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20  the case of a transmission mask) or reflection (in the case of a reflective mask) 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 emploYs a matrix arrangement of tiny mirrors, each of which
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20  circuits (ICs). In such a case, the patterning means may generate a circuit pattern corresponding

to an individual layer of the IC, and this pattern can be imaged onto a target portion (e.g. com-
[ prising one or more dies) on a substrate (silicon wafer) that has been coated with a layer 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
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i ncluding refractive optics, reflective optics, and catadioptric systens,
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t abl es (ankgrdhe sake of sinmplicitynthe lprojedsiomssysteimrmay 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.
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20  prises a thin glass plate which is transparent for the (deep) UV/EUV 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-
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| 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.
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t he apparatu nprises a sensor, sensor beli'ng constTuct
ar r angedpriofectieh emem theosyitichlosettofg it bbaxxgad ireonder toladapt, to andrtedl shifcofishe pattera
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20 Moreover, a lithographic projection apparatus may be provxded 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
of the pattern plane in response to the presence or absence of the pellicle as detected by the

" further sensor.



Furthernore, a lithographic projection apparatus may be provi ded wherein
the apparatus conprises a further sensor, the further sensor being
construgﬁ%g @8? arranged to detect a pres- 30 ence or absence of a
pelliclel” ht0¢®e actuator is constructdd and arranged to adjust the
position of the pattern plane in response to the presence or absence of the
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proj ection apparatus conprising - a reticle-sta onpri si
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projecting the patterned beam o a target portion of the substrate, said
pr oj ect i -omsubpibterathaforiglding eptbstate; axd s, t he net hod conprising the steps
of: 10 - providing a sybstrate that is at |east partially coyered by a

| ayer of" % BIGiesiPB AYSian dor prolecting the pajtened beagp gytod targetpqstion ok thesubsiEaien of
radi at i Oﬁié’ngog&tiﬁnE L AL OB S ILEMI axisUS! N9 patterning neans to endow the
proj ection beamwth a pattgrn ni1ts cross-section; and 15 - projecting
t he patt ertheéehdtiemivoniprisiel theistepsofit 0 a target portion of the |ayer of

radi ati on sensitive terial using a projection system _ characterised by
furtWer compredding aisyasteate thabis ah ieask nartdplly qoysted by 3 lafer ehradiatiosrsensitive -
nodul e al.gpg said optical axis to conpensate a virtual shift of a pattern
pl ane of sard patterning neans due to a pellicle of said patterni ng neans.
20 Al t hough pseédingiaprojettisrebsnen ofwadiadomasing amadiftion dystetn;t 0 t he use of the
apparatus according to the invention in the manufacture of ICs, it should
be expliTit MyiNGRABFIEMNEHERLP €B t*&m‘%lﬁ%?‘hbe%‘é’“ﬁéé’aﬁﬁﬁynbtﬁWEQSSI?S%@%I e
applicatjons. For exanple, it may be enployed in the manufacture of

I ntegrated optical systens, guidance and detection patterns for nagnetic
domelisn nenoprascting thepattierned/sdanl ofiiadiptiay optaracthgget pdrtion bf thelageg o tadiatiomads,
etc. The person skjlled in the ,art will 25 appreciate that, in the context
of such ssnsivematerRl 4HpE A PEVPTINN SYSAY, use of the terns "reticle", "wafer"

or "di e" Haftdlsed bf Firteh einfrifife G R4 FG ed as being replaced by the nore

general terns
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-
léngth in the range 5-20 nm).
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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 (e.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. areticle), and connected to first positioning means PM for accurately posi-

tioning the mask with respect to item PL; first interferometric measuring means IF1 is provided



nm. In this particular case, the radiation systemalso conprises a

radi ati on source LA, - a first object table (nmask table, reticle stage) Mr
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radiation. This beamis fed i nto an illumnation system (ill'umnator) 1L,
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beam expanézle(gfaEQP forr fexc%qglaﬁ. eThe illumnator IL nay conprise adjusting
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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 is often the case when the source LA is a mercury
lamp, for example), but that it may also be remote from the lithographic projection apparatus,
the radiation beam which it produces being led into the apparatus (e.g. with the aid of suitable
directing mirrors); this latter scenario is often the case when the source LA is an excimer laser.
The current invention and claims encompass both of these scenarios.
30 'The beam PB subsequently intercepts the mask MA, which is held on a mask table MT.
| ﬁaving 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




di}ecting mrrors); this latter scenario is often the case when the source
LA is an excinmer laser. The current invention and clainms enconpass both of
t hese scggﬁibﬁz 30 ' The beam PB subseqx&ntly i ntercepts the mask MA, which
i's held oi ‘ gk table MI. Having beéen”“Selectively transmtted by the
mask MA, the beam PB passes through the projec- tion system PL, which
focuses {. t ' S W Wt
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C. The subghd aliicibabhsuils Lah bd (R i biffdnlniods; X and/ or Y directions so
that a different target portion C can be irradiated by 15 the beam PB; and

2. I n scanlindep eedestitci maskytablh MTE inkeeps essautially stgtioharys andearcepire tiask irmagg ven

target portioon C.is nof exposeddn.a sjngle "flash" nstead, t K

bl MISIREOiRged i 806 6 oo SBREa oBle Kefeet padBn -1t Subiiae blalisn:
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caused to scan over a mask imge; concurrently, the substrate table W i's

si nmul% antheleshm PR) andved in the sane or opposite direction at a speed V= M

v, in which Mis the magni.fication of the |l.ens PL ( i cal | M= _1/4_or
L5y . I ¢ LB shmte. Sxoeptiplf s spipe Roqmatio anplss: exsept iR Goen,resd PoRiag S Bl
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cross-section of areticle fitted with a pellicle. The reticle RE conprises

a suppor sa-pajledd'dganBlidection’h gtgt thenY dirgetionTWitha speed vcdoghétrtherpraprtiandeaP B
pellicle, TP. The pattern plane CP conprises,in.this S f a patterned
Paver 1 oisseuridh sbet Sefsf TBee; GRTPiDRr3pe B el sflE SR os Dubfeesd T
pel 13¢! emovadh tRE shrfie BPSpPosRE Bifeidntdd @ spedd-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

élass compound as known to persons skilled in the art.



porting body B 1 and surrounds the pattern plane, e.g., the patterned |ayer
CP. The pellicle TP is located on the pellicle frame PF displaced fromthe
pattern @@ﬂ%(ﬁ% for protecting the pattern plane CP from contam nation by
particles, et¢.” The pellicle TP conpri s'e1 "a material which is 30
transparent for the radiation and resistant to decay by the radiation. Such
a materi al : 3 . S Lhled in.the. art.
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Figure 3 a_[gart of, the reticle RE as depicted in Figure 2 is shown. The
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(depending on the pattern) into schematically a first outgoing beam BM |
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enters t AN T, irst location Q1. Upon entry in the pellicle
TP at Q ??c‘%ﬁgoggéﬁﬁl%%%?&%acts and traverses along path BM1 " to 10
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15 al ong path B al so towards the projection system PL. Due to the
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of patter nTg? e n&gu%c W e A%bﬁ%re@ﬁetrf © Heﬁg:?e t@gﬁgg @ﬂﬂ'h%% Bppiny R erefracts
f ol | owedid the pehicte tha@HAE trayerkdsqhe péllitie lalddatpath BM2P egitdatBent R, @nd continues

spectivel,é, which intersect on a virtual pattern plane V, located at a
di st &hcealeng pahdBMZo’ alse towards thetnreiectignesystearh®L.pel licle TP is actual |y

| ocated. Sj I e projectl on syste L is set,t

coi nei de iR @ HSTeliRii 2 BRI B e RRRAT i8S AL Ry g P pE e
with a peddiationy,laeviftala-o6fiet ¢2-shift) ZRGtHe iafage 6ﬂpaﬂéh€§laM@C$’a9ccuﬁ?A9F&Eﬁt@§,Q§e a
change of the_ z-position of the reticle relative to the focal plane of the

proj ect i beansy/BMdrand BMg hame fnllowedi(incthissfianrpt the virtuakneths B raad BMRG ae-

ti : ] i.cal i ch.e TP with
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t he radiation .. ) . . .
PL is set to coincide with the pattern plane CP of the reticle, changing from a reticle with a pel-

x 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 BM1, BM2 above the critical angle, a shift of about 312 um 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



beam BM 1, BM2 above the critical angle, a shift of about 312 mis required
to restore focus when exchanging a reticle with a pellicle TP and a
reticle pigsagypoone. For another combingtion of parameters for the
pellicle TP the required shift will changée accordingly as will be known by
30 persons skilled in the art. According to an enbodi ment of the present
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ef fort tg]aﬁ@atqgé H}éétp%rﬁd}mj i t hographi c projection apparatus relative to
the projection plane at the target portion C. 5 Figure 4 shows a first

embodi nent Fighresd showsagfiapémbodimeneot 4 mho@nﬁplai_b@frmctm@ppﬁiaﬂﬁ acfortfifg toRhESENt
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proj ection s#éﬁem PL, adjusting nmeans PLAM and a wafer-stage nodul e
The base®™PAR@YBF supports the wafer-stage nodul e WBMF. The waf er - st age

mod W5 | ; ts < Moo, e S and a
ol v RSB e Sl s AR RSP oo o
t he waf eRSFade pidjectivresystent PLsddjesti@g\waeand DLAM -SHa00a R HsEMYSTS WEMF.
supported t he Iongéﬁstroke waf er - stage nodule WSLS to alTow a conbi ned

fine- and hase i3 BY Sinpegs hsevafer-stasomordnle WEME: The agéerviiageshedyle on t he
base fr ad] E _ ' ti,ng the projection system
L1 om e ey SRa g DRSO RARS < Mol WSS Mot Snh bR sBEan) 1 ne
pr oj ect i modly VSLS forRlositioningcawefr aipported be theakser SAROW TITUN kBorEVbkd 8-
projecti lg a patte i e on target 20 portions of the wafer supported on
t he fefr[; '§‘P&‘g@ .er\hf§g§ﬁ%$upp?ﬂ%d glétheé%g@%l@é)va@wﬂ@c meiwle WSES ppallowa on
t he basesfiiE _ hGdin ] I.ses a nmount. RSM a
support e%ofrngrre R@Ize, %5?8%% Etsgrlgﬁrgﬁgggﬂfl{é@gﬁ@? @%éﬁaggw& roke nodul e RSSS,

and the retlsc)an tht bge filine Bbrthe hdjnstiment meirh PIOKYE fok Isolating e r6; eBBbiSsystdid
sai d shorg}tk-st rQFe .nodul e RSSS mﬂoal so be referred to hereinafter as the
| ong- st rigkEomgyipraigny arg pesitigae B oRthexdjysimentanesns PLAM  thg projection sys-

reticl e-gha9eisTHEHELatd9e the wafer-stage module WSMF for projecting a pattern image on target
20  portions of the wafer supported on the wafer stage WT.

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
short-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 long-stroke reticle-stage module RSLS in order to allow a combined fine- and



The mount RSMis |ocated on the base frame BF. The support franme RSF is
provided on top of the nmount RSM Here too, for clarity, said nount RSM
and sai d mygppy g rame RSF will also be referred to hereinafter as the
reticle-stage nount RSM and the reticle-stage support frame RSF. 30 The
short-stroke reticle-stage nodul e RSSS and the | ong-stroke reticl e-stage
modul e RYofrse poSitioHNR Vpbag , RERS, short - stroke .
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coar se- posiIt'oni ng ogeragﬁn of the ﬁﬁid e stage MI. The reticle REl is
posi t i oned [BAEUE* Adtlide BELS t gipellisleckP isposifionedan the retiele stage MEtTheke
reticle- -dﬁqa}yde LG l,cle RE 1 without a pellicle TP
i s posi ti%%ﬂg%l on thg1 ir;ig?i%gf{eorhsa?gg% fﬁﬁlafp%ée%g}eo‘faggm éﬁn%égt emPL is set to

have bts f digure flshows affirstlembodirert bf plicidgrapBic frofecldt gppirasﬁpﬁz&oﬁiﬁé fosthe
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enbodi nent of .a litha ' € present

raphj ¢ projection apparatus according
i nvent i oRT9SERt 13ventiondpra Rﬁfle\/ﬁ@%wﬁhﬁd}eﬂh@ EPTImt(shown)s hown). In Figure 5 a

reticle REZ,p | . . IS ovided on the reticle_stage
V. CThe. proy Sers SaPus Rb2 it 4 BalicR 1200« iRl Rorprided Bo dfe ofcieatan Mo
pattern fhapej@RionAystemdPIng stillaet fochaké its Focalplagd b e i

i nventi on, virtual z-offset ecausaed by0 t he pell P{glﬁea&gr%@ﬁ‘gﬁ'cﬂo%%é%gﬁt ed

t
by int r ofuthe Rﬁstif%li%’é@imt&rf thepresRah inveptin, thepdrtulamoffict caused by thegtetlirde WP iand
t he et| | rrange SPC nma e arranged as a
S epar1 gt e lcglllr} %%E%fi r? ;\?/ﬁﬁr%ﬂlcp}%é)%%%rear ang?ﬁ%{@g tb.ef”%e%éger ’eq‘(ijr’?e%aggétM?Wéd the

pgri pher yetiele RE2. reticle. Al so, the spacer arrangenent SPC may be attached
t the-reti,rgle,REZ in a fixed position. 15 To account for different

pel l'icles, %F}W ARACST 3rEanggmen mayhegmgagasiass sepsrategngerini whech the spacer

Spacer - aritEigbments pORARAR &S RIRITER! ofIBY relfle A Uk pgcer agnambgt GRG ik
pel | i cl ebshtarhtd anheetticddé REDAN adixde posifion.- mation. Preferably, the spacer

arrarqgerren SPC can bg handl ed in an, automated manner by the mask 20
handl ng sy8eesaunt fordafferant nelicless vamying sigeneh spaspartangembnts metyibelproRERd.i S

typically ' | ' . | t-hogr aphi . proj ecti on

appar at s "SRRG tne Sticer R bl AR B adiiTatse DGR AR GirafEemey

absence cin e qetdririnddcbydtéction, €lgs detehsidingahe pellibleedrdif ttidle bar code infor-

Al ternati vele%, It Is conceivable to have a spacer arrangenent SPC durl ng
du

testing 5’@5 res (i.e., the projection systemPL is set with its focal

pl ane coi npjeginky Wht Qp&c@?a&ﬂg%&%& S0 & hRlled 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 projection 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 REI, 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 without a
pell'icle plsjigoRpsi tioned closer to the f‘{ ojection sys- temPL. It is noted
that no major nodification to the |Iithographic projection apparatus is
needed in this case. Possibly, sonme nodification may be needed for

napl | 10 BRI Sk ASROKS ey kL33 T KA SRS

library. In some occasions wher ngi ng a

reticle wysterRL isidene bpd mvirmel metsting/WBNoWRBHOF R Phict Glrindealdeapent | v, it
IS con P—O%l0.0%O - 14 ceivable that the adaptation of the pattern plane
relative t¢'§41&OSBRWF 2 second egtoodiact 06 p dithageaphicsyrejestioPappasatuoaeohiingito the

manual LatigéeHzpunt i ng of the spacer arrangenment SPC. Figure 6 shows a
second g%%dﬂllrrent il(E)S?' a lithographic projection apparatus according to the

presefit i neRiguoné aTeticle REQuvieh §pellitRITIC(n8t Sodmid Brodi i i t
shown) is provided on the reticl g st age whi \2?1 ' g éigglrolhé@é %93%}3(%&% MT
short - st r"’g‘k‘g"isé‘t”l'fteﬂélY@%lé}pfﬁﬁmheéeﬂﬁsstagﬁMH&iR.SJSS.O t he second enbodi nent

f th i j he,7.0f f d.by th lljcle TP |
compensat e by il Gabs fond gfbadien? B ERra ieYonsin. wh Zafisctssunetby tet t ng
of ~the pelliccIR Brvompehened by adsti@uievicbess RRAY SajubienPbPIEbHOf SHRLAR PL

may be an arrangenment 10 of a plurality of optic conponent
in this Qa@aﬂ*rﬁleétl@bﬁ/ém PEafs glessyibpdighovehthe projedtiomeystemMIi mafFb an GkrangeHit

dj [ ' | f adjusting,th i cal ot t ] of th
o of o0 1 S8 Bl Ry GPobsaf BRAR ol sRola Bérk 7 i Sxabtle Fdpmatcalibranstbe
optical elemeatscilils ELE| EL3 Fike adfisting/deldt OSﬁis E%@??&Cﬁaﬁ'ﬁﬁhg tlﬂele&g%ﬁ sg:gtling of

optical axis OA of the projection system PL. Nyl ng-t
setting HKProisetan systemedy fior examplajseting tre mositionmfRine camobeoptivdl Eoagorichts 15

h t cal. pl i nci ith th n plane CP (see
Floure SPLIVAE: BIY R oRaBN SR s dhy piticalms Dl bk arvytiionavstamie s ol o
RE 1 wi t Bguharigimeihkioptical saftighg thd foRalMRarfeof tﬁ@ﬁro%ﬁﬁgi%)ﬁt sééﬁg)fl,' daf b%fr?&ﬂﬁed

projection system PL is changed in such a way cal plane oi‘nthe
proj btt i Sichawascthatthe focel plase coinrides withtthe paterpplane CR (pdecfigureB)of t he

reticle R ' sent, enbodi nent, i f particular use in
oL o AT R i L P RN SR B R RAA O e 435
conpensaticemersarthaopuidal sattigg bfytha pedjedtidh s3stLAPL isQRaffedRA Shich zpiava% bt tl}e fo-
reticl e-stage dul e introduces, in the presence of non-telecentricity,

addi ti ongA! PIREf thegrraisetiomeystem Phgainisaincides With the pattarn ptanp G eff thbkatichs
At A e Tt DI SN R
abselite tefecentrielptdjedtivn 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 asensor (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
known to persons skilled in the art , for example by a change from one predetermined configu-
ration of the optical elements EL1, EL2, 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 Rellicle. Also a new optical setting may be obtained by a computation using some optical the-
; ory. Furthermore, the configuration of the optical elements EL1, EL2, EL3 may be adapted by

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



25 e.g., by a sensor (not shown here). In response to the detection, the
optical setting is nodified by the adjusting device OS. Mddifying the

opti cal ?qsﬁhgﬁ can be done in any concgivable way known to persons
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struct eda&ﬁgedaar"haﬁﬁgﬁe(fﬁl’ a&d‘%ﬁ%ﬁ ith Hakp%g‘g{l%@a{%ﬁmgpfgqa axip ghHerejection
opti cal tedn L1 oR g i@ Ghi ) hiR i h- | | S For
exanpl e, %ighe ggyhl elngtdrilf—lggl?rlgg%gsaﬁbzﬁﬁg@%é’e%n@Eg@léfgﬁc%gnnﬁé%néaeﬁ% %&F{%& %ab{ ayer
102, 1%et omuprisevdiquid tayei 532, betvesen two transniifsivnelethOfts 180 and 1103 tasdllestrated in

Figure 10, where he, transm ssi ve el enent s e .novabl e al ong the opti cal
exes T1oRigihl SRt ee (EREET A frofn BronSwlic dhne peroptapl e AI0Sdh re
reticle | | : e ot Lele
TP, the TR oraos e Whiroifiching Qo tRe Ul atvide REL URTRALMC TP Rihe bie
conpensaoia feticletRie2 pithpeliste TP, thethicknesd ¢fthe pathleugthviompensation, systewaris re-
switching fromthe 20 e, of areticle RE2 ta the use of reticle RE1 the
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required to nmintain equal optical pathlength is indicated as T'in Figure
10. | f npstemisdncregseil taeempensateder the mbseace abiaid pellicle A®. The Htleensreate ohe

pgl licl eﬂﬁ&ﬂgss%&lﬂrédﬁotnbaﬁntragc é’q%gf ci)ﬁ/tl%ai Ig]a(iih )éngcﬁ; ist irﬁ8icated as T in Figure 10. If np, and

tpel are the refractive index and the thickness of the pellicle, and njiq is the refractive index of the
liquid layer 102, than optical pathlength is maintained when
25 T niiq = tpel Npet-

- 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.



liquid |layer 102, than optical pathlength is maintained when 25 T nliq =
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20 erally purged using a purge-gas which is substantially transmissive for said radiation (in con-
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

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

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



usi ng nounting elements 89. The wall-elenents 88 are positioned slightly
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98 whi ch are nmechani cally connected through nounting el e-

matically in Figure 9. Between wall-elements 88 which move during scanning with the short-

{ stroke module and 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
pﬁrge-gaps 940, 950, 960, and 970 is fixed mechanically through the mounting elements 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-



ments 980 with the support frame RSF there are purge-gaps 940, 950, 960,
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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  ofapellicle 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

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



essing device, or as a software nodul e executable by a conputer. The
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PL. 20 change of the optical setting of the projection system PL.

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

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



Alternatively, in case of the third enbodi nent, sensor system S3 can al so
be connected di- rectly to the signal processing nodul e SPM al r eady
present. Furthernore, it is noted that glter- natively sensor Si may al so
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support structure, along said optical axis to conpensate a virtual shift

of a patduens apebicte afsaghpaitepang sreansag neans -due to a pellicle of said
patterning means. 15 2 Lithographic projection apparatus according to claim
1, wherein said part of the reti- cle-stage nodul e further conprises a

| ongsst roke modyiig,draihi€ _E&ﬁoﬁﬁﬁ%aﬁﬁtﬂ@hé&rdiﬁ@t@@hﬁ@ﬂ!‘Wﬂ&eirf@?dlﬁarﬁﬂﬂth@ reti-
support frame for supporting the 1ong-stroke nodul e. 3 Apparatus according

to cl ai mld-stage todulednsher comipiises a tomgtstroke fnodnle farpeansrepnsitiming the patteraing
one of a thickness of said_.pellicle and a vel ength of said projection
beam 4 rﬁfﬁ?ﬁraﬁ{fGssu%o(fbf’aﬁnﬁégrtS(Slpg?l?mg?h‘{j]ﬁgg'\évﬁggen% ogm-e "3, wherein said
conpensator further

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

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

4 Apparatus according to any of the claims 1 - 3, wherein said compensator further
comprises a spacer arrangement for adapting said position of said pattern plane along said opti-
cal axis. ,-

25

5 Apparatus according to any of the claims 1 - 4, wherein said compensator further
comprises an adjusting device for adjusting said projection system to adapt a position of its

focal plane to coincide with said pattern plane.




conprises a spacer arrangenent for adapting said position of said pattern
pl ane along said opti- cal axis. i 25 5 Apparatus according to any of the
clai ms 1ppaflg o¥fper ei n sai d conpensator _Err_t her conprises an adj usting
devi ce for adjusting said projection syStemto adapt a position of its
focal plane to coincide with said pattern plane. P-0410.020 - 21 6
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an actuator for adapting said position of said pattern plane along said
optical axis. 15 10 Apparatus according to claim9, wherein said apparatus
conpri ses a sendpparatigpecosding te glaimdi n%e@md yljusingaiedicaradmstsedid projtetion t

iti f f d_said actuator i tructed and
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paratus according to claim9 or wherein said appa- ratus conprises a
further sensor, said further sensor being constructed and arranged to

d | , i. i .
construct ed ancriapaals BARFEGE o hufof B dini A wiRf DA IR Bhetc comprises
r espons eant aetidber fof edupring said pakision of saifl phiten piinkialdng sail ¢heicakcded by 25 the

further sensor. 12 A device manufacturing nethod for use with a
| tHégraphi C projection apparatus conprising - a reticle-stage nodul e

conprisipg a SuRREKy ShEMGENE S ERfm SURREl] Bt SRRl Ll IE A0SR Wi Pren-

sor being constructed and arranged to detect a position of the pattern plane, and said actuator is
constructed and arranged to adjust the position of the pattern plane in response to presence or
absence of the pellicle.
20

11 A lithographic projection apparatus according to claim 9 or 10, wherein said appa-

{ ratus comprises a further sensor, said further sensor being constructed and arranged to detect a
presence or absence of a pellicle, and said actuator is constructed and arranged to adjust the
position of the pattern plane in response to the presence or absence of the pellicle as detected by

25  the further sensor.

12 A device manufacturing method for use with a lithographic projection apparatus

comprising

- a reticle-stage module comprising a support structure for supporting a patterning means and a
30  short-stroke module for fine-postioning said support structure, the patterning means serving to

p-attem a projection beam according to a desired pattern;

- a substrate table for holding a substrate; and



30 short-stroke nodule for fine-postioning said support structure, the
patterning neans serving to pattern a projection beam according to a
desi redf@éltoe@ - a substrate table far holding a substrate; and

P- 0410. - a projection systemTor projecting the patterned beam
onto a target portion of the substrate, said projection system having an
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terial; saidprejéctivmsystenpholieghn @pndaeam of radiation using a radiation
system - usi ng patterni ng means to endow the projection beamwith a
pat t er n thenmethed cpawpsisingdhe $eps efhd proj ecting the patterned beam of
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stepsof gglapting a position of a part of said reticle-stage nodule, said

part of the reticle-stage nodule conprising at |east the short-stroke
modul e and piovedisgippojectonrbeemnunfeadiatiangsisgd tdgtionspitemyi s to conpensate a

virtual shift. of attern plane o sal terning neans due to a
el 16l & of using BB iis b Sy the 870l tiaR deom ol th RUTAE Chit FipSheesiies
accordingqto claim 12, characterised by further adjusting said projection

systemto adapt a position of its focal plane to coincide with said
pat t er n -pl apmjecting dheppatteated beam ofaadiation entak targetfportion of the layer of radiation-

10  sensitive material using a projection system,

( characterised by further comprising the step of adapting a position of a part of said reticle-stage
module, said part of the reticle-stage module comprising at least the short-stroke module and
the support structure, 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.

15
13 A device manufacturing method according to claim 12,
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.



