1 Method of determ ning stray radiation, Lithographic Projection Apparatus
The present invention relates to a nethod of determining a stray radiation
5 condition, using a |ithographic projection apparatus conprising a
projection systemwith a nunerical aperture NA, the nethod conprising the
steps of: supplying a projection beam df radiation, conprising radiation
with a wavel ength - patterning the projection beam according to a pattern
conprising a feature; 10 - projecting the patterned beam onto an i mage

pl ane to creat Methodof geterminingdtrayaadiation, Lithographit ProjectionApeiratiss to a
| i t hographic projection apparatus operable according to the above nethod.
15 The lithographic projection apparatus nmay conprise: a radiation system
for supplying said projection beam of radiation; a support structure for
supporting patterning nmeans, the patterning nmeans serving to pattern the
proj ecti on beam accBrediresgnt mventibmaklated tgp amethod of 2Btermimisgib strayatadiatiabl e f or
hol ding a s trate:; d a projection systemfor. projecting the patterned
beam w ¢ iroa R AoR e et e g el oS Camgae o vt gy ewal bt r at e.
The ter md'rﬁﬁﬁérﬁ:%ﬁéﬂ%&uf@ﬁﬁ?ﬁw@ﬁetﬁ@d&nﬁﬁ%@tﬁ@st%BQHf:d be broadly interpreted
as referring to neans that can be used to endow an i ncom ng radi ati on beam
25 with a pat tsspplythgor profectie béanmof radiaties,pongirisggtradiatipawite arwaviebengihs t o be
created i,n a target portion of the substrate; the term"light valve" can

al so be dsed in this context. Generally, the said pattern will correspond
to a part. cul At d : ' [ | ; .0t he target
portion, suc hq%géfgﬁﬂrl%? ggdl;gdttg,é%%ﬁg&@?ﬂ@g t((gjtg Iﬁ’gﬁérgg\eflﬁ@ggﬁlggefe%rgﬁ%m .
Exanples - of <guajectusg the pafiergedieamnsontnah indege [@6ne toArcabsin infdpe of saidept of a
mask is || known in lithography, and it includes mask types such as

bi nary, aFt®¥nating phase-shift, and attenuated phase-shift, as well as 2

The invention also relates to a lithographic projection apparatus operable

according to the above method.

15
The lithographic projection apparatus may comprise:
- a radiation system for supplying said 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;
20 - a substrate table for holding a substrate; and

- a projection system for projecting the patterned beam with a magnification factor
M onto a target portion of the substrate.
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
25  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:
30 - 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. Placenment of such a mask in the radiati on beam
causes selective transmssion (in the case of a transm ssive nmask) or

reflection (in the case of a reflective mask) of the radiation inpinging
on the mask, according to the pattern gn the mask. In the case of a mask
t he support structure will generally bé& a nmask table, which 5 ensures that
the mask can be held at a desired position in the incom ng radi ati on beam

and that jit.cap be, moved relative tg the beamif so.desired; A progranmable
mrror arYay. l%\nde'%l&%%) eso:l)?agﬁ@ﬁmao(%&g %@afq%m:ﬁ‘ Hatien beARtaUS | e surface
having a sleefioetrasiniSsieO0h B cabQWed traidehiRiveahdR§ b Mlestild @€ fhe chlEoASI C
principle behind such an apparatus is that (for exanple) addressed areas of
t he ref| deflpstive mapks ok the sadiztion) impingingenithetmask ggecordingiiofthe pagtesnion thght |

wh d | I.NGi .4 gh diff d,light.
e ens BRLERB SR e Sabod SRR ) Wl R GRS
out of5 t henstuek e thedndskaan bk haMiang desited pobigiofliid fhcatdodsing rahdtidnedeard; 1 n

this nmanner, the heam becones patterned according to the addressing
pattern cndthy iheanrhemoveddrlativalor the beam ifse desigedsl t er nati ve enbodi ment of a

programmabl & A Safidadl fiRk ANy, SRl of ALK ROGARENR, Bleild Ny mrrors,

each of which n te out an axIs by applying a

sui t abl e dddoabaldeshirfdce baving afvisebelastivrcohtroldaydr ayd agefiictizo ehrémtr The bt uat i on
means. Once alﬁaif)r}@ cﬁhe mrrors_are mairix-addressabl g such that addressed
mirrors ViTCIREpeRing sugh anapaaratg it that e Gemp fiss5d araes of disrelleqtive i on to
unaddyoes Sgefacdidiel jRcidbit lioht £ ABRRE 1;#149,%&%&%9&&9&8@ ehSrofRLA €f ned
according to the addressing 20 pattern of the matri x-addressable mrrors.
The requiineidentdight as wdliffestsd dight Alvidgean aperdpoiateciiltansthe gaid wniddhaedlight r oni ¢

means. In both. of the situations described hereabave, . t atterning nmeans
can comrqagg’e%@re&o%fbeﬁFﬁﬁﬁ?M’ ieaﬁﬁqgro Y@F?‘ﬁfé?te%‘ﬁgﬁb‘ﬁ%ﬂféﬂ Yon on
mirror armaier,abe BQEbéhRE pRferh&d §R0rdiey @ tRaR®HessiHY pa@¥AIG tRe ndafrpm Uni t ed
States Patents US 5,296,891 and US 5, 523193, and PCI patent applications

25 WD 98/aidEsvabimsprince.oku aitandivedmbodingns of a prspunmebld niooeamahemplefer ence.
In t C f I [ , .Sal (f ,structure my
oo oofoc el e RERRRATTRY b EAD ALt I AL AP RRS shAME!

nmovabl e asis egapplyty aaoitable Ricaliited Rt cfidlddrdy letyployiig picasatctriof such a
construction s given in United States Patent US 5,229,872, which is

i ncor por ACBRURRMEARS- KINCE dEARthE MITTpLs g makix-adswessahle. suplpthat addressed ure in

this case,fipys Ren F‘éﬁéefjéxﬁ‘i{c&lﬁm% rhdidih Qant A Brrefef diftB0R unaddressed

mirrors; in this manner, the reflected beam is patterned according to the addressing

20  pattern of the matrix-addressable mirrors. The required matrix addressing can be
performed using suitable electronic means. In both of the situations described hereabove,
the patterning means can comprise one or more programmable mirror arrays. More
information on mirror arrays as here referred to can be gleaned, for example, from United
States Patents US 5,296,891 and US 5,523,193, and PCT patent applications

25 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 may be embodied as a frame
or table, for example, which may be fixed or movable as required; and
- 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,

30 the support structure in this case may be embodied as a frame or table, for example,

which may be fixed or movable as required.



whi ch may be fixed or novable as required. 3 For purposes of sinplicity,
the rest of this text may, at certain |ocations, specifically direct
itself to exanples involving a mask and mask table; however, the genera
principles discussed in such instances should be seen in the broader
context of the patterning neans as herxrabove set forth. 5 Lithographic
proj ection apparatus can be used, for exanple, in the manufacture of
integrated circuits (1Cs). In such a case, the patterni ng nmeans nay

gener at e For@uisdses of Smplicity) tROmsTIN tixid thaly Oat2rthiA dboationakpdcafi@lyof the 1C,
and this pattern can be inmaged onto a target portion (e.g. conprising one
or more dfieasy itsplf tg examples dnvolying p mask apdimesk tableahowenes, thegenerdlated with a

et or i PR RS iR Bt B Rl e P Bberisfbe nl “ar e

successi Vgdtiérnihg mslhsdds@idraabavd REf@HQ) ection system one at a tine. In
current a]giﬁ_?rat us, enploying patterning by a mask on a mask table, a
di sti rfct i bithaggaphisepreiegton apppsaus ¢andedised.dprgnample e thegnanvagtiraef | n one

type of I. I, € hgctign t each target portion i

P o at iR AR G IR S s SRENE bR B R 597 PPl 53l 11 on i n
one go; spigterradoricipaHidEy @landndisiduaapdt!of thedli(s afid®thi$ PatRen SanWf idfagsd epper or
step-and-repeat apparatus. In an alternative apparatus - commonly referred
to as a SUEQaMTECtROsiPHISHE cAMDESing epg or mareghies) op @rsubuiratd (silicon adifer) dut by
progressiyel | R rn.under, f rgjgctiaon, beamin a
gi ven ref%?é“h%%g%[e&e‘gﬁ?%rlﬁ(e Eﬁgﬁd%@éﬁﬁp}% W’d-lS ?tg%{,]ﬁge%s ’ $Cge%asl/’nac%?g1ﬁousl y

scannjong Wwirer silbsdrigihe Wik fetpariodt fjaceht aftet paraom thed ark udcBispvedly r ect i on;
since, in general, the 20 projection systemw /|| have a nagnification

factor Mirgdidtadayia theprajectignsysigpl, eng fiya timeyIn cestenfmpparatusemplpyinghe speed V
t which le i ' ti. hat at
whi on ¢ hdASHPEL R A LSk SaIE AR Lahle Bad ARberdfivd diffgRenl P21 2

|'i t hogr aplpes afewachem. Bsodvatype ofisthograpliic @Rijedtionabpanrs, eab®targotpanton isf rom US
6, 046, 792, _incqrporated herein by reference. 25 In a manufacturing process
usi ng a |ireABddpRxeosns thecantigm, FLUQNTO thedaRgeERaTtipR Inyone gp; suchw@isk) i s

0%, o BB Wy B R DB Rl U
subst r at ealwmativadppagatus vacommdnprefte@dness a stepandScaprapphradis —atktargaat i ng
and a s Ofﬁoﬂ?gl‘ll( %irrﬁéigrgﬁ b?r)i)gggsrggs?ﬁely} Q:gnning the mask pattern under the projection

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

scanning the substrate table parallel or anti-parallel to this direction; since, in general, the

20  projection system will have a magnification factor M {generally < 1, and typically, for
example, — 0.25), the speed V at which the substrate table is scanned will be a factor M
times that at which the mask table is scanned. More information with regard to
lithographic devices as here described can be gleaned, for example, from US 6,046,792,
incorporated herein by reference.

25 In a manufacturing process using a lithographic projection apparatus, a pattern (e.g. in a
mask) is imaged onto a substrate that is at least partially covered by a layer of
radiation-sensitive material (resist). Prior to this imaging step, the substrate may undergo
various procedures, such as priming, resist coating and a soft bake. After exposure, the
substrate may be subjected to other procedures, such as a post-exposure bake (PEB),

30 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



substrate may be subjected to other procedures, such as a post-exposure

bake (PEB), 30 devel opnent, a hard bake and neasurenent/inspection of the

i mged features. This array of procedures is used as a basis to pattern an

i ndi vidual |ayer of a device, e.g. an IC. Such 4 a patterned |ayer may then

under go various processes such as etchidg, ion-inplantation (doping),

nmetal lization, oxidation, cheno-nechanical polishing, etc., all intended to

finish off an individual layer. If several |ayers are required, then the

whol e pr ocpatigreed layer maythen vndergdearious progesses fimhas ewhbng, iompiegtiadatioor each

new | ayer,, It {S Jemely .inportant to 5 ensure.that the.overla

(j uxt aposquPIE)l%’ Hbe‘f%a(]‘ilﬁag“\?a%%%@ons P@%WGF%@ pplshing, gfe, &ﬁé’t’tﬁn‘i%d t%/’pos si bl e.

For this PMEIPEFQn iddifiaBAl layef BEOREA 18Rk Kark Seqifired] H&H R twIIEpRkedRE Sor

positions on the wafer, thus deflnln? the origin of a co-ordinate system
or

on t he wed earianttheregf.opilli haat tabrirepedted tor cadhenavelager. Itris extrdrelp importasit td
substrat e _hol der, .posi tjoni ng nmean ferred t ereinafter as "alignnment
syst et) ,enﬁﬁﬁegﬁ?Fﬁﬁ?O‘éeéj_r?yMﬁpﬂﬂg?@q(@gﬂmuéa@ﬁketdlnﬁ%er%llsr?é\ﬁc‘i‘ga‘leﬁer has to
be | uxt apREseled RofihisPiirdseWsthaAY fffereRRdn&R s PRVIERE At &% &%@ﬂekﬂ@i‘%ﬂé on
reference. Eventually, ‘an array of devices wll be present on the substrate

(waf er) . theagter, huyiefosngthe ortgemofsaegrouliratt: $ystem omtheavasery esing ppaca aodini que
such as dj,ci,ng.or saw n . whence, t he i ndi yi dual. .devi ces can.be  nmounted on
a carri er‘?lecér(?ﬁ}?e@f%ﬁ ns S%Pw\éﬁ%i”&eﬂl s%apaﬂ@:ﬁqr RPYRRERE G 2PLgsfEdeA & such
processeshegéaffs a9 PAIRINARA: syfs@im'9XBRhAk chf AEhhRGeIRaRAM4ch {ne Qe P

Fabrication: A Practical CGuide to Sem conductor Processing”, Third
Edi t i'®n, lpyermas &rbejantapased onvingxishingilayer,Rod canbé wipd@s an alig@ment| SBN

0-07- 067250-4. i d herein_by.ref _For . th
ai ol 1 o1 oot BRGRRS Bl Bty iRl Rey MHLRCPISERT Bp cion e PO Toase ¢ ne
"lens"; hiveeshre thén Sephrikdd Féiavhe alth&actevhrifieasioh 6§ 8dirgsor@wRiaconpassi ng

various types of projection system including refractive optics, reflective
optics, ameencathedndividuabdeyjess sambe mopnised ol carrierigonnegiedhtol MRS, Siest em nay

al so incl | rdi . any. of these. desi gn types
For i r edii i ERRRBIRER' S REE Sharip ASER b BB bR R xR Sy ORI o 1 21,
and smch wokpMiencEipFayricdtin: BePragical Gaide té SelaRlofucteatrbesbiny € Thir
si ngul ar l%ﬁfas a "lens". Cenerally, the projection sgst em 25 conpri ses

1

means t o Edition.thy Betgrian Zant, MeSraviHill Publishing €., 189hdPBNIEPT-867284he " NA")

of the QB&EArﬁ&ﬁieﬂ%e?é{ﬁb?%fe}éﬂée exanpl e, an aperture adjustabl e NA-di aphragm
i s provide n )

For the sake of simplicity, the projection system may hereinafter be
referred to as the "lens"; however, this term should be broadly interpreted as
20  encompassing various types of projection system, including refractive optics, reflective
optics, and catadioptric systems, for example. The radiation system may also include
components operating according to any of these design types for directing, shaping or
controlling the projection beam of radiation, and such components may also be referred
to below, collectively or singularly, as a “lens”. Generally, the projection system
25 comprises means to set the numerical aperture ( referred to hereinafter as the "NA™) of
the projection system. For example, an aperture adjustable NA-diaphragm is provided in
a pupil of the projection system.
Further, the lithographic projection apparatus may be of a type having two
or more substrate tables (and/or two or more mask tables). In such “multiple stage”
30 devices the additional tables may be used in parallel, or preparatory steps may be carried

out on one or mote tables while one or more other tables are being used for exposures.



a pupil of the projection system Further, the |ithographic projection
apparatus nay be of a type having two or nore substrate tables (and/or two
or nore mask tables). In such "multiple stage" 30 devices the additional
tables may be used in parallel, or preparatory steps may be carried out on
one or nore tables while one or nore otther tables are being used for
exposures. 5 Dual stage lithographic projection apparatus are descri bed,
for exanple, in US 5,969,441 and WO 98/40791, both incorporated herein by
r ef er enceDudtistage lithpgzanhicprojestipn aphacasusaradeseribedy doseraltiple, is &ISi L9644 or

devices, a correspondi ng. need to.provide projection systens

enabl i ng 3&3&”@%@@& g?téé?%ﬂé(gatgg\]}}frteﬁg@'n?ﬁl@@“cri tical dinmension (referred
to hereinafter as "Ry is alitedl o pRAAE LdiRPLAARRMcr ABRARDANSAICRICRE
pushed to their resolution limts, while maintaining sufficient "process

| at i t ude"thps a eorresponding hegsk togpegiide projection systamb snabling prefctionséfeattres/i ty t o

resi duyal rors in.the.dose o X e .of .irradia target. portions).
Ther efPor et P leri Btz g o e BB R e Ranert “h L s e nicheerinrd
resol uti cdppafanishee BERG padhed ta dirtrBRIRIAARASs, haile iifaink @Ecieqnsequent |y
there is a need to provide accurate nonitoring nmeans to nonitor these

factors. ' sylfatifude efite.. sulficians depth of facue and hidliciaml insemsiti@ity socesiduel process
| ati tude _for. i,ven dithographi g. prjection a ratus, .such as, .for
exanpl e, T65T1 3“&? d%eeorﬂregf’?%ﬁ%gg aﬁ{aﬁeéﬂ : 5§ %Oéﬁ?lbgﬁ‘p@gf&fg?ﬁ ﬂfﬁec‘ﬁ? efd Qose
errors, afthirae fAR6MWIBEE anQiffedi tha YesoRion of &t appirakiz apafld Hrot&s lattti, Mor e
stray radiation is [)resent in the image of a pattern projected by the

pr oj €t i cMdepsieanenthylicreds 8 needsto| e vide acsaratpmoniseringmeansaa snaniter thesd | er t he
process If%tio‘%sude will be. Stray radiation may, for exanple, be caused by
scattering of projection beam radiation at contam nating particles and/or

defects on surfacesMahy differén lfactdre BBNAFechthelshlleICI) afd thRprodsss Rituddl So,
opti cal ij ements provided with anti-reflection coatings may 20 cause stray
radi at i orfoHY&1VEB lithagrankia projecien appagatys such asetor pyamplseresidual-aberrptéiansiafn

coat i ngs. dat| o ' y Lakl ' effect, and
i ke the %ﬁ%ﬁgﬁ%y@%ﬁt %&G%{ﬁdnogk %Ié{??i C elslggé(gl?ll St I:‘%:Ie éﬂélp gyﬁﬁ?{%n%g&l ncr ease
as a fsungiartioulaf thenere sifineradintion is' proseat in thaimage dflaepattspr mefcred byahst r ay
radi ati on condition" ?];7( usedé{above refers to a _nonent a]ire%l state of the

pr esence Ripiectiomsysieayithg lestrcsaiidemepndrerabtained, angd the spraliprtbe peress latitude

will be. Stray radiation may, for example, be caused by scattering of projection beam
radiation at contaminating particles and/or defects on surfaces of optical elements of the
projection system. Also, optical elements provided with anti-reflection coatings may

20 cause stray radiation due to degradation of materials used for the anti-reflection coatings.
Degradation of materials may be a radiation induced effect, and like the number of
contaminating particles and/or defects it may increase as a function of time. The word
"condition" in the expression "a stray radiation condition" as used above refers to a
momentary state of the presence of stray radiation causing effects in the projection

25  system. The stray radiation condition is typically a time-dependent quantity. When the
amount of stray radiation increases, the stray radiation condition deteriorates.

To more precisely assess the stray radiation condition of a projection
system, it is useful to identify "ranges" of stray radiation. A point in the object plane and
irradiated by radiation of the projection beam is traversed by rays of the projection beam.

30  These rays subsequently traverse the projection system whereby a sub-set of the rays is

diverted due to scattering. This sub-set of rays intersect a plane conjugated to the object



25 system The stray radiation condition is typically a tinme-dependent
quantity. Wien the anount of stray radiation increases, the stray

radi ati on condition deteriorates. To nore precisely assess the stray

radi ati on condition of a projection system it is useful to identify
"ranges" of stray radiation. A point irethe object plane and irradiated by
radi ati on of the projection beamis traversed by rays of the projection
beam 30 These rays subsequently traverse the projection system whereby a
sub- set oflatchigeferyd td bereidafiaras éthabeldne " siaahtaéda dognpribitigths peora@ticalfl rays

I ntersect, a gl'gne copnjugated to fhe %bj ecé@G pl ane (referred to_ hereinafter
as "i mage'MAesbsgid ppinh Atacorresponding wbnigt s that geqmeiieal dmaga; d

poi nt at &, 0 | = | ' I mage
Poi nt . eGP RA D G oraid i e B R oo AR b 120
ranges colaigesUofstrayradiatisi. GénesdllyatherpacieatidnteamCeiradiatidn/provided pyahect i on
beam of radi ati on provi dﬁ%*/ the 5 radiation systemjis such that the rays
traverisi @U@UPR SR IS §ug heypETraysrsingesagd poinkipthe pbipetplang &8¢ st ri but ed
wth respsg,ﬁ{m ; Wey-| Y- V4 t | ect | wever, in
spite of thi Sé@f%&?l%ﬁ?ﬁt&%ﬁf;ﬂgiﬁgﬁo tﬁ%?@?\% fg;gllg g?@? ?P‘ﬁ%%tﬁ%ﬁg?mﬁﬁé stray
radi at i onHowewverhie spiagbthid simetiorg yhenspatiddenteysityatistributiort ¢f the stpctadiation he
geonetrical ijmage point. Thus, the. range of stray radiatjon nmay. be an

Aoy mmet r 18 (e REAEC FIATSMAY ngl b SHTRBGHS WAR Exspas to fhe peomeirical iRIhee G0 nat e

syst em i NTHREth WRGR dTlsBRP ralfidiidnintay Y dntsPmbhetrd RALERIGE M@Ytéb%rdiﬂﬁgmt ric

i mage point. This may be indicative for a certain class of defects in the
proj €6t i of asyartesian chbriénatesysfenr insthe ayageqularst withnits originfQ coiecitdentavighethecan be

used in a simulator to estinate the degr.adation qf .. and .hence to
ot mmt o RIS riee SRS B0 G ITOFULE (i S5 PIAIES SOHeFHE if fhogr aphi ¢
proj ecti QifoRRBRGH }istbgn. The resol ution performance can become out of

tol erance and thérefore there is the probl emof accurately nonitoring stray
radi ati on for diffeMeasuressdnyateay radiatiomin gffereptnanges qan &s usabinsasimubator

cl eaning | ens_surfaces an { ak in tine. Further, t hough.

1 thoor arhecipr eGSR0 of Gl 8 Pencl ah eifiarg heysres sl &R0 9Bans o
neasuise rReRimMhhbiIkY fithb APk prdjtction a?ﬁér_aﬂﬁ.s}?ﬁ&le&)lﬁﬁ&{@éﬁﬁﬂlaﬁ& can
measurenments to assess in situ and sufficiently fast the presence of stray
radi at i orbecame @t pictplemance andthereferg these isthe probléte of acsemi¢ly ynasfitoriag istay

appropri gt & IERF et rral?éjelé,c & bt pq‘gvenlii%j [rRAAR such as cleaning lens surfaces
can be taken in time. Further, although lithographic projection apparatus are generally

provided with means to measure resolution performance, it is not possible from such
20  measurements to assess in situ and sufficiently fast the presence of stray radiation in
different ranges and to assess the necessity of taking appropriate measures to reduce stray

radiation.

25 It is an object of the invention to alleviate, at least partially, above
problems.

Accordingly, the present invention provides a method of determining a
stray radiation condition as specified in the opening paragraph, characterized in that the
method further comprises the steps of:

30 - disposing a detector in the path traversed by the projection beam, said detector

having a detector aperture;



25 It is an object of the invention to alleviate, at |east partially, above
probl enms. Accordingly, the present invention provides a nethod of
determining a stray radiation condition as specified in the opening

par agr aph, characterized in that the gpthod further conprises the steps
of : 30 - disposing a detector in the path traversed by the projection beam
said detector having a detector aperture; 7 positioning the detector
aperture into @ﬁ@o I subst anti.al | i.ncident ~w th.the image

. St b
pl ane and wher “’ilﬁg'e‘ﬁ‘g&\é%"é@f all?ei%ff%'&f"a? st %H‘%ﬁbﬁ"’cﬁ’ﬁt&f‘t‘ﬂm LIS, over

a di st ancgitthedinabeplihe dPwatrebpbfl eftinged fea SP@IMCHbS aindtioRMABBY t he
Il mge of said feature; 5 - neasuring detected radiation intensity, and

cal cul at i ovgr a distance of atdpast LEHA ©f 83id detector afertuneisspvergd bathediriaga ofsaidi t i on
of the pgojection system on the basis of the nmeasured radiation
i ntensi ty*@ e i nvention is based on the insight that, in the absence of

scattering of meadiiag H@t@ct@&lﬁad‘iéﬁonfiﬂténﬁgﬂ,iﬂim e, contam nating particles, a
plurality of rays of the projection 10 beamtraversing a point in the

obj ect pi-ane, @Xmﬂa;mgm Hagny represgatat vaof thp stray widistioh ganditien efithei nt er sect
t he i mage e | r c i sing. the geonetrical imge of said point
at a cor rpergifgﬁtc?ﬁ %?@‘egﬂﬁatﬁ?aﬁf%o o eedgrag\agﬂq frﬁ?f’(s%'eorret rical imge
point, where due tThelinbéntRatis bisedod thdiasiphehen kethehbepst dtahitahar sation in
the projection system the distances typically range fromzero to about a

di st ance rafiatpndugio {griepample. cpnianisagRsParticles, agilyrality; of rays offtheipraigctian

travefsi ' : LSt e rigal . e poi nt
or eartsr el gefRErs Bofh it ol nd SRR WIRIOERNTRIRL 6 proje RS
consequernystem, anersemde: iafaga ppat iredmares campesing prtdeomotricabimage g said
transm ssive area surr _undbjr}%]#%_réég[éa ug %ﬁqture consists of an area

J

exposed tROIMAYREPTBIPOBAIOER iBEPMEtEsl image paint, where

subst ant i glel ; t opaque
Feat Ui 6. e O B e D AR B, PR R Sy 2t € The

subst ant i disthyces typi@dlyadnger feam atroao dbsutantigarge ed AN A tpna (witi\tteweavelength t he
edge of the exposed area is primarily stray radiation. any area

conpribsed Biyen Henmydiadigiondraversingahe Baaes phaneat distanpes from %gﬁ geometrical

image point greater than A/NA is typically primarily due to scattering. As a consequence,
an image of a pattern or a test pattern featuring a transmissive area surrounding an opaque
feature consists of an area exposed to radiation of the projection beam which comprises a
substantially unexposed area of the same shape as the shape of the opaque feature, scaled

20  down by the factor M. The radiation traversing the substantially unexposed area at a
distance greater than A/NA away from the edge of the exposed area is primarily stray
radiation. So, any area comprised by the substantially unexposed area and having a
notional shape, defined by first scaling down the shape of said feature by the factor M,
and by subsequently displacing each line element constituting the edge of the scaled

25  down shape, parallel to itself, over a distance of at least A/NA in a direction perpendicular
to that line element, is traversed primarily by stray radiation. Therefore a detector with a
detector aperture whose extent fits within or matches to said notional shape can be used
to measure stray radiation by positioning the detector aperture within the image of the
feature and measuring the stray radiation. This enables a fast, in situ, real time assessment

30  of the stray radiation condition of the projection system. The detector aperture can be, for

example, the edge of the radiation sensitive surface of the detector, or a diaphragm placed



noti onal shape, defined by first scaling dowmn the shape of said feature by
the factor M and by subsequently di splacing each |ine el enent
constituting the edge of the scal ed 25 down shape, parallel to itself, over
a distance of at least XNAin a directjon perpendicular to that line
element, is traversed primarily by stré& radi ati on. Therefore a detector
wth a detector aperture whose extent fits within or matches to said

noti onal shape_.can be used,. to asure stray radiatjon posi,ti oni ng the
ot ect or SHAPREAE® aiask And Hieioe euient fub b Saft whlesaR s sXPoedst f ay
radi ati ony rddlhor BADLiGfIaRy - ARy paktidll§ bt SubslaBBhlly rARmASPRIEMardbff the

stray radiation condition of tﬁe projection system The detector aperture
can be, fsbstantialygrdiatiomblogkige sereen placedptpuiniatmtogbadétedtorssiacet.dde of t he

detector, _.or..a diaphraam pl ac on to f is..surface,and limting the
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si m | & | ynotioalyshRp édnctel éaldted DY BRAFAS thalthansthisiNe Bica D \'S?elﬁﬁé bf ik défeBr Of @
substantially radiati on bl ocki ng screen placed proxinmate to the detector

surf ace. apsguressuclythat amexpradedsrea pbthe deteptor apertuneobiained by e ngtenalure fits

within or,matches to,said 5 ti sha an be real.i zed by shaping the
tr anoni o<l PR RRaets aBfufk aeASsCHE S BT e torraritiias oot ae an 0

expanded @@Resab theditnddeloe64i0 FeadR8 b When ODicavBRE - B RatliRt ik SRfled sHiH dkAt i on
over a distance of at 1east JNA of said detector aperture Is covered by or

mat ches tits iftage coregeonmaicheskaidenpandedmareashen - vice versa - the feature is
shaped such that its inmm cover.s Q tches said e nded area. 10 The

si g_naﬁ provi ded by _eeSI%’%TQE({Vb(fedisbﬁ_ tbg@%sﬁglémtrgsq)ﬁ%e %ﬁﬁ%g‘%’éﬂe‘i PRy

radi at i onalliatiemiiténkity $s Bstedy rafiafiédlpahinefdr Bﬁmaﬁﬁﬁhgofqﬁe isoRtdd@ecand it he

i solated area and its value may serve as a coefficient representative for
stray radjaue Bay spive af a eopdlicientgppresentntive ferrstiay nefliatiapangrof thesstivoj ect i on
system P e w i ve . . Lation
condi 11 ortaBp bR Bbiktiich GARE il Hh sk SR BERAM Maingidt kiR ES 1 05
measur ed thé steyy raditiah comdition efthe pyojdtioh sestah@ambe bb@inell by metaaliAn the

hereinafter as a refegrence signal, representative for radiation intensity
in the i ragsusdatray radiation inadhcwithp sigaldhatis peferred fodiessinafier af & provi ded,
for exa LB T t ' : | At

ot eno o yeererRé slgtl, AphRehBiive RorEERRRTRC O HAE AR dtne b Ml B of,
away fr anpateng dhiodigreabys grosidegddt eanpls be thadetécoran aespordefto deectdoreof o t he

resence of, t.he test 20 patterps. . . .
P radiation intensity in arP exposec{-I area in the image plane chosen sufficiently far away

from images of any test patterns such as to avoid effects due to the presence of the test
20  patterns.

Preferably said feature is embodied as an isolated area that contrasts with
an area of the pattern comprising said isolated area. Here, the verb "contrast” refers to
having a patterning effect on radiation of the projection beam. For example, contrasting
isolated areas may be embodied as opaque or reflecting chromium areas on a surface of a

25  substantially transparent reticle, or as substantially transmissive areas in a radiation
blocking or reflecting chromium coating covering a reticle surface. Also, in analogy with
attenuated phase shift masks, the transmittance and/or the phase shifting properties of
isolated areas may differ from the transmittance and/or the phase shifting property of an
area comprising said isolated areas, for example. An advantage of using an isolated test

30 feature is that the measurement of stray radiation is less sensitive to possible asymetry of



Preferably said feature is enbodi ed as an isolated area that contrasts with
an area of the pattern conprising said isolated area. Here, the verb
"contrast" refers to having a patterning effect on radiation of the

proj ection beam For exanple, contrasting isolated areas my be enbodi ed
as opaque or reflecting chrom um areas %n a surface of a 25 substantially
transparent reticle, or as substantially transm ssive areas in a radiation
bl ocking or reflecting chrom um coating covering a reticle surface. Al so,

i n anal ogthe wpatigl indensiy distrélantioh € ghesitriay radiatiingn thehiage plesriwithangspectitod? or t he
hase shifting.properties of isolated areas may differ fromthe

!toransm' tt%eﬁénggéc%é}rg?getq?zrﬁphase shifting propertg of an area conpri sing

sai d isol ated areasln 4 fafthexanddime ANtha HARAUR eRparidsd Ak IBaisA B £d test 30
feature is that the neasurenment of stray radiation is |ess sensitive to

possi bl e nptipneldilatation@vetwedisianed of atilgasiohdiA of the detectouapenturais cohgrusntrtay

radi ation,in the i e plane with respect to a, . geonefrical, i.m oint. In
a fur t%epthgffﬁ%gﬁ #éﬁ%i?ea{"ﬁeeorsﬁglﬁ dgreas Pé%ﬁ%{ﬁ‘gg%d ’é‘?@ﬁggb’?’ﬁgﬁgﬁatwq‘z b%’not i onal
di | at at i Ofie PpMféctRndiystbANSRI Ald @sitid@fid st fublbetbontftRedfl RS MenBRp I € 1S
congruent to "5 the inmage of the feature or isolated area as projected and
i maged atangubprlyfaligning die datengor dpertprecyidicthe osvlagd arem Asmebsslacontpdss t i oni ng
step further..c rises an alignment step faor larly aligni t he

det ect or p&ﬁ%‘ﬁ?‘ggger_ AVERES Thggflgeﬁéeéwg%tg‘? eg%e %itatﬁggﬁfefm anethe by ovi ded
over the «i¢ehagkingitisd RaRRidATNE e dxpescads theGubsthRiAg Rk sedRRAL PKig iANd t he
edge marking the transition fromthe exposed to the substantially unexposed

ar ea. 10Thi tyrr proyigdes ¢omiroh pusri theginge af stesly radiation thet is ampgsured. lotthegresendi at i on

h ' . " f |.sh id
Lo be - angn v oreat el MREfPbnia FBb "alllBely e B Ry SRR 68 T2 by

excl usi vebeybroaghtiimgvahg/terexc hisie B seyling dsdrddterally afslatigeony dréa witkspect to
the other area. |n a preferred enbodi nent said a?(i gnnment step further
conpr i segespeettodheohef f§a.step for laterally centering the detector aperture

with respect to theyi | gﬂguﬂﬁ ?‘?\ﬂ%ﬁ Y. .1 he average
di stance between tﬁlga@-ggngpeﬁgdlgﬁlg% or apegl?1 tﬁ e ang%gﬁéhgeggae mar ki ng
t he t1sansdehieping fstepfot larera ype@arding chd detecsotapeanicivitt iespacnexthe fadgeadfahe i S

substantially constant. In the present exanmple the range of stray
radi ati orfs‘blétte@@feéd(t:%seﬂ}‘?ﬁﬂtyeﬁleéf’ertaﬁ%d‘IS@\'RF‘é'PF'dWB‘iﬂ tRicdgenvidhe deteetost ance and

since thigeARAd%he edge marking the transition from the exposed to the substantially
unexposed area is substantially constant. In the present example the range of stray
radiation detected is limited at the low end by this average distance and since this average
20  distance is substantially constant the range of detected stray radiation is well defined. An
additional advantage of the present method is that extremely short range stray radiation,
i.e. of ranges just exceeding A/NA, can be measured.
Alternatively, in any of the above described situations, the isolated area
may be transmissive, and be comprised within an opaque area. Then, in a similar way, the
25 range of stray radiation detected is zero at the low end and limited at the high end by, for
example, said average distance.
In an embodiment of the invention said test pattern comprises a plurality
of isolated areas for measuring a corresponding plurality of stray radiation parameters.
An advantage is now that a more detailed analysis of the stray radiation condition of the
30 projection system can be obtained, for example in terms of stray radiation of different

ranges and/or stray radiation for different points in the field of the projection system (by



20 distance is substantially constant the range of detected stray radiation
is well defined. An additional advantage of the present nethod is that
extrenely short range stray radiation, i.e. of ranges just exceeding

7LI NA, can be neasured. Alternatively, in any of the above descri bed
situations, the isolated area may be f®ansm ssive, and be conprised within
an opaque area. Then, in a simlar way, the 25 range of stray radiation
detected is zero at the low end and |limted at the high end by, for

exanpl e, mavidingiselaigd atras abditierent latesal nositions o the rodsk). fhaid meesrdetaledsai d t est

attern c | S -t foe 1. d_areas for asuri. a

(F:)orrespon | Sispcg'ﬁP gldlB é;fngéulusﬁda%%%&aﬁa%ﬁugg?’sgﬁeﬂug% or miﬂnﬁg%ﬁﬁpﬁcd(é IS now
that a noomestehgtradibtich duiritigisage of the Bppasatagy radi ation condition of the 30
proj ection system can be obtained, faor exanple in terns of stray radiation
of different ranged aiyetherenbadipentothy inpentiop thete 15 rrpwided paathad ofy t he
fieldgof fhgnhtifi | . - r.ovii di | . at different
| at erasl p%5| t oﬁgg‘%{nﬁfﬁhg%n%%%%& éﬁl’é’g }?gr%‘y‘ﬂgf’r“gg?‘%g%%@ﬂﬂf’ sg@gn be done in
situ, anccomprising &mbjegtibmsystetnofthamunterizh] pertherNAnthe imstliddedtimeiagke on
stray radiatign during usage of the apparatus. In a further enbodi nent of
the i nvert§RSi®!t here is provided a nethod of 5 determining a stray

radi ati on condi.i ' : ' ' | ' 1 i si ng
a projection 3#@?%%?8@“%%%‘%2@%%%@ r’%lﬁ},glr? ﬁgﬁ&ng%tggﬂg%vﬁ%r sing the
steps of:A,- supplying a projection beam of radiation, conprising radiation
with a wavel ength 10 - patterning the projection beam according to a

pat t €90 conpr i BtEHIRE e preipstion hspm acgerdingds a paftepeemprsingieplpalite?ined beam
onto an ifgﬁﬂ%s | ane to create an image of said plurality of features,
characterized I n that the nmethod further conprises the steps of: 15 -

di sposi ng a dgtreptong the patignpdbdant osveansmdgdplandie qreag a€ image disaidy sai d
detector  havin det ector aperture conprising plurality of transm ssive
areas in F&Wﬁ@’s‘%&%ﬁ@ﬁée with said plurality of features; positioning the

det ect or @R@icterzed it the BRI MARMLAIHSS REBShGE 1 al |y coi nci dent

15 - disposing a detector in the path traversed by the projection beam, said detector

having a detector aperture comprising plurality of transmissive areas in correspondence
with said plurality of features;
- positioning the detector aperture into a position which is substantially coincident
with the image plane and whereby the image of said plurality of features covers a
20  corresponding plurality of more expanded areas of the detector aperture obtained by a
notional dilatation over a distance of at least A/NA of said plurality of transmissive areas;
- measuring detected radiation intensity, and
- calculating a coefficient representative of the stray radiation condition of the
projection system, on the basis of the measured radiation intensity and a reference signal
25 representative for radiation intensity in the image plane in the absence of a pattern.

The plurality of features preferably comprises a one or two dimensional
array or set of identical features such as, for example, opaque lines of a grating, or square,
opaque areas of a checkerboard type array of isolated areas. An advantage of such an
embodiment is that the sensitivity of the measurement can be increased, or that existing

30  detectors (provided, for example, for alignment measurement or for aberration

measurement) can be used. Preferably, a coefficient representative of the stray radiation



with the image plane and whereby the image of said plurality of features
covers a 20 corresponding plurality of nore expanded areas of the detector
aperture obtained by a notional dilatation over a distance of at |east
?JNA of said plurality of transm ssive_ areas; neasuring detected radiation
Intensity, and calculating a coefficieft representative of the stray

radi ati on condition of the projection system on the basis of the neasured

radi ation_intensi and ref erence signal .. 25 representative for radiation
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I dentical features such as, for exanple, opaque |IT1nes of a grating, or

square, Iopatiorinensiy inthedamegeplane inahe dbsepereotza pattgrof i sol at ed areas. An
advant age of such afh enbogi rrentg iﬁ t hat. t he 'ﬁfonSi ﬁ]i Vi %}% of the neasurenent
can be increased, ofGFEFILYVERHGRAlsPIaXIdes f LIOSaphIn RTRISEUON PA Sl e, f or
al i gnmentcomgpiifigenent or for aberration neasurement) can be used.
Preferably, a coefficient representative of the stray radiation 11

condi ti o of téradiation eystern dorssupplyingcaprojsetion bednmefiradiatinn compiisingg t he

measured Str radiation infensity - as described above - with a reference
si gnal réﬁﬁalégé%%@i S ger“gh}n%rdl ation intensity in the inmage plane in the

absence af a PARPBbA strldBreFoLRPbrtingHARLIHE AEAR, thE gx&aﬁﬁlg%édnlﬁ bQ9gPhi ¢

projection apparatus 5 conprising: a radiation systemfor “supplying-a
proj ect i dA ppeemtid prozagtian beam eonvpding tngdesirsd ipattéron wi th a wavel ength X; a

suppaort structure far Qrtif att erni ng neans, the patterning neans
serviTHg to paﬁstuingtﬁﬁf:ﬁa}?%ﬁg%g@r&ﬁs@gg%ea ording to a desired pattern; 10
- a substrate 4 glofjeRtib®Eyshah dviftda Auhbiéd hpdritire BIAJ for oREGEELHE ipaftei¥St €M

with a nunerical aperture NA, for projecting the patterned beamonto a
target pdieamomtef targel poriian ofthesehstate and feereate an imagagef the pattesnpat t er n,

char aCtercjh?iﬁagte?%eciHﬁhﬂ’ﬁ{erff&%ﬁgiﬁé-ng: a detector provided with a detector
ng re v

aperture conpri Si one or ransm ssive 15 areas in correspondence
wi t h t he 4 magea ddte@creprovided ithfacRtdttor aperturs abpfsihy ehdor MORY teli¥midshe | mage

of said one qor nore features is, substantially congruent. to one or nore
exparided areas in correspondence with the image of one or more features of said pattern, whereby
the image of said one or more features is substantially congruent to one or more expanded
areas of the detector aperture obtained by a notional dilatation over a distance of at least
A/NA of said one or more transmissive areas, and
- memory means for storing parameters representative for stray radiation, and
20  processor means for calculating a stray radiation condition of the projection system.
According to a further aspect of the invention said detector with a detector
aperture embodied for real-time detection of stray radiation impinging on the target
portion is provided to the substrate table. An advantage is that the positioning means of
the alignment system can be used to align and position the detector according to the
25 method described above, so that no separate positioning means for this purpose have to
be provided. A further advantage is that the inherent accuracy of the positioning means of
the alignment system (needed for aligning subsequent IC layers as explained above) can
be exploited for accurately controlling the lower limit of the range of stray radiation to be
measured (this lower limit is of the order of A/NA um).
30 Although specific reference may be made in this text to the use of the

apparatus according to the invention in the manufacture of ICs, it should be explicitly



areas of the detector aperture obtained by a notional dilatation over a

di stance of at least JNA of said one or nore transm ssive areas, and -
menory neans for storing paraneters representative for stray radiation, and
20 processor nmeans for calculating a stray radiation condition of the
projection system According to a fur fher aspect of the invention said
detector with a detector aperture enbodied for real-tinme detection of stray

radi ation i nping on the target ortion is.provided to_the substrate
tabl e. An%ﬂia"@&?%é:ﬁ% shgh EhaRPHHE %ﬁ%%}%@%%@ﬁép@fw_n?% Far eepmplenit syst em
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t he positioni ng,means ne al i.gnnent syste needed for i gni ng
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r ef er enc eberaopsiderednd being repiacedtbynthe more generad terof "mhsk", Xyupstraietandaccor di ng
to the in entti on.in the manufacture of ICs, it should be explicitly 12
under st 0o FBRACTUL hSSRCAX Bt at us has many ot her possible applications. For

exanple, it may benGRPpRY&A doburhdift, thBd Ctadifiof? and ¥ IRdrRLeduRRth cal
systens, guidance and detection patterns for nmagnetic donmai n nenories,

| i qui d- crepsempasgiatlyess of glestremagnsitig radiptian, insdpding wiraeiakes (U¥D) cadidtion ski | | ed
artisan wil reci t hfy t t of _such 5 alternat]
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shoul d hadiatos («ehadings waichggihthlthcdgdy-20hen)or e general ternms "mask",
"substrate" and "target portion", respectively. In the present docunent,
the terns "radiation" and "beanml are used to enconpass all types of
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with a wavel ength o ri
ul tra-vi aindy, Wit Mferemicedo e anopparyingdsehematiadraevitedsdn gihich dortelgoridaipge 5- 20
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the invention;
- Figure 2 depicts an isolated area surrounded by a contrasting area, and the resulting
image as projected by the projection system
20 - Figure 3 depicts a detector aperture angularly and laterally aligned with an image of
an isolated area.
- Figure 4 illustrates positions of the detector for measurement of a stray radiation
parameter and a reference parameter.
- Figure 5 illustrates the use of a plurality of isolated areas.
25 - Figure 6 shows a determination of a stray radiation condition of a projection
system. Along the horizontal axis the position in the field is indicated, and along the

vertical axis the value of stray radiation coefficients is plotted.

30 Embodiment 1



- Figure 1 depicts a lithographic projection apparatus according to an
enbodi nent of the invention; - Figure 2 depicts an isolated area
surrounded by a contrasting area, and the resulting inage as projected by
the projection system20 - Figure 3 deplcts a detector aperture angularly

and |laterally aligned with an image of ¥an isolated area. - Figure 4
Illustrates positions of the detector for nmeasurenment of a stray radiation
parameter and a reference parameter. - ure 5 illystrates the use of a

plurality of isol at&gusy emE'ScaJIYIﬂFBJGFS@ lﬁhgﬁéﬂﬁcar‘ﬂ%‘tt’@ﬂﬁpﬁﬁﬁuén of a stray
radiatio al axis the
posi ti On”ﬁ;% tﬂ{egtt?%gqagﬁ%@m%ogg{%@Bfgﬁﬁﬁ&ﬁ%omﬁgptkﬁ%pvertslrégﬁpﬁg%s t he val ue
of stray +adi at fadimtionefdtemibanils fossqpblytzt@pro&@tl&mbmm BBrdf radidGorHegiir e 1
schemat i | y.depicts a_lithographic pr ction gpparatus according to a
par t1 oul 20V aHUEIBiSh SO HBTPIF AT bR SR e O idos: - 5

radi atsl 0Ny SR 69248/ dm, 1f99rnn§appﬂ7yﬁlﬁgor gFHl%e‘?QTrE(P attﬂé%tﬁ@e ﬁ%erﬁtﬁfy ation
(e.g. WV radiation such as exanpl e erated by an excinmer | dser

oper at i ngl3ah nm).9nkis @hﬁmglahcasre mdsadnanonjsgsatemralmcohﬁnhsm ragliation saurce
Iaser-flr pl asma source operating at 13,6 nm. In this particular case,
t he radi |’on system al so conprises a radiation source LA, - a first

obj ect table :(ﬁﬁﬁ!ib]&@%lﬁé (WHsKIREIIY) ldﬂcbrm/fti@d ithiBSKasdk Qo f&ﬂ{ol&iﬁkﬁln&&ka mask
MA (e.g. a reticle), and connected to first positioning nmeans P

accur at elMAIE. at)égt‘:ttqlft)nambcqnneﬁﬁa@)l(ﬁm pasiticaggaveans ¥M f@racPurately second obj ect
t abl € (substrate e% V&; grovtltdetd h a substrate holder for holding a
subst tDatep ](ognﬁ A P st 815 on wafer), and connected to second
posi ti oning mepRsoiYhjedt tale (ubitelty taBRS W T vaﬁtﬂadt\hﬁl §btﬂﬁtrﬁ@tlﬂld@rtf$} respect
toitemPL; and 15 - a@I’OJECtIOI’lS stem "Ien;l;% (e.g. a quartz and/or
CaF2 | ensholding asubstrate W: @dﬂmaﬁceatsgs@lem walepk erd eneetad tesespmtit s made

from suc rbo@ﬁfo‘ﬁ[ﬂg%éans Pw %IIHCEIEJ%{ely positioning the substrate with respect to item PL;

and

15 - a projection system (“lens™)} PL (e.g. a quartz and/or CaF; lens system or a
catadioptric system comprising lens elements made from such materials, or a mirror
system) 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.

As here depicted, the apparatus is of a transmissive type (i.e. has a

20 transmissive mask). However, in general, it may also be of a reflective type, for example
(with a reflective 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 UV excimer laser, a laser-fired plasma source, a
discharge source, or an undulator or wiggler provided around the path of an electron

25 beam in a storage ring or synchrotron) produces a beam 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 o-outer and o-inner, respectively) of the intensity distribution in the beam.

30 In addition, it will generally comprise various other components, such as an integrator IN



systenm) for imaging an irradi ated portion of the mask MA onto a target
portion C (e.g. conprising one or nore dies) of the substrate W As here
depicted, the apparatus is of a transm ssive type (i.e. has a 20

transm ssive mask). However, in general, it may also be of a reflective
type, for exanple (with a reflective sk). Alternatively, the apparatus
may enpl oy anot her kind of patterning neans, such as a programmable mrror

array of a . type.as referred to abave. e source e. UV exci ner
| aser, a @&%‘3’99?1}88889-&& R a et J%i‘@BW&F‘&émls—tﬁﬁ{I@ég%gh%a g??éfﬁggt or or
wi ggl er pefforfRy and aieddity AesuMidongh itaBro8d-8&tibAN 25 beamin a storage ring
or synchrotron) produces a beam of radiation. This beamis fed into an
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traversed,.: I £iQnin s, .such _as a bheam expande for exapple. The
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respectively) of the intensity distribution in the beam 30 In addition, it
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radi ati on beam which it prodacess&)%rgi 26 Irecg‘lsi nto the égglg"?ltalgﬁlgld(dg%. W th

t he ai d chaskuiablaME. Idivieg travegsedithe oxask MA, thebdaat PB passes thaough the laktdn t he

case when_{. sour c A is,an,excinmer |laser._.The cur I ntion.and
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the mask MA, the beam PB passes through the lens PL, which focuses the

beam PB dakle VAT can emoyed accyrately of-g.tsaas sqpesitien dffprentarget ppdioas § isfthe he
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di f f er entpdshiopehe mask MAs/ith régpetthe thdpatabthe beirh ®B)h e amafRB. md&h@hikar | y, the

first positjoning means. PM can be used to accur at el
P retrieval of the mask MA from a mask l?brary, or during a scan.yIn general, movement of

the object tables MT, WT will be realized with the aid of a long-stroke module (coarse
positioning) and a short-stroke module (fine positioning), which are not explicitly

20  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 actuator, or
may be fixed. Mask MA and substrate W may be aligned using mask alignment marks
M1, M2 and substrate alignment marks P1, P2.

The depicted apparatus can be used in two different modes:

25 1.  Instep 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 be irradiated by the beam PB; and
2. In scan mode, essentially the same scenario applies, except that a given target

30 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



position the mask MA with respect to the path of the beam PB, e.g. after
mechani cal retrieval of the mask MA froma mask library, or during a scan.
In general, nmovenent of the object tables MI, W will be realized with the
aid of a Iong stroke nodul e (coarse positioning) and a short-stroke nodul e
(fine positioning), which are not expli®itly 20 depicted in figure 1.
However, in the case of a wafer stepper (as opposed to a step-and- scan
apparatus) the mask tabhle MI may just be connected to a short stroke
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In thi.s mann elatlve | ar rtion C e expose
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photodetector sensitive to the radiation used for the exposure process.
To determine the position of the focal plane, the projection lens projects
into space an image of a pattern provided on the mask MA and having contrasting light
20  and dark regions. The substrate table is then scanned horizontally (in one or preferably
two directions) and vertically so that the aperture of the TIS passes through the space
where the aerial image is expected to be. As the TIS aperture passes through the light
and dark portions of the image of the TIS pattern, the output of the photodetector will
fluctuate (a Moiré effect). The vertical level at which the rate of change of amplitude of
25  the photodetector output is highest indicates the level at which the pattern image has the
greatest contrast, and hence indicates the plane of optimum focus. The horizontal level at
which the rate of change is highest indicates the aerial image’s lateral position. An
example of a TIS of this type is described in greater detail in US 4,540,277, incorporated
herein by reference. Advantages of TIS include robustness and speed, because it is a

30 direct measurement technique not involving exposure of a resist.



mar kers used with another fiducial in alignment processes. The TIS is used
to determne 15 directly the vertical (and horizontal) position of the
aerial imge of the projection lens. It conprises apertures in the
respective surface close behind which is placed a photodetector sensitive
to the radiation used for the exposure %rocess. To determ ne the position
of the focal plane, the projection |lens projects into space an inage of a

pattern provided on,the,.mask . MA and having contrastin jght 20 _and dark

regions. The substr%fcé’r‘?lggl%%tlﬁefrﬁsﬁgtﬁ%w%’ %Wtfﬁﬁf)gﬂ”wg(‘? Harbﬂ%‘%ﬁr
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pattern imge _has the greatest contrast, and hence indicates the plane of
opt i mum fRhetpdiodehe hori zontal |evel at which the rate of change is highest

i ndi cates the aeri | rage’' s | at eral sition. An X le of .a TIS of this
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a 30 direct neasurenent techni que not involving exposure of a resist. 16

Accor di nghe test paitept £05 sraswiigodamsatiation comprissehsnarapnaghe arsag@mithof t he
TIS i u (o] P 1,S] odigde with an extremely
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a radi at izwarseissive antd 1. g lgeometeicsidinaga 30 bLthe opaglechréeisasgdarepart from
sensors assaoci a@ﬁ@d with TIS e specjfjc TIS 5 conprises a square
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248 nm and "t he NA a pattern npIn ané is 0.7.

Further, extingld esth SRELIQ0 i, Gihd ME&SOR25Nge BAVEY + 30ijdh| A8 sSEOWR LI BRErel squar e
opaque area 10 with 10 sides 20 with a Iength SO as illustrated in Figure
2. THE ophythapg e thcisquars detertor apsriureiphthe I1% senserivath sides H0ed allengtir§®

georet 1SR RE el SRR B R i AR S 1
shape of the area 31 by displacing each line element constituting the shape of area 31,
parallel to itself, over a distance of 1 pm. Here, A/NA is smaller than 1 jum: we have
A/NA = 248/0.7 = 0.354 um. So, when the detector aperture of the TIS is positioned such

20  that its edge 50 coincides with the edge 40, primarily stray radiation of a range greater
that 1 um is detected with the TIS sensor. For clarity, in Figure 3 the edge 50 is
schematically shown in a position separated from the edge 40; during measurement of
stray radiation the edges 40 and 50 preferably substantially coincide. In that case the TIS
detector aperture is angularly aligned with respect to the opaque area 10, and centered

25  with respect to the image 30.

A measurement of a stray radiation condition of a projection system
involves at least two subsequent measurements, whereby the detector aperture with its
edge 50 is positioned in two different positions 60 and 61 with respect to the image of the
opaque area with sides 33, see Figure 4. In position 60, the above mentioned centered and

30 aligned position, stray radiation is measured, and the signal generated by the detector in

response to the impinging stray radiation is a stray radiation parameter S1. In position 61



| mage of the opaque area 10 have a length SI given by the nodul us value | M
x SO. For exanple, with SO = 120 gm and M= -0.25, we have SI = 30 gm
As shown in Figure 3 15 the shape of the square detector aperture of the
TI'S sensor, with sides 50 of a length of 28 gm is congruent to a

noti onal shape having an edge 40 which'is obtained fromthe shape of the
area 31 by displacing each line elenent constituting the shape of area 31,
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primarily stray radiatiogn of a range greater that 1 gmis detected with
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t he opaque area_ 10, and centered 5 with respect to the inmage )
measur emeittaksm literaily Jjut teybe urdesvioeshiedndicasa thot atthp laigemdithorange bEstrayi nvol ves
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respect toantbbérradimge bokhd frojecipabesm.area Wi th sides 33, see Figure 4. In
position 60, the above nentioned centered and 30 aligned position, stray

radi ation is measurB¥ digaeceRebesvepndhe sidese’ helahe impaganf the tselatesrargmand
SUPSE, Tame L S e gagte for S
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| n position sensor IS Ifr
proj ect i alistirearshall be nmheh drparthai o akteblofithe tile 33 ratisudndat har aneter to be

used for normalizing S 1, such that a siray radiation cgefficient Co is
obt aij ned:m%%“@%n&ysg‘z 80?%aﬂﬂf?§PaH%P%%#ﬁFﬁM the,pregeaise of thesybstaniially

repr esentigbkNfied Qfea coinpA¥ed BAhakigei3pr esent in the range R given by R =
[(1/2) x (SI" -SD), infinity]; for the 5 present enbodinent, the range is R

=[1m infinity]. Here, the term"infinity" is not to be taken literally,
but to be understood to indicate that at the long end the range of stray
r adi asi orEmboditentsh be detected is limted by the maxi num size of a target
portion that can be irradiated by the projection beam The distance 62
bet ween the sides 33 of the inage of the isolated area and 10 the detector
aperture 50 is indilpanethbodinesntof thelihyenbyn thedesipatbem @Amiprisdsi areries 20 ofhi s

square, opaque isolated areas 10, with sides 20 of increasing length, as shown in Figure 5.
In this figure a series of three isolated areas is shown, which may for example be

20  embodied to have a side length of respectively 160 pm, 252 pm, and 400 pm.

According to the method of embodiment 1, stray radiation coefficients

Col, Co2 and Co3 representative, in first approximation, for stray radiation in the ranges
R1=[6 um, infinity], R2 = [17.5 pm, infinity], and R3 = [36 pum, infinity] can be
determined. Preferably, the test pattern comprises a plurality of series 70 at a

25  corresponding plurality of positions in the field of the projection system, so that an
assessment of the stray radiation condition of the projection system for different field
positions can be made. Using the positioning means of the alignment system to
subsequently position the detector aperture of the TIS at measurement positions 60 and
61 as defined with respect to each image 50 of the isolated area of the series 70, a fast in

30  situ stray radiation condition determination is possible. The distance between the areas 10

is indicated schematically by the arrows 71 in Figure 5. This distance shall be much




di stance shall be much | arger than the extent of the side 33, and such that
the neasurenent is to good approxinmation not affected by the presence of
the substantially unexposed area conprised by the sides 33. 15 Enbodi nent
2 In an enbodi nent of the invention the test pattern conprises a series 70
of square, opaque isolated areas 10, Wth sides 20 of i ncreasi ng | ength,
as shown in Figure 5. In this figure a series of three isolated areas is

shown, ich for exanpl e.be 20 odied tg have a side | ength of
r espect :N\{)@Tgﬁr H’gé B exﬁ%’é OFB}?\S“%%&%EB% htray ARURHRR MEVEFTRGTES #8MRbd of
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representative, in first approximtion, for stray radiation in the ranges
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t he posi ténithegrasttiondn ghe field isplpigdalpng the hodrenta axtsubsequent |y position t he
detector aperture of the TIS at neasurenent positions 60 and 61 as defined
Wth respect to each imge 50 of the isolated area of the series 70, a fast
in 30 sit tray radiation condition determination is possible. The
distancegéﬁhé§##¥£e areas 10 is indicated schematically by the arrows 71
in Fi%ure 5. This distance shall be nuch 18 | arger than the extent of the
si des'¥20 such that stray radi ati on neasurenents are not affected by the
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t hr ee opdhisembodineng thearem b isdtansmiseivposidithomsa il h it dpaqué Theatd patfdte st ray
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below_ In  this enbodi ment the area 10 is transm ssive, the area 1 | is
opaq J&. this argaghe gngtgql signal is S2, as described in embodiment 1. The detected radiation

intensity 12 in this area is the sum of a notional intensity 121 which would be present in

the absence of stray radiation, and a contribution Isr due to stray radiation in a range Rref

= [0 pm, infinity] : this contribution Isr is denoted as Isr2[0 um, infinity]

20 12=121 + Isr2[0 pm, infinity].

Similarly, in position 60, the detected radiation intensity 11 (provided as a signal S1) is
the sum of said notional intensity I121 and a contribution Isr1[0 pm, (1/2) x (SI —SD) pm]
due to stray radiation in the range R1 = [0, (1/2) x (81 =SD) pm]. :

25
I1 =121 + Isr1[0 pm, (1/2) x (SI —SD) pm].

The difference between the intensities 12 and 11 is given by

30 12- 11 =Isr2[0 um, infinity] - Isr1[0 pm, (1/2) x (SI —SD) pml].



al so conprises a transm ssive area of sufficient size to enable a reference
nmeasurenment of the projection beamradiation intensity in the absence of
effects due to opaque areas. In 15 this area the detected signal is S2, as
descri bed in enbodinent 1. The detecte? radiation intensity 12 in this
area is the sumof a notional intensity9121 whi ch woul d be present in the
absence of stray radiation, and a contribution Isr due to stray radiation

i R = [0 m infinity] : thi tribution |Isr is denoted
o1 21 0" myTinFISFapp Ko mpasue g the Sy cafonin thevnas K] (1) mRbrSD) im

o ‘ , s ! . Canal S
o™ e s R b AR Rt o2 d el s es it ™y =
(1/2) x (cBithe SRY radiaticlueonditiostis abtairedi $d, o thi$ embddimeangahSnetholQ st/ 2) X
(Sl -SD) g‘%h  28el1 2121 + lstl [0 m (112) x (S -SD) m. The
di f f er enc® ‘é‘_E%Q?Ef_ I§IFR CHEBIFSFAREY fopstgyqadiation inghg e R 300142 < (11 =
157209 ™SIV thi) S flor AR s 1 Shys BB b B ip i (orence i

a measure r the stray radratron i ge Ian-SD) imo

i nfinitylaltetnative way ineadird M@ shivie bhgy Fadf2808 06&THPRABIRISEribed i& coef ficient
representative of the stray radiation condition is obtained. So, in this

embodi meSMbOAIEeE lnpt hod a stray radiation coefficient Co representative
for stray radiation in the range R=[(1/2) x (SI 5-SD) m infinity] is
obt ai ned according to the fornmula Co = (S2 - S 1)/S2 . It is an

al t er nat Iﬁ& v&aé tto4 measure the sanme stray radiation coefficient as
descri be Pl iment 1. Enbodinment 4 10 A lithography projection

appar'8tus provided with, for exanple, a discharge source for providing a
projection beam of radiation with a mean wavel ength of 13,6 nm is
typi cal |y featurind kthogoipbg proectionsipparatak peyvidedi veith, dsr exaniple,ar system For
15 deternilr&hglg a strﬁ% radi.ation .condil;ti on fof .said mrror syst&m it I's not
necessar §1 FHYEC cpEce 350%\9_8 APRYEFIY DR 6?‘3}1%‘&'1" R rslengdyof
proj ecti ng, gk, ik eicdlBifesufing ﬁpﬁ}lj&@i_oﬁ%?rs@gm@ﬂ@m@d’i%srﬂ thirfr sSHSMCPE: ar €
achromatic, i.,e., the geonetric Optical inmaging properties
15 determining a stray radiation condition of said mirror system it is not necessary that the

mean wavelength of the projection beam used for projecting the test pattern is also 13,6

nm. Since mirror systems are achromatic, i.e., the geometric optical imaging properties

are wavelength independent, the projection beam used for projecting the test pattern may

have any other mean wavelength, such as for example, a longer wavelength or a plurality

20  of longer wavelengths. This enables an even more extensive stray radiation condition

assessment of the projection system.

Whilst specific embodiments of the invention have been described above,
25 it will be appreciated that the invention may be practiced otherwise than as described.

The description is not intended to limit the invention.



are wavel engt h i ndependent, the projection beamused for projecting the
test pattern may have any ot her nean wavel ength, such as for exanple, a

| onger wavel ength or a plurality 20 of | onger wavel engths. This enabl es an
even nore extensive stray radiation conpdition assessnent of the projection
system Wil st specific enbodi nents of ¥ he invention have been descri bed
above, 25 it will be appreciated that the invention nmay be practiced
othermﬁsqstgga as described. The description is not intended to limt the

i nvention: ELAINB: 51 A nethod of determining a stray radiation
condition, using a lithographic projection apparatus conprising a
projection systemw th a nunerical aperture NA the nethod conprising the
steps of: supplying a projection beam of radiation, conprising radiation
with a wavel ength 10 - patterning the projection beamaccording to a
pattern conprising a feature; - projecting the patterned beamonto an i mage

pl anesto kcreate an A megloddf dedrlinih@abiddyeradiifiah asidior @ding A lithédrapiie met hod
further conprises the steps of: disposing a detector in the path traversed

by the priSPIEEHITHIPPBESYS CORringa protestion D5temvithg mimesicaloaperturgpbht tee;
pOSitiO”HH&hS@Exﬂﬁﬁﬁﬁéﬁksﬁﬁngure into a position which is substantially
W th fhe mage- pl a

coi nci dent I'ane and whereby an expanded area obtained by a
noti onal -di | atsapplying ;oprejecionbenaofedatioatcohpaising 2adidticr withiadval@leagthor
aperture s covered by the imge of said feature; 20 - neasuring detected
radiatio@ﬂintensity, and - calculating a coefficient representative of the

strayqaradi ati g -0f.. r.Qj i : s of the
maas)lj]r('J ed radi %Féﬁﬂ%ﬂ%&ﬁ&]?{}mﬁ%@mﬁ a?%ﬁﬂ%ugqggi%ﬁ%ﬁ%mﬁ QSIE:IEgjif?n ,e, wher eby t he
cal cul ati-on ofprojeetirgntht pattéraet beaibornte pn &nagy planee cpdatd Acintdgeay saiddi ati on

conditio% of the projection systemis further based on a reference signal
representS@ e for radiation intensity in the i mage plane in the absence

of a pat {Bhfcterized in that the method further comprises the steps of:

- disposing a detector in the path traversed by the projection beam, said detector

15  having a detector aperture;
- positioning the detector aperture into a position which is substantially coincident
with the image plane and whereby an expanded area obtained by a notional dilatation
over a distance of at least A/NA of said detector aperture is covered by the image of said
feature;

20 - measuring detected radiation intensity, and
- calculating a coefficient representative of the stray radiation condition of the

projection system, on the basis of the measured radiation intensity.

2. A method according to claim 1, whereby the calculation of the coefficient
25  representative of the stray radiation condition of the projection system is further based on
a reference signal representative for radiation intensity in the image plane in the absence

of a pattern.

3. A method according to claim 1 or 2, whereby said feature is an isolated

30  area that contrasts with an area of the pattern comprising said isolated area.




3. A nmethod according to claiml or 2, whereby said feature is an isol ated
30 area that contrasts with an area of the pattern conprising said isolated
area. 21 4. A nethod according to claim3, whereby the shape of the inage
of said feature is congruent to the shape of the expanded area, and
wherein said positioning step furtherzbonprises an alignnment step for
angularly aligning the detector aperture with the isolated area. 5 5. A

nmet hod acgording to,claim4, wherein.sajd. align t st further . conprises
a cent eri'lfﬁg st ep fo‘?qegfﬂogr%%? “},getﬁtci?‘\"ﬁg"flﬁéebgé@% B?O%@ﬁ%&%ﬂéﬁ% r espect
to the ifemge i9tokdiBertiO Rl sAEpAsfaRe exfinbed eﬁeﬂ%ﬂgﬂle?&&%&'wﬁtiéﬂng@ﬂé of the
clainms 3 - 5 wherein said isolated area is a substantially square l<31rea. 7.
A net hod faebercempgisesanglignstent step firahgulardy aligningthe aletectoniaperpae wathrthe
conprisegmﬁighg&glity of isolated areas for neasuring a correspondi ng
plurality of stray 15 radiation paraneters. 8 A nethod according to claim

7 whewein said pattern conprises a plurality =~ of substantially square
i sol ated areas for measurjng a. corresponding plurality of stray radiation

parameters. 20 9. A\ msthedpcserding: terckiimds gvhgrein saig alignment sten ferdledi t i on,
. 3 A BT OO Y OO t
0 At 4 PO BRI SR 008 o

suppl yi ngmagpobihedtolased ream of radi ation, conprising radiation with a
wavel ength 25 ), patterning the projection beamaccording to a pattern
conprising a plurality of features; - projecting the patterned beam onto

an i nage gl ane to oA e@diodeddch o%{%P{h‘é cldtn¥Bals JiferGh s@:ﬁ%&ﬁ%ﬁ are3ds
characterized in that the nmethod furiher conprises t%e steps of:
a substantially square area.

7. A method according to any of the claims 1 - 6 wherein said pattern
comprises a plurality of isolated areas for measuring a corresponding plurality of stray

15 radiation parameters.

8. A method according to claim 7 wherein said pattern comprises a plurality

of substantially square isolated areas for measuring a corresponding plurality of stray

radiation parameters.
20
9. A method of determining a stray radiation condition, using a lithographic
projection apparatus comprising a projection system with a numerical aperture NA, the
method comprising the steps of:
- supplying a projection beam of radiation, comprising radiation with a wavelength
25 A,

- patterning the projection beam according to a pattern comprising a plurality of
features;

- projecting the patterned beam onto an image plane to create an image of said
plurality of features,

30  characterized in that the method further comprises the steps of:



22 disposing a detector in the path traversed by the projection beam said
detector having a detector aperture conprising a plurality of transm ssive
areas in correspondence wth said plurality of features; positioning the
detector aperture into a position which is substantially coincident 5 with
the i mage plane and whereby the image &t said plurality of features covers
a corresponding plurality of expanded areas of the detector aperture

obtained by a potional, dilatation over di stance of at |east ?JNA of said
plurality of t£%ﬁ?§1ﬁgsas‘1%t°568§§;Paﬂb’é%‘{ﬁf%ead>y ¢ Brojsstion heamad saishdatentemsi t y,

and cal cHagingnodetect@ipbitGle@Binpki ,5\139%4' i.atian

condi ti on of gt_he 10 fgr oj ecti g&@i?g@/?ﬁgm ndfﬁ]aggrgfasgiﬁgﬁ{)e%?h%o?%ég%n&%%%

radi at i orWifthsasghplurglity oBfeamires; t hogr aphi ¢ proj ecti on apparatus conprising: -
a radiation sy r l.ying .a projection beamof radiation conprising
radiation wit ﬁéﬁ%@ﬁﬁé@%@{ ap%gm-eqﬁ%sﬂb‘ﬁgm %??E]&WPWWIY@WF ng

pat t esni ngitihtharisiagé planPid PherePOtHEERAS: SBYaH ;Blaraﬁboom{a)ﬂ]fers%%}ﬁ aPr 0] ection
beam according to a_desired pattern; - a substrat'e table for holding a
subst r at €oTrsFRPnding hrality; of §xpanded preanpf the detector apertire alpteintd bg aMAtiofialr

proj ecti ter. onto.a target portjon of the substrate and
to creat 2191 Sﬁﬁﬁﬁgg%r aoél&?ﬁcee 03%? E@f’twf‘oc’%ﬁ’éﬂﬁﬂagm dHNERISSYYE@FRES: conpri si ng:
- a detector micvidddetddd RAdAELHS GitersitfPRIgt Ure conprising one or nore
transm ssive areas I n correspondence wth the i nage of one or nore

features-of s&RKulaking acaefligicat wpresenthtive ofdbestudy redintiorocmnditiomatithe f eat ur es
I's sypst ! V. g t nor,e_expanded . areas of the detector
B>% Bitjectn S&i&gg‘ ol e batsgaoﬁ’ ﬂlgelrﬁézfsﬁefiéﬁ‘ﬁ?) MENF%t ance of at |east 25

aperture obtailne a notion

JNA of said one or nore transm ssive areas, and nenory neans for storing

pararreterﬁ representative for stray radiation, and processor neans for
9

cal cul atilg a st r ay* HEQBEPhiSPrejssiiin apparabs comprigng] ecti on system 11. A
| i t hographi c Rreiecd I : di to claim10 wherein said 30
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detector with a detector aper oVl
radiation with a wavelength A;

15 - 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; and
- a projection system, with a numerical aperture NA, for projecting the patterned
beam onto a target portion of the substrate and to create an image of the pattern,
20  characterized by further comprising:
- a detector provided with a detector aperture comprising one or more transmissive
areas in correspondence with the image of one or more features of said pattern, whereby
the image of said one or more features is substantially congruent to one or more expanded
areas of the detector aperture obtained by a notional dilatation over a distance of at least
25  A/NA of said one or more transmissive areas, and
- memory means for storing parameters representative for stray radiation, and

processor means for calculating a stray radiation condition of the projection system.

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

30  detector with a detector aperture is provided to the substrate table.




