-1- Lithographic Apparatus and a Measurenent System The present invention
relates to the neasurenent of wave front aberrations 1in a |lithographic
proj ection apparatus, nore particularly for a |lithographic projection
apparatus conprising: - a radiation systemfor providing a projection beam
of radiation; 5 - a support structure for- supporting patterning neans, the

patterni ng means ser VilfighdgRaphi Apifatafull GnA0VRESUreMeRESR@RCOrding to a
desired pattern; - a substrate table for holding a substrate; - a projection

system for projecting the patterned beamonto a target portion of the
substrate. 10 The term "patterni ng neans” as here enpl oyed shoul d be broadly
interpreted as referring to neans that can be used to endow an i ncom ng

radi ation beam 15 WHdpraseRtinveriti@ideiss uﬁ%édsﬁ&meﬁ%mm&ﬂt%e&ai&ﬁ
pattern that is to be created in a target portion of the substrate; the term

"li ght valine'lithegrapliic projpestios epparatus, mare pamicabatly f@enkthagdaphic prdjectsmi d pattern
wi Il correspond to a particular functional |ayer in a device being created
in the t APGEEYSSPIPEREsuch as an integrated circuit or other device (see

bel ow) . Exanpl esr,@fatiof YllerR &l R6RLM arﬁ@j@aidmaﬁfi@ﬁragﬂﬁanﬁ mask. The concept
of a mask is well known in l[ithography, and 1t 1ncludes mask types such as

bi nary 5 al+ er nat supgoy krsagusipf supparinhgpattemingtrechnpths patsdrniing meass varvingas
various hybrid mask r%%pes. Pl acenent of sucg a gask in the radiati on beam
causes sel ect i RAECTY R SFISLI0B P Rct e ng 4 & dgiired Pefetis ni ssi ve mask) or

reflection (inf £A8 &bidfor Boldeld £6ikigemask) of the radiation inpinging on
t he mask, accord%aﬁa to tfl1e0550patét ern one’t he mask. In the case of a nask,

t he support st raugbjactomsysieny forerabdtingltke pattommsibehmbing awdrpetpoethaisfake t hat
the mask can be held at a desired position in the incomng radiation beam
and that it carfWB&™®ved relative to the beamif so desired. A pr ogr ammabl e
m rrorgarray. One exanpl e of such a device is a matrix 30 addressabl e
surface having a viscoelastic control |ayer and a reflective surface. The
-2-

The term “patterning means™ as here employed should be broadly
interpreted as referring to means that can be used to endow an incoming radiation beam

15 with a patterned cross-section, corresponding to a pattern that is to be created in a target

portion of the substrate; the term “light valve™ can also be used in this context. Generally,
the said pattern will correspond to a particular functional layer in a device being created in
the target portion, such as an integrated circuit or other device (see below). Examples of
such patterning means include:

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

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

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

30 addressable surface having a viscoelastic control layer and a reflective surface. The



basi c principle behind such an apparatus is that (for exanple) addressed
areas of the reflective surface reflect incident light as diffracted |ight,
wher eas unaddressed areas reflect incident |light as undiffracted |ight.

Usi ng an appropriate filter, the said undiffracted Iight can be filtered
out of the reflected beam l|eaving only_$he 5 diffracted light behind; in

s, remner "GRG IACONES, BRLSLRACHN 00 gyl AU ERRLOG et e

of the matri x- e surface. terna

progr ammabl e mireflevtivastudyceasfibaynscidenttiplit 2% ddffiaciad dighn vhefeat imyddrd¥kddior s, each
of which can be individually tilted about an axis by applying a suitable

| ocal i zed el ectar¢as refleat gncidsnt Bghtagundifiragiedlight o blsmgtan; appreprigiet filtss, theaaid. 10
Once again, th i g tris- I y that addressed mrrors
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unaddr gssed i rdifffasted light béﬂiﬁd;ﬁﬁﬂﬁgmmé}ﬁhé%ébxﬁ%&ﬂnagﬁ&bﬁﬁd Ra¢dr&inhB esl
according to the addressing pattern of the matri x-addressable mrrors. The

requi red matri Xheadiresingrpticancfibe pafrpordrsessalde Agfacai Yarlismatiset roni ¢ neans.
In both of the gifuatlang a%ﬁégﬂpgl%ﬂle]rﬁm%?%ﬁ%‘g@r‘éﬁro%?gﬁ%ﬁ% %&%e?%f}pe nﬂ}s‘r’i ??Qr

conprise one or nore progr mnor — arrays:

arrays as here mpfd¢ e@ch bOwkRR cebinaRn@ehilyftidied aBXAERaRis HyrQRlyY 4 ed St at es
Patents US 5, 296,891 and US 5,523,193, and PCT patent applications WO

98/ 38597 and W\Gugahledaabzedwipatic ek, prioerpplozing gidreeletric apiyatiesf meamce. | n
the case of a programmahl e m nor array, ,the id ort structure 20 may be
enbodi 0d as a Foadacgp: tegnirors e MARK st SRR R Bl Rl P onl & as
required. A pragfiaimh@nkifPradiAN beAR 8% AN EntAfireS iGN 0 RN L GhiHBR; | S

given in United States Patént US 5,229,872, which is incorporated herein by
reference. As abdhie manngie theupfentied baanuistpatternghadchiding stbe pddressingyatiedi ed as

f t abl f I 25 whi .be fixed bl
Cequired For i BoTRBRErHE STV (e el on SR R o cer tai n
| ocations, specidfoedbl Vsifls s@dble diEGRInfc harRX MBS B D RVQIMENE RséFpel and nmask

tabl e; however, the general principles discussed in such instances should
be sedd i n the limrohdee. thopatexting meaecapabimering nue orenors pregamerablboirers et

orth, 30 L UhogrSeLr Bt Glecti 20, BRaL 2L S30 becteath Lor Sxam g o the
nmeans may generghgple, from United States Patents US 5,296,891 and US 5,523,193, and PCT
patent applications WO 98/38597 and WO 98/33096, which are incorporated herein
by reference. In the case of a programmable mirror array, the said support structure
20 may be embodied as a frame or table, for example, which may be fixed or movable
as required.
- A programmable LCD array. An example of such a construction is given in United
States Patent US 5,229,872, which is incorporated herein by reference. As above,
the support structure in this case may be embodied as a frame or table, for example,
25 which may be fixed or movable as required.
For purposes of simplicity, the rest of this text may, at certain locations, specifically direct
itself to examples involving a mask and mask table; however, the general principles
discussed in such instances should be seen in the broader context of the patterning means
as hereabove set forth.
30 Lithographic projection apparatus can be used, for example, in the
manufacture of integrated circuits (ICs). In such a case, the patterning means may generate
a circuit pattern corresponding to an individual layer of the IC, and this pattern can be

imaged onto a target portion (e.g. comprising one or more dies) on a substrate (silicon



a circuit pattern corresponding to an individual |ayer of the IC, and this
pattern can be imged onto a target portion (e.g. conprising one or nore
dies) on a substrate (silicon -3- wafer) that has been coated with a | ayer
of radiation-sensitive material (resist). In general, a single wafer wl|
contain a whole network of adjacent target portions that are successively
irradi ate i i i : 3 us,
el o1 ng B P WP S o BRI 0
bet ween t wimgth Wéfer enl céntaippeshaé nemobk ofadjdcantarget preony thhi 4rb egreagpiivety
projection a garatug, each. target ortion if i rradi at ed bﬁ'l Xposi ng the
entire maélﬁacg I8 X136 REIEHINB SYSIF et it AL I FRIEHE aRR5ates SR N& ppar at us i s
commonl y ?ﬁﬁ@rﬁfn%doytzpmﬁs% Gh NBfaSK taBlcCRBRkinctldh AR tRILARK Daldebh (RBRMFAEMS -
commonly referréd’to as a step-and-scan apparatus - each target portion is
i rradi at edyrey of prachinesigione typesxf dithrigraphicdyprojrasdn gatatans) canhderget partipn @ ect i on
eference 10 direction (the "scanning® direction) while

beamin a.giyven
synchr ono@g‘l‘ci)/atgégﬁﬁ?‘i’f&“%@e Sherpask atigrp oato the faestdOnn 15,008 LRatish 28] to

this direghhf%ms S MeSmohld rSEH: A 0EPLOMRE | ave a
magni f i cat%F%ér%Q?"gzgt or MO‘? 8éner g(F deas< V??Fe {tﬂ*éﬁgéiég‘g a@@%%%h}att e substrate
table is somnmedy refértdd thas a sfepedndrscin dppaesut-hadachtarpdtipphiidohie imadikted 8bl e i s

scanned. More information with regard to_|ithographic devices as here
descri bed pé%gﬁewe@i wanEag thegrashpafpnaindey Beprasecinbeaman paven icEnss  at ed

her ei Raby y s : 4 QGRS é{'d‘n‘g%- |l ic

pr oj eé?i or%ﬁrg{:)tg%r teﬁss,cgngu a@%glﬁﬁ%tﬁ%@}iﬁﬁa ma%ks)u |s1 ﬁ%gﬁ{éﬁ O%{%Ba substrate
that is atpatablabor quairparaldl yo thiwvdireedtolnysime] imypenerab fher mdjeatiorosyseansill hve a
material (resist). Prior to this irrag_ieng step ij_he substrate may undergo
various prergaifiratien factpriMAgensrallyinly), thespred V abwhichghasbsiate fable isaranmneds t er
exposure, . . ] C h as a
post - oxpostlee ety BHtke oR MRcF HRRRL HIC § il BoRARRIRATon S

measur enenédard spkthbiaphieidetioes astrgedestibdduaade gldahsd, dor ayinple, fiphotgdures i s
used as a basis to pattern an individual |ayer of a device, e.g. an I C Such
a patlfer feio Bl incpippratebhereindwglsransei ous processes such as et ching,

bol T shing. et at HiATeutecRbE frbGAS kB R o OETRARERAT L
several | aufem (apCin £RHK) édimdged dniohesubliedtethat Rae thastepartiullyaoveded dRta layer

thereof, wll have to be repeated faor. each new |ayer. Eventually, an array
of devi cedivadiptignesenpiting gppierigh reraD). diios 1 Bisenfagizestop, therfubdraiepiay #8degee t hen

separ at ed fram Qe ARG O drihind SERNCONE SHE B Bike! M Wp3h e Whence

t he individu vicesS’can
20  substrate may be subjected to other procedures, such as a post-exposure bake (PEB),

development, a hard bake and measurement/inspection of the imaged features. This array of
procedures is used as a basis to pattern an individual layer of a device, e.g. an IC. Such a
patterned layer may then undergo various processes such as etching, ion-implantation
(doping), metallization, oxidation, chemo-mechanical polishing, etc., all intended to finish

25  off an individual layer. If several layers are required, then the whole procedure, or a variant
thereof, will have to be repeated for each new layer. Eventually, an array of devices will be
present on the substrate (wafer). These devices are then separated from one another by a
technique such as dicing or sawing, whence the individual devices can be mounted on a
carrier, connected to pins, etc. Further information regarding such processes can be

30  obtained, for example, from the book "Microchip Fabrication: A Practical Guide to
Semiconductor Processing”, Third Edition, by Peter van Zant, McGraw Hill Publishing
Co., 1997, ISBN 0-07-067250-4, incorporated herein by reference.



carrier, connected to pins, etc. Further information regardi ng such
processes can be 30 obtained, for exanple, fromthe book "M crochip
Fabrication: A Practical Guide to Sem conductor Processing”, Third Edition,
by Peter van Zant, McGaw Hi Il Publishing Co., 1997, |SBN 0-07-067250-4,
incorporated herein by reference. -4- Fof. the sake of si rrpl i city, t he

projection system Wor%%k@ﬂfglﬁf llgg}f rt%égﬂgj’egﬂ%%%)asm ng hetefilrer bg' V&S of

this termshould be broadly |nte pr vari ous ype
pr oj ect i ono ay gtec'ignsT;holvgdem this ehnahtbuldr(be bmarll}fsntenﬂéﬂeéak enN@nORk$AS vardng
catadioptric é&yst ens, faor exa he, r adi at system may. al so incl ude

conponent YRS & BFQIFR108 SYREDyr B m(g(;e BRFVE OPtiFRe eﬁ%‘éff epticsyaidcatadionii¢ ect i ng,
h
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corrponents may al so referred to be

"l ens" 5 Fuktdrding tohay bf ﬂlhmgiea@mtppeam@adla:tus&mhap1b§omon&ollmg&hhpw @ifiohwo or
nore substrate tahles (and/or two or nore nmask tables). In such "nmultiple

stage" deneaBLof r@%%awi FusharmpaRsnss maw plsp be gefered 10 tisloval qodectivsly or

pr epar at or ¥ e e or
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incorporated herein by reference, There is a desire to integrate an
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smal | er daitaédraphi©bppardigs vk dedigibed,d0r GQPIQILTSEOSIMA indrget 981%‘!910n of t he
substrate. For the pro ectl on systemthis means that the projection system

and t he | éneorporatedhescin B EefeTangshe proj ecti on system nust conply with very
stringent quality r ng the
eﬂ%é'r A %&et [}gfeghtte?a& 88y c?gatsmg&q}{rﬁ)ﬁ% 8{%1%@

manuf acturi ng of | ens enen S an € projection 0t h 20 may

still suffempbhem WBMBI(T I DiicabBethisat 1saRsess&y ehd@geast te Mh@components
di spl acenent, defocus, astigmatism coma and spherical aberration across an
i mage 16 elandhaaplons OANFess thresolytien elcthe prrieyion swten. ohat ingieasirglpor ti on of
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i mged |i occurri acros § hat

the i maged, rgiea@omﬂfehﬁth@stm@hﬁsftm@mprbjébmxswehmﬂm th&&nk @&ﬂ%xﬁs’ wkd infe
const ant. If the line wwdth variation is |large, the substrate on which

the i mage Hrpjebtipn sysisropesttcemnpliayith er%jl@@ﬂb@ahmﬁeqqrqnwal Pespiteibpgrett on of

the subst rc%geetakm cl:lurglg 1K€ pn%t%gﬁlrl% P lens Cl%lt}l%lslt% and the projection system, they both

20  may still suffer from wave front aberrations, such as, for example, displacement, defocus,
astigmatism, coma and spherical aberration across an image field projected with the
projection system on to a target portion of the substrate. Such aberrations are important
sources of variations of the imaged line widths occurring across the image field. It is
important that the imaged line widths at different points within the image field are constant.

25  If the line width variation is large, the substrate on which the image field is projected may
be rejected during a quality inspection of the substrate. Using techniques such as phase-
shifting masks, or off-axis illumination, the influence of wave front aberrations on the
imaged line widths may further increase.

During manufacturing of a lens element it is advantageous to measure the

30  wave front aberrations of the lens element and to use the measured results to tune the
aberrations in this element or even to reject this element if the quality is not sufficient.
When the lens elements are put together to form the projection system it may again be

necessary to measure the wave front aberrations of the projection system. These



shifting masks, or off-axis illum nation, the influence of wave front
aberrations on the imged line widths may further increase. During

manuf acturing of a lens elenent it is advantageous to neasure the 30 wave
front aberrations of the lens elenent and to use the nmeasured results to
tune the aberrations in this elenent orseven to reject this elenent if the
qual ity i smeRlrepbnts BB used\hadubthBe h&MSorLbRIFRRINI e QerRbtits HPAB HRGECon form
the projection systemit may again be necessary to neasure the wave front
aberr at i on@stem injpedesie pERinisnwe yestrenhabametinms of therfetab progastinn systeny. be used to

dj ust th it tai.n. | ts.in th jection .systemi
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After the fpefaact iheRvsy HdtuhafatbeemaPyt IeatutéPaghil. | MORGWED Binge Ra0E B6HI ON

apparatus, the wave front aberrations may be neasured again. Moreover, since
wave fdontabeFatdrsraravirable drtime a4 projestipmsystems fominstapeeo feetol deteryatiaanf f or

i t , { { i i f..t he | Tat i I ti ffect
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and to adjust certain noveable | ens el ements accordingly to mnimze wave
front abeappatatusrind tahdjusivgrinintriensabledéns elamenihicchrdingly thaatiming wivedoss may

occur, may.require.l10 uring the front aberrations frequent]y.
Pr ovi bus | YN 55 CHIeRaSet AP EICr BAGR S B POPrTBAbHRY  wave
front @berﬁl@gsiugﬂgﬂﬁfw@em&jtggér}%ﬁﬁ@&&ml sing the principle known as a

"shearing interferoneter". According to this proposal different portions of
t he projecti on beam Prevpusly thee haschden prdposet 4 owasirernénd systeme lforafiedsheng

atterning ne , travel al.ong.different pat 15 thr h t he_proj.ection
Pans " Thi it s chERRtans 8t BYrbiseion oy on S Dediefntrlr SEavad 7 rolepte
proj ecti onReRMHALNE A chbiing RAhA Qs AXBESEh AR IREOH BN beNS R The

diffractive elenent, such as a grating, also known as ﬁe obj ect grating,
di ffracts apaticeadi latatom atht lewg oé dubpatterning mearshtravehalong digfesse pathisr ough t he

roj ection, sys al ong a, pl lity. of different. ths. Light that has
r averSeq Wiep iy Borrann Lps: dhtscrbhe peiie g2y S ey Srmendorard By oe 20
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further ractive elenment acts as'the "shearing nechani snt I ch combi nes
radi ati on dlememt, snchtas plgeatpeet Also ke gththt objekegrating diféhcts theanfliztiemend f or
exanple interference of differen diffracted orders fromdifferent paths
Chrough ¢ MR OUEStePeRaribPESFHAroMEh dregRBigFigr e along & pluraliy of httehent

paths. Light that has traversed the projection system then impinges on a further diffractive

20 element, such as a pinhole or a grating, known as the image grating. This further
diffractive element acts as the “shearing mechanism” which combines radiation from
multiple paths through the lens to get interference, for example interference of different
diffracted orders from different paths through the lens. For example the zero order from
one path may be made to interfere with the first order from another path. This results in a

25  diffraction pattern, which can be detected by a sensor to reveal information on the wave
front aberration at a particular location in the image field.

However, there is a problem, particularly for some types of radiation, in
spreading the radiation such that it fills the entire pupil of the projection lens (filling the
pupil of the projection lens corresponds to incoherent light, i.e. the light entering the

30  projection lens having no particular angular bias). If the radiation does not adequately fill
the pupil of the projection lens, then the aberration of the lens is not necessarily accurately

measured, because it is only sampled for particular paths of radiation through the lens. If



one path may be nade to interfere with the first order from another path.
This results in a 25 diffraction pattern, which can be detected by a sensor
to reveal information on the wave front aberration at a particular |ocation
inthe imge field. However, there is a problem particularly for some types
of radiation, in spreading the radiatio& such that it fills the entire

pupi | Of tiherens ﬁ¢t@p§ufﬂaeﬁmgreéfdfbhplmﬂhh%ehexﬂu hdr odertab@rf{oRk 08ino@Be | ens
corresponds to incoherent light, i.e e Ilg t entering the 30 projection
| ens haV|ngﬁﬁ@Nﬁaﬂ@1cular angul ar bias). If the radiation does not

adequately fill the e}r %blémqs eii%illg&g prew gl?! B % 0 %nagqgf)és%tll on of
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suf ficient degree of pupil filing, then higher order aberrations cannot be
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the correct distance between the reticle and substrate. However, because one
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DUV, the nethod of generating the mark that produces the non- telecentric
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measurenent system for neasuring the wave front aberrations in a

| i t hographi c projection apparatus, which alleviates, at |east partially,
any of the above problens. According to the present invention there is
prOV|gﬁ$ a lithographic projection apparatus conprising: 20 - a radiation
syste providing a projection beamof radiation; a support structure for

supporting pattRidudiehjsR M ehe ;sres%npﬁa%xﬁfdﬁl 1B Prd BRI S meSfu¥déht kisterR@L €7 N t he
proj ection beanlaccordlng to a desired pattern; a substrate table for
hol di ng a mudstingtle wave front aberrations in a lithographic projection apparatus, which
alleviates, at least partially, any of the above problems. According to the present invention
there is provided a lithographic projection apparatus comprising:
20 - a radiation system for providing a projection beam of radiation;
- a support structure for supporting patterning means, the patterning means serving to
pattern the projection beam according to a desired pattern;
- a substrate table for holding a substrate;
- a projection system for projecting the patterned beam onto a target portion of the
25  substrate, and
- a measurement system,
characterized in that:
- said measurement system comprises: a diffractive element and a structure for
increasing the pupil filling of the radiation in the pupil of the projection system, both
30  movable into the projection beam between the radiation system and the projection system;
and a sensor module for sensing radiation that has traversed the projection system for

measuring wave front aberrations of the projection system.



a projection systemfor projecting the patterned beamonto a target portion
of the 25 substrate, and a neasurenent system characterized in that: said
measur enent system conprises: a diffractive elenment and a structure for
increasing the pupil filling of the radiation in the pupil of the projection
system both 30 novable into the projectVon beam between the radiation

system and t he Phi9jaivaMagsys bedhuse dotbasing GRIUHIlMHA earf RimieAsicAgrdeadi at i on
that has traversed the projection systemfor neasuring wave front
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of aberration. Peahssiabhy sinidige $oiieleasing the pupid EligRSioRtprisbea Premithreffbd | 1 Ng
conprises a structure for 5 diffusing the radiation. This is advantageous
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function ofrofeefibn syshen.di ffractive el enent and the structure for diffusing
the radiation. This has the advantage 10 that there is no extra overhead in

i ncl udi ng the diegardingde ere prefaicd embodimentmasingle membesasttherfurThen pf bathsi on
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diffusing by diffracting or scattering radiation for inmproving filling of
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For “di  f ust B PRePE fobeithbe vhe Sufits i Wortgl MBS RS uded | on ey
conpri se adirRfr@¥mBbdic@hd & etating aRPk bin@its-strafdR oy diFhRE@araHftRtihgboht . This
structure advantageously acts as a random phase diffuser "and can

subst ant i aickijering fadiakien pergiiprovamg filiag of djequpil of theyoeatiorPsystear.abl y each
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radiation may comprise an array of reflective portions randomly staggered in height. This
structure advantageously acts as a random phase diffuser and can substantially fill the pupil
of the projection system. Preferably each reflective portion comprises a multi layer
20 structure, which advantageously can function as a reflector for EUV radiation.
Alternatively, the structure for diffusing the radiation may comprise sub-resolution
absorptive features, such as a random array of absorptive dots, which can advantageously
diffuse the radiation by random amplitude modulation.
According to another embodiment, the diffractive element comprises a transmissive
25  grating, and the measurement system further comprises a mirror for directing the projection
beam to illuminate the grating from behind, wherein the structure for diffusing the radiation
comprises imperfections in the mirror. Preferably the mirror is curved to provide a
focusing effect. This has the advantage of increasing the intensity of the radiation sensed
by the sensor module thereby improving the signal to noise ratio of the interferogram and
30  reducing the time required to collect the data for measuring the aberration.
According to a further embodiment the diffractive element comprises a transmissive

grating, and the measurement system further comprises a mirror for directing the projection

beam to illuminate the grating from behind, wherein the mirror is curved to provide a



absorptive features, such as a random array of absorptive dots, which can
advant ageously diffuse the radiation by random anplitude nodul ati on.
Accordi ng to another enbodi nent, the diffractive el enent conprises a
transm ssive 25 grating, and the neasurenent system further conprises a
mrror for directing the projection beagato illumnate the grating from

behi nd, wret@isingtefiectdnduohipiited BE s@hdrird Foni@icieRang 81~ipabil @Mllin ONBE kHRAion
inperfections in the mrror. Preferably the mrror is curved to provide a
f ocusi ng dffiecpupiliithe priectipe sggkmant age of increasing the intensity of the
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data for rRagsingg the aberration. According to a further enbodiment the
diffractive el ement conprises a transm ssive grating, and the measurenent
syst emSf urt her &EdiFtips sxstem ferireyidingra ppicetian brgm efgagiespmct i on beamto
illTumnate the grati Q ehind... wherein the mtyror. is. curved to. provide
LB focussi ng RRphA BT e Bg il R Sothel e T Bhedehinf Pl st B B i

filling ofpaifam thagtciédtion beam abbRdipigpb b dedirddRudingj ecti on system Anot her
aspect of the invention provides a |ithographic projection apparatus

conpri sing: 5 -asubsigete sbloter holdinga substrgeovi di ng a proj ecti on beam of

radi ation; a support .structute faor supportin atterning neans, t

patterni ng msanzglgré’é':"r%l??15y Sfe %Oﬁﬂ?JS?tﬁlgﬁﬁ%pﬁe(‘;ﬁ%élc i orﬁ%ﬁg?g%tc%’ ‘h@e‘l‘% a
desirg@ pajubsikdic, sadsubstrate table for holding a substrate; a projection
system for projecting the patterned beamonto a target portion of the 10
substrat e,- and ameepEumenTeYiien fertroeasiung defaeusaf tep ahwheuss of t he appar at us,
characterized i r}ﬁhft . $ait§ measur enent system conprises a transm ssive
grating and a niPFESFT¥E MR ecting the projection beamto illuminate the

grating from befidigheasVi@hedit Bystdril cohiBrisdsAGrahSmi¥kive @Fating ahll himigrofforan angl e
relative to the plane of the grating to provide a tilted illumnation beam
The i nventdireeting $hs nrejeeticasbaam tg ilemmatedthe aratisg Stognbdhond, vdwsain.iingisevdbe f ront
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beam.
The invention also relates to a measurement system for measuring wave front
aberrations of a projection system, said measurement system comprising:
- a radiation system for providing a projection beam of radiation; and
20 - a projection system holder for holding a projection system in the projection beam
such that the projection system is illuminated by the projection beam;
characterized in that said measurement system further comprises:
- a diffractive element and a structure for increasing the pupil filling of the radiation
in the pupil of the projection system, both movable into the projection beam
25 between the radiation system and the projection system; and a sensor module for
sensing radiation that has traversed the projection system for measuring wave front
aberrations of the projection system.
With this system it is possible during the manufacturing of lens elements to
measure more accurately the wave front aberrations of a single lens element and
30 consequently to choose this element or even to reject it if the quality is not
sufficient. It is also possible to measure more accurately the wave front aberrations

of a projection systemn wherein different lens elements are put together. The results



a radiation systemfor providing a projection beamof radiation; and 20 - a
projection system holder for holding a projection systemin the projection

beam such that the projection systemis illum nated by the projection beam
characterized in that said neasurenent system further conprises: a
diffractive elenment and a structure for -pncreasing the pupil filling of the

radiation in tdrgutiBlehsi@éméfiendd ) R84 tPA;SY S&edh 1420 tRnE¥AB n8ininiz tHehe
proj ection beam 25 between the radiation systemand the projection system

and a sensor nvdweefrffrmﬁbe@@mﬁng radi ation that has traversed the projection
system for measuring atlosof j.ection stem Wth
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and 30 consequently to choose this element or even to reject it t he
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Al t hough speC|f|c reference may be nade in this text to the use of the

appar at us heads et hhe skilledertisay el apmediate thee, imgheudoatstxt obsush alt@mative shoul d be
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domai n nmenories, liquid-crystal display panels, thin-filmmagnetic  heads,
etc. The slmrtldné'dreapmtlsfah will appreciate that, in the context of such
alternative applic y, use of .the te reticle", "wafer" or "die"
inthis text should teégﬁ %‘ﬁ the (gms baﬁ?aélﬁpaf’f‘é Hiphy 1 5O gener al
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as wel | aselp(gfoqllgéms_beans such as ion beans or electron beans.

Embodiments of the invention will now be described, by way of example
20  only, with reference to the accompanying schematic drawings in which:
Figure 1 depicts a lithographic projection apparatus according to an
embodiment of the invention;
Figure 2 depicts an embodiment of a wave front aberration measuring
system incorporated in the lithographic projection apparatus of figure 1;
25 Figure 3 is a detailed cross-section of a portion of an object grating for use
in one embodiment of the present invention;
Figure 4 is a cross-section of an object grating in a reticle module for use in
another embodiment of the present invention;
Figure 5 is a cross-section of an object grating in a reticle module for use in
30  a further embodiment of the present invention; and
Figure 6 is a cross-section of an object grating in a reticle module with a

tilted mirror for use in another embodiment of the present invention.



Enbodi nents of the invention will now be described, by way of exanple 20
only, with reference to the acconpanying schematic drawi ngs in which: Figure
1 depicts a lithographic projection apparatus according to an enbodi nent of
the invention; Figure 2 depicts an enbodi nrent of a wave front aberration
measuring systemincorporated in the |tt0hographic projection apparatus of
figure 1, 25 Figure B the Figuia) adrt@gonlinsefaanisombols iadipae toepohdiap obj ect
grating for use in one enbodinent of the present invention; Figure 4 is a
cross- sect?®W- of an object grating in a reticle nmodule for use in another
enbodi mrent of the present invention; Figure 5 is a cross-section of an
object grating in a reticle nodule for use in 30 a further enbodi nent of
the present invention; and Figure 6 is a cross-section of an object grating
inareticle nodule with a tilted mrror for use in another enbodi nent of

t he pré%ent invention. -10- In the Figures, corresponding reference synbols
i ndi cate qghgﬁﬁ”l ging parts. 5 Enbodinent 1 Figure 1 schematically depicts
a lithographrc Jection apparatus according to a particular enbodi nent of
the invention. The aPpigarel schematigailysiepictsa lﬁthdgraphxo Praj¥sionMpharatuk ccdrdihg
supplying a projection beam PB of radiation g 10 EWV radi ation), which
in this palot mg#ua;lar% dypen Oééh?ﬁfl}’@’é’@namea%ﬂpaﬁ wreogmtises LA a first obj ect

tabl e (mask tab I
(e.g. areticl e% le%nggﬁﬁlgc ééwtfép?llqu E?tﬁ%%ao@% eiq‘([;ﬂélxll iﬁ%‘rmrrggnogr (g?&m@é( ately
posi tini nEUNhﬁdlaﬁEﬁj(dehhnlﬂﬁs pmt:ultapcdsb &l RbinpAsaecadidtiobi@ete LAbl e
(substrate tabl e% a_substrate holder for 15 holding a

1

substrate W (e. gl OF’J@E‘i @Plﬂé@&@%@b@ Merevids evith 2 magk kdeider kelding aggednd
0Tt 0l 0 B, L ORI AP BLORENE. ,

i rradi at edmaslq"tvitﬂmespecfttbhemrmsk MA onto a target portion C (e.g. conprising

one or nore di es) of the substr
a second object table (substrate table) WT provided with a substrate holder for

15  holding a substrate W (e.g. a resist-coated silicon wafer), and connected to second
positioning means for accurately positioning the substrate with respect to item PL;

a projection system (“lens”) PL (e.g. mirror group) for imaging an irradiated portion
of the mask MA onto a target portion C {e.g. comprising one or more dies) of the substrate
W.

20  As here depicted, the apparatus is of a reflective type (e.g. has a reflective mask). However,
in general, it may also be of a transmissive type, for example (e.g. with a transmissive
mask). Alternatively, the apparatus may employ another kind of patterning means, such as
a programmable mirror array of a type as referred to above.

The source LA (e.g. a laser-produced or discharge plasma source) produces

25  abeam of radiation. This beam is fed into an illumination system (illuminator) IL, either
directly or after having traversed conditioning means, such as a beam expander Ex, for
example. The illuminator IL may comprise adjusting means AM for setting the outer and/or
inner radial extent (commonly referred to as g-outer and o-inner, respectively) of the
intensity distribution in the beam. In addition, it will generally comprise various other

30 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.



W 20 As here depicted, the apparatus is of a reflective type (e.g. has a
reflective mask). However, in general, it may also be of a transm ssive
type, for exanple (e.g. with a transm ssive mnask). Alternatively, the
apparatus may enpl oy another kind of patterning neans, such as a
progranmmabl e m nor array of a type as reflerred to above. The source LA (e.g.

a | aser-produced or HisEedlabgaoRladiBreg@unes Bigupd DEHIE B sodize L ADRRIHOkvithin
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intensity onln CroSs-sec eno 84 with
regard to fhegiucendridshat the source LA may be within the housing of the
I'i t hographi c proj ectl on apparatus (as_is often the case when the source LA
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excimer |aser. The current invention and C ajnms _enconpass both of these
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(and interferonetric neasuri n%dmaans | F) the substrate table can be

t

moved accumu@ltqu pesifjon the maskiMApwigh teﬁm@tmtheeatbr@tf thﬂab&g@tPBp@gtaf@ns Cin the
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e. g. aftermbbemBahAMLH]edt @ibidsaMa] WO wilhie fé&ﬁi%d'%tﬁﬂ@fﬁhcﬁomﬁﬂﬁglshbk@ry, or
during a scan. In general, nmovement of the object tables MI, WI will be

realized V\mpduherﬁ@mgmqu;m@mgd,qu 8 shericstroke module (fine positioning), which are not

explicitly depicted in Figure 1. However, in the case of a wafer stepper (as opposed to a
step-and-scan apparatus) the mask table MT may just be connected to a short stroke
20  actuator, or may be fixed.
The depicted apparatus can be used in two different modes:
1. In step mode, the mask table MT is kept essentially stationary, and an entire mask
image is projected in one go (i.e. a single “flash”) onto a target portion C. The substrate
table WT is then shifted in the x and/or y directions so that a different target portion C can
25  beirradiated by the beam PB;
2. In scan mode, essentially the same scenario applies, except that a given target
portion C is not exposed in a single “flash”. Instead, the mask table MT is movable in a
given direction (the so-called “scan direction”, e.g. the y direction) with a speed v, so that
the projection beam PB is caused to scan over a mask image; concurrently, the substrate
30  table WT is simultaneously moved in the same or opposite direction at a speed V' = Mv, 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.



nmodul e (course positioning) and a short-stroke nodul e (fine positioning),
which are not explicitly depicted in Figure 1. However, in the case of a
waf er stepper (as opposed to a step-and-scan apparatus) the nask table M
may just be connected to a short stroke 20 actuator, or may be fixed. The
depi cted apparatus can be used in two difX¥erent nodes: |. In step node, the
mask table M is kepflgeﬁﬁaﬂtomlal wa\&tf&intehamn,onaﬂmis‘&QmeﬂttsymnfES&poiamgﬁ is
prolectedln one%( ..a single tIlash ontoatar(%et portlonC The
subst rat e the liflograppiq Iéroieﬁ‘é?P %ﬂﬂaﬁtw Fieymd - Ominapertiop odithelithpgrahiso t hat a

di fferent scan
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in Fig2, effitlepfvjactipasysian Hmﬁbmdmsd hb\(ﬁ/ep IMhieeletecon 1$ &t Bema PICD cHiband the

measur enment system conprises a grating npdule 3 and a sensor mpdule 5. The 5
grating nmotgHeesgenidyepé3 perved Mgdenfirshatioaiom tr rsvisetiandam suchos Y form a
part of sqlagxatlg) qlo?a%gtg% t%%m ?ﬂ%%e&%‘m?% S ol {nélﬂge %uathew? B@%P hi. modul e 5
may be put on e su ate occasi ona art of

sai d substDapeadirgdreth¥\partiatldr mmbnaﬁ& sﬁmuwﬂmgﬂlegieadcmg 19the\mmﬁ'i&s¢e$1t a
transm ssion grating, a detector | 1 and a |um nescent |ayer 13. The inmage
grating 9 lewridspentena and ean kagraidiedgrating 7, but scaled by the

magnlf ation M10 o t b The detector
11 can %e a CCD chi pﬁgh%% O%Sﬁaglnéln%% cen%‘glrsg@eer g{crgﬁ@g? sq:ﬁ(re:]glb{?eﬁt

radi ation fmong 7 hethiy ahbadiment ibaasflectius rating Chhsists aliicatieflbetivieqegiant 83 i on to
which the detector i | is nore sensitive, such as visible light. Depending
on the partlicseatiag withiegestie ragians bhsThe gmtine em herel ) arasiog oF a 2D eratieg, or

| um nescenf

ndeed more than one differently orientated 1D grating can be provided. In this illustrated
embodiment, the reflective regions 17 have a structure for diffusing the radiation, which

20  structure comprises a multi-layer structure provided on a substrate of non-uniform height
such that within each reflective region 17 there are reflective portions 19 which are
randomly staggered in height. This diffuses the radiation by altering the relative phase of
the radiation reflected from different portions 19 of the reflective regions 17. In this way
substantially complete filling of the pupil of the projection system is achieved.

25 , The diffusing structure can be fabricated firstly by providing a specially
engineered substrate. One way of doing this at the scale required is by electron beam
writing. Another way of doing this is to expose the substrate to a cloud of normally
distributed particles which adhere to the substrate to make it uneven. The multi-layer
reflective structure is then grown on top of the specially engineered substrate. The

30 reflective portions 19 have been described as being randomly staggered in height; it is to be
understood that this could include a pseudo-random distribution and could also include a
number of portions of the same height but spatially distributed randomly or pseudo-

randomly, as well as encompassing a plurality of different random heights as illustrated in



| ayer 13 is optional and can be omtted. 15 Figure 3 shows an enl arged vi ew
of the grating nodule 3. The object grating 7 in this enbodinent is a
reflection grating consists of non-reflective regions 15 alternating with
reflective regions 17. The grating can be a | D grating or a 2D grating, or

i ndeed nore than one differently orientdfed 1D grating can be provided. In
this illudiigat etifterthp sthltrdaer hasheen depesited oo thesyborate, the ahgobeniasthamanir e f or
di ffusing the.radiatio i.C r rises a multi-|ayer
structure rsﬁ%c\;}vgg%ﬁéﬂhs i;":] i) Se,(i%g%%te@%& ﬁ%fﬁééutﬁ? g%ﬁﬁ%’hei ght such that within
each reflective reginhdhllohéi®edbalimehts osily W rpdn bodsofliffeleheédwin e

randoml y staggered in height. This diffuses the radiation by altering the
rel ati ve phepsettefthistg amhodimendwil dedescribed fardhe sike P& brenity pod 14 ©i9sd 19 of t he
refl ec iver re 1iO%ns 17. In this way substantially conplete filling of the
pupi | of e gr Oj ection systemis achieved. 25 The diffusing structure can
be fabricatgbodilmeat?y by providing a specially engineered substrate. One
way of doing this at the scale required is by electron beam witing.
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bei ng randomy staggered in height; it is to be wunderstood that this could
i ncl ud® a rpfeditigregipaio n heise absomiivie gatsastascan Aneplipdeodiftsdru ddthaughiinber  of
portions of the sa hei ght. but at,i al .di.stri but ed r.andoni r pseudo-
random vy, % ”—‘%@M prggucgﬁc%ﬁ%%‘g?ﬁ aglf)ﬁ %flr%‘i"f"“t“if‘ %?m:#“? %ré‘f‘%ggﬁsﬁﬁﬁgﬁm hei ghts as
i Il ustrat egpidkimd@d abhdiscte Polirkir st aﬁ?kdducécﬁb(}eﬁcaﬁ%n@@&ﬁ theRgstiivd on the
substrate, the absorber for the non- reflective regions 15 can be deposited
t o def i ne tepiengwathithgarraynofisub-réswlutoniabsorpipoditrent s, only the main points of
di fferenc it r §pect to this first enbodinment will be described for the
sake of br to avoid 5 repetition. Enbodinent 2 An alternative to

the stysucture for diFiu Mglubti@ed @6igating M ARECT bl AdVEisi efnbodan@itOTihde a
grating in which the reflective regl ons are of uniform hei ght, but sub-

resol uti oreratiemmpdiled islpreferably eybatlicd i d removableantice bt cpglduefeonesadom ar r ay
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grating. Grating 7 is etched in a self-supporting membrane which is located over an

opening 23 provided in the reticle. The opening has a depth of approximately 6 mm and a
20  width of approximately 2 mm. A mirror 21 or equivalent reflective surface or structure is
provided at the bottom of the opening. As shown in Figure. 4, light from the illuminator
enters via the left side of the opening 23, is reflected by the mirror 21 and back-illuminates
the grating 7 on the right side of the opening 23.
In this embodiment, the structure for diffusing the radiation can be
25  implemented by roughening the surface of the mirror 21. In practice, for EUV radiation,
even the best mirror finish will exhibit a large amount of scattering. Thus it may not be
necessary specifically to roughen the surface, but simply polishing the surface of the mirror
to a predetermined extent will produce a mirror that intrinsically acts as a diffuser. By
choosing appropriate polishing tools, the mid spatial frequency range (MSFR, typically 1
30  mmto 1 um) contribution can be increased which scatters predominantly in the forward
direction, and thus acts as a diffusing mirror for EUV radiation. The diffusing functionality
can also be achieved by applying to the mirror 21 phase or amplitude diffusing structures as

described above for the reflective portions of the gratings in embodiments 1 and 2.



desired to produce a continuumof angles of radiation fromthe grating, this
can be approximted as a discrete Fourier series as produced by scattering
fromthe reflective regions with the array of sub-resol ution absorptive
dots. Enmbodinent 3 15 Figure 4 illustrates the grating nodule 3 according to
this embodiment. The grating nodule 3 ik-preferably enmbodied in a renpvabl e
reticle, bimbodinieit4of course, be built into the mask table MI. It

conpri ses an object at i 7 which.i t.ransm ssi on n Gating 7 is
etched in a self-sup % f’ﬁ’ d}%%ﬁgﬁ%“ﬁ?ﬁ?é ??uf%idfsife%@aégthﬁga% &hing 23
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According t a he present enbodi mrent shown in Figure 5 +the curved mnor 25
can be in #AEUYSEERNYFUE-spherical mirror which can focus at

The curved mirror 25 can, of course, also optionally provide the diffusing
functionality as previously described for the mirror of embodiment 3. If there is some fine
20 structure present in the radiation spot impinging on the object grating, it can be eliminated
by a diffuser with a scatter angle small compared to diffusers of other embodiments.
Embodiment 5
In this embodiment, illustrated in figure 6, the details are the same as for
embodiments 3 and 4, except that the mirror 27 is tilted such that it is inclined at an angle
25  with respect to the plane of the grating 7. This produces tilted illumination. For example,
by tilting the mirror by 1.5 degrees, an illumination tilt of 3 degrees is achieved. This
enables a non-telecentric image to be projected using EUV radiation to enable defocus to
be assessed. It is not essential to this embodiment of the invention to increase the pupil
filling.
30 In a lithographic apparatus using a reflective mask, the illumination
radiation must be incident on the mask at an angle. However, the illumination system is
arranged so that the center of gravity of the angular distribution of the illumination

radiation is located in the middle of the pupil of the projection system. Such an



| east up to a factor of 4, which provides 16 tinmes higher intensity before
the incomng rays are blocked by the object grating 7. This increases the
intensity of the interferogramto be 10 neasured and therefore inproves the
signal to noise ratio and can reduce the required scan time. By providing
focusing, the curved mirror 25 can creatb-portions of the radiation beam
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degrees, an Illumnationtilt of 3 degrees is achieve This enables a
non-t el(ecesdiedtel.i nage to be projected using EUV radiation to enabl e defocus

to be asses%e . It6i s not essential to this enbodi nent of the invention to
i ncrease t Lo | | | ng. 30 In a lithographic apparatus using a

reflective mask, theAcb$f|c1mgn_attﬂi99mb5aq{ea£, AR o Hdte ﬁ%sﬂemgﬁlgﬁﬁheggm{]ﬁﬁtegaSk at

an angle. However, the 11l Uumnation systemis arranged so that the center
of gravit yamefpldcee imthguhdiatiali lsdani Which esitodfe indidentlonuhe dififractive eleadinat Thasei s

| ocated in the mddle of the pupil. of .the projection system_ Such an -15-
ar r angemenEOfgRfalERe Sabal siGunsHioR By OF e JOVE Qe DI FRARETBHOG ¢ hi s
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used to detect focus_since with non-telecentrici Eg/ at substrate, f Oﬁus
errors By providing focusing, the zone plate or plates can create portions of the
radiation beam propagating at larger angles with respect to the optical axis and therefore
increases the pupil filling. Thus the zone plates can act as a structure for increasing the
20  pupil filling of the radiation in the pupil of the projection system, either instead of, or in
conjunction with, a diffusing structure.
The zone plates are known from standard textbooks, such as “Optics” by
Hecht. In one form they comprise annular zones which are alternately transmissive and
non-transmissive. For the mth zone, the radius R, of the outer edge of that zone is given

25  by:
Rm2 =mryh
where % is the wavelength and 7, is the focal length of the zone plate. For a focal length of
50 mm, and a wavelength in the EUV of 13.5 nm, the separation between the zones is
30  approximately 10 :m. In this case the zone plates can be readily manufactured using

photoreduction and etching in thin (approximately 10 :m) self-supporting metal plates.



5 translate to position (overlay) errors that can easily and accurately
nmeasured. The mrror 27 can be plane or curved. One or nore interchangeabl e
grating nodules 3 may be provided with a mrror 27 tilted by a respective
predeterm ned angle. Alternatively, the mrror 27 of the grating nodule 3
may be adjustably tiltable by nmeans of éﬁ actuator, such as a piezoelectric
el ement, such that aZsesimredtedmiage wlatiopintrastucerbby the zorgplatseor plaiesis| ect ed.
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above. Chromatic aberrations of the zone plates are also not rel evant due to
the diffusing structure. 5 A changer can be provided for renovably
inserting one or nore zone plates into-the illum nation beam as desired
when perform ng aberration nmeasurenments. For all of the above-described
enbodi nents, further details on howto performthe neasurenents on the wave
front to deL&dMSne the aberration, in step node and 10 in scan node, are
given in European Patent Application No. 02250967.3, incorporated herein by
reference. Wilst specific enbodi nents of the invention have been descri bed
above, it wll be appreciated that the invention my be practiced otherw se
than as dedcribed. THAdithpgraphic prajestionappasatus RPIBAGEAE 0 |init the invention

-17- CLAIMB: 1., A {4 ' Lest b i si ng: di ati
ystom for provt BB HERTILE pRRUEEL bR UE BB Y s ucture for

supporti ng- pat t gcippos: siwanse fdr ReppratiiepaichdnRe@nss, SRrpattegiiOmegpatseRiny fohe
proj ection beam according to a desired pattern; a substrate table for
hol di ng a Bsst Hgtrsojeetiql bjapcaccomling oracdesirest paiieB):iect i ng t he patterned beam

onto a target portion qf e r and a nmeasurenment system
characterized i ra1S@%gr?tzquballgzgrn@;%iggérsr@%st%ageyst em conprises: a diffractive

el ement and a shpHGEMHoR shQEmifOChRRRIIAGH:PaEUEI bednh bhionGaet pditiof adihat i on

in the pupil of the projection system both novable into the projection beam
bet ween t heubsiragi atdi on system and the projection system wherein the
structure for i ncreeasi ng tt hgte}éupi | filling conprises a structure for

di ffusing the r ANCATTERE >sensor nodul e for sensing radiation that has
traversed t he prRirRGédRn isustem for neasuring wave front aberrations of the
projection system 2. A lithographic projection systemaccording to claim!l
wherei n sard sessidmeasmeneet sysiemd@ptpeides o neasure wave front aberrations of

the projection g}clhsf%r?acnt}ve element and a structure for increasing the pupil filling of the radiation
in the pupil of the projection system, both movable into the projection beam between the
radiation system and the projection system, wherein the structure for increasing the pupil
filling comprises a structure for diffusing the radiation; and
a sensor module for sensing radiation that has traversed the projection system for

measuring wave front aberrations of the projection system.

2. A lithographic projection system according to claim 1 wherein said sensor

module is adapted to measure wave front aberrations of the projection system.

3. A lithographic projection apparatus according to claim 1 or 2, wherein a
single member has the function of both the diffractive element and the structure for

diffusing the radiation.

4. A lithographic projection apparatus according to claim 1, 2 or 3, wherein the
diffractive element comprises a reflective grating in which the reflective portions comprise

the structure for diffusing the radiation.

5. A lithographic projection apparatus according to claim 1, 2, 3 or 4, wherein
the structure for diffusing the radiation comprises an array of reflective portions randomly

staggered in height.



3. Alithographic projection apparatus according to claiml or 2, wherein a
singl e nmenber has the function of both the diffractive el enent and the
structure for diffusing the radiation..i4. A |ithographic projection
apparatus according to claiml, 2 or 3, wherein the diffractive el enent
conprises a reflective grating in which the reflective portions conprise
the structure for di4fithsigrphicerojeadomanporatussaccgrditg thetpimphivdiepopasbt i on
appar at us aﬁc?rdi ng.to claiml ﬁﬂ 3 or i wherein the structure for

di f f usi ng FAEWERPEINSRT PSS T Talilayer SFycdWenr refl ective portions randomy
staggered in height. -18- 6. A lithographic projection apparatus according
to claim5, wherein each reflective portion conprises a nultilayer ,
structure.7.7. A |it hbditkogranbiqprojceton enpargipreacaerdingdecoy of plgimpl &nd, Wierdinai ns

cubsr obol rt Sl st e Hiskab ot sm e B Palyibh S BB S D ar at us

according to any of clains 1 to 7, wherein the diffractive el enent
conprises a transm ssive grating, and the measurenent system further
conpri ses & minor f ok lidhageaphiagrojehtompapyacdes asnoldimgotapy iof Flamnbhte7t he
grating from beh]iiin%# wherejn the StITUCtLtJI’e for. diff.usi ng }lhe radi at i on
conpri ses WhGigBheUHagtye FismepLoomprisss a tgnsupsyivy gratipg, Apd themepsiremey

appar at us %%&rﬁlhﬁ& éoﬁllf@ds_@é MrBroroMBLARLRing McoroffeBOK bdat fIMMBEndtOHRr ovi de a
focussing éffect. 10. I'i t hographi ¢ projection apparatus according to any

of cl ai ns grating ffom behiad ewhereimghel stidatare forvifiedingrthetradiongn caepriwst r ansm ssi ve
grating, and the, neasurenent systemfurther conprises a mrror for

di recti ng ‘FIPETIRIRNE &% ﬁ‘@ﬁmﬁ@&m to illuminate the grating from behind,
wherein the mnor is curved to provide a focussing effect and conprises the
structure for increasing the pupil filling of the radiation in the pupil of
the projextion systaiithdetaphic projdetign agaratugacopeirtg torclampi védtensin agidor di ng to
any of claips 8, 9 or 10, . wherein, ip use, the mirror is tilted at an angle
rel ative tBTTHE PIrksblogioYidea paustingetieftnrovide a tilted illuni nation beam
12. A lithographic projection apparatus according to any of the preceding

10. A lithographic projection apparatus according to any of claims 1 to 7,
wherein the diffractive element comprises a transmissive grating, and the measurement
system further comprises a mirror for directing the projection beam to illuminate the
grating from behind, wherein the mirror is curved to provide a focussing effect and
comprises the structure for increasing the pupil filling of the radiation in the pupil of the

projection system.

11 A lithographic projection apparatus according to any of claims 8, 9 or 10,
wherein, in use, the mirror is tilted at an angle relative to the plane of the grating to provide

a tilted illumination beam.

12. A lithographic projection apparatus according to any of the preceding
claims, further comprising at least one Fresnel amplitude zone plate movable into the

projection beam for focussing the beam that reaches the diffractive element.

13. A lithographic projection apparatus according to any of the preceding claims,
wherein the structure for increasing the pupil filling is adapted such that the radiation of the

measurement sysiem at least substantially fills the pupil of the projection system.



clainms, further conprising at | east one Fresnel anplitude zone plate novabl e
into the projection beamfor focussing the beamthat reaches the
diffractive elenment. 13. A lithographic-pr.ojection apparatus according to
any of the preceding clains, wherein the structure for increasing the pupi
filling is adapted such that the radiation of the neasurenment system at

| east subst4ntial |y filithegraphic prpedtiopfapparatuppeoeding tnanyyafitegpreceding 14, A

| i t hographigc. projectign apparatus accordin Q f the ecedin cl ai ns,
wher et neaelh SR i SPRERRIHR BRERHE { o Scffacdle B BE SHEM P s ucn as
grating, apdtiag sadiaahdigfiosemnser sucheh @spa CCD. 15. A lithographic

proj ection apparatus according to any of the preceding clains, wherein said
proj ecti on beam of radiation conprises EUV radiation. 16. A neasurenent
system for asuring e front aberrations of a.,projecti sysiem said
measur emant Ssyat em corroeril® Pt Bbb e fescRie B F e RERIRE o et s on
beam of r agiahd, Whercii hid pRYj&itida e oF YAl LIBnRSRekesd Vhalidii® a proj ection
systemin the projection beam such that the projection systemis

illum nated by the projection beam characterized in that said neasurenent

systen1furﬁ$er conpri,ses: a db;frﬁgthye el ement aq%ﬂ& tr%ctur? fonm%
i ncreasi ng!®he pupi | AFTFITHGEE YD PRI WRYE aﬁ?}ﬁ? jong Pt ¢ peesection
proj ecti ongayst &fld B&dshrefRYeR sl Alpridigy: Proj ection beam bet ween the
radi ati on system and the projection system and a sensor nodule for sensing
radi ation that hasligticawsgstsadot provpling epiojation pearenf fadiationpagliri ng wave front
aberrations of gglgojgcrt'%ln%%térg%of%§ t1“(§arr1:1lolding a projection system in the projection beam
such that the projection system is illuminated by the projection beam;
characterized in that said measurement system further comprises:
- a diffractive element and a structure for increasing the pupil filling of the radiation
in the pupil of the projection system, both movable into the projection beam between the
radiation system and the projection system; and
a sensor module for sensing radiation that has traversed the projection system for

measuring wave front aberrations of the projection system.



