-1 Lithographic Apparatus and a Measurenent System The present invention
relates to the neasurenent of wave front aberrations in a |lithographic
proj ection apparatus, nore particularly for a |ithographic projection
apparatus conprising: a radiation systemfor providing a projection beam of
radiation; 5 - a support structure for slupporti ng patterning neans, the
pat t erni ng means ser viidogmphiaApparatuhanda Mesuronetidysteaccor ding to a
desired pattern; - a substrate table for holding a substrate; - a
projection systemfor projecting the patterned beamonto a target portion
of the substrate. 10 The term "patterning 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 ati on Hbapresentinvdmtian peloteetotbe mernsemeacif wane froat abesptosi ng to
a pattern.thﬁéhis iugc be. created in a target ortion of the substrate; the
term "1 i ght @ VHIOGEAPLIE IO FUQN JRParalisgMOFF RARTQUSHoE 2 {ithagzapdicpolection he saj d
pattern Wahhba SQ8 E&H .to a particular functional layer in a device being
created in " the target portion, such as an integrated circuit or other

devi ce (see behoadiatidxystehefor pfoviding b pragddtion bearg of ERifgionncl ude: 20 - A
mask. The concept of a mask_is well known in lithography, and it includes
mask {ypes su@fURRCThHtRKRYe fof|suppastng pajtepHag means, the pagiaming meanssenidng to

phase-shift, a aﬁé%(lt)l}]ealggjé%@&ﬂ QUS, %ggi&@\s’%ﬁr&pﬁﬁemﬂ acenment of such a

mask in the radi m causes ansni'ssion (in the case of a
transm ssive maskstiare tablklfeckdl@ing aisGbdtfag; case of a reflective mask) of the
radi ation inpinging on the nmask, according to the 25 pattern on the mask.
In the case of a@reiedion systemdoppreiectisg thepatiermedhbedm gatnertatget piytion of thesk

tabl e, which ensures that the mask can be held at a desired position in the
I ncom ng radi ats?gha%eam and that it can be noved relative to the beamif
so degired. - A programmable mrror array. One exanple of such a device is
a matrix 30 addressabl e surface having a viscoelastic control |ayer and a
reflective surface. The P-0364.0'10

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
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-2- basic principle behind such an apparatus is that (for exanple)
addressed areas of the reflective surface reflect incident light as
diffracted light, whereas unaddressed areas reflect incident |ight as
undiffracted light. Using an appropriate filter, the said wundiffracted
light can be filtered out of the reflect2ed beam |eaving only the 5

di ffracted I|ighbksibehheigle behindbush sasRFatud i9 €0 ERAE EPRIdRAEIERIrBRDS the
according to the addressing pattern of the matrix-addressable surface. An

al ternative efefsstive purfase reflest ingidgnintight es diffracted light awhereqs| wpddrassedt ri x
t of _ti ) s h of...whj gh. bhe individual Ly tilted
ST RIN R e R S R

enpl oyi ng pi ezQalgRhdteLligtichabé ANeltBA0Eof hOrdPReRd B@h Neati fors are
mat ri x- addr essabl e, sucﬁgghat add?essed0 m r?ors W I?h’ Faeflﬁggft@yatlﬁl@i ncom ng

radi at on beamdififragtedilightsrehintd; o thesoharorr,tthe braadokcesee gatdrnedacsordingtot hi s
manner, the refl ecied beamis tterned gccording to the addressing pattern
of the matri x-m%s%gé’aﬁ?rppgﬂ?.mﬁé'aﬂgﬁﬁap URAES- | AN IS ng can be
performed usin [Tl 0N he sc'! '

descri bed 15 hglrl%g ove',tggﬁél%%{gﬁggétﬁf %ﬁﬁlse%dg %8%26%0&%?#1& onééhg%'{t%gr?"éy
progr anmabl e nintitrors, eashrod wehich\Manebeiindioidomlly Bitedodboii 4rf s By appigingsa her e

referred to can be gl eaned, for _exanple, fromUnited States Patents US
5,296, 891 and emitablElegaliagd elegtie frtd; or by emplovagpirzasiacaitsacivgtion 38897 and WO

S o OE BB AL RALALSH RELRL Moot & S HF RS SRR EA R 2

programabl e mrror~array, € sai d suppor di ed as

a frame or tabhkéflect 8 ine¥miTY radiabih BENTRYa dfefenk gick@ion AP MRMAdEss@Bmirfss T ed.
A progranmabl e LCD array. An exanple of such a construction is given in

United Stat esiPiemanngs the et beamiig pditernediagendipg ta thediddemssing patyern

reference. As abgve, . .the.su rt.structure in this se .na e enbodi ed as
a frame or tabPg?lef%?mé?gpfﬁf%,gp%m?'merfﬁglmfﬁgl '?1?9?&?% Sﬂ%éﬂblée as _
required. For peffe@e@Susiiy stitBBIk eletirynic hit@nd. SBtboflf oftthé Sinfafivhs AR¥rib&f certain
| ocations, specifically direct itself to exanples involving a mask and

mask 12abl e; hohWeteabovet the pguersing means nai ginggyiseding ouswediprograsundblé netrances
shoul d be seen in t br.ﬁ%der .context of the 18‘2‘? tEegr nelélgtg nmeans, as, hereabove
set forth. 30 EfffHograist THARONLQ MIForAiaxs 43 hfLe relraso san be glegreds foqny) e,
in the example, from United States Patents US 5,296,891 and US 5,523,193, and PCT

patent applications WO 98/38597 and WO 98/33096, which are incorporated herein

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

P-0364.010



manuf acture of integrated circuits (1Cs). In such a case, the patterning
nmeans nmay generate a circuit pattern corresponding to an individual |ayer
of the IC, and this pattern can be inaged onto a target portion (e.qg.
conprising one or nore dies) on a substrate (silicon P-0364.010 -3- wafer)
t hat has bea?n coahgEl with a |ayer of radiation-sensitive material (resist).

In gener alvatep) that engped withja laver phradiatioprsensetivianolerial (sdsistld fmgenstaltar get

portions ' ' | d via the projection syste one
a1 e iHle BAfer SHPERTSL B hERBER B et ot oA TSR e
table, a dir&diated viaahe pdfediion BPstan ARicwe 8 linfovh dirfehesppatat®s, bypRYiY Machi ne.
In one type of |ithographic projection apparatus, each target "portion is

i rradi at edatigmingdys maskdnea mask jablepadistinettonenn bo made bhisveen tye tliffeverti on i n
one goz such a arat us. is nly.referred to as a wafer stepper. In
an alt&r nbis ! ERERaRonS wpg s Hipaphicarolet orppyeraiis, theh Taragt reion 15
appar at us jrradi@ed by @i(ij[gfsh}[gﬁgé bt mask phtt batoltle RYget BBH%‘?? oh EJ)%SII?[}S%I ning

the mask pattern un proj ection beamin a §iven referenc
di r ect i onappdratus sscmmmergy refenrettoi asm)wakkr steppsy e i altvnstive appaanisng t he
substrate tabl e Ig rallel or anti-parallel to ttﬁwl_ils directiqgn; since, in

general , CHBMONL] egto %%F@Hﬁaﬁﬁi{s anAPPArats -reeghl ForEsh PPBipns HTagkated by

(general | : | . ' will
be a1 act BRI ek SR the Yotk it anlihne biagiclBh Bedrh £glyn JEBRACE

i nf or i@t i direstidni(ther'sganihg!’ direétidnd ovhilp Bichetaousle Scamitpahe seiaaateitiigd can be
gl eaned, for elxarrpl,e, fromUS 15 6,046, 792, incorporated herein _b]%/

r ef er ence PaRHelprAaHuREllel 1 this diresiien singe,in general; the pgelagiansypier widk hayg a
appar at us . : ' S | Sl 0 ate that is
at | east Bna?%{ul a%éﬁgag?g%%eggﬁg%@é%é S%%dr\g%?\g@fzgnm-essélﬁgf#?%éfenlﬁf%afnflg
(resist). wilibek facor M timeés gt 40 vhidhetRe niable tablebs bEaahed. Widre UNeh&8on WakI OUS
procedures, such as primng, resist coating and a soft bake. After

exposur e, regged toditbographia deviegsias beregigpgribed san boglsened; fqyesampler fem Uhich as a

ost - o] K. devel o nt, a hard bake and
ﬁaaw?ﬁaﬁﬁ“ﬁﬂ??@@?é‘@%‘%@@‘FF.%“;%H Srgn?eeatures. This array of procedures is
used as a basis to p@hknfhifafrind$rotesiiaing ANBbg@bhie pe§¥iti appadtusdd | C.
Such a patterned |ayer may then undergo various processes such as etching,
i on- i npl apetamn éng. indapaskyls imagedontp 2 substrate thyliisat leash padialyroovarehbya tayer
olishing, .etg.. all ...ntende o.fini.sh . off .an jndividual |ayer. |If
Deveral 1 EatatigpSepsitifi Palnal iirth RESTisnis SreBE Pt sibirainafiheridereo

ther eof, %ﬂi&us{lﬁ%%dhfbspﬁlcﬁﬁpﬁﬁﬁlﬂfk, teaist Efing ARWVa Gl Bhke. BYRPEXMMshide, RN array

of devices w |
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.
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present on the substrate (wafer). These devices are then separated from one
another by a technique such as dicing or sawi ng, whence the individual

devi ces can be nounted on a carrier, connected to pins, etc. Further

i nformati on regardi ng such processes can be 30 obtained, for exanple, from

t he book "M crochip Fabrication: A Pr act4i‘c_al .Quide to Sem conductor
Processing”, Third £@F thesake plsimplicity, theproigetion systenemeyhercinafien besiefemed Co. |

1997, | SB - 07 w2 50)- [ rpor.at herein.by reference. P-0364.010 -4-
For 1 he odn s B RAL RO Erer) ARAERDLANES b BB e b e I Smph e s i
referred tgeasf plofectibl Bfstém HAWRNBE refidttiSe btidy RRestw dwcéaraﬁ_a%t)édi'op&% preted
as enconpassi ng varil ous types_ of Pproj ecti on syst em | ncl udi ng re racti ve

optics, r&¥dtemms.iforexgpple dhe sadiatinatsastiempnay aso mgkide vempéuentsopmngiing.  The

radi at Lon_syst.em na o _include c nents operating 5 .according.to any
of thege 3%%qr%'ﬂgtt‘§lﬁésg€ft§?sed£?lgg?’l’pﬁ%?or iy S l’lgo‘?{tchF?lillﬁﬁ thoprosEtieRct i on
beam of 1 g€ bf PiatdATarkiKiich CONPORAR BayBYo B fferlf tb SERMW, € léc@ivglﬁf!o?w’

collectively or singularly, as a "lens". Further, the |ithographic
appar at us shgylailg, asfa “densy pdurthey itheylithagraphic apparatus ulag be af e typeiHaemg((tandtor two
or nore mask tables).

| h "rmul tipl t " devi i dditi. |
t abl es mayPes Eﬂteit?'Plfﬁgq.aa Péwong?mb‘r%éﬁ%ﬁiéag%} Ié‘gé%f}ggs ip e_tiﬁ”:dfa‘légggut on
one 10 or ymiRitcHal GBleWRidyHeUWE B paffet &gﬁm&&p Et‘é'és fhS ngsu?igd Wieeh §

exposures. Dual stage |ithographi'c appar S are scr or exanpl e,
in US1B, 960mbddtabled while @8¢ 40@dis othemablepare deing used fir expysuresf Busintge There

Is a desi iiehtoacp'hnt egrate an eveg-{i"?creasi ng. nunber of electronic
conponent $ithographiq apparpgis,aze, despabed, for example, iddd S P40 g O I8 TPhe si ze
of the coMNARSRASd hdrai ctdh&icgf ore to increase the resolution of the
proj ection s&g{aem so that 1ncreasingly snmaller details, or |ine wdths,

can be projected on Theteds geesifeaotintegratefantdver-tiglatinghembeosf dldt@ronfer oj ecti on
systemthis neans that the projection systemand the |ens elenents used in
the proj sempeRenssigmadiCmlorealizethiy it is peceysary tosdeeraagpoihe sizg af theycomponents

S9UTTPGE BRI Srck e BRI AAISBRoN] L 15 RS AG}aE 19 Of

| ens el enents an projectiron system sti ffer from

wave frontmalérdeadils oadinesvidthspcan Be@irojextadph @ targétgiottasedtané subdehtec Fsr the
astigmati sm, coma and spherical aberration across an inmage field projected

with t he Pphiggtisasydemdlismaansthat e prajegtipatsygemtang thedens ¢lemenfb ysedaindhe Such

32 gL: ‘?f hgﬂgc)é;&glgag's?ﬁglhfn%n%% 8‘)‘?1?@{‘%%8}"%’ isl\gll%[gtian"%tqiwca.)l% rgc}cuixtepn%nis. %gité {.hg%re\:lgt dths

care taken during the manufacturing of lens elements 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
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i mportant that the inmaged line widths at different points within the i mage
field are constant. 25 If the line width variation is large, the substrate
on which the inage field is projected may be rejected during a quality

i nspection of the substrate. Using techn ques such as phase- shifting

masks, or off-axis illumnation, the inflTuence of wave front aberrations on
the | magdRFapwrRmenfsmaybepsed f adius the nesitionob certain long clemenisdn the pragection a

I ens el en@gﬁ%ﬂrltin .bﬁieiaﬂ)v 'x%gz%%etﬁﬂ)n%%ﬁg t(t).&ethta ?%Qalvﬁtgg%tiﬂr{lgs%tﬁ%per rations

of the len enent an 0 Use the neasured results ! _
aberrations in this fieninproRttiay §RtehPhdsdies builtlh® LiRoBAhit brdibgicaual ity
is not sufficient. Wen the |ens elenents are put together to formthe
pr oj ect i oAPRAFaE e WankiForigbematinns maydesseasyret againa Mureovehsinwweavierfomt

aberratio . projection system .These P-0£364.010 . 5- asurenents nmay
e used ¢ asfitishy SeeahBE it Rihe Y bEdheubR S iehe RE Rutae <iuf o CHETBRBPREL | on
system i n tigf lded mhRridl cfﬂiaﬂs;t&aﬂﬁgf@ffécwqécam@dtihgbr ﬂmexﬁfmat%al?,ﬁﬁ Ahy BL O] ection
system After the projection systemhas been built into a I'ithographic

proj ect i omecesgasy feamaasura the abgrvasions aivertalndnstants ansmedyribgoparatsar efdhagai n.
Mor eover, since waye front 5 aberratjons are variagble in time in a

proj ect i 0ﬁPg§§W§ﬁ? tfod’rdjlfsﬁgffrgﬁlfb@,‘wﬁal? £ IIFBS %8’5‘85“? 8?‘%93"%8&1?'6? IMIRERIZE WAYe franter i al
or |ens hggdtadns! TRE or(tiAE &dald) 8AtiHIh Eﬁs-ﬁ%h%ﬁéctma?ro'c@lﬁ ma#(r:r?e ¥ be
necessary to nmeasure the aberrations at certaih 1nstants In ti uring
oper ai® on mehsuring thappse fbotsabarrdtidns fedpersty. cert ai n noveabl e | ens el enents
accordingly to m ni g,\ ze \A@Vﬁﬁf rong aberrations. The short tine scale, on
whi ch | ens- heati ng &ffaets 17 hgs begn prapgred a dpfaswement yaiety fop meafiBingay e
front abe ' LEANSY ' 3 r Qna

measur erretr;?{a@é 5@? t;?ﬁﬂf‘%ﬁ neeaf{samrf,ﬁgﬁaﬂmﬁvewl}% gggﬁ‘?ig?ﬁ%ﬁgaoag%a"g%%éﬁgct i on
syst em usimerférhmert’. n&éqirdink nothis @epasal dilffesent pertionddfthé prapectioabeamAeser di ng
to this proposal [ ff_erel‘rr}g i)ort [ og; of the projection beamfrom a

par ti cul aP PRBICHA giraten atfae lexglof the paticanipg means trave] plongdifferepmthsa ong

di fferent : t g ' ' oA Nl ' by a
i v ot JEOIENE R il ek 0ed Sl R SRR RRRU LR, Y o
syst em angrdj@tiophetdetvasenisiadimiod Bsteahh hid tetprojectionl ssbemt  THRWHTraefiva
grating, also known as the object grating, diffracts the radiation and
spreads i £legient, sudrasagreting, abaérgegmtaﬁﬁmgwct Batipgoliffeacisshe mdiatiomaationg a
plural i tys e:lrlcirjrs_'pili B{irs%&% thaf &)Q?sgﬁg'llrr%thfl%-%] §1E(:)ﬁt}?‘}§n E:yrs?evn(la h 0%8 atprlll?raflgtryoclf%?ftférg&

systemth nges on a fur
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
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20 el ement, such as a pinhole or a grating, known as the inmage grating.
This further diffractive elenent acts as the "shearing nechani sn' which
conbi nes radiation from nultiple paths through the lens to get
interference, for exarrple interference of different diffracted orders from

different paths thro Fa npl e the zero order from one path
my be ma&@r?ﬁqoﬁf‘é\’ a?&rFF ?ffsfé‘pfl frlglfc’s %FH@@F‘?‘ETF’?%WGFH@‘PHWWt behi s

resul ts i naaged gﬂeﬁfractlon pattern, which can be detected by a sensor to
reveal in OI‘IT&'[IOI’I on the wave front aberration at a particular |ocation
in the imge field. A—ﬁnﬁeepr,oblehefsas ifilogwsp Podlieusly, icteals ials baed yroposedxone

types of radiati 0'2) spreading the radiation such that it fills the
entire pufieeswyr dg é“i)‘l’ibi’ré’lﬂcpﬁ&lql@% of tyq aligagephmarks, onie ofgvhielhis tpleegnaids i on

| ens c rr , ri

pr of ecti oy daatre WS ERelbieltlc. Theisddf beb¥h Rt ocs
not adequahewy fdritht cori'éwdtstmbé bérivethie periilesiid BstrROSHoWERR, bdtguRkper at i on
of the lens is not necessarily accurately measur ed, because it is only

sanpl ed f@ﬁwpawqrtme&mtpaﬂﬁﬁle@ﬂ FUEAE latat the Wlﬁﬂg)hgﬁh&(hé nos atthe bestfo@B64. 010

-6- there t fdi ee her .order
aberratio é&ggﬁn%?n %g distd g%tw%%ggh arP?I sﬁ'ul?h? fhrfée ¢ f Fémg %tol OWs.
Previ ousl yateral shift of SleSRnlelefendiORALEY dtrectlyrmaﬁ(%snéj% %lh‘i’n&l}ﬁt Bf QifseQlsi ng
i mmges of two alignnment marks, one of which is telecentric 5 and the other

of whi@h Fer rdintionseceanPUY, themeethodofgeneratiog Vb@enark h@t pmiyess the nphre nar ks

i s known ce between.t e ret sub trate.

ovevor 13%cebltf Rk R adoR WAES, PRIMSSTmIEr dtichfeordf hedPile PR, ¢ e
Wr ong hei Bidhwelbr tﬁereﬂ@h pAibldrh thab B4 cdnBbtte dde Fortd ﬁmctﬁﬁmbﬁ‘asﬂ' stance

between the marks will be different. In fact the amount of |ateral shift
of the non-telecentric mark is directly proportional to the anpunt of

def ocus. 10 For radiation such as DUV, the nethod of generating the mark
t hat produces the non- telecentric beamis to attach wedges, prisns or
siml@s structures onto the reticle mask. However there is a problemthat
this cannot be done for a reflective EUV nask. 15 It is an object of the
present i nvent ilids an objecionfithieprmsant asentoretotpreyide emehmnemnmagstemrfgrt he wave

o e LS Befe b RE R R SRER i b g (o ¢ e
present i i&RAkHRt 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.
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there is provided a |ithographic projection apparatus conprising: 20 - a
radi ati on system for providing a projection beam of radiation; a support
sfructure for supporting patterning neans, the patterning neans serving to
pattern the projection beam accordi ng t& a desired pattern; a substrate

[={o

table for holding a substrate; - a proj&Ction s.?/st_emfor projecting the
patt er ned beam1ditis advaniaesavs brepysedncredsingibe poml Sllingtcan permibhigher qrder

Resedneeinbe pusl
comr 1 sestberHtnF P e P9 ARI KRR sl AR ST BRSO S IR RNERlG The pupi

filling omdah@emast gtabemation. t he pupil of the projection system both 30
nmovabl e into the projection beam between the radiation systemand the
proj ection systPé?éfab nthegtryetyeoior istasiag the pupdldliing complises iastructue fonas

traverged ;the. projection stem,for measurin ve frant.aberrations of
the pr 3y eGURGHEPE FEhiR. LS Bty lone TSN G Ut Pt BB v e

| ncr easi Ngadiftfonrd@ides el dohB@n&R6Y tReflidioRlafll fhpRY&iethe BRI GHth@PSoiPhe thbe
projection systemto be nmeasured, and can inprove the overall ~measurenent

of aber r aprajectiopsgétemabl y, the structure for increasing the pupil filling

conprises a structute for 5 diffusing the radjation. This js advantageous
because the st ﬁf@?’@l‘l@ tP(ﬂne(EFefﬁFrﬁg{%b‘f enty 3 singleimembes hag the 1opoh&pthce of

the radi atieonfpRave mﬁﬁﬂ%dtthss&&&&rkg%cgffuéingthw&ihﬁa{. TS hahe Rk A
system According to one preferred enbodi nment, a single rrerr%er as tlhe
funct l®n dfat berdis notextrdioférhaad invieclediagthet diffinsng bteucsire e thermedsarengnf f usi ng

the radiation. This has t advantage 10 that there is no extra overhead
in i ncl udPREPhENCRIPY SO g BpJBFIOTS Fa b heking éﬁﬂff/%%% gingleppgface

provi si 0N offnel bR S Eip R e WaR i EPBObIGHICk Wil OR AL ©

surface the nmenber. For éxanple, ace may be provi

radi at i onsedtireenitodeed astarguatingrand endarcfaceesinmaura fgrdaffusigg bindi facting or
surface-structure for ?f,fusi ng 1?){_diffract ing or scattering radiation for
i mpr ovi ng S§atiering rdigtionfar wpspying fillingof thepupik ¢fghe RRpdgCHAR SYKENThe di ffracti ve

el emeqs My COMRE ififrafride ity BhFsOd rdiitcil Guh D S ich A detiEetive
portions comprise a structure for diffusing the radiation. The structure for diffusing the
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
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portions conprise a structure for diffusing the radiation. The structure
for diffusing the radiation nay conprise an array of reflective portions
randomy staggered in height. This structure advantageously acts as a
random phase diffuser and can substantiély fill the pupil of the

ste Preferabl.y each refl €Ctive portion conprises a nulti

rojection s . nm
F’ayjer 20 2‘?‘?%?5’9%?3 ect 3 EpmBRREs eyt es {or dngseasingdhe pepiblling of thesadigton or
EUV radi ati an. | ' structure for diffusing the radiation
A 8 g&gﬁ“ orfﬂ{crlﬁgje&‘?&y sggfe%e

may conprise -resolution sorptive features, such as a random array of
absor ptive dot s\notiter aspeceor theliaahtkgeirusidys a HilbbapRictpiejcetis giph@fusby random
anpl i tude noduyl.ation. According to another enbodinent, the diffractive

el ement cO6MPPPEBE a transmissive 25 grating, and the neasurenent system

furtheg conpri gﬁn&ggﬁﬂﬁ%{&%@?gﬂh{iﬁég'gf}gectﬁlag R %)??%f;iz%f%&- beamto illum nate

the grating fr _ ucture 8ing the radiation

conpr i ses-i npeafsappdrontucture fd’r%uﬁ%drﬁ@g ati¥ngihe hrbhy/ thefRittehinOmeins seHiNER t o
provide a focusing effect. This has the advantage of increasing the
i nt ensi t y paftern e praiection beansageseding t9e dasedpaitsor; nodul e t her eby i nprovi ng

the signal to ' ' f. the interferogramand 30 reducing the tinme
required to cpﬁggiﬁra&ﬁébgﬁﬁh@%?gﬁgggweng the aberration. According to a
further eobodi ggRéjeéthm s‘ibt%ﬁﬁ@%ﬂoj’é%tiﬁé eHERAtter e BEAnS Bitoth Mg@ﬂﬁd&i§§ lo¥ the

grating, and the neasurenent systemfurther conprises a mrror for
di r ecl? ngsubstrags apbcti on beamto illunminate the grating from behind,

wherein the mrror is CU{js\r/etd t@ H?ovidedﬁ P- 03{54. 010 -t8- focussing effect
and conprises PHEASPFREPPECPor e g dsfocenet e APRaratis| i ng of t he
radi ati on in thaaqbRrdd iRkhdthe projection system Another aspect of the

invention provides a |ithographic projection apparatus conprising: 5 a
radi at i on-syst eadimRasyemenidiypigmecopimgiseca transntissive gritingatidat momr far suppor t

e O R REEL A Bl B 0 R L AL LD DR D gy no Lo
tabl 14 of nfiRbelisihed abuPaigQiefitive 1 I Ael Pt BRI o REviRE RHREA ilanihifon
patterned beamonto a target portion of the 0 substrate, and a
measur enehtamgyst em f or neasuri ng defocus of the apparat us,
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 system wherein different lens elements are put together. The results
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characterized in that: said neasurenent system conprises a transm ssive
grating and a mrror for directing the projection beamto illumnate the
grating from behind, wherein, in use, the 15 mirror is tilted at an angle
relative to the plane of the grating tgegorovide atilted illumnation

beam The invention also relates to ; asur enent. system for neasuring wave

front aberrat iPbSichdpeasusmsnbmpy b v SRUSSeraIngnscleraaRin fo Byrimass the

conprising: a ragk#dnPhettibibidn for providing a projection beam of

radi ation; and 20 a projection system holder for holding a projection
systemin the proje&lihoongheperificsufsterich ataytbleengdean €iis te@ntosthis Lswf the

i1l um nat ed bg t he pr.oj ecﬁli on beam characterized in that said neasurenent

syst em f uPPPRE mﬁB‘fFﬁF‘iiE%E‘). g IRKERHPHEYL (G E1a8H ofdfd. 14 skauld b exmiicitht
i ncreagi ngnhhe By Riat 5 éfl‘ull a!&'o a@g%r?{ustl'lggm%ﬁﬂgﬁ%fr Q&SIb!elna&)hﬂgaétg)%Q'zﬂéor%gﬁ\gﬁ it

proj ection system bot e into ] ec €h 't he

radi at i on nsyHeampoyedtih ehennandaitine of Sytediratedl optichl syskans @hidaBeldnd defiction
sensing radi ati gn that has traversed the projection systemfor measuring
wave fronPattgBefor smagastic damainmemasiesdiquitresryist display\panels, thin-flponagnetic | s

possi bl e ing.t f rJ.: el nts t.o asure nore

accur at el gg{dﬁe&\%;at% @%ﬁtﬁg%ag#ﬂggp g%:g{aoepﬁ %t g‘ietﬁgF%‘iF’étr% S'g(‘f%bﬁ’gemané/ﬁd 30
consequenappidationd) anpasel dfithe RhmsEBticleT, "RURE' 6r0'dle8)i@ s ickt iHoulde qual ity is
not sufficient. It is also possible to neasure nore accurately the wave

f r ont 1@berprtidesersas beingreplagpdby the marg genaraluprarse imaski], f'subseate” h'$angetenent s
are put tgg&ito R g -«L,Qt?vé'l sults P-0364.01 0 -9- of such neasurenent nmay be
used to adjus CEM Sl 1'ens el ements to mininize the wave front

aberrations. Althoughtfiredehi docufikst, RaermEYadigiddad “Bednl Setugd ot 0 the
use of the apparatus according to the invention in the manufacture of ICGCs,

it shoul derempass ald hipey obelegirnmagnetiniradistion.dodhdiag ultrayialettradiatiers (e withot her

b~ nt egr SLcleiBhioR R 78! L% 15Faf log b RS B Hupaielbrfees. €
magnet$c doviBk A wiRBRhiBSn tHel reibdeds-80 W) als wHIBR! @AV dEB@Ings, sidhi 431 béini@gnet i ¢

heads, etc. The skilled artisan will appreciate that, in the context of
such al t erlegirpybeams.

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.
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applications, any use of the terns "reticle", "wafer" or "die" in this text
shoul d be 10 considered as being replaced by the nore general terns "mask",
"substrate" and "target portion", respectively. In the present docunent,
the terns "radiation" and "beam' are us &-to enconpass all types of

el ectromagneti c radiat,i including.ultraviolet radigtion (e.g. wth a
mhvelengtg of 365, éﬁg?ﬂﬁg§?&f@?e%Pgﬁ§%rﬂﬁVngh ?@%?W eSHPAmEy i ol et
radi ati onpags.g. 15 having a wavelength in the range 5-20 nm, as well as
particle beans, such as ion beans or electron beans. Enbodi nents of the

i nvention wll now be described, by way of exanple 20 only, with reference
to the acconpanying schematic drawings in which: Figure 1 depicts a

| i t hographi c projection apparatus according to an enbodi nent of the

i nvent§on; Figure 2 depicts an enbodi nent of a wave front aberration
measuring systemincorporated in the |ithographic projection apparatus of
figure 1; Eptbodimgentd 3 is a detailed cross-section of a portion of an object

grating for use in_one E odi ne é)f .the reseplft i nvention; Figure 4 is a

cross-section of anf&Be ts"ib?"%ﬁnf’% gpicts 2 Hithographicgupieetiqnoapparealsi agcording: her

enbodi nen : | | QR | -section of an

obj ect gr?ﬁ ?E%&ﬁbﬁlag&?gt | Ceig%%{ngﬁ?%@. ggéeg? %A@%&ﬁr&r%%her enbodi nent of

t he present i naeadiation syarech Ex,JUs for Suppdyiag a pasgectivadeaPRbf @diatibi &g, gr ati ng
in a reti nodul e with a tilted mrror for use in another enbodi nent of

the pl®s eﬁ'ﬁf Fﬂf‘éﬁ%{omwhlg! by ramttsular gase also gomprises 4 kgiation spwsp bidi ng

reference.sy ”bglfﬁsti dﬂ,gécg Eﬂ%lﬁat %% & G ﬁ}%v@@e{cﬁ@ﬂh g BE@PB?IidQPf&} h&ld@%ﬁf@% a

schemati cal |y depi ct I’c "projection parat’us accor
parti cul aM&ifagd reeinke),ahd chendctedad firg posifititing Riearnafor accu@dtelly ipdsisioniag the
radi ati on system Ex, IL, for supplying a projection beam PB of radiation
(e.qg. mask with respect to item PL;

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 ¢-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.
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10 EWV radiation), which in this particular case also conprises a radiation
source LA, a first object table (mask table) MI provided with a mask hol der
for holding a mask MA (e.g. a reticle), and connected to first positioning
means for accurately positioning the aﬁ k wWith respect to item PL a

9

or 15 nol i ng o SUBSLHGLE aax??d‘e SEh Rl St Rt R el

connect ed tﬁ@ho’iﬁﬁ@?ﬂ*theol‘i’tﬁbéﬂa?ﬁl é@ﬁﬂ%pf)&étu@%% aké&l %esa%%' n@@@gt&?é; .

substrate with respect to i a projection system
mrror grdudpis afm¢rcu1ryelgpnpgfoanxaxnpla)cibaitthat ipmay also be edmath dromathie 1itkograyhic a

po hor e qBiTEHIEq Ppidus R rSon heaBroich Epraueryatnglsd ife 6 ampastes
reflec§i vee PB&#l the'ﬂ@d‘@f’ﬁﬁtablb'ﬂln%’tﬂf‘gr Rlrrorb)t tHiBMud! %911&{1% i9558n e ﬁélL\ée

type, for exanple (e.g. with atransmsswe Al'ternative

appar at us theespusnerl A s araxcier lidend mfcupamttmvemltmg an@éimms snain@ss b@th of
programmahbl e mirror array of a type as referred to above. The source LA
(e.g. a | §%&F 5580 ed or di scharge pl asma source) produces 25 a beam of

radi ation. This bearny F%e&ﬁq’ﬂ ﬁltbge \)lefnwzr A the ThaSi #4.8 Whikh sui{gl@gltlﬁr) 'L,

either directly or after haV|ng rse condltlonln neans, suc
beam expamnuhsk tdble Ml"oHavmngtph eelecﬁvelwrbﬂmd‘l@x the nidsk by, mebmmi’(B padfagst i ng

nmeans, AM for settin he r and/ qQr inner radial extent (como

refer #@ 5@1@ m%é’i F‘:‘ﬁ’?%ﬂ‘ Oh%%la’&wteéﬁ@t)gefoqortlmc qf f'.hwemﬁwe w.

di stri but I ri ous
ot her 30 c'vglﬂlpg{%eaﬁl@gf@lggéeﬁnh? Ogﬁg]liuh g%ra%ét %]D&H\lé ng&%oﬁlnyensﬁgﬁfé%% [;F?f this
way, the lde:aambﬁt&tctahm“@*mbenmhm anaghteMe. gas)atdpsmaddiffurérmtargéty and

intensity distriput] n |t Cr 0Ss- sectlon P-0364. 010 -11- It should be
not ed wi t ROTHOY& dny Eﬂf@e cam 8. Srgil @%M@W%&P% quﬁlcﬁnﬂ?ﬁésqw@m ng

of the Ii mt@aetygglnemﬁ%agmﬁﬁm h%q% (%ﬁl%g’ﬁnﬁ%ﬁfﬂe ﬁs%a afipen the

sour ce rcur or exa 1so be renote

from the met:lmga:apdsmevai pfﬂ;e&ﬁﬁskMAafﬁpﬁaaﬁasE libtatg, of ddiing h@dfhnbﬁﬂg’en\éfall chit
produces being Ied | nto the apparatus .5 9 with the aid of suitable
di r ect i ng MAVEMGRLT the pbiect tallesM s Mk 3kl Be reg iéﬁ%ﬁhfh?@véa%%lqmeﬁﬁrok@ he source

LA s an exBReollS Bbsitidife) Gl aSRbrt sBY R hb@fe (AL §dsiMnSNeRIRARdROL N Of

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, A = 1/4 or 1/5). In this manner, a
relatively large target portion C can be exposed, without having to compromise on
resolution.
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t hese scenarios. The beam PB subsequently intercepts the mask MA, which is
held on a mask table MI. Havi ng been selectively reflected by the mask MA
the beam PB passes 10 through the I ens PL, which focuses the beam PB onto a
target portion C of the substrate W \W#h the aid of the second

posi ti oni ng means (q;g-glr' | 0 F .the substrate
table WI' can be nove aggtgﬁg‘ﬁg%wéemﬁﬁt Asﬁgﬁgtg&{%%%%?@%&P’%‘?Wf%?g?ﬁé{ﬁ%et
portions ¢hd lithbgraphiatpkojedtiontappireagioPBigufé 1 Oaky aportitieof the Hithdpesphid oni ng
neans can be used to accuratel ){:_positio_n the mask MA with respect to the
path of t RECIERiom apparafusds shomindp Fig2 andrbisiperioniagludes\he projectine sysserk PAA f r om

K Ii ' . t of . th  ect
Cables i Hgupeas g Bbonfiffes 4 BflEl Bl ARGHRR hoele'S Sk e
(cour sg pegdtingGnodids 3 aagt ba paher theShasRkb1EBAUbRafibhdIR, BOSEY FSHH Hrt ofdRieh

are not explicitly depicted in Figure 1. However, in the case of a wafer
st epper ( #ble3pdse@prigsan objesperating <cAhe sgnserrmodidy Stray heemik on i subMateny

just be c r e 20 actuator. 0 be, fi xed. The

depi ct ed g%gir a g%ctaglgﬁalgg&uéﬁoﬁﬁ%tpﬁé 0& is?lfig}‘l%%ateﬁﬁélgrs@ ¥1"‘_.m%l WHER Hbde, the
mask tabl émbfe gratinePtwieisn & tralshiyssiondirhtipa h Metedtdfl 1 RBn®R hinkifedPBstdaydrTBge 1S
projected in one go (i.e. a single "flash") onto a target portion C. The

subst r at e The iiBpge SMting9 corsespandsito sk obieat igeating Inbutsealgd by theonagmificationtMat a

mode. | Fos oh RS BR Smer S BRnafee ot | B Mgkl e ST bhip g, ™"
portion Chirfinegenelp&si8ttonferss ifiéideht@adibtidsiiom thesropafen b&en, askKad BOVe MT is

nmovable in a given direction (the so-called "scan direction", e.g. they
di r ect i onyadigtion, tp ragwtian o whishilrdetecterd 1gs njoee sansitivb.emak PBvisblehgided t o

K i : .ently,. the.sub 0 |l e WI i
il ¢ aneBEra VLI Her T S50 g st b b Sictealiy L e lupssSent
i N whi chldVet 83 ishsptioRalinflice@bé omite. t he lens PL (typically, M= 1 /4 or

1/5). In this manner, a relatively large target portion C can be exposed,
wi t hol? having to cdigwediskewsan endaged vieiwad thegra@aimedale-31 JLhelibjast e 2 shows

pr 0f ect i oA ABBa B <BPORRGIY b ArETGHRY B R PrOHE Of PORE e TGRBRT e
alternating with reflective regions 17. The grating can be a 1D grating or a 2D grating, or
indeed 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 alse 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
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projection apparatus is shown in Fig.2, and this portion includes the
projection system PL. The neasurenent system conprises a grating nodule 3
and a sensor nodule 5. The 5 grating nodule 3 nay be put on the mask table
MI' occasionally, or may forma part of id table, and conprises an object
grating 7.. The sensor dule 5 may ~on the substrate table W&

. ! be p
occasi onaFig oAl he mplilayerdias begn deppeited pphs sibstratapthe absprberder hempri ses
an inage ] i ' =SS1 ting, a detector 11 and a
| um nesceﬁe’tqre a%%%g%??%f%b{: ﬁ%‘g’éﬁ%“?@ﬁ&h‘géﬂl%%ﬁ Sponds to the object
grating 7, but scal @gtheyfollwingRgotlingsmtd, onlyvhd Saif pdilte opddfedsiict dAthsyst em PL
ment i oned above. The detector 11 can be _a CCD chip and the | um nescent
|l ayer 13 &SRO this Hest erahedimgnt will badeserihpdtfaethg sehecaftrevityraditp aveidh as EUV
r adi at_},onre(f%ﬁﬁg@di ation to which the detector 11 is nore sensitive, such as
visible |i . 'Depending on the particular radiation and sensitivity of
t he det ecEafbodinerthle | um nescent |ayer 13 is optional and can be omtted.
15 Figure 3 shows an enlarged view of the grating nodule 3. The obj ect
grating 7 in this edscdiemative tosthg siregtiugdor diffuging thergdietios descsibed above is

non-reflective.regions .15..alternati.ng with reflective regions,17. The
grating c %pnglldga “&rl&t“ﬁ%‘g“f&’f’rg‘?%ﬁ"gf‘*ﬁqnﬁ&? i OHHE'S’&ﬁﬁ&PES‘{bﬁan one
di f f er ent kagoRitibR AbsHrpivelddtDira ki dMdreaan aRendnP¥ sleto-tandbiiatral lih it r at ed
enbodi nent, the reflective regions 17 have a structure for diffusing the

r adi at® onreflghiiehregionst Thesewbsorplvempddts ey asamamplitude didffuser. rAlthangb isovi ded on
a substrate.of, non-uniform hei uch that within each refl ective region
1 her e SRUHAT PRANR A SrBiiRaY el eiagpe Toruha shepesiBied | n

hei ght . ThistofinfhdiPR% dibGet FdLAtl RRed RbAREE BY std@rihg Fdh e rgiREge of the
radiation reflected fromdifferent portions 19" of the reflective regions

17. 1 n t hiregiomywvithsihb atray vf auibknesalotigr diserphive dotsg of t he pupil of the

projectio temis achieved. 25 The diffusing structure can be fabricated
firstly bgﬂﬁa’#@—%g a specially engineered substrate. One way of doing

this g¢ the scale regid 2d1iskafY 1Rl mrfg%chﬁfl%cwr'ih'%wthi{ggs&glﬁlg}t@rbk%{ o

doing this is to expose the substrate to a cloud o or na
parti cl esguting moldle} & prefetably euntasliedine removaitereticleunecenld, dheounsd, be - | ayer

e RSt Bl T it B o B gy o
ondont SSSBRECAY LB ot it UEAP AR et e gl
portions operfime23 prowidediig tie rbtidle.sPhé opdning leis atdepthuifagproainaaty\o am prienido-
randomy, a |1 as, enconpassing.a plurality of different random hej ghts
as il 29st Wé‘ftb@ 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 mm to 1 pm} 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.
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P-0364.010 -13- Fig. 3. After the nmulti-layer has been deposited on the
substrate, the absorber for the non- reflective regions 15 can be deposited
to define the grating. In the follow ng enbodi ments, only the main points
of difference with respect to this firz% enbodi nent will be described for
the sake qof brevity and to avoid 5 repefition. Enbodinent 2 An alternative
t'o the st%@gpgggﬁﬁér diffusing the radi ation described above is to provide

a grating in which g dfd by S NIEGLERRNYIGES g%‘gseﬁﬁmdl;@ggmeaput sub-

resol uti on absorptive dots are Scattere rahdom or O-random arr ay
i n the 10embbimeni ¥ecxcepgtithatshe hirewe Sglasvidadt inte dpdringicta casvedmianp sidiide

di ffuser. Although it _is_ desired to produce a continuum of angles of

r adi at i on that BpreYidess focnsing eiftents Inctha cise of apans mimer &4 agdn fguresh thareismsur i er

: _ : f : ive. ' witsh the
orray o SRAGHAS e e R QA OIS S S Bind GO Bl 7
i || ustrat éscaubeit @y facused bynhkeilRninA619.0 Adtddingao Y reRibadbsdient shaem igr at i ng

nodule 3 is preferably enbodied in a repovable reticle, but could, of
cour se, b&18USEP4 the pyved prigondkssantberin gheiprm of a sphesicplimisraswhieh) eantfoguseati ng 7

whi ch IS gobs v A3PBr 4 QAL ABvidd 38 LAR Fight: SLG0EMIA A Bl spROr i O

menbr ane I'c oca over opening provi

openi ng hag Wocleptby thd otsieqIeeatingen, eFhis Microaseankl MteaQi\bOihb imbriappragriomt el y 2
mm A mrror 21 or equivalent reflective surface or structure I's provided
at t hé0 bomessired andyherpfernimprovasthe lsenal tomojse gaticandan|redyise thier requirdsescan
iIIuninatﬁr 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 ByheddiRTbeustlpetheicibet witrof 25 cali drbate bhBichbef thadi ati on
can be 25 inpl enented by roughening the surface of the mrror 21. In

practi ce, radiptionlhgamppagating at lengehangles withstespect todhe pptidab Axisiand thexdfolsi t a
2090 Aol AESLATEING TSI OB SRR BRI
LSt eduen s L it o o/ 8ol 1y oLk paghingos =
f r equency theandietipn/srthe pupibpEeie [pyojgction system, either instead of, or in conjunction with,
a diffusing structure.
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
P-0364.010



30 mMmto 1 rinm) contribution can be increased which scatters predom nantly
in the forward direction, and thus acts as a diffusing mrror for EUV

radi ation. The diffusing functionality can also be achieved by applying to
the mrror 21 phase or anplitude diffus_'hgl_g structures as described above

for the reflectiv ortions,af the..grat I p..enbodi nents 1 and 2.

70364, 018 ERBIRERY o e Fr SUBHBRS R Rue Uty rogfl&aemﬁogwme. 5, is
essenti al kasulthf Haentasof RMGUMBMIudhinRwasMiatidlAbeitd GisphéddHom hdPdvdrded
in the opening is a curved mrror such that it provides a focusing efrfect.

In the caoéthstpupilif theepraicetion lepy. leading ta afliliiond nop-telaeamgridity atoulstmtdivdlonal

focusi ng fect {althaou t radi ati.on is still. .conveygi ng.on the grating
7 becaus ghfa? c"i“%ﬂff 53553%%&89}}5%"@ S dﬂﬁmtpfepe%ggﬁrr %isﬁé&{a&’?}f S 5FeSent
embodi feNkrafidiPefo positidr @VERay) erroRQh&ilbial @&kiRanll Qb it fleRGrein the formof a
spherical mrror which can focus at |east up to a factor of 4, which

provi des 16 times hilpheririon2épai beplaes araurteade Qnecomiarg intergbangaatde ptatinged by
the object grati,ng 7. This increases .intensity of the interferogramto
be 10 neaﬂ?%é‘gesédﬂaﬁ Ry ied wi %V&E?ﬁ%tegitbaﬂawspﬁstlw&fe tergpp “can

reduce t he\lieAtivEIRdhE Gdfror b7 BE _e%Yati?l%‘?féddi’lilé@niag%%.Hjﬁgt’abfg{{ﬁ}aﬁ}ér edfisofor 25

can create portions of the radiatio eam pr opagat’ ng arger angl es

Wi t h r espestctuatof,secloas 4 piakoedocirsc elementhaichitioat @ desirelranghoas tilber nougdt tan be
filli 2@ ans%guently, the diffusing functionality is in principle not 15
neces ry.Se?‘H the curved mrror can act as a structure for increasing the
pupi | fil Ekddpfentlshe radiation in the pupil of the projection system
either insStead of, or in conjunction with, a diffusing structure. The
curved mrror 25 camccofdingrorntkie embbdimenptone natmoye Presil dmplituele dbfid platesg

functionality as.pr.evi Qusly, described for, the mryor, of enbodi ment 3. If
there is g@r{éaqeaﬁlgthegeggp?%[ng E’Llfg&@rﬁe lpﬂg?rﬁé’nr ﬁ?%ﬁ?%we§ ent-nbhes§i ng on
th bi : : _ e . . or

el o oo i hied Gan be udefiy Bt loriSh By oPihehrh b fbedbihodinBiRty o

t hi s @éfrbogdiravidet additidnakfocadingl powerfto gnorease thetihensint dithsingrierédremseittethes f or
enbodi nents 3 and 4, exce t.th(gt the mrror 27 is tilted such that it is

i nclined a‘fwr&&lﬁn _ F‘%ta_%@ _"c"r?nP a8t to the plane of the grating 7. This
produces tilted ill g RadilRy fofiRingSHRMhEplate 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
R > =mr)
where A is the wavelength and ry 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.
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by tilting the mrror by 1.5 degrees, an illumnation tilt of 3 degrees is
achieved. This enables a non-telecentric inmage to be projected using EW
radi ation to enable defocus to be assessed. It is not essential to this
enbodi nent of the invention to increase,the pupil filling. 30 In a

| i t hographi c apparatus using a refl ec,ti'él > mask, the illumnation  radiation
nust be incident onAamygafed phaserelaton imntrodycgsfarthe gore plpte oiplagsiion syst em
is arran ] : avi Leedi SEET Dut i on of
the 111 ameoseey ol bP Bt SEALEE sBla e Nlcdihs tle bR GorR B AP bisiied °F e
proj ect i oabewes @O mMIAIE berratiGhdFGhe 2R pldtbs ard hlse MG Erdbvant ) tehd ﬁﬁ%ﬁiﬂ%d as
"untilted". The tilted illum nation of this enbodinent results in the
center of Sgpd¥ety of the illum nation radiation being displaced fromthe

centerc of the pupil e |.echi | ens eadi t o additignal
non-tel ecentricity édtafs?ﬂ%stcfagﬁj glpfoglldeq%&m %qvaélgﬁnsgg&ﬁsoéﬁ F PR AN PR s
since Wi t into et illahmieeioh behtay dédired titeh paifermih @ absrRioh Midasdretneans| ate to

position (overlay) errors that can easily and accurately neasured. The
mrror 27 can be plane or curved. One or nore interchangeable grating

dul 3 b I ded- w i I 2 ilted [
g? ege'ta Zr m gé aﬁgr)(ra%\élr %f?%ﬂﬁtgp?%é%?ﬁ‘?ﬁ%‘ee‘ghof‘%%ﬁ%ﬁ%‘fe%tdﬁ’%ﬁggﬁ | ?\éféom)dul e 3

may be adpgéabihg rédstraitettsiy thedase 8bnt t@ﬂe@ﬁﬁflﬁam][abeﬁluﬁ&h,% st€p mode and
a

pi ezoel ectric element, such that a desired angle of tilt or notilt can be
10 sel@ct guscaEmysigi areigives ilEvmpdambates Applisataorbddi (226096 7chénaarperated Fr esnel
anpl i tude,zon | ates are placed in the radiation beamwhich is to be

i nci dent Bﬁe%elgpr(‘f?efr?chcti ve el enent. These zone plates can be used in
conjunction wth anygist shRiRNaNHEBSRE bPed iAERagh ARR teh Beskribld QYdWwieit
additional focusing power to increase the intensity of the interferogram
wi th the wall beappraciated vhatthegosentionmaytedradived othBywise than ds depcfibedidibeg, t he
zone plate or. plates, can creat.e.pprtions of the radiation beam propagating
at |ar gerﬁﬁsﬁﬂpﬁ%nwntoﬁ“ﬁ%‘l%gg? h{nbtptgﬁ@v%tfqncal 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
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conjunction with, a diffusing structure. The zone plates are known from
standard textbooks, such as "Optics" by Hecht. In one formthey conprise
annul ar zones which are alternately transm ssive and non-transm ssive. For
the nth zone, the radius Rmof the out eyf,edge of that zone is given 25 by:
RZ = morﬁm ? is the wavelength and’r0 is the focal length of the zone
plate. Fo al length of 50 nmm 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 netal plates.

P-0364. 010 -16- Any unwanted phase relation introduced by the zone plate or
plates is destroyed by a suitable diffusing structure, such as the random

phase diffiuser descry : ' .atjons of the zone plates
are al so rll'ot rel evarﬁﬁﬁgga?gigtbﬁo G%UP%E%II%%IS%QI?%%E' Te. 5 A changer can be

provi ded for re.rrm\loiaﬂixhysyisl&ﬁﬁfotbﬂgridiﬁ@a?fojmﬁbﬁbéﬂﬁ@fﬂid@dtﬁﬁ; into the
iIlum nation beam as desired when perform ng aberration measurenments. For
al |l of the abo@SUPRMSESTUSHHE ENIFEPIRATERE Batternipg Meany EieaaHsmang MOFMStSSrvipgiof or m

t he rreasuE?gt@ﬂh?ecé}ﬁje%@%éwag&p&té#o?%g%%?e%é%{;e the aberration, in step

node and in’s , are giv S Pat ent Appl i cation No.

02250967. 3, i naQubdtred @ble fbﬂﬁ(ﬂﬂiﬂg@)gubﬂagﬁj ence. Wil st specific enbodinments
of the invention have been described above, it wll be appreciated that

the invention A@yoipdioprsystemdenpisidsEngiheaatiprand heam enford teeggt partien of the
descripti %%shﬁtengﬁd intended to limt the invention. CLAIMS: -17 1. A

|'ithograp IRG projection apparatus conprising: a radiation systemfor

provi ding-a prajnakiremehesflenf radi ation;, a support structure for
supporting patterning neans, the patterning neans serving to pattern the
proj ecti on beashareetomzfidigthay a desired pattern;

- 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 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.

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 and 2, wherein the

structure for increasing the pupil filling comprises a structure for diffusing the radiation.

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

radiation.

5. A lithographic projection apparatus according to claim 3 or 4, wherein the
diffractive element comprises a reflective grating in which the reflective portions comprise
the structure for diffusing the radiation.
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a substrate table for holding a substrate; a projection systemfor

projecting the patterned beamonto a target portion of the substrate, and

a, measurenment system characterized in that: said nmeasurenent system

conprises: a diffractive elenent and a _ éructure for increasing the pupil
0

filling of the radiation in the pupil the projection system both
nmovabl e into the projection beam between the radiation systemand the

proj ecti o system Qﬂﬂt}@gﬁﬁﬁﬁq{mﬁ&ﬂﬂ Hph@fus 26ELIRE té @ﬁitﬁ‘@' #Br 5 Ngherb@she
traversed the projection systemfor measuring wave front abertations of

t he proj estrighresfpsdiéfusing theraliatinn gemptises apagpeof fefectsiegtoetiomaantotilpg t o
claim1 wherein,said sensor nodule is adapted to neasure wave front
aberr at i on@2EFd %%*H] ection system 3. A |ithographic projection
apparatus according to claiml1l and 2, wherein the structure for increasing
the pupil filling conprises a structure for diffusing the radiation. 4. A

| i t hogr apfiic pr oj ectA litlnogqaphicalmjscthmcmnpatiamg atordingitorcidim dheherein eacki ngl e
menber has t he function of. both Ee diffractive elenent and the structure

for diffufHRgUYRROTUPD 4PIPTisss 2 BUItiRYEY SEY S phi ¢ proj ecti on appar at us

according to claim3 or 4, wherein the diffractive elenent conprises a
reflective grating in which the reflective portions conprise the structure
for diffusing the radlidwpmaphicPré8aibnGipParads abeordingitd mpgsfahims 3pwaj, ect i on

appar at us corgﬁ gpto C 3, 4 or wherein the 0bgucture f.or
di f f usi ng % reenr Prr??'rsgr@sth%rrdaatlr’ayown?eéfsphéﬁ 109 PETBHEE r andom y
staggeredm%a%Ig gight. 7. A lithographic projection apparatus according to
cl aim 6, ereln each reflective portion conprises a nultilayer structure.
8. A lithographic projection apparatus according to any of clainms 3 to 7,
wherein the structure for Lffusrn the radi ati gn conpri ses sub- resolutlon
absorptiv feat ur e lithographic projection apparatus according to any of claims 3 to 8,

wherein the dlffractlve 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 structure for diffusing the radiation comprises

imperfections in the mirror.

10. A lithographic projection apparatus according to claim 9, wherein said

mirror is curved to provide a focussing effect.

11. A lithographic projection apparatus according to any of claims 1 to 8,
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.

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

a tilted 1llumination beam.

13. A lithographic projection apparatus according to any of the preceding
P-0364.010



9. A lithographic projection apparatus according to any of clains 3 to 8§,
wherein the diffractive elenent conprises a transm ssive grating, and the
measurenent system further conprises a mrror for directing the projection
beamto illumnate the grating from betll]' nd, wherein the structure for

di ffusing fhe radj ation conprises inperfections inthe mrror. 10. A
| i t hogr apRiamp Bt conprising aF leaslong Fecsneli amplitedegoar plate manahleinio thei d
mrror is Wel=¥ ' Y AL raphi c
or o] ect | of pA HeAnREEK R PSR UARALhihe aifiteyl elehfifET 2P P
diffractive el enment conprises a transm ssive grating, and the measurenent
system further conprises a mrraor for directing the projection beamto
i |l uninatd he grath ﬁ@lﬂﬁa&wmm&n ARRARRIS dceardingite awt of the preegding t o
provi de a | : ' tru f Lnereasing the
pupi | fil |°¥a2’§g§@°?ﬁ’é%¥a ia |oﬁ“i“?\"q‘ﬁ{e‘{g{;‘ﬁ%?'%ﬂ]g?ﬁ%gscé&péi’%jdesc@? %‘ﬁF{%‘ﬁst em 12.
A i t hogr ephitibnsfahemtasanenngp syskini at lRag Giilsktahgiall p filHheGlupilofiteBprBjecdéh or 11,
wherein, in use, the mrror is tilted at an angle relative to the plane of
the grati 8% provide a tilted illumnation beam 13. A |ithographic
proj ection apparatus according to any of the preceding P-0364.010 19
clains, further conprising at |east one Fresnel anplitude zone plate
novabl e i nfo the projitofiaphicpesieatfoprapbaas stagdinh e heseh thbplecédiaghes the
diffractive elenent. 14. A lithographic projection apparatus according to
any of t hélagpecderein thecsensarsnodyisamprisehe fwrthen difiactive slemeantrseels phgy t he
pupi | fill] i t t radi ati on of the neasurenent system
at | east gtagiggaﬁﬁ}d?agﬁq?ffag??%gg%%Q&pa&& C%f the projection system 15. A
| i t hographi c projection apparatus according to any of the preceding
clains, wherein the sensor nodule conprises a further diffractive el enent,
such as albgrating, “Aalithographigipseipsionapparetus aswsding $o anyadithe pBeeding
| it hographj raj ecti t accor.ding to an t he .precedi ng
cl ai ns, iea?néigrﬁ? g(fl% S%?&%gg {Oglr%)%%gao r%‘#’g}oé%ogmrgﬁy%@kp[ﬁhéggn‘EUV radi ati on.
17. A nmeasurenent system for measuring wave front aberrations of a
proj ection

17. 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
- 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 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.

18. A lithographic projection apparatus comprising:

- 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
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system said neasurenent system conprising: a radiation systemfor
providing a projection beam of radiation; and - a projection system hol der
for holding a projection systemin the projection beam such that the
projection systemis illum nated by the%l;gr oj ection beam characterized in

that said neasurengnt system further cofiprises: - a diffractive el enent and
a structuF'@sFré?e’i“greasi ng the pupil filling of the radiation in the pupil
of the projecti i rQj on beam bet ween the
radi ati on syst 321&51?1%%{“%@ sg?%%?&éﬁéﬂg@gtdg%%uiﬁﬁhgagéaﬁét’g%, nodul e for sensing
radi ation that chasctetizeddnsied: t he projection systemfor neasuring wave
front aberrations of the projection system 18. A |ithographic fproj ection
appar at us - conpfid mrgsuremgni yEea JoFPrisesa aashussiys greting ang amprasjfect i on beam

of radi atiQn.,. . [ ure f.or SuUpport i terning neans,.,the
patternin Rﬁ%ﬁ%ﬁ%@‘%@%‘%@ t%gﬁﬁ%%{l@g}“ﬁat? ?ﬂg %?t&%ﬁg%ﬁgﬁlﬂgaﬁﬁggowﬁsﬁgmfo a
desired paiif6f i3tilRd atsingdd fldtive ke tHePlarR Y the GradinSieprbviat 8 tilted AluMiBhRSE | ON
system for projecting the patterned beamonto a target portion of the

P- 0364. 01beam20 substrate, and a nmeasurenent system for neasuring defocus of
the apparatus, characterized in that: said neasurenment system conprises a
transm ssive grating and a mrror for directing the projection beamto
illumnate the grating from behind, wherein, in use, the mrror is tilted
at an angle relative to the plane of the grating to provide a tilted

illum nation beam P-0364.010
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