METHOD AND APPARATUS FOR ANGULAR- RESOLVED SPECTROSCOPI C LI THOGRAPHY
CHARACTERI ZATI ON BACKGROUND OF THE I NVENTION 1. Field of the Invention

[ 0001] The present invention relates to nethods of inspection usable, for
“exanple, in the manufacture of devices by lithographic techniques and to
met hods of manufacturing devices using |ithographic techniques. 2.
Description of the Related Art [0002] A lithographic apparatus is a
machi ne that applies a desired pattern onto a substrate, usually onto a

“target portion of thﬂE$H@§WT\Qi&PPAﬁAT‘U’Sh@ﬁ%@@UL‘ARWL%BSSPE@ﬂ{(g@ d, for
exanple, in the manufacture of inte rated circuits : t instance,
a patterning device, which is altBiFRARNE] GRS H8Nas a mask or a

| reticle, may be used to generate a CII‘CUIt pattern to be formed on an
i ndi vidual layer of the IC. This red onto a target
“portion (e.g. conprising part of BR@%%E&Q}#B?E\;{%%M%}Q?@ on a substrate
(e.g. a silicon hdfckroftheipentioher of the pattern is typi cally via imaging
onto a layer of foask atTH@Bre&ﬂﬂﬁi'&ﬂldﬁe’elmtt@ﬁﬁt@dds glf lﬁ'sgécﬁ&) usgﬁé)i”olr gég’?% n nge

substrate. In ener? a_single substrate wl ntain a’ netwo

adj acent target PBHM aFtBrﬁgf‘teﬁ‘ﬁ‘ts by fitogrepbic dechiqpey a}‘d fpamathodsef anyfgebing devices
1'ithographi c appainglitisgraphiehechiiques.epper s, in which each target portion is
irradi ated by e N ttern onto the target portion at one
time, and scanneir@%gcp‘ﬁm ftl?eh eéaé%ﬁprfar get portion is irradiated by scanning
t he pattern thrddefdl a A litthgsaphio apparetasis a machingithatapplits b dairédqattefit dudo 4’ absammi ng"
direction) whil geyPGhs 289 ral |l e

anti-parallel tq th| s diréec Xnor?&ﬁﬂlerklhl%ﬁ?g% gqlﬂﬁ)gggth{)%%g?tﬁ)s r!éenuss?dé%r?xna‘np le,
pattern from thd® f?&t“f“é‘ﬁ‘ﬁ“ﬁg’fa@gﬁa@émﬂ@lﬁﬂfé) !ﬂfb% instance, Apgtidrmigerdeyitd, which e

pattern onto thenaidisdly @tefed to Bmgz%]c of ar}etﬁfedtﬁiy te@sed & é%ﬁéﬂt@@cufcﬁ%a%rﬁfb wf the
substrate, such fas %ts aldb'gcﬁnﬁ ?q rﬁgﬁs refl ected of surface of
the substrate, pl Taysr of the pa't‘“&t?jé?e"a&#ﬂ“eér?n@ﬁﬁa&ﬁ?‘%“%ﬂéét ed
on a canera of tctmprrsmg baaif,ede, lbegmral Bges)cbﬁamﬁmaftgeg hsilipmoRes) Tesf@brhd1e beam
bef ore and aftera&b-ptgggﬂfgﬁlrggug%ct %‘tia f’mP%&‘L}d’oﬁg‘S%?g’%t%% hllg%gro ert| es of.

the substrate c&
conparing the r &rlsehsirase Intaenenalyg single dubisteateswid) canthin anepwork dftad;aopntmefrgdKWMs that
measurenents as %ﬁ@&c@ésﬁ%lﬂa&éhéﬁ%n%%%ﬂhﬁ:t %apa‘i\g%[uh &%Pﬁr{ %%ﬂhfe?%hg%}%g

systemof illum nating target and Co ect ata ere
radi ation is of P‘@H°”d§’é‘ad"t‘tﬁiqylef‘wgtﬁt"émé pﬁtetalroatmﬂte}ar&t pertignest prgpigscand pat t er ns,

for exanpl e gr atdamgs, in Which &emfgdt fefioh ﬁﬁ:?adiaﬁsbﬁsc%ﬁ@%%tmﬂﬁ.@u@la%uﬁmpar ed
to the first pajtern. %d 8%@?‘ th haracteristics of the reflected
r

radiation it is Pod&iHY oty Vilesynepropqusly Rpanting the-wbsiath o
patterns. [ 00pBdllelan atiypmiatief td this dmaasxantsarsn paskibls toafandfér@éhepe@piefonslint f r act i on

orders. of the rﬁ‘afquﬁﬁ%%q cg%%e Eii)sg'gte ymmbmmyﬁtega&mmlon%tl?es%sge smal | - over| ay

errors, for exang e or Al #rs of the order
of the pitch of[099%k dﬂatdﬁfﬁgdmmbéea@leesefdheedbsuﬁp,rsgphasMlambndebe:mmbed in

the pi teh ?3&2??;2%%%?%?‘?%‘3W“ﬁ%%ﬁ‘%“ﬁ% oL I Ry

bet ween the gr 2956 en 2mes ofibe refacied beamy Rycpmpariag the prepastics afthebean befhieand s

shown in Fi gur eafiérii Has wddh ehedida@ftoRRubstthtt, ﬂﬁ%ﬂﬂerfxés%‘ﬂfh@s&&%maﬁwdé@dﬁ%d' On W' th
TM pol ari zed | |.®ht (sofid_li neé’??hyd TE Fga'ga“ zed lig dashed fines)

this exanple thalP&™ ¥ dgne,forerem eﬁ@‘f%@ﬁ“mﬁ‘ﬁ@ Pé@feﬂﬁkalt?rar&@ i m
The asymetry rkeswid héangenfent aasecidtéd veith mmﬂsu&fmtey@pdrﬁ’.yEd gratings, shovvn by

open circles, a verl

asymetry resul @(’lflé!r;]]c %?%ﬁ%%}é&%(%ﬁugﬁlgm 9% 8 tartgg)(étlfgcro I %éa&%iﬂl_t‘ﬁegrg He(cgeﬁ Eﬁ%‘“‘ﬂ&/
solid dots) al W@m@%@ﬂwlm acpkmlitja@f seperioposest pa@erywhfoc éxainple gratigs.r Bet as t he
correc t over | aYecBid fttert fas 4 BBRtermined bias compared to the first pattern. By analysing the

characteristics of the reflected radiation it is possible to determine the overlay error OV, between

the patterns.



[ 0006] Such overlay errors which are greater than the bias but smaller than

the pitch of the grating can therefore sonetinmes go undetected. SUVWARY OF
THE | NVENTI ON [ 0007] It is desirable to provide a nethod for identifying
fal se | ow overlay cal culations. [0008] According to one enbodi ment of the
I nvention, a nethod of neasuring a property of a substrate conprises
projecting radiation onto a substrate using a radi ation projector and,
detecting the Oth order and nth orders of the reflected radiation, wherein
n>1 and the reflected radiation is indicative of the property to b

measured. [ 0009][09€k o Aarlyripetts charpqaristice pf teerigberidEpetionrders il the fleried feq*ﬁma
scatteroneter condhglikRG deRrRaSHAN GV@aﬂr@ﬁ%i Safifle oF 12 WRBE JTALE nAOBRIEBHES A

radi ati on projector c t|o ont o ur.al Jj.t y of
superi mposed pat tEPHE eor%ﬁ%felge@b@l‘g eérag%lg °8’é8€ dn“é‘%? W&tg?dgdﬁscf’gedd’é?g'ct t he
Oth and nth di f f rApplidaton 16456348 Béwevéreovedeg icadrs wlnclimnalieeﬂiaetht picch(ysually a
surface of the s A bu HEF fhitndt: o it sBofly a@amléﬁggs%m&mgwsgaured

to cal cul ate overlay error between ura superl rrposed pat ter ns
based on the zer dm%ﬁ?ﬂte%tﬁveawﬂq%v%ﬁoma@rggre4mlg1=h papd GigpreshowiE

DRAW NGS [ 00010] ifxmdadéndintiss ﬁzﬁan&éaalghtremmnﬂemdwsIpblaﬁkemlgne(dasaamnlegenl,thiby way
of exanple only, vmtr ref.eren eto he acco ﬁ%i g&tlc dravmng I n

whi ch cor r espondi’f? eétfeéer‘%m ?SF‘?%ﬁe?: & %‘B'h REYPRFTSSUERE i n
whi ch: [00011] Fifigmradirsk pair odaprlaybdsgrmngs, stvog b;aquen drckep paficait s(corfeC) Ok A3y ehbgur e

ccat toromst or: - [OROLA B Byl Homa s ALY of UL g RER MBI

A4

he ge nci pl e of
measuring an angbdiddeselsyadicaissan pvetian dmar of Gevhishyjsiinconyictan ghe gprregt dyprdpy LK iy ens;
and 70nm.
' [0006] Such overlay errors which are greater than the bias but smailer than the pitch of the

grating can therefore sometimes go undetected.

SUMMARY OF THE INVENTION
[0007] Itis desirable to provide a method for identifying false low overlay calculations.
[0008] According to one embodiment of the invention, a method of measuring a property of a
substrate comprises projecting radiation onto a substrate using a radiation projector and;
detecting the Oth order and +nth orders of the reflected radiation, wherein n>1 and the reflected
radiation is indicative of the property to be measured.
[0009] According to a further embodiment of the invention, a scatterometer configured to
measure a property of a substrate comprises a radiation projector configured to project radiation
onto a plurality of superimposed patterns on the substrate; a detector configured to detect the Oth
and +nth diffraction orders of the radiation beam reflected from a surface of the substrate,
wherein n>1; and a data handling unit configured to calculate overlay error between the plurallty

of superimposed patterns based on the zero and +nth diffraction orders.

BRIEF DESCRIPTION OF THE DRAWINGS
[00010] Embodiments of the invention will now be described, by way of example only, with
reference to the accompanying schematic drawings in which corresponding reference symbols
indicate corresponding parts, and in which:
[00011] Figure 1a depicts a lithographic apparatus;
[00012] Figure 1b depicts a lithographic cell or cluster;
[00013] Figure 2 depicts a scatterometer; |




[ 00015] Figure 4 is a series of graphs showing the intensity of the first
‘diffraction.orders and the zero diffraction order for various overlay
errors. DETAI LED DESCRI PTI ON [ 00016] Figure |la schematically depicts a

| i t hographi c apparatus. The apparatus conprises an illum nation system
(illumnator) IL configured to condition a radiation beamB (e.g. W ‘
radi ati on or EUV radiation). A support (e.g. a nmask table) MI is configured
to support a patterning device (e.g. a mask) MA and is connected to a first
posi tioner PM combo@ur Bghrd Diepie tHe@bRlay orlRafiglphifiipld FeneRalifeSh RhdhdQR¥d C€ i N

accordance with certai.n, par ters,. A sybstrate table (e.g. a wafer table)
WI is confi guredSpte%mﬁ’d'ftgg%u"gg%'éeﬁfap'éﬁyéﬂﬁ‘?’aadresi st-coated wafer) Wand is

connected to a sKWeMSH Bipsd 4 ik oseeies dPYvapinpkdwiigtiednténsityaot €id k- Hiffro@siotde@Bnd he
substrate in accht dansal Ba % Bk REAGTRRET S A Prol ection system (e o
f .

a refractive projection Iens syst L'Fs configured to project a pattern
inparted to the radi ati on beam B by patterning device MA onto a target

portion C (e.g. conprising one or npge@afliEBDEsehipifisy substrate W [00017]
The illum natio €0\4§t g:r,n y include various types of optical conponents,
such as refract i V&%) diguede schematically deristya litkogpphic pagvre Theaprasttis COPBEEAR | ¢ or

ot her types of ditmicsibn see ithdor) Wicodig)ire@ QBN h ABialidA®EAB (e.d OVdi r ect,

shape, and/or cant. radi at.i.on. 00018] Th rt s rts, e.g. bears
the wei ght of tﬁg&%@}é ?re]:‘?ﬁ)i rﬁ&glatﬁl@\'/‘f‘ééqpm?é‘ %‘Pﬁ@“ﬁ‘@ﬁ&ﬁ’&fgﬁﬁgﬁa YR te in a

manner that depeftEnigicyitede.gringsk) MA o ighnrtetied pafitsepositioryr R vorfigyred the  desi gn
of the |ithograpRifaeRiaafidlttandiith &l HEH ﬁ‘é‘?@gﬁ it Rrtais B dhnc@fe. h Qs A0 ell_e

whet her or not the patterning device Is a vacuum environnent. The
support can use $rb@NaRT iabe) W1 is configyredip beld p sdttmteies- 8 resistdeated wafernlyiandis

techni ques to hebrmiedidato Ptdne potitideer BMdobured RACHHRBYokitioie Rbstae by ame or a
tabl e, for exanple i fixed or novabl e as required. The support

whi ch be . d.
may ensure that a‘fcﬁféjanf)’%‘fv{%he eﬁ%ﬁﬂm‘a‘éwscéﬂ?r%’“&?n %(s"ﬁ’ég’rgr IR RrpigRon kS exanpl e
Wi th respect tostska) Pk bpredigiratto pyogtiarpattoimiynpateed toafie raditioh BéaiEB by Ritdriihee”  OF
"mask" herein : ) j . n us .wi t.h the e..general .ferm
"patterning de\r/r:a %%QW%B%&%E?%%@&’?gel,%?q%gg%l?georn %?rr%m%‘g%ﬁ %fetﬁle Sﬂgsg%" erein
shoul d be br oadl%#017ht Eredlumiraiomsystera fnay inFlndy veripusitypes dfoyiticat canipabentanctize used
to inpart a radiehdiod réﬂ@@i%,ﬂaé&ti@_eﬂ&}ohgéﬁé, Sectrbstatit bivtinr ﬁ?&?h%r uch as to

create a pattern in a target porfion of thé substrate. Sh be not ed
that the patter fPPRIFABo8BAYcompination thereef: to ditech ehape #pdipr erafrolasdistion.y cor r espond

to the desired Pad18ET TheisiippbrdQiphats P bdaR kel wRENQ, the patterning device. It holds the

patterning device in a manner that depends on the orientation of the patterning device, the design

of the lithographic apparatus, and other conditions, such as for example whether or not the
patterning device is held in a vacuum environment. The support can use mechanical, vacuum,
electrostatic or other clamping techniques to hold the patterning device. The support may be a
frame or a table, for example, which may be fixed or movable as required. The support may
ensure that the patterning device is at a desired position, for example with respect to the
projection system. Any use of tﬁe terms “reticle” or “mask™ herein may be considered
. synonymous with the more general term “patterning device.”
[00019] The term “patterning device” used herein should be broadly interpreted as referring to
any device that can be used to impart a radiation beam with a pattern in its cross-section such as
to create a patiern in a target portion of the substrate. It should be noted that the pattern imparted
to the radiation beam may not exactly correspond to the desired pattern in the target portion of
the substrate, for example if the pattern includes phase-shifting features or so called assist
features. Generally, the pattern imparted to the radiation beam will correspond to a particular

_ functional layer in a device being created in the target portion, such as an integrated circuit.

3 .



‘the substrate, for exanple if the pattern includes phase-shifting features
or so called assist features. Cenerally, the pattern inparted to the

‘radiation beamw || correspond to a particular functional layer in a device:

being created in the target portion, such as an integrated circuit.
[ 00020] The patterning device may be transm ssive or reflective. Exanples
‘of patterning devices include masks, programmable mrror arrays, and
“programmabl e LCD panels. Masks are well known in |ithography, and include
‘mask types such as binary, alternatin 38(1 phase-shift, and attenuated,

P

phase-shift, as vid9920l<he patteraing devips madberasmissiyeaetieptiye. Exampigs of ppfterging
progranmabl e m r rdavices icRye Ak Sy EantndbRintifror afdys &ﬂ@ﬁ@ﬂﬁmdﬂfe LEMegahelsTMasgko#rs,

each of which can i ndi vi dua t.ed as to ef e n i,ncomi.n
radi ati on beamin” ﬁ‘?‘f“f“g‘r“é °g63lpl’yeé "&kugem"i% ihRe IW rage iy pepliases ng %gt tern
ina r adi ati on be#enuatedphade-shiB, as wfll motrads loPrid ek fypesr Hx example pfe. progf@@@PRIE] The

term " projection SySLEAN.bRG AREElHAnRoH L»fjsnﬁﬁ‘mp-{ %agl:IYOf'v@;cﬁ Ca v irafidlsily
enconpassi ng any t@&i of projection r@?/stem Including refractjve,

reflective, cat adil®hees e refisggniveqming rediation ?esmgf#iféﬁr?néd%ﬂwn%@eflkféﬂlmrf c
- optical systens, ifparapiitetinR0REdn®Bant, MEIR R efle@& RARMIRSInaLR. f Or the

exposure radiati used, .ot for ch su as t use of an

i mrersion |iqui d?&ogﬁhgg%tg@ SHII ST iﬁﬁfe‘ﬁ%'golgg lfrﬁaél}t"ét?’ﬂﬁ pg? *j ecti on

I ens"” herei n nay ehempssisg ale tyechofapjestjoncysyann insluding rbfrdctive, midactivega@tadioptiic,t er m
"projection.syst Q0892 @f v

transm ssive typgr[%nem(. en%}ggé?r?gﬂlgwgsgﬁg ?sif}{?{eemg Oﬁ%?% g?dn%%r?({fe y, the
apparatus may be-appfopgate fof the exppsyze radjaian Yeinggsedcan Sir oiheriastoss speheg g Mseedbffe i rror
array of a type aﬁnérﬁ&ﬁrqﬁledr thusaBAMBeuufl AN &me%maﬁaﬁéub@ﬁad"wmmﬂe

[ 00023] The Ilthg(%fa% g&arat us my be of I%B avi [g two (dual stage)
or more substrat sy HPB?W‘WWGWB?'@“WBS JECigt WEFM | 0 such

"mul tiple stage" [a0ez2i Hehbretdéﬁlct&ﬂdbhpp@lmk 1s'roaabtkmsmﬁbzytylpe(elgsehﬁaldymg[amhﬁsﬁbe, or
preparatory steps, nore tabl e

Y rried out
nore ot her tables %?Altgrgat&g "““BP“ ma§'<beqrs}ﬁrr°%°°t'f'?)t6562(if e’Pﬁﬁ)yW?ﬂ %; bI%C
appar atus nay al smmmambfmmeﬂp@fmh@o@bqve@temlé@maaefb@m magk).of t he subst rate
may be covered b o@zsi | fdlithollanhid Mpaanls a%é ﬁl%cﬁvogtmﬁm&;gey& Iﬁopéﬂsfaagmt@ g-

water, so as to I| a space between t § st em ahd
substrate. An i nitblesspagier pogumere mask tallesh Irlfé"hamﬂmplé&a&eoméﬁhﬁ\ﬁ? th%fﬁé&kegal fablex he

l'i t hographi c appﬁsaﬁsewgad i ;sarauaz@m},@atoxp%maga bé ABiclBE bn GRGr kb taBleOivRRlohON
system | mmersion tec known in the art for |ncrea5| ng the

es are
nunerical aper t uf'&oBt F ifl?@f‘? 8ﬂg§§?§f°éﬁ’ﬁ’°s“ﬁene term"imersion" as used
herei n does not [oesed] tThalithegraphicupiatarg mag sl beaba tgpesitio®intatiest a pordon obthe

BT 060 ! Wbt Bl S b GRS PG SR T,

t he proj ectlon stem a urtng e osure
to Figure la, ladmogmtwmﬁxepmecm@@mmdrmmwwfrmm@hqudnmalsmaesour ce

SO. The sour Ce apflich RFotHet SpRREMARNHog APRAIBIrAS Ma@ﬁe,%&%én%ﬁe%a@ﬂddttﬂees for
exanpl e when the source is_an exciner Iaser in such cases, the source is

not consi dered tREISCHITHAYTIem. dmersipntechniapes gt ruslh kickm ippearforiacrensiae theauresienl at i on
i s passed from th@uews pﬁﬁctsﬁDs;ts@mﬁ Neheitdrh UikinRkoa? asukdd h\é\ﬂeﬁ'L Rodsh6t ndadlihefa @ beam

andl or 3 boam oBABMS pyr B ea e ntd Siyn e e e o

of the lit hograpdmamdbqunmplmectxohsystemmmhmbvd'aterduxﬁdg&xmue ce is a nercury

I Th el i
s;g{)em BE) Is;)ur Cau(??ggﬁgfemg B)' ﬂl%l%ni'a{}ﬁé 'gﬁr{nﬂwripege% g?ad%a%ntébn}g}?dlg%ﬁ‘ 10} OIZ\é]er y
The i1l um nat or

pLTth@@nfbﬁhp Kthogmphig dpnaratue mayp S¢n§rateadjttwstfq>rr¢§amnipewlem@e | ar

intensity di strisQideliOn eimdrMBer 18 ich bdsQNHD SR is BoILBAsRIcted to f5in fa@Bfhe t hE OUt €r
and/or inner radial extent (comonly réferred to as or-outer and a-inner,

respectivel y) ofithPE@PLicpRaFRED ey th @?‘?tl"ﬁ dxtrreef from the souiss $O o1 thgilurgipater]l with
i Il um nat oL cantiseidagi mmeehverly BysRECBID bodiprisihid) or b;lainym sﬁ@dbﬁrdlrbdangrﬁmoescaﬁwrl se
vari ous ot her CO

t t t CO. The
i Il uninator may?® eonen ée{r(%n %@ﬂﬁ‘i‘sﬁt ?qs"i“ﬁ"el%%r%lag{“fegﬁ pﬁggﬁﬁ [’;tg a@”‘ﬁ‘%‘%’l r eg

uniformty and.intensity distributioninits
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.cross-section. [00027] The radiation beam B is incident on the patterning
device (e.g., mask MA), which is held on the support (e.g., mask table M),
.and is patterned by the patterning device. Having traversed the mask MA,
the radi ati on beam B passes through the projection systemPS, which focuses
‘the beamonto a target portion C of the substrate W Wth the aid of the
second positioner PWand position sensor IF (e.g. an interferonetric
devi ce, linear encoder or capacitive sensor), the substrate table WI can be
ITDVﬁd ?Ccﬁr at eljyfor exagple SBenalse sblﬁcepgsmérmﬂaﬂlp f'ffhefoexra& N acrdg&tuhﬂn%attdrml %g&hérn t he
“path of the radi B. Sim 05| ner PM and

Rl tﬂgbe%?vq\%er& F‘?’S{em Bif rcé%ﬁ% |“5’?' aﬁ%‘% W EsEthre 1a) can

anot her position sensor W BIOY
be used to accur @06 Pediumineter Liney wersicisddh adjustir ADfopenbting thetahplapatehsipf t he

radi ation beam Byisibuflen e ldiaiGGRARN I ralfr'y{eatt fe&?ﬁ@&ut{)%%ﬁngﬁgﬁgt% ary, or

during a scan. In general, novenent o e nmas e realized
with the aid of GRBY- TETEFg RS POHisT andccipngr. sepegidsivl ¢fc§hwmtg9s1t)a¢mntmnon ina

short-stroke nodsipe pléxfelome DeSinkthiXah BOjust Gl R ﬂ%ﬁm&f IL, %ﬁ? an{;J}IEJ
positioner PM -Simlarl nmovenent of . the substrate ta

real i zed using aaf’%Lﬁﬁthg‘%P‘B‘?{)ée%ﬂ’ﬁ'F@aﬁﬁ'ﬁgﬁmé%ﬁnf’aS‘t"F‘%‘R“éCﬁ’DB‘EI”@m‘W‘ﬂréﬁY bor m
part of the secone tpomiitionxhetdidtidn bdam, folheveGatsiredinifarmil eRAMENHASHIRBOSREs L O A
scanner) the masc#gusg & MI may be connected to a short-stroke actuator
only, or may be fixed. Mask MA and substrate Wnay be aligned using mask

al i gnment mar ks [M°27lwﬂ"ha4a@iats>u beary Bats éncidbrit gmiire petteming HeyicPle,g., Ridsk M), nbieys t he
substrate al | ONHeR o HBGIARS ] hbskBble ﬁ%@ﬁ?&l&%ecﬂ@%e?ﬁ%&%é&%@ﬁ{aﬁ? Lions,

they may be located in spaces between tar ortion
scri be-1ane al i GAFERS thedipsk MA, thejradiafion hegm B|PHSS‘§|ﬂtrMh F%n@lepwn\ﬁmeeﬂ’ssmh@ t han
one di e is provif@ads BObdentta sk e%ﬂx&%fﬂﬁ&lﬁstﬁ’a&ewmﬁﬂhe AREHME: HRYA ﬂﬁmhrﬁpat ed

bet ween t he di eSw 00 'L The ggl ct ed a tus could be used.in at | east
one of the foll owi g qasensor Bigpsgy | terfF’i‘? ff‘& vig dfRear engederof capatitiys senseF  and

the substrate t glokestiile tableWK epibe@mseaiciuaddly ¢.§lsa ks 0 paitin diffredtGar@fipdiitnt € €
pattern inparte [ r ected ortion C
' %tﬁ&aﬁ‘n%?th% ngafi’o% bgg}ngesarm l? g? fo r%t osmon Pdlt’ {igno%hgﬂ% el?sgr t hen

at one time (i e static exposu & Sub
shifted in the W%@W?exmlcdlymmﬁﬁdm Fgmetlﬁazanl&ushdftd@cwly paitigethe paskion C

can be exposed. witiresge® R tH@gQ@v of fHd ?adnaﬂ@f‘ﬂegﬂ{ g esé éﬁ‘er Qltechm&l fﬁg‘gﬁ Hbfi 2 frlad d

limts the size of th@tar portion g single stati Cc exposure.
[00030] 2.1n schfterduing ﬁ%arrrdgﬁen@labmevemrma the prk tv@lf@é’fm@t@rwézﬂdeVIWear e

scanned aid of a long-stroke module (coarse positioning) and a short-stroke module (fine positioning),

which form part of the first positioner PM. Similarly, movement of the substrate table WT may
. be realized using a long-stroke module and a short-stroke module, which form part of the second
positioner PW. In the case of a stepper (as opposed to a scanner) the mask table MT may be
connected to a short-stroke actuator only, or may be fixed. Mask MA and substrate W may be
aligned using mask alignment marks M1, M2 and substrate alignment marks P1, P2. Although
the substrate alignment marks as illustrated occupy dedicated target portions, they may be located
in spaces between target portions (these are known as scribe-lane alignment marks). Similarly, in
- situations in which more than one die is providéd on the mask MA, the mask alignment marks
may be located between the dies. |
[00028] The depicted apparatus could be used in at least one of the following modes: _
[00029] 1. In step mode, the mask table MT and the substrate table WT are kept -
essentially stationary, while an entire pattern imparted to the radiation beam is projeéted onto a
target portion C at one time (i.e. 2 single static exposure). The substrate table WT is then shifted
in the X and/or Y direction so that a different target portion C can be exposed. In step mode, the



‘synchronously while a pattern inparted to the radiation beamis projected

onto a target portion C (i.e. a single dynam c exposure). The velocity and
direction of the substrate table WI relative to the mask table MI may be
determ ned by the (de-)nmagnification and i mage reversal characteristics of
‘the projection systemPS. |In scan node, the maxi num size of the exposure
field limts the width (in the non-scanning direction) of the target
portion in a single dynamc exposure, whereas the |ength of the scanning
motion determ nes the heig (in the scanning direction) of the tarq
portion. [00031] ‘B”‘I“PP“&%‘FGPHE?“H?J‘H‘@ Teld jimithihsize P ot @reRportion & Apaeedina gipgls a1 | y
stationary hol di ngptiaeposaggr anmabl e patterni ng device, and the substrate
table W' i s nove anned whi | jjon beam
‘is projected ont 310@3912%9& q’b%cr (%%B?S}ﬁgag%&f anh esu‘%%kqabﬁ Tareg‘!ag%e

radi ati on sour ce syrcheonqusly ybid aem@nt imparped tgherndiation beapaﬁtnﬂmcmdngmdmet@ﬂlosfl
updat ed as requi redagh l@éynﬁﬁ@&pgggfé? FRdVeloRity Al GireStitA BF h&duBsraRiBibR WA refifive th)

bet ween successive radi at'i on | ses during a scan. This node of operation
can be readily aph ’Pf’é’éi‘a?%h”f'?é%akP%WWP?W&&WW&?“%P‘H imagedevsisglgr anmabl e
patterning devi C&harﬁdtbﬁkhcﬁéfﬂ& PRUjEREONAISIADPS InfktdnnsdEle, B FrdyimOin sie Bﬂﬂﬁb%xﬁﬁure

referred to abov nati ons nd .0r, ri ations on e a ove
descri bed nodes efF ldd‘?éts ‘g‘? l”ﬁlﬁ%fv‘“&‘iﬁ?’? ﬁct“mprﬁ%ét Glargst PErUR A masm daagie
enpl oyed. [ 00033kpofge, shaews the tength gﬁjheescanniug mbtive détertnhaoghalpﬁght:(uatpma@ires LA

forms part of a I lRAH0ARNLGtS6kb. LC al so sonetinmes referred to a
lithocell (lit ho?rrggﬁgc cei“g %%JP "¢l ust er, which also includes apparatus to

performpre- and - &x poé‘lﬂﬂeﬂ“ﬁ m9ge s aeskirbleME isient pssgnially Fiationery heldisg 2

includes spin CO@%@faﬁmﬁﬁE gaaexﬁi@gmacé ahdfd substrhtB)4BIE swr ifawel eneiseddmik @ paeel op
exposed resist, chi and bake (gll at es °g® Fn/t strate handl er or

robot, RO pi cks .{ffpagijiﬁ&hf ‘é'é"“TbFaé‘h‘F Pioisered f?taﬁﬁ%etb‘g? § moqey gpera
t hem_ bet ween t he pdseﬂia@taﬁomtsomeds:ﬁmw&pqmaﬂﬁtpmgmmmabldﬁmmiﬁgj &vichiz mp<_iaadhshe
often col | ecti vel§ rapy HABPAR G RERBAL e WESIEARY {80 o)
track control uniiring@ssamfhis modesof ppesatipi cacbmea’tchiy hrotiedsy madtessdithwaraphiylnt ytilizes
control system SGgy Wi hafidnfiy Bl bidh & A pARrduiula O SRR MG onP@EJ :ﬁfréféred{BhUS
the different appafatus can be operated to maxim ze throughput and
processing effi cﬁ@ﬁ%y [00034] In order that the substrates that are
exposed by the | [6b#B2pr Cdaibidatichp Rallod {4dBtiohE 6n 18XHORRISscAkEA Sodds Ofsk ¥r dnfifelyeac h
| ayer of resist ere are certaalln grxg[ﬁer ies of the substrate that need to
be measured to dSfErHRE GHEt A& ReF changes in alignnent, rotation,
etc., that nust KBe03Bpnpeheatiebigielb, lﬂy:lmmgaﬂMdeAifmpwmfaﬂxﬁ&gmﬁxc cell -
Separate L opeCt) @Rl UL LS 0E, REGRBLIhep L
or different | ayippasatgsfto terfemsm@n%mtsqupr@ PRpERSsEs macﬁnbstr@tye?hetcblst%g@tdes $b00351
The properties obatbgc %%ﬁo@i@{%s&flay@rsﬁfé%&@bﬁ toNETERp Jg,%séac%és@f eﬁmsateyéﬂaﬂ a

as

sensor such as a scatteroneter such hat depicted in Figure 2. The
scaft eronmet er coRFrRIAS 8Ky Aspbsirate handler, pigplob &O H“‘gﬁ‘ﬂb S“'i’sgﬂPsaffq“b‘ﬁP“ﬂP‘GP‘é Bt 2
whi ch projects riami b2, idves fe@ barwsshild diffdr&it phbcessfparafib bitiGle Bdrsitidlitdthé RiidgS

passed to a spe et act or 4 meas res spectrum 10

(intensity as a%’ﬁncf{‘% it ?/%qp%r )heSSQGV‘L'cﬁSeW fﬂ?@ﬂ] &Eftfvégtr%‘?ed toas
radi at i on. _Fr omthetiagk, eraader théd@ntsdl pfictack eontol upit DEW bvlaclgls melfgomtmﬂezi uycahet he
det ect ed spectrlg o

;
Anal ysi s and non-11 nelg?gl}trégs?gés}élb%% “glg:hgﬁoamr&yﬂlﬂtﬁ%&%ﬁf’i i I br al’y of
simul ated spect i9deeest apprei catbeton@atmipmﬁmp tfﬁugfum@ﬂQPro*Feﬁsll@@ﬁ@waW for the

reconstruction Ydpes4qentydt thfthEJEhQSftratEJ}ﬁat&Telékb%kH bPthé fih maﬁﬁgmﬁ @dCxposed
paranmeters are assuned from know edge of process which the st ructure

was, made, | eavi A fof ooy eraf mvish @?‘E afBFe“taﬁ@mQ?’?‘iﬁ em? whgtppterhat pred lybgi ned

fromthe scaft empaseied i detarirfine whether there are changes in alignment, rotation, etc., that must be

compensated for by the lithographic apparatus. A separate inspection apparatus is used to



-[ 00036] The scatteroneter may be a normal -incidence scatteroneter or an
.obl'i que-incidence scatteronmeter. Variants of scafterornetry nmay al so be
used in which the reflection is neasured at a range of angles of a single
‘wavel ength (or a limted range of wavel engths), rather than the reflection
at .a single angle of a range of wavel engths. [00037] Scatteroneters for
measuring properties of a substrate nay neasure, in the pupil plane 11 of
a high nunerical aperture lens, the properties of an angl e-resol ved

“spectrum ref | ect eleterfnirenhetphpertesdSine AbGrats) biBAE BarLAL, how Bk Pﬁeérﬁeg ¥r dkerAP9l s
er

-and wavel engt hs Such a scatter one may conprise a
radi ation proj ecti}go St?%eg\fl;pdffmnﬂagecs[o‘%ﬂﬁ S AP OO YR [WEihst rat e and a

detector 14 for &OPEGt Thrprapeaeicsadfhe aofaechf s pubsttateal mifite qatdmxhedﬁhlsxfig'kesehs& fuble
pl ane in which the sagtdletPQsh §s [ f

i nci dence and th ul aret posi %Slt%gdegic}e?%gﬂég%gezz?% %a 1] %%tgr‘fﬁ’ﬁpf‘ﬁg ﬁaﬁg’%{‘f‘. on,
and any substant ”ﬁ’l‘th Giatigrapreieqir 3 dich mrisctglrdiation onto 181bs®tfm/a§®deﬂeued he

pupi |. pl ane of tknezadimgsf‘paaudmralssea&onﬁfé%&dédbm WERE meathtes S AHRLh @b éﬂ?@) re my
be hi gh and prefgjghlg nd nore r]g]'?aeraaH ez?s %g

|
| mrer si on scatterone éfrvéav?’}%‘§%29fél?f Sﬁ"é@é’ ‘Ft]é’ﬁtg%‘?d%"fl hFTAg ﬁ'%?‘?a@a'lhe Hiyerrear es over
1. [00038] So rrepraﬁilg biging e ad ﬁhedbtesteaﬁpbefumnmﬁé fecafifitedRA DY R%oﬁobﬁ?duﬂ%@w&\}et y

of scattered |i gﬂﬁaiysi's_%\ﬁf? [m sxgr%:r%g Fon?p%{qstotggvlit il fs>f sg{wg:fogssg&\ﬁ%% own

wavel engt hs to be neasured
properties neasu¥#§ ﬁii’mtqftﬁlg% at In@mtf@ﬁhefr@pnsuucﬁlbreﬁlegmemﬁm of thg sthstugerid

angl es may be t h@owiinaRshd &Etﬁs%@%ﬁ(xﬁé
el ectric-pol ari Zed{)’é%’ Et aﬁ‘ﬁm tﬁe hase dtsjﬁl% feren egg%cte&%wml%{;rgﬁtrsu\?tgrese

magnetic and trahs aVé‘}gé’Blé’ﬁf%NIﬁamgPPfé@eﬂwgtmetot[e@gg'gg]ed@gmﬁg a broadband
| i ght source (| seatterometryvdatzn a W de range of light frequencies or

wavel engt hs, o or.s 0ssi bl e, which gives a | arge

et endue, al | OWI %&?ﬁe%ﬁlg&%ﬁmme T ¥ ablf’ré"a{/)\}&?} PGt Ometg R a‘b?tl}ﬂ‘&rli“t“iﬁ“‘iﬁf
wavel engt hs i n tsatteromeserd Namndts of Mt@rcmbiryymaaaﬁo be h\ﬁd;mavhtcaﬂﬁ\mﬂé&mn @fmeasiti at M
and a spaC| ng, ta% 25k e v e

Several "sources" l’g raﬁ?sa)t{i%ﬁed’a%a%gmi limrltgdnrt ?Vgn%gt% miﬁ @%}tg‘)hded
radi ation sourcéeqmi%ﬁaﬁaﬁlé%fas@gqqfweﬁen@ths say, f| ber bundles. In this
way, angle r esolxooe:#]ssa&&&m@%@h&&ﬁ?ﬁ@éﬁ&%ﬁé&dﬁ&% by VRS 9+ fhie %ﬁ@ﬁgim? ngt hs

in parallel. § I:% %gﬁ%ct rum évvavel en erent an
measur ed, whi ch ' tSRHUER AUmSHS apgre din qp&%ﬁe’fl?fa’ﬁa‘bﬁﬂalf’ﬁsglrﬂééwm refiprited figml ows
nore informati Oﬂxe'sllbstbi@snMSWa&dthh@hfdn@Bé’ @d%&ldﬁﬁbﬁ@k&% 1rpF1 €5 Sucha

robust ness. Thi e det plication
Publ i cati ons 20%8%86%%2@ %ﬁl "se %’7%@?’3‘@%“&”“?’@6@5‘%@]’“ migthesuptiats gk or
that may be use%ldf’\?@ic’tohl‘*tfb@eigﬁ@s émreﬁeﬂ«tsn&ctrmﬁhe supH plandis maplﬁtegmwmclﬁthe ame:
radi ation of t syste
hﬁ)mﬁ@xﬁdf%la%h c@fi&e’%%%@e (%[lrlcﬁimIcQ %@edanél.ﬁ%; P«%lt on esfbesy glum al | y

through interference fil ari zer
reflected surf 28 T%th%t‘ﬁ‘élatf"@ %wwﬂamlbcowm vlaleeThﬁ\ﬂwwraS mptapadsmtbpe

obj ective |ens phpi plél?@%fmaﬁigﬁiﬁdn%ﬂcdl §peﬁ$}€rénst T&Qﬁ{ﬁbﬁ%%ggr{upé rf?dt&%@ h%ﬂﬁr&f all'y

reflective surfa e?)b} g et ect or proj ect ed
pupi | plane 11 F Ydaé H%%O‘?W@fegaewﬂaﬁ%%é&lwwpa@#@em@as mapRyepupi |
plane 11 is at lwaderfsesmaﬂmhmigﬁllap@ﬁuew@rlens system 15. A detector and hi gh

t | | Th |
o taged i th 100s8h SE8Carl B loronBled S s uens & SHGHUIGRE | ens i s
usual Iy | ocat ed*OWﬂ@i‘,d‘@retrbmnﬂsaﬁsmm{%t@@atbisa sevaral gfveleagticgo bandmira Sﬁlﬁlﬂtﬁfboﬂé@ed for
exanpl e t0 Meagil@ngk Bfankied ?ﬁ@ﬂr&ﬁémg%méagﬁcd ﬁe‘%ga@tgrfégtglj &t dif?ﬁ?ent sfvave{éngths and

r adi atlon beaml? incidént on the eams }
transmitted thARRRaY by iatspsity of rangverse m@ﬁnetmsd taanﬁ\@fsedmwdmmddlghtm thdhe

ref erence beamphese dlﬁ@&c@wa&déﬁﬂue Har@iird nﬁF&hé R e erRUebtriborh e lzg%t’re det ect or

18. [00042] p of the reflected radiation I's I maged on the
det ector 118 \/\F??’nﬁg b‘f’?é) bé?ag?arnghgllt??’r‘éceé‘fe one yith a widesmge of dight fiefuendiesebnds per
frame. . | n 't hi swavalengtis, andithetbfonesteolonR)pik p@ﬁgalv&ichgﬁastatlage &idaed, anm@fthet he

oot o ©an- e PnTROGH Bl B ORLTE Hosbagn R e BT e Rat s e

filters 13 i's available to select a mavelangth of interest in the range of,
say, 405 - 790 urn or even |ower, such as 200 - 300 nm The interference
filter may be tunable rather t han conprising a set of -different filters. A
grating could be used instead of interference filters. [00044] The
substrate Wmay be a grating which is printed such that after devel opnent,
the bars are formed of solid resist lines. The bars may .alternatively be
etched . into the substrate. This pattern is sensitive to chromatic
aberrations in the |ithographic projection apparatus, partlcularly the




1000451 Figure 4 depicts the asymmetry, the 1st diffraction order and the
.Oth diffraction order for various overlay errors. As can be seen fromthis
figure the intensity of the O h order varies symetrically as a function of
‘the overlay. Therefore if the zero order is detected it is possible to
identify a difference between two asymmetries that otherw se have the sane
val ue. For exanple, the two open circles shown in the top | eft hand graph
of Figure 4 show the asymmetry with zero overlay error but a bias of 15

nm The solid dots raph showt e a when the aqver| ay
‘error is 70 nm bd‘tas‘f%éévﬂﬁtﬁgpf% 7‘8 aspaTive. thege %Y?no %7@1(‘ e Beeraxdlengl
asymmetry in bot IBetdng S@ursést ofatdiationscat be differdnnporivestlamyxtedddd@adidnen ngrcé)wmm and

70 ) woul d be {6, 198/ bl L Sined uIRAHS ks O, LSOy QLAEL MBS IR ect ed

di fferent |nten3|ty a erro
.detected. As s homa%“FPdtaﬁé‘ﬂ‘BRhW%#mgihghﬂmh%eh bDaqyﬁn@f (wRNelgngtioand tWhélffereltt ected

intensity (shown déies§ %e&@ﬂe&l @h@ﬁ’&o‘ﬁ)amﬁ ﬂBre%ﬂorB){t?oﬁlﬂﬁNa gbrs&fcmglfl TZQ aﬂms%%l d be
‘greater than the detecgted i nt ensi % open circl es) an qverl ay

‘error of O It i dMPREons)kameiuged “”&H“FIF?é?SéPﬂ“P’a%Yé’“HéSPW@%ﬁ‘l’ef%h‘a fsidFséP‘é?ﬂf“
overlay which resnokddetan it he Psmpﬁ&gtmﬁmuanoﬁstzooemosdses af ﬁfdeommmsngl aito
et Ty, such, O BB 61087 ST kbR At I Pt O
overlay errors i $adlat30ru§dwtr&d@tl@|prmﬁ@toe2mé00b@ﬂ wiirgzriens kystemn A2 throggh m@eferche ﬁm Ot h

order for the graj sx{a%xamei f, R0 bi é}a}’rﬁl]ﬂeﬁ&te@&gfa&n% aft 006l uuthgsstmw
gratings with a negative bias. e overlay error i s sm di fference
in intensities wRP “’éCé°SEQi’ﬁP'?1°°HYfée“€é5 t s radjatinpls qu’é:trﬁ*i*é[’ﬂ‘ﬁ‘?déhTG‘thtPh@alb’tfPﬂeéthder

(as s hovvndl 8 5' ?mceq)s intd Q&%éﬂd 18The amparnaﬁetbsckrmg@tw Bifpil plage 11k 6a&dt Hav?f t he
+1, -1 an Iffracti on or rl.appl n t1ngs, I rst
having a bias of Ih—i&” ?ﬁpeec%‘%{ﬁe‘ﬁg@? U I%‘Eﬁ ds 363‘ %"FB%H@E 8&%15 T ]2’ A
cal cul at ed as: Adetebtbf 8d high apertat} lehd drplaced o the php_ll@ﬁél.‘ The mhpil Plameliay B/ de-iboRY - d)
II(ov d)i- | o ' t + 1lis
the intensity o%t%mlll%%éﬁ s e lthg P ‘gg%law% e§g(&)!vﬁ/eAr ay %rﬁgl}égocg{dgg%%%qﬁ
overlay is then B84} 4 r@gengybear@)g offerpiiped fp ex@mplerfo measure the intensity of the incident
radiation. When the radiation beam is incident on the beam splitter 16 part of it is transmitted

through the beam splitter towards a reference mirror 14. The reference beam is then projected

usi ng

onto a different part of the same detector 18.

[00042] The pupil plane of the reflected radiation is imaged on the detector 118 with an
integration time of, for example, 40 milliseconds per frame. In this way, a two-dimensional
angular scatter spectrum of the substrate targets is imaged on the detector. The detector may be,
for example, an array of CCD or CMOS sensors. |
[00043] A set of interference filters 13 is available to select a wavelength of interest in the
range of, say, 405 - 790 nm or even lower, such as 200 - 300 nm. The interference filter mé,y be
tunable rather than comprising a set of different filters. A grating could be used instead of
interference filters.

[00044] The substrate W may be a grating which is printed such that after development, the
bars are formed of solid resist lines. The bars may alternatively be etched into the substrate. This
pattern is sensitive to chromatic aberrations in the lithographic projection apparatus, pérticularly
the projection system PL, and illumination symmetry and the presence of such aberrations will
manifest themselves in a variation in the printed grating. Accordingly, the scatterometry data of
the printed gratings is used to reconstruct the gratings. The ‘parameters of the grating, such as line
widths and shapes, may be input to the reconstruction process from knowledge of the printing '

~ step and/or other scatterometry processes.




?#urther details about this can be found in EP1628164A. [00048] The
‘difference in intensity between the two sets of gratings is given as: = 4+
Where lo+ is the intensity of the Oth order of the overlapping gratings
‘having a bias of +d and Jo. is the intensity of the G h order of the N
overlapping gratings having a bias of-ti [00049] if AIO is below a certain
I, then the overlay neasurenent is valid. However, if .6,10 is

t hreshol d,

above Ithr then it indicates a |large overlay error and the cal cul ated

overlay error is [eo0as Fibe depli@hotamhen9find 4 Y dnﬁ@&o@&dg%ﬁcﬁﬁéﬂtﬁ‘ﬁﬂra%hQ&er
a caljbration substrate. [00050] ough

nodel I'ing or caligfr, %&,‘usoov zggrp(?rgelﬁcgrgbeﬁgqngrp{nﬁfgs figgreithrdntensingef thei0f prigoptiesn

this invention has €en
orders together wintetichlty 84 fuhction dihe ovhﬂtgh‘d!lﬁereoij’rdﬁﬂls ze(ré Srier @RIPESEL & b&slslefbo nd,

third or fourth sefdf agiiaR. AhASE S SAMl Ml RALAAY D RS LOgRL NEr LD ¢ he
Oth order. V\hat | sf}crs lai med i s: Heasur| %‘5 ar V%B% (VAR e
Fvﬁrg)pcn circles shown in the top left hand graph of Figure 4 show the asymmetry with zero
overlay error but a bias of + 15 nm. The solid dots on the same graph show the asymmetry when

the overlay error is 70 nm but the bias is the same, 15 nm. However, the detected asymmetry in

substrate, conprf

both these situations (i.e. the overlay error being 0 nm and 70 nm) would be the same. Ifthe
intensity of the 0™ order was detected a different intensity between the overlay error of 0 nm and
70 nm would be detected. As shown in the bottom right-hand graph of F igure 4 the detected
intensity (shown by two solid dots) for an overlay error of 70 nm would be greater than the
detected intensity (shown by open circles) with an overlay error of 0. It is thus possible to
differentiate between two different overlay which result in the same asymmetry. It is therefore
possible to identify such false low overlay error calculations. An alternative to using the absolute
value of the intensity of the 0" order to identify large overlay errors is to use the difference
between the intensities of the 0% order for the gratings with a positive bias and the 0% order for
the gratings with a negative bias. If the overlay error is small the difference in intensities will be
small due to the symmetric nature of the 0" order (as shown in Figure 4).
[00046] The apparatﬁs measures the intensity of the +1, -1 and 0 diffraction order for 2 sets of
overlapping gratings, a first having a bias of +d, the second having a bias of —-d. The asymmetzy
is calculated as: _
_ 1OV +d)-1,(0V +d)
Y L(OV+d)+I,(0V +d)
_ IOV -d)-I_(0V-d)
IOV -dy+1_(OV-d)

where I; is the intensity of the +1 order and L, is the intensity of the —1 order and OV is the'

overlay error.
[00047] The overlay is then determined by:
dA, +4

ov=%
24, -4

 Further details about this can be found in EP1628164A.
[00048] The difference in intensity between the two sets of gratings is given as:
Al =1, -1,
'Where Ip+ is the intensity of the 0™ order of the overlapping gratings havmg a bias of +d and Ip-is
the intensity of the 0™ order of the overlappmg gratings havmg a bias of —d.
9




‘projecting radiation onto a substrate using a radiation projector; and
detecting the Oth order and nth orders of a reflected radiation, wherein
n-.1 and the reflected radiation is indicative of the property to be
measured, and wherein data fromthe 1st diffraction order is used to
measure the overlay error and data fromthe Oth diffraction order is used
as an error check. 2. The nethod according to claim1l, wherein the
radiation is projected onto a plurality of superlnposed patterns and a
detector detects e rlay error betwe lurality of superinposed
patterns. 3. Thel h‘é‘f‘ﬂ fe%{?:‘é Wﬁ‘&“ﬁ‘ﬁm&s‘}f'fdrﬂmime’ihﬁ%?véﬂﬁ AR ! 5{#4 raction
orders are the 1 Hhvifer,aitAl} ioaboos lathe.it iddicatts Slagt bretlgrerbend the tdldubjted ecbrlbycerror
nmeasure a propert, the: scat t.er.onet

radi ati on proj ect%?npef(l:%q% ?Igg?até‘%%%“ pro Qe ect 'edé’s%m(’deﬁl%?rgﬁlbra§+ u‘rglé{?l ty of
superi nmposed pat tcaliypionsybsirie. substrate a det ect or conflgured to detect the

Oth and nth di ffrzmsdlomtmug@m nﬁfff:nt@nﬁa@géeﬂﬁés&fbe@é@éﬁtﬁmgfoltfe%ﬁ@ﬁi‘arc@cfﬁ‘o?deﬁurface
of the substrate, vvherehrlleﬂ n ?rﬁ}x dat a_hand unit configured to calculate
e

an overlay error 9&f %F‘i‘i’@er%@@‘&ﬁ f theprsenddhisr fourth diffpgiary on
the Oth and nth didekyaat insmadbe ded Hgevdefiehaotadea from the 1st diffraction
order is used to neasure the overlay error and data fromthe Oth
diffraction order is used as an error check. 5. The scatteroneter
according to claim4, wherein the nth diffraction orders are the 1
diffraction orders. :

10




6. A lithographic apparatus conprising an inspection apparatus, the
Il nspection apparatus conprising a radiation projector configured to project
radiation onto a plurality of superinposed patterns on a substrate; a

detector co

nfigured to detect the Oth and nth diffraction orders of a

radi ati on beamreflected froma surface of the substrate, wherein n-.1; and
ling unit configured to calculate an overlay error between the

a data hand

pIuraIi\;V\)f\?1t

orders, e

overlay error and data fromthe Oth diffraction order

(gdgggpginposed patterns based on the Oth and nth diffraction

rein data fromthe 1st diffraction order is used to measure the

is used as an error

check. 1. A metingd of inedsoiinoarhiorertapfparketrate. coowadsiti ng to claim 6, wherein the nth

diffraction

appar at us, GRIRihGhaikion 3Rt lalsLib4iki abihPRra84AdnPR&RIRfahgur ed to condition a

beam of rad
patterning
pattern in

orders are the 1 diffraction orders. 8. A lithographic

I ation; support confiqgured to support a patterning device,
cf%{ﬁc@@ ”E?:qtm%[g%(?ﬂ‘% ?'ﬁ'h?rg?fg P{f“ rF?ﬁS?FfadFaﬁ@' beampof r adi a'? ion with a

ivheregrra saind thetréflocied mdigtivh 3t indidagive ¢l le@rapeyf tb geimeasuted. 41dl d a

t he

substrate; ayHafef Rl the Yot bifiatioR BldbGY L&A 1 ReddlRitRCdverlid)@rbaink @5 ¢dmRRAM Of
radlatlon(ngéagéégﬁget, ortion of the substrate; and

t rder is used as an error check.

2. The method according to claim 1, wherein the radiation is projected onto a plurality of superimposed

patterns and a detector detects the overlay error between the plurality of superimposed patterns.

3. The method according to claim 1, wherein the znth diffraction orders are the +1 diffraction orders.

4. A scatterometer configured to measure a property of a substrate, the scatterometer comprising:

a radiation projector configured to project radiation onto a plurality of superimposed patterns on
the substrate;

a detector configured to detect the Oth and £nth diffraction orders of a radiation beam reflected
from a surface of the substrate, wherein n21; and

a data handling unit configured to calculate an overlay error between the plurality of
superimposed patterns based on the 0th and +nth diffraction orders, wherein data from the 1st
diffraction order is used to measure the overlay error and data from the Oth diffraction order is

used as an error check.

5. The scatterometer according to claim 4, wherein the £nth diffraction orders are the %1 diffraction

orders.

6. A lithographic apparatus comprising an inspection apparatus, the inspection apparatus comprising

a radiation projector configured to project radiation onto a plurality of superimposed patterns on a
substrate;

a detector configured to detect the Oth and %nth diffraction orders of a radiation beam reflected
from a surface of the substrate, wherein n=1; and

a data handling unit configured to calculate an overlay error between the plurality of
superimposed patterns based on the Oth and £nth diffraction orders, wherein data from the 1st
diffraction order is used to measure the overlay error and data from the 0Oth diffraction order is

used as an error check.
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an inspection apparatus,
projector configured to project
patterns on the substrate;

the inspection apparatus conprising a radiation
radi ation onto a plurality of superinposed
a detector configured to detect the Oth and nth
diffraction orders of a radiation beamreflected froma surface of the

substrate, wherein nl; and a data handling unit configured to cal cul ate an

overlay error

bet ween the pIuraIity of superinposed patterns based on the

Oth and iffractio e 1st di ction order
is used’t Ng&%‘ﬂ’,“@ af"ﬁ’éqﬁ/aegf?rﬁﬁ}d tBWF’ gé{'ﬁa’eﬁé’f‘* +n1[ r(n:}rﬁC Her r%aralﬂ}ef‘?act i on
or der | dffradtiod owersan error check. 9. The lithographi c apparatus according

to claim8, wherein the nth diffraction orders are the 1 diffraction
orders. 8. A lithographic apparatus, comprising:

an illumination system configured to condition a beam of radiation;

a support configured to support a patterning device, the patterning device being configured to
impart the beam of radiation with a pattern in its cross section;

a substrate table configured to hold a substrate;

a projection system configured to project the patterned beam of radiation onto a target portion of
the substrate; and

an inspection apparatus, the inspection apparatus comprising

a radiation projector configured to project radiation onto a plurality of superimposed patterns on
the substrate; )

a detector configured to detect the Oth and %nth diffraction orders of a radiation beam reflected
from a surface of the substrate, wherein n=1; and

a data handling unit configured to calculate an overlay error between the plurality of
superimposed patterns based on the Oth and +nth diffraction orders, wherein data from the 1st
diffraction order is used to measure the overlay error and data from the Oth diffraction order is

used as an error check.

9. The lithographic apparatus according to claim 8, wherein the +nth diffraction orders are the +1

diffraction orders.
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