddesp) UVVE@Vghaddmut es (say, |ess

than 10 min). It 1s an object of the present 1nvention to reduce the effort
for swi t chPrgthéewieasting prapediss 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-




with and without a pellicle in a lithographic projection apparatus. ~ i 5
This and ot her objects aze achieved according to the invention in a

| it hographic projection i a aratus ass ecified in the o enin aza a h
chazacterised in that said litho a hicc¥o'ec- ~ PPPPgPgr P~!InPPJ
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the rot i B9 Sb4E5 TR PRPoERtD ?fe_sf?rﬁblya?fn qxggag&g_eto il wl{%ﬁa’ﬂ@%am@%&nd
the SuPPGiohid pielotina wihaNOfcoP ARk Alosith 16 RugomPeNSate a virtual - 10

shift of a pattern plane patt'erning nmeans due to a pellicle of said
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operators in case it 1s necessary-t ange
reticl esapatdbusoasdpwdifieiitthaopeling gdragraph, Ghabixeeribed iathaesabklithegmaplib @rojec-
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a direction perpen dicular to a purge-gas flowdirection in a purge-gap and
subst ant rehiqvpd galserthe APRFationeoka mneas orlre%cem@paéﬁl@étyg%fser&om%gﬂﬂﬂgés gap)

bet ween {h ' t: - hﬁgq 3 ' . 25
short-st%% %5%%§ﬁb§w%ﬁgg§%%% r ct%ﬁﬁa gﬁégﬁgggx?ggggﬁgggeﬁﬁghpart of a
-cavi 1y to Pre pistagedbetweeratily progettioh Qystdre andt inalse ) thegreficlel eyphangndtbyaf change
adaptation of position along the tical axis, .as o vided by the _.
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purge-gaps is direct to sald size. ng apurge-gap reduces
sai d fl owimicadre forwise enéomgpeapaie e -tigayirtuachFaswithdishaprapB frbjeetioraapparakus
particular at reduced flow rates there is the problemof diff %i n of
envi r onn@htehle foyasearity derpitgavigletpdiatien aPP?é”E%fW?WWQPW“W?”F‘g Bg’epﬁﬁ?’ged.

(‘af; a%og e%ﬁﬁ&f%c%ﬂﬁ%%ﬁ?tﬁﬁgy plrBEd GQAPEPSAL Bhs Iich IEQubSARPAIlyIERRiSRBESH 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.




the position of the pattern plane along the optical axis. In this

enbodi nent, the spacer arrange nent is used to conpensate for the virtual
change of the pattern plane in dependence on the presence of a pellicle.- 5
In a second enbodi nent, the conpensator fconpri ses an adj usting device for
adjusting the projection systemto adapt a position of its focal plane to
coincide with the r Iatiﬁg position_of the pattern plane of the reticle.
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in the optical path to create a correction of the focal _plane of the

proj ect i and egrEecHAn apd(ar palyisg of these pperdigPalsmeesible Oy adiupiyg thp patier seftiigy be
provi ded re. e aratus i 25 conprises a sensor, the sensor being
construc?ggl%efgaa@%ﬁhas ged to detect a position of the pattern plane, and the
act uas or i addanshliycilighogashiopropogedapparaadi msg bd frevided mthierin the atljuetipadd-er n
pl ane in response to the presence or absencegi%}‘j the pellicle.

]
Fur t her myice adpistsithnergiespem &ysisibp el Banappaediiyiae Argsitien phaorical deresmeioh
the appa%]:%i#ﬁ'egﬂgp%ﬂs&ﬁ? r@}ativlégB DESth& %ieﬁl’elélﬂ%\%gf’g%' %je&ﬁ)ﬂ%g&ellﬂ?m in the

construc rrangéd to detect apres- -~ e or absence of a
pel I'i cl epriadichhestaattabmical ssttmgristhangedh adet tandap ged virmabadiifi of the Ipattern

position j of the pattern plane in response tQ the presence or absence of
the pell P{ﬂﬂ@ oftheggticde E%‘%’P SO} theﬂJEﬁSF'PFé’rofgé%“rﬁlfi":- ~ 0
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.




|l i -7- ~ i1 According to a further aspect of the invention there is

provi ded a devi ce manufacturing nmethod A device manufacturing nethod for
use with a |lithographic projection apparatus conprising |. - a
reticle-stage nodul e conprising a suppoft structure for supporting a
patterning means and a short-stroke nodule for fine-portioning said support

structure, the patternin a serving.to. 5 tern a projection beam -
accor di ng\cf %rlaglgﬁggi @er %e{éﬁp)ﬂ@e nvgn ‘l]'g@flieéf Brot%gatﬁfjé‘_cgﬁ’rce Ff@lnjﬂfaﬁ%mag method
substrat @ deitd rmanufacturdp0h 865 B uSY S48 DI §6}deNgh Eﬂgagﬁsa?lgst n(iloﬁr[ﬁii%ﬂl beam

onto a target portion of the substrate, sai'd projection an
optical arirgficle-sthge medilo dompriping s swppottisaustiepor eippottingtpattefivineinignd a
substrate t att is a Iﬁ)g? partiallsy.dcovered by a | ayer . .

of r adi at FUNCSEFRETRIQMEe 105 Tingmosioning said support sirwgurs, the SpbERIng Anagansarons to
radi ag i OPattith BYredtBUIRA MY RETh desitdd ipheRAt t €7 Ni ng Means to endow t he
projection beamwth a pattern rn its crgss-sectmn; ~ and 15 - projecting

t he patt ennestibedable forrtadidiag i eubstmateparal t ar get portion of the | ayer of
radi ation- ~. sensitive materj al using projection system characterised

by furt hef PEUSRYPR SYSigmdpePrateaiingihe Ratppedfyam (e A tarast portionnldhessbptratet r oke
modul e akﬁﬂ'?aa?@tign‘%%t&ﬁﬁﬁviﬂgiaﬁ OBQcaqgﬁRensate a virtual shift of a pattern
ns

pl ane of ‘sa patterni ng nme ue to a pellicle of said patterning neans.
20 Al t hougthespahod canprésiey basepsafy be made in this text to the use of the

appai tus accor.ﬁj ngsss_‘g the i nve@t ion jn the r?nuf acture of 1Cs, it should
be e (& i ©i t IRFOUNIEASUBHERE WAt 15ahCAS RATIAPH SPvEreq bis2 kayer ofandiatinmispsipyg giap| e
applicatijpns. For exanple, it may be enployed in the manufacture of
integrated Optical systems, guidance and detection patterns for magnetic
domai n menorpreading al propactibiceast @l radlbtsgpl wingramndiation system:f i | m nagneti ¢ heads,
etc. The person skilled in the art wll ~ 25 appreciate that, in the
context of St PAREEIHALFARS LA pHIOMERE PEHECtion RFam Sethat PRUeEn idisirgossseqtices e |
“wafer" grqy"die" in this text should be considered as being replaced by the
nore general ternms i "mask", "substrate" and "target portion",
r espktt i vel yprojectinghtbe patesmat bedmonfimedistjont dnéo & earga portaai cfttheolayerafichdiheanm’ are
used to enconpass all .t pes . .
sensitive materia usmg 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).




of electromagnetic radiation, including ultraviolet (LTV) radiation (e.g.
with a wavel ength of 30 365, 248, 193, 157 or 126 nn) and extrene

ultra-violet (ELTV) radiation (e.g. having awave- ~ length in the range
5-20 nm). -8- i Enbodinents of the invéntion will now be described, by way
of exanple only, with refer- ~ ence to the acconpanyi ng schematic draw ngs

in which cerrespondi ng,ref erence. nbpl s indi, cate correspondi ng. parts, and
in which: %bgr%gm?q%%%%l%fnsveﬁucm Y’H@%ﬁ"éﬁ%a‘?@g&%ﬂ‘r g%l”% ﬁggﬁﬁgﬁ%@@g, ‘éfﬁgff'rfﬁﬁ' ng to
an enbodies@nt 18 adeh@pht¥indschenbti Odvawiiipd Y §h - | indi-
across-section of a F heIP?C%ESe fi %@ﬁ%‘“ﬁgﬁ%ﬁ%ﬁﬁp@%% E@HEF&EHElﬁgéugry}e&lbflsslﬁglv\s
schemat i €k cgrregponding pans endin witith:cal refraction in the pellicle on |ight
paths i creat e? on tt hz. reti (f‘lle gllﬁane; | Figure 4 shows a first enbodi ment
of a Iithobtspht deRFtsPaEhqERPhIBRIeS eI anparatsarerRyding i@ AR emBogimsniethe in-
invernd i opedtin: @ reticle without a pellicle; Figure 5 shows a first

enbodi nent of a |ithographic projection appazatus according to the present
i nventi on Frura? sletvwscichemiticallpa prist-sadtien ofa gatick: fitedhvaivisa pelicdlepnd enbodi nent

of a lithographij roj gction_apparatus accor di to the present invention;
and" 15 Fi giiearer Stk BeuitALY BB o Nicliotiba peliglepdishy paths
appar at Ugreac@ Qhdhd\@titlR pidfie; present invention. Figure 8 shows an enbodi nent
of a cavity to be purged adjacent to the reticle, with wall- elements

provi ded t Bigashbshoveta fseemipuiiihent of a lificguaphicdprajectien Apasnidadidrdiiy t6thea

cavi f% to be purged fdj acent ttg t he ie&i_cle, with wall- ~ 20 elenents

pr ov edplfeﬁelﬁl%‘ﬁ’gB‘&? orprefigle withoytiapelliglejo i || ustrates an adj usting device

for adjust F@gr@S B R sSLCA s OIS h &N oF hgﬁﬁogfak)hﬁcﬂ}gfg@ﬁdrpﬁp%}érgfag&gﬁﬁlggo the

| i t hographi C projection apparatus accor g to a par I rent of
t he i nvepieson invEheomfipanetidiswihr pebupr i se: 25 - a radiation system Ex, |IL,

for supplyphg a projection beam PB of radiatjion (e.g. deep UV i radiation
such as fo Igﬂ?a@w@?‘)é’é’sé‘eﬁ’?ﬁ?’glteé@’ %fﬁOgﬁi‘ﬁ’r?gfapk”éé’éweﬁﬁ%‘ra&PP‘i‘?BlSé‘Pcoddlﬂﬁ\Véﬂ@ngt h
of 193 nPeQdnt hnénfifh; 208 EUV radiation as generated by a laser-fired plasm
source operating at 13,6 '~ nm. In this particular case, the radiation
syst Bm al sBigoonpshoves third abadiiment sfauitbegrapliic progectibn sppavdijieadcotdity @ theask
table, reticle stagne) Ml provided with a mask hol der for hol ding
present mnvention.
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




30 a mask MA (e.g. a reticle), and connected to first positioning nmeans PM
for accurately posi I tinning the nmask with respect to itemPL; first
interferonetric neasuring nmeans IFl is provided ~ -9- ~ i for neasuring
the position of the mask table. The mask-holder is not shown in Figure 1;
it can be enbodi ed, for exanple, as neans for hol ding the mask by

attracti [ C -.-a seeond ject. tabl.e ubstrate table .provi ded
o e s DR B ey PR Rtk BES Tut Bl CuorBenis bl S i Efebye B e
silicon pat@bddicdTe: CQRDES Lo thehis HERAN RSB AGadiBANS vRMmP fOr
accurately positioning the substrate with respect to itemPL; and - a

proj ect i on- Asseem qbi¢cs tablg (spbstyate igblehWilprovidedmitharsubstfze hdde foyistidingar a
cat adi optric j stem.conprising | ens. el ements de fromsuch materials,
or amr F%brs%%'{?& Z '%WP’“SY%@%&“%H Wﬁg?rédﬁngfgﬂleﬁﬁgﬁl? B3P0 PesiRonng ek Il o a
targed pirlacQiately(RsBionm@HRY dubkitfle QM r&pedMb Refli@Shn@f the substrate W 10
As here depicted, the apparatus is of atransm ssive type (i.e. has a

transmi ssi ve prejskiion systemHOmy' ArPL (erp. g @natzadnd/dartCalialenakgstenb er otatadiomfit ect i ve
type (with a reflective sk). Alternatively,.i, the apparatuys may enplo
bt hor R St R s et SoBr sl Ralsials, e R AR G iating By of
a type agrdigh&i pgton Of ALAEK MABROMELS! botibPC e o ATt Yorde P ThdL aids)Hf

exci mer |aser, alaser-fired plasna source, a 1ge'§i scharge source, or ‘an
undul at otheonbstiaggWer provi ded azound the path of an electron beamin a ~~
storage rin oréfé%.nc r trog% rodt%ces a beam of radiation. This beamis fed
intolhn i | FABFRSEPIGIT-the 2DRaratys 1S AL FRnHTIYY s OPE (-Gihena FraRfmigRiYe o) af t er
havi ng tpg¥eiaem £aadi, i 5 £15 FRSNSrASHRR R (¥itGABH EXRBRESK). Bierhlely,
exanple. The iilumnator I'L may conprise adj usting neans AMTor settlﬁg t he
out er anthe@pparatue may zdipkdy avothenkindod patbarhipg mefhoss, sech 45 @egremmabkermiard

6-inner, re- > 20 SR cti :t/ell%/{{y of the intensity distribution in the beam
In addi t PIEH, 043 Rg 19 e%gﬁg QP9 °conprise vazi | ous other conponents, such
as an I nt egpaiicel LNXE@ | AnmERNAARSE or OV LS 1asepaYlasdriiRe PERIMS R thce, b

i mpi ngi ng on the mas has a desired uniformty and intensity
di st I3 budisdrargasoutcs, eranssdskatdrioowigglértprevided aotrel thopetl ofian klecegmbaint im a

figure 1 that the source L be within the haysi of 5 the, .

|1 T hogr aPHPE BB e D0 B RpRPAMFs 2 CLn PLrFTaR e PSE G B fhilueyeation La
i's a mer gl AfRinafd?) ILS¥ARR detbetlPotatlePBdvind trdRYsed bSRIiGhiAERRER, flcams khe

| it hographi c projection apparatus, the radiation beamwhich it produces
bei ng | ebearmexpandrr Bxp fareanmple( Eheyillugiington lhanayi epnyfrise adjvstirigencags pdd fomg

WAL FREIE A N RSN S TR
SCENAY | Oghectively) 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




| 30 The beam PB subsequently intercepts the mask MA, which is held on a
mask table MI. . i Having been selectively transmtted by the nmask MA, the
beam PB passes -through the projec tion @ysten1PL, whi ch focuses the beam PB
onto a target portion C of the substrate"W Wth the -10- aid of the second
positioning neans PW (and second interferonetric neasuring neans |F2), the
substr at osition
I e B TS

first posulisirat taje Véfinsn RMnoaet dreutassy] et s@as:ﬂérmtﬁby difip@enhttrhredt gogorRSH MA
with res ct tof%ﬁ]% path of the hbeam PB, e.g. after nechanical retrieval of

5 the ma noth o SATFA Sk STl {he fygpt nﬁsmow@gan@e&ﬂM a8 tgetnemaccwamrem
f th th d | tr ok
moaul'e ¢ Eodibn AR VN eglico REpRERIRITAMER ol 0l MehenBrfdiris

whi chs ar énenatskeMpl frér tal itasttdidray,edt dufing b geunenlgentlalRY®iemehfofithe obje@ishief a
wafer ste er as 0 osed to a ste and-scan a aratus the mask tableé MI' ma ust

PP ( PP PIT, ﬁBT)W% be rﬁ%hSé% B hedid o6 2 donghioke sradpled cerrsa prstioning) andy shyet-

Lia ;(Eg NQ&% ao st s tﬁkﬁﬁgy\éﬁﬁ%}hgﬁ noggxg?i 9’%%%10{']6%'11? %ﬁg]% egﬁ)&egg 1 tﬁw

appar at ugagaif ab&f@l&@fﬂ)pblf\(ats vppaded fes @BS-amDERs aparatuf) thé RRSIRER, MU hﬁaﬂﬁ
table MI is kept essentially stationary, and an entire mask inage I

pr o ect elie ponnsaied goa shorestrake grtygion or maydifixedrvlaskaMiaangembgitate Womarhe The
subs at I ed. i nd/ oh. Y directions,so that a
di ffe(? en? h%%?gug \Mnés aﬁlﬁ elﬁ%gr%elglllr[rka%an ated t]ﬁte ahlgn@':}ef1 %ﬁn ; and 2. In

scan node, Tﬁs&%bﬂedlhﬂnparithﬁc@mgwm&rdd)ffédéﬂt'I’n@@e.s except that a given
target portion Cis not exposed in a single "flash". Instead, the mask

table M i $- lnstepppeds, Hlean%\t@ﬂe M sepiorssquitinly staigonasy, |aed|ansntsm nghisk &wageon”

e.g. the. Y- h eqgd v ectnb
caused 5 sk BRedli  ARBERR) BB etk oRFRE CHECb e BRI Wi ©
si mul t angRushified@n tRVEand/6r Yra&esta:ms s0thaO p Aifferdret taidt i'tidihm @4n Be ﬁﬁﬂﬁ@bd\()y—

VvV, in which Mis the magnification of the lens PL (typically, M= 1/4 or
1/ 5) 15 | ntherheam B8, a rel atively large target portion C can be exposed,

wi t hout hayi L.yt ton. . F i |y
acr oss- sec 1@%’00 mé@%%s:%gﬁmeiﬁrftﬁ?? a{engé%ewﬁ&oa%ﬁﬂel%’ ?g{eg)t &?ﬁ ?‘%&‘ ng\%&%‘ R ls
conpri sefotexpufddn hisigldrtiiyh Blstead, hahiaeknableaid iChovablped h gBleg direaivn (e and

25 a pellicle TP. The pattern pI ane CP conprises in this case of a
pat t er nedP-Faligsr ‘stanchitestonyne 8- her'- lt“?%lﬁnb‘f“‘? a spReflac e Bt thaeragemisabeamd Boody

B 1. Thelspc%kéédccl) @giﬂrcﬁ/@?? E‘Elsﬁ ﬁn&%s&)trf[ lgf etsnﬁ éﬁwﬁglg 1&%&9{@0&1&' and

surrounds ern plane, erne e TP
is 2mc atmde@m thb earﬁebﬂ mpﬂoeita‘ dzﬁelﬂiﬁo;E’Et ajs:p@aﬂ sceM +, ﬁ:owhtdhe\dﬁﬁt}ie%agnﬁbaﬁ@ &P
for protectln t he patt . . .
the lens PL (typlcally, = 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.




pl ane CP from contam nation by particles, etc. The pellicle TP conprises a
material which is 30 transparent for the radiation and resistant to decay
by the radiation. Such a material maybe a glass conpound as known to
persons skilled in the art. -11 i Fi g‘u'rle' 3 shows schematically an

i nfluence of optical refraction in the pellicle on |ight paths created on

th ticle ' . f. t icle. depi cted i
Hqur o b 1 SRS SovhehElcan o8 BREbeelr bl FettdcBof i e BRUEE R ishbpaiBy 1 or
a transnibgsied enfied fetitle pRine. INFikute O partnd thaentle RE adiepld@in Fiage sa 88why

S

arrows Rad, (e.g., in the (dee W range, 157 or 126" nm | ai ned at the
pattern pl AherafRctgn e peilicks B mil bepxplsinedifer ¢ drnsmpissineretpletRfe Aminoomng

beamis = | v di ffEac dependi ng, on .t at t i nt C tically
2 tirst DR o RLEa B RSERAEE afs P I Huee: Fo7iE opernds
path ®f hieediabeRParamitam GVbf 88taitfe RPEOP & Jatt® pliheatP thefihdotting BEAL iON Q
1. Upon entry in the pellicle TP at Q, the beamBM refracts and

t r aver selpcalliodigfrardech(depandingoonitbe pafiant) IQR sahemasicalea o wuteringenmd3élahicl e
TP and cgnéi n(l,ljlest gl oqﬁm%?hg BM"' towards the ~ i projection system PL
(not shofi“Re 8)1%*.% i %t to have its focal plane coinciding wth the |

pattern pl @gh€ogical hith bEiHeGhming bbark RRIINGIdr @Heg;eﬁfélé TP Bt 268 |dcation e
second out goi ng beam BM2 enters the pellicle TP along path BM at point R,

r ef r act sUpan efiey wdhe pelliele nhdt a8 Qlakhe hepmYl$ ecfractseng étaverséscalaopegh BM 1 BIVR"

exits, at _poj R2 nd cont. nues .15 on ath B a ogwar ds . t he

pr O] Eoct i 8‘%“*5@2 Wéﬁ{eﬁﬁ? g?’-am i Sp?la{‘gle?llgf q“gfgptweég%flﬁ é’%‘iﬁgﬁ}flﬁm @Wﬁﬁis(tgfﬁ ven
i ts refrgehdonen sReex PLARohewhAYR) GREhRs 8% td Reidball bRAY coiBeMinztvidd the
z-of fset” (z-shift) Z of the inmage of pattern plane CP occurs. Apparently,

t he beapaiteBMpblannaf tBrpetielsy avithgh¢ peliele (Prinplices figure 3) the virtual paths

BML' and Lo rer ectivel vy, i.ch. interse n a_yi al pa rn.plane

GV, | ocat S Se0R B ER b N BUER s RASTP e el B eBRHR T BrRTE <

TP i s acfpuak blitieGaiadhl, t2ivees tlgefiRRallon AIEBI2 1 BLItdA ot RO BbtiAMs PL

is set to coincide with the(fattern pl ane CP of the reticle, changing from
S

a reltd cl dong path BMIET - alsq emardsghapiogectien &vsignt Rout one (or vice versa),

necessit at gs hange..of the z:.posidiion of the.reti,cl el atiive.to.the
focer® ol or Blgf GRS 1l (E pBLBRAE (BRn S il ing®t B ASMBN B b g
on the faafa@eh), Beitiadp-oEsaf(zishigt) Durshd Alage W paferd m'h@@k"cﬁécurfs.oﬂ&pﬁrd?ﬂ#! fhe! e

TP with a thickness of 800 WL! a radi ation wavel ength of 157 nm an i ndex
of refrabsarBMi ané BMyhavedplowed @p thag figire Blibe irtual paths BhH’ and BM2 yreangl e

0 e A AL YU H L AP o B

pel 12l elotiRicanehaie tRtgellicte W idwuiallg NeeateHOSined bt isdal FRADLNAE pRiYection 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




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 enbodi nent of the present inventign nmeans for relatively quick
adaptation | of the z-position of the feticle are provided to, for

exanpl e, allow for exchange of a reticle with ~ -12- apellicle for a

e, xchange of a reticl : le for a
the pro- SPEIRIHT aPRel P R ARei Bl hfersy W R I B PRE ST ©

si nce t higtivRusterh a8 ivheleds hot'to bk RRinpeRf@thiehliglobe difice tBisGAbUlD Fefulte b ifer-

| i t hographic projection apparatus relative to the projection plane at the

t azget pdrer pemorGfios: tpirgrogldbrate Siedithographie projestno apneaies shatiye (e theageiegionc

proj ecti on apF&]r&z;[lt us _accor ing to the present invention, for a reticle REl
wi t hout BI3BERFIIEESRREIYY S hogr aphi ¢ proj ection apparatus shown in Figure 4

is ofsa transAt 3Shoes 4 HRCemISBmbht df-a IThEBEAIOpBYSH A PAGISARBRIINEH e
directs radiation in the direction of the reticle, as indicated by arrow
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The reticle-stage nodule R conprises a nount RSM a supﬁféf frame RSF,

al ongs st fekeagrododube RSISS, is auppokied by therlokg:stralguraderrems medde Fietallewe
stage MI. For clazity, said |l.ong-stroke nmp sai d short-stroke
nodul e R§%‘§%\‘lﬁq%|f3’§Tﬁ%&rsF@PgﬁP‘giBgtogerﬁﬁ?%?ﬁ% t%’ 3&%@% ﬁ;e]ﬁl ong- stroke reti -
25 cl e- st aggsmRiuhehRSEemdBE thbadmbeidnt Slesake AMifbChaathifge prajetton sRAGS.
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20  portions of the wafer supported on the wafer stage W'T. _

Further, the reticle-stage module RSMF 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




30 'The short-stroke reticle-stage nodul e RSSS and the | ong-stroke
reticle-stage nodul e RSLS are supported on the support frame RSF. the

short-stroke reticl e-stage nodul e RSSS ls | ocated within the | ong-stroke
reticle-stage nodule RSLS in order to aliow a conmbined fine- and i i |
-13 coarse-positioning operation of the reticle stage MI. The reticle RE

' iti : | | [ ed by.th hart - st.rok
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i s posit isppetMDwhidhds taticd bethetshge-siyBke rehdle R0k adURRSHStem PL is set to
have its focal plane on the pattern plane CP. ~ i 5 Figure 5 shows a

first enbodi Fighte Ha regicla Riabyithpwfiacpebicls TR is positippphomtheseade ongl MT. Toet he

present inventi oma reticle R ith a |licle TP (pot shown). j |
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present Prvertinenion fu aetiela RE2vigt 4 pdlicle Ifdadt shpwnhe pellicle TP is i 10
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positioned at the periphery of the reticle. Al so, the spacer arrangenent

SPC may fo thpdirgitermhodgent of thieresent ipyentiREAh¢ mirtual i-a@stt pased bpthe pellicle TR To
account for different |licles, varying si.zes 0of s er arran nts_may

be. pibvi HERPEIRHEE YR OEFYE &Ry ARt SET IR Sy Bt e R b R

appropri aliRlsSRBzer arrangenent can be determned by detection, e.g.,

determning the pellicle size fromreticle bar code infor- mation
Pr ef er abl y Ihe Hun sprserarraagemenjéménmashCartangedas hiapdiatedingart mrwlich thempanr

manner by _the mask 20 handl. ng syste since the acer arrange SPC
for the. PatTerEnpeporiopglit bl MrbhE i nugeRiE ARG B ERser BnERonarC may
|ithOgrag@hﬁwﬂ@@hﬁmkhﬁﬁkﬁ@g@ﬁﬁéﬁﬁaﬁyﬁhﬁﬂ_a producti on phase. The detec tion
of the presence or absence of a pellicle will be described later in nore

detal¥. | Tplacequntifordefifspentipellictescompng viagd of sperehavangamsplacsy lemrevidahent
RASTRIEAE RO R e RSO
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-




25 a reticle RE2 equipped with a pellicle TP). In that case, the spacer

arrangenent SPC is arranged in such a way that a reticle REl w thout a
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syst #in b9t a plawaliy ahpirtical eqsmpangigs.shewp dstetip dhis erante sdemgaeadlydptingdhree

conponent s — uLeliatlve - e i is
On of ¢ nECBeBS I 2o BET BRI b OE I AbEE ot e CRRY! ERlnelt 2
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the focal plane coincides with the pattern plane CP@ésee Figure 3). Wen a
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versa. The present enbodinment is of particulaz use jin the tRresence of a non
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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-

ory. Furthermore, the configuration of the optical elements EL1, EL.2, EL3 may be adapted by

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




- for exanple, corrpensate any resi

25 T n~;y = tPei nPe~. The transm ssive el enents can be enbodi ed as pl ane
panal el plates to provide a sinple and cost-efficient structure. However,
the shape of the elements is in principle free and can for ex- anple

conpri se spherical surfaces and/or asp‘n‘e6r1 cal surfaces. The use of a liquid
| ayer of variable thickness provides additional fI exibility with m m cking

30" a thi ck t for diff t
hi cknesse et apyeitasg B iy v b e baldhic R TRaom: b Someaasd 6
pel i cl e jgaamcngta mfui@ﬁlmﬁéknéés%@eléﬂ ¥ edamplle, 'tﬂeﬁélelﬁ&% D6H aROMBRNREELOT 2

liquid filmis that global thickness variations can be conpensated by

i nt r oducitiigd avithi rqmedt thicheh chqzrcklms thisadeigedei ad ireedon can imﬂxamptd] eitledr bomntds
100 and 103, COlII<| tilt %1 th re"aﬁergt to each .ot ‘I@ th| degree
of freeddPTHRYF af‘B? B £oh Pe? Peliiglh for %(E’Epenﬁ?f‘%lﬂo I%Yo E‘gé’rétr‘}aﬁ Cof a

pel 1 g1 e £af toMRir o PRNERR LA ar gsteél@ué?%mﬁﬁt@é’éﬂ%ﬁgtm@r it can be 5 used to,
conatic aberration. It is noted that

t he posi ti dnisabtetl hieat phegjostonof theysojectiddlsystsmaP il whols ipprefeeatdphyt changed

changed durin n adj u nt.of the optical setting. Figure 7 shows a

t hird en‘@HHP&E‘%?%B?tmﬁnﬁ?fItHe%PtH’ﬁL?eEt‘“&r oj ection apparatus according to the
present in £ 91 i dRl ol Bneht bE4 Lifo b thiu§ h&coldl

shown) is \;l)ﬁ(r?%l\tlrl deg0 on thﬂre retlgﬁle stagle g/]i]@ 'P‘[féjeﬂ Bﬁéﬁe usﬁorot 13% ro e
reticl e- prasget imoghtilbe. RSSS. Accor ding to the thi rd enbodi nment, the

e e T S IR BT o e AR e T
short - Str%ﬁerﬁg%gﬁmmk@&gﬂe@aée% &ERSEQ0e MM in the direction of the

z-of f set i stance et ween t e projection systemand - in use -the
reticle is Achanigegoblye tirdrarbgéineht, tthez- -piisEtconad by thehpellsihoTP 15¢m@eesamﬂby e

RSSS. Th 1 | t f t t L
oot i vo a0 UrHE AP e AP AE Pl PerulnTbcaanigs ASME et Besed as
further ﬁ:g@@&&&rﬁo&@é RS48Snd @hecfemeaﬁgéb 1|enf iAlthd Bfeckibh bk b ThYHishince

| i t hographic projection apparatus suit for use wth deep ultraviolet
radi ai obetymeazist projectitresysein splade use atherdiett isyhaniged py ejckatge ofi tHeqaritios ofen

20 erall ed usi which.is bstan ially trapsm ssive for
2o a0 ¢ ntad horsrons e RESEE TS SoYG) Shimd ohe Blomtias ot EL RS ment )
I'n Fi gur @18 &N oD RHTBM reRbWAldatEl8 BRIaS eq@slly aIMbdekeR @S fur@r faANIbIeRSH82

and 83 to be purged is shown. The cavities 82 and 83 are adja- cent to the
reticle MERto 6ﬂnﬁaewstitd: foeltiemartta sBift. AYich kibogrephie grojestivheppdiains swtabkelder nwedul e
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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
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purge-gaps i s necessary. In the present enbodi ment, the size of the i

pur ge- gapwticaly, in §igure §6Betwapr woll-@lanentsi S8avhipte oioan demng scanting with thenghort-

mount i ngst?(l)k%rrn‘:i‘c?c}u?e gn8cp wall-elements 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 nounting el enments 911 connecting the | ong-stroke nodule to the
shit-stroke nodule and | the guides 91 for guiding the scanning notion of
the | ong-stroke nodule RSLS, in addition to the corresponding elenents in
Figure 8. By adaptation of the z-positiﬁ%'of t he whol e assenbly 30
conprising the support frame RSF, the |ong-stroke nodul e RSLS, the
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si gnal procCessing nodule SPM for controlling novements of at |east a
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t he actuiéfrs AR is neasured by the sensor S 1. The Big pals fromthe
sensor aX@SHEEY as input to the signal processing nodule SPM which is
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by a computer. The actuators AR may be arranged to provide a pneumatic
t wo- st at éo ediipat terinputoignals¢onreference signal representing predetermined z-offset values

stored in memory linked to (or embedded in} the signal processing module SPM and to control
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-




ti nuous adjustment by stepper notors, or servo notors, 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 ', wth the reticle maybe appm%ed in the present invention. The
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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.




adaptation of the lithographic projection apparatus in relation to the
presence or absence of a pellicle nmay not be required. In such cases it is
concei vabl e that the adaptation of the pattern plane relative to the focal
pl ane of the projection systemPL is dome-by a manual control of the
respective elenent, e.g., adjusting device OS, shutter TPL and/or actuator
AR. 30 Persons skilled in the art wll appreciate that other alternative
.and equi val ent enbodi rents of the invention can be concei ved and reduced
to practi c&l#mehout departing fromthe true spirit of the invention, the
scope of the inveption peing limted only by the appended clains. i -20
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where¢n said conpensator further 25 conprises an adjusting device for
adjusting said projection systemto adapt a position of its

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.




focal plane to coincide with said pattern plane. i 5 Apparatus according
to claim4, wherein said adjusting device adjusts said projection systenis
focal plane by nodifying a position of an optical elenment of said
projection system 30 relative to anotHer optical elenent of said
projection system i -21- 6 Apparatus according to claim4, wherein said
adj usting device adjusts said projection systems focal plane by disposing
a |layer gf tranéﬁmé@ﬂvécﬁﬁﬂ%%ﬂapbaﬁﬁrW@ﬂagSwd@dﬁﬁynﬁé¢W$®whuﬂwﬁw eropgction
optical path it e a.correct ane a ctron
oystem SRR FRCLEASRTRC LOR RurRthlainBhlertl &0RaSharfiemiy i

adj usts sat dpREQpasitd ORateDrRBMich JRGRI fol ARGe BY sll PRO&IRE spierPt | Cal

el enent acting as a dummy pellicle in said optical path to create a
correction of said focal plane of said prorectron systenr i 8 Apparat us
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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
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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-
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proj ection system for projecting the patterned beamonto a target portion
of the substrate, ~ 30 said projection system having an optr cal axis, the
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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-




i -22 terial; - providing a projection beamof radiation using a

radi ati on systeny - using patterning neans to endow the projection beam
with a pattern in its cross-section; and 5 - projecting the patterned beam
of radiation onto a target portion of -t23e | ayer 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 tHalreticle-stage nodule conprising at |east the short-stroke
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means.

12 A device manufacturing method according to claim 11,
15 characterised by further adjusting said projection system to adapt a position of its focal plane to

coincide with said pattern plane to compensate for said virtual shift.




