P-0402. 010 -1- Lithographic Apparatus, Device Manufacturing Method, and
Devi ce Manufactured Thereby The present invention relates to a |ithographic
proj ection apparatus and 5 device manufacturing nmethod as set forth in the
preanbl e of the independent clainms. The |ithographic projection apparatus
conpri sesp_gyoof@di ati on system for proyiding a projection beam of

radi ation; - a support structure for supporting patterning neans, the
patterni ng neans skitégi@phie ApwiratishDetice Mativfsétheing MéalodCafd di ng to a
desired pattern; 10 - a substrate table for holding a substrate that
conprises an alignment structBevice Mapnfjctureddrheselyt em f or proj ecting the
patterned beamonto a target portion of the substrate; and - an alignnent
system The term "patterning nmeans" as here enpl oyed should be broadly 15

nterpreted as v ef SRR s VRRR, KR GANMERRLER AN ANL EPT 1O

radi ati on beam wth a patterned cross-sec spon pattern
that is tgewe GaRFIQGrihdImethoad s st fordPir the Preambld\6F the RRlbpdident difighst BAEN
"light valve" can also be used in this context. Cenerally, the said
pat t er n withogmphicesecttbrt apparapsrcompuibest f uncti onal | ayer in a device being
created in the target portion, such as an integrated circuit or other
devi ce (see beradgtionsystes fespreyidingn protestiombeast pf 1diafiemins i ncl ude: - A
mask. The concept gf a mask is well known in |it{]0 r&g_ﬁé and it includes
mask types stEfPPRE SHURAFS/ 0T SYRPCFYRE RANG MBS HTIF P2 EARGAOR GEi B 0
phase_—shlggueng&e\ﬁéjgctﬁﬁlB@H&g&dh{gytg@dgsimt&ﬁes: Pl acenent of such a
mask in the radi ati'on beam causes selective transmssion (in the case of a
t ranstfi ssi ve amsisjratenablefdrdwidinga fitstrifeehat @smprifesanratigh®eit sa@cturg nmask) of
the radiation inpinging on the mask, according to the pattern on the mask.
In the case ®Proiechas Rysterndorprpiseting the patéernedobenim ontganargeti noytioreofthems k

tabl e, which ensures that the nmask can be held at a desired position in

t he incont Qtr?tﬁuifnéition beam and that it can be noved relative to the beam
i f so desijred,y 51 Pefsfipabl e mirror array. One exanple of such a device
Is a matri x-aad%lressabl € 30 surface having a viscoelastic control |ayer and
a reflective surfacthe ithe “pasirging ineasd Psderdxehplogbdshotildde bagdty at us i s t hat

(for exanple) addressed areas of the reflective surface o
15  interpreted as referring to means that can be used to endow an incoming radiation beam

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
20  such patterning means include:
- A mask. The concept of a mask is well known in lithography, and it includes mask
types such as binary, alternating phase-shift, and attenuated phase-shift, as well as various
hybrid mask types. Placement of such a mask in the radiation beam causes selective
transmission (in the case of a transmissive mask) or reflection (in the case of a reflective
25  mask) of the radiation impinging on the mask, according to the pattern on the mask. In the
case of a mask, the support structure will generally be a mask table, which ensures that the
mask can be held at a desired position in the incoming radiation beam, and that it can be
moved relative to the beam if so desired;
- A programmable mirror array. One example of such a device is a matrix-addressable
30  surface having a viscoelastic control layer and a reflective surface. The basic principle

behind such an apparatus is that (for example) addressed areas of the reflective surface



P-0402.010 -2 reflect incident light as diffracted |ight, whereas
unaddressed areas reflect incident light as wundiffracted |ight. Using an
appropriate filter, the said undiffracted Iight can be filtered out of the
refl ected beam |eaving only the diffracted |ight behind; in this manner,

t he beam phggopRp patterned according te_the addressing pattern of the
matri x- adressabl e surface. An 5 alternative enbodi nent of a progranmabl e

mrror ar reflecteinpidentdight aediffractal lightgelneeds vahddrédsad arehd reflest incidert light ahi ch
can be |nd|V|duaIIy tilted about an axis by applying a suitable [localized

el ectric Ppdiffeactedrlighi. Usipg ayanpgonsiate Blitrethe spid l@dtfﬁa@t%hghtsanbc fitbared calgal n,
th t ddi h ed

Forl ect | aft RCTHRCI Depitaleaying gt ditTaciet e e B R CHTR L5 bEdr essed
mrrors; pohy H%Paﬁ&ﬂ&?ﬁcc%)fdh%{o%% Ed:&r?g d%}aﬁ@%{ﬂf'tﬁe B%‘fx@éd?%g‘atﬁg gﬁ%&en to

t he addressmg attern o e mrrors requite

mat ri x5 adgit@p@ive@Enitadinnt I@Eﬁfpﬂfgﬁﬁﬂmldslb AgirrSHhdrB0drRpI6Y LLinaRiX frdiBaRent dfn bot h
of the situations described hereabove, the patterning nmeans can conprise
one or notipy n]nrr@g;@nhaﬁ%lqmqanbc Ha;lmdydly tNtmderbowtf apraxix byoapplyingra suitablear r ay's
as here referr gl eaned, for exanple, fromUnited States

dto.c
Pat ent s cshzzgéflemc @He Uy lﬂgelezmt%aqﬁ@ﬁom@ﬁﬁ Qnss1agam; thens WO
98/ 38597 @m @Qr@r%ér%&o esteC RudH at e{afa%sg%rl%fr%}s Rl ﬁefﬂ%‘,t,[arylp(rl;%%ﬁgfgcﬁéyl Be

t he case mrror arra
enbodi ed ﬂiﬂla@loﬁ 'béﬁﬁ n@a dlf?éiélﬁ dufe@ﬁor%aﬂiﬁa&ess@@hﬁﬂoﬁam thR rhdntef] ﬂ%reﬂ@é’t@@' e as
required; and - A programmable LCD array. An exanple of such

const Huct baam ispagemed acovrding tethe 20diSssingpatient efithe biatrix-200ssaBIR, mmlmrs: Mhes
i ncorporated herein by reference. As above, the support structure in this
case may KauiEsd @&Wﬁ?sgngﬂmm QrﬁlﬁfiélSIHGéPl%ﬂﬁ‘P@mW@w Frbothgéthe xed

m)vable 83 of si the rest of this text
. at canBlehT kAR neklboll IR RRaRhe Mol cef hhbh Sl Rark e
i nvol vi ng @Maﬁé‘ﬂnﬁ@ﬁ%éﬁ%@m lhﬂiﬂ%\aﬁén oft fférr 58¢ Rdre BEfLRE R @8 be
dlscussed I n such instances should be seen in the broader context of the
patt er ni ngleamamlnﬁ)raxamlaleeﬁhmdénmdtStitesPdtentkUtSI‘ﬁ)@ﬁfa&Eﬁi anddy®pSeBJ168, adpar at us
can be used, for exanple, in the mnmanufacture of integrated circuits (I1Cs).

In subh aPelgatent waﬂﬁsattlwrwwlmﬁ@W&é@éﬂ&@e}vhlsh eIiCrle‘aﬂrporthh@

e onf s h B e b R a6 Hpe b R fagobe
substrat eerﬁﬁadlemna WAL BF Jabld) #ir elilﬁﬁ%)féeﬁrﬁlcﬁ(?ﬁéﬁ% ﬂ!eﬁfbr%dv%ﬁras ¥ quired;

radi ation-sensitive material (resist). In gereral, a
and
- A programmable LCD array. An example of such a construction is given in United
20 States Patent US 5,229,872, which is incorporated herein by reference. As above, the
s.upport structure in this case may be embodied as a frame or table, for example, which may
be fixed or movable as required.
For purposes of simplicity, the rest of this text may, at certain locations,
specifically direct itself to examples involving a mask and mask table; however, the
25  general principles discussed in such instances should be seen in the broader context of the
patterning means as hereabove set forth.
Lithographic projection apparatus can be used, for example, in the
manufacture of integrated circuits (ICs). In such a case, the patterning means may generate
a circuit pattern corresponding to an individual layer of the IC, and this pattern can be
30  imaged onto a target portion (e.g. comprising one or more dies) on a substrate (silicon

watfer) that has been coated with a layer of radiation-sensitive material (resist). In general, a



P-0402.010 -3 single wafer will contain a whole network of adjacent target
portions that are successively irradiated via the projection system one
at atime. In current apparatus, enploying patterning by a mask on a mask
table, a distinction can be made between two different types of machine.
In one typgu@boig t hographic projection_gpparatus, each target portion is 5
I rradi ated by exposing the entire mask pattern onto the target portion in
one go; ssiafleavaferapibiedontaies a wholeaieimérk)ofafabért eftgétPotfond tNRaRY suet&BREBly Of
step-and-repeat apparatus. In an alternative apparatus - comonly reéferred
to as a sirediaiedivia thaprajsptiomsystem,-one ebatime alngatrenyappasatus, émployingdi at ed by
progressively .scanning the mask pattern under fhe projection beam in a

i ven r of BAHUSRIBE BY ASURK SR ATDRN e HAFRGHOR FriLbe matly biEsRIG SkFBhoUs | y
scanni ng . el ti- I to this .

directi Oﬂ%gsl %@%ﬁéﬂl?%é %‘gﬁlger Q?Q bﬂ@g%lr% E%ug of @%Cﬁ%ﬂsay g%gﬁrﬁg’véaf% t%%evté’ offion 1s

magni f3 cairtzamtédf SfpoMng SRNEtR hivsiCpaklern M6 SPEBR: Yorfibn WMbAdlad: Rch apbstrat e
table is scanne(gs)tvm Ipl bg a factor I\Xti mes that at g\(/hi ch thﬁe‘é]gnaskctabl eis
scanned. apyaratus fcommemilyreferradrto ae g avadertsteppert drotppaguidirepebt uprestuadn her e

descri bed can pe gl eaned, for xanpl e, fromUS 6,046, 792, i ncorporated
herei n byalFEnRaveapparats Tﬁoamﬁaﬁnwgfgﬁslﬁp Ay steBragd-scaianpgratns ﬂmg fasgati c

proj ection S attern.(e.qg.. in a mask) s ijmaged anto

Lot r at oPeRERY Blffte Chy BOLESi Ty Rl dh Rk petrydfP 5 pré} i fonbeam

radi ati onimSeEghh tefSreARI BfckBbn (theScaining Mitefiod)AvHildl syné¢HIBABURE, sthiting e
substrate nmay undergo various procedures, such as primng, ‘resist coating
and alGof substritte tabMé pamllehap astinperallehte this divadticmt einomyn penesalthe ptadection ot her
procedures, such as a post-exposure bake (PEB), 20 devel opnent, a hard bake

and neasuPHEhYH haprecmpgifiertionractoridf@encralit Tl bdhe spaed Vet ljch the
o cednr g e A BubESR o AR o Rlnb i s O Bl S

as et chi N¥foré fiflormiHdon Wil le@atd t6 AMdaRPhic d¥9icas hd el HQRribQKéRHe Ahned, for |
cheno- nmechani cal polishing, etc., all intended to finish off Jan 1 ndividual

| ayer. | fexamvsde,drorh 3)56,84@79, imgrporatdd hérbimvbythferedeol e procedure, or a
variant 25 thereof, wll have to be repeated for each new | ayer.

Eventlial |y, an arr alp amapgostudag process paing grlkhegsaphi;projpstion BaRarafs a( waf er) .
These devices are.then separated from.one t.her, by a. techni que such as
di ci ng or PSR s HAGR) B mdeetante A durtae i asatle partaliyfovs ity Staver
carrier, GORBRGbEYedsiv Mfterifl(fesishUP high ' ' a%i‘da
processes can be %bt <1';1i nedfmf o(r lesgarr%{;@,a ﬂ??o@né%g%gﬁégﬁsg?%gﬂl p g0
Fabri cat i earioud pRscedties,ahiclzd gitming, @6isCavating anldie saft bakeoAdiesexpdsure Tthier d
Edition, by Peter van Zant, McGraw Hi |l Publishing Co., 1997, | SBN

0- 07- 06728 sigateimaydesobigeied thether propgduress &yche @ post-exposure bake (PEB),

20 development, a hard bake and measurement/inspection of the imaged features. This array
of procedures is used as a basis to pattern an individual layer of a device, e.g. an IC. Such a
patterned layer may then undergo various processes such as etching, ion-implantation
(doping), metallization, oxidation, chemo-mechanical polishing, etc., all intended to finish
0ff an individual layer. If several layers are required, then the whole procedure, or a variant

25  thereof, will have to be repeated for each new layer. Eventually, an array of devices will be
present on the substrate (wafer). These devices are then separated from one another by a
technique such as dicing or sawing, whence the individual devices can be mounted on a
carrier, connected to pins, etc. Further information regarding such processes can be
obtained, for example, from the book "Microchip Fabrication: A Practical Guide to

30 Semiconductor Processing”, Third Edition, by Peter van Zant, McGraw Hill Publishing
Co., 1997, ISBN 0-07-067250-4, incorporated herein by reference.




P-0402. 010 -4 For the sake of sinplicity, the projection system may
hereinafter be referred to as the "lens"; however, this termshould be
broadly interpreted as enconpassing various types of projection system

i ncluding refractive optics, reflective optics, and catadioptric systens,
for exanppgqolbg radi ati on system may algso i nclude conponents operating 5
according to any of these design types for directing, shaping or

control ling the proFectht eake dfaanplidityl thelipadjecion s@ﬁ&n&h@h@aﬁm%tréfeﬂﬁa al so
be referred to below collectively or singularly, as "l ens”. Further,

the Iit holrasghe dleaghhoweyss, thwernesl@mldab&t lgfp@dlmui:rmget@m ecompaIsmgsabons at e
t abl d/or .t d
Lhe addi & PaRaP! wrﬁﬁqcﬁgn TRy dbclighe reﬁsﬁmﬁas Tefpeteapibs ol jastiepEiomy be

carried ogst I, @&%xmpfeeré m%ga%ﬂmﬁl gae mﬁc@aew{l ori¥h erpe}a%%' es are

bei ng use or "exposu sta hogr a ara aregdescrlbed
for examh@ordlﬂgteﬁa@&ﬁﬂeséﬂ&s@m@gm&alré&mlshapb@d? cbﬁn@ahﬁgikiét;ﬁsjebﬁérﬁl n by
reference. Before the patterned beam can be projected onto substrate W
subst r at ebsam afnmdtduenmldtsechwwrgpmatssnﬁ)ealm beorefieredds belioon eollactivelyiove to one
anot her so t at t he echﬂgP eamW|II strike the substrate at the
requi red PREYaEHY 8" ‘?"6n PAPIE apparatus @aﬂéépféﬁﬂ)éhﬂﬁmﬁrtwmoﬁe t he

easur enomte ARBRE T a%%o%% ?ir"’i‘ﬁ@r%as%i%biesa Hp S n g Blekipes s BB GRS
nmeans or tHaedgiiRaal thbles tay bk u&&t ih QaralIBE oP plebSatdiry e PEARY be farfiBd BeporP(EHe

aligning a substrate in a lithographic apparatus is described in an
articl@® byr rork t@blaz swhileohaor mbremtherttablésmte beEp lusdd fongxmsumsilnuzfl stage
positionipng of non- symetric signals” and published in the proceedi ngs of
the | ccashihpgtpghicappatahra7q dascrdhed, tor exarmpls, wddh ARG haed WO P8P hue. An
ali gnrrent rlkc | S r[é{ ﬁzll %edbone th substrate and light scattered fromthe
al i gnrrent FRETROTREE SETEY %é‘?{ Y% mark is scanned. Details of the

detect i on techn queBgfofe (helpaléfied Bafilcan il prbfeftell 81tY dublifar@ WIRLBGHALWST onal
whi ch has 25 lineshape wth a peak as a functlon of scanning position. The
| ocati on add thogaperalng memk have tp beqositiopaiiative td biee pdicr 5o thadthetpijected

al i gnment ‘mark. Chazanfarian et al recogni ze the fact that accuracy of this

type bt heas wilsike thesubstrate pithe rgﬂutrndetaagﬁtm@anorsfﬁ&m RWaroseh & ip desirablsi ng

ch. t b h o] I n |
21 onnent Lorpgide 1 i BHERHEE ppelts 3P L R pra e Ebienfadiipsg ¢
processi ngeshigfiedtRthedidstioh drige siusgegaé FeXatRf 16 tHe g&h%ﬁg@&é&?@@ﬁﬁ&ﬁ ate.

These errors may vary frombatch to tch, due t ect o ations
structure for the patterning means.

A method of aligning a substrate in a lithographic apparatus is described in
20  an article by A.A Ghazanfarian et al, titled "Exploiting structure in positioning of non-
symmetric signals" and published in the proceedings of the ICCASP 1998. Ghazanfarian et
al use a scanning/imaging technique. An alignment mark is provided on the substrate and
light scattered from the alignment mark is detected when the mark is scanned. Details of
the detection technique are not disclosed, but the result is a detected signal which has
25 lineshape with a peak as a function of scanning position. The location of the peak
nominally corresponds to the position of the alignment mark.

Ghazanfarian et al recognize the fact that accuracy of this type of
measurement is affected by the optical system and the processing steps to which the
substrate has been subjected. In particular, systematic alignment errors arise due to

30 asymmetry in the optical system and processing steps that affect the symmetry of structures

on the substrate. These errors may vary from batch to batch, due to the effect of variations



P-0402.010 -5 in wafer processing conditions, fromwafer to wafer or even
between different positions on a wafer. Ghazanfarian et al overcone these
errors by introducing a nodelling step. The nodelled |ineshape of the
detected signal as a function of a nunber of "hidden" 5 paraneters is used.
Duri ng noPrd02.814 gnment Ghazanfarian et5al fit the values of the hidden
paranmeters to_best approxinate theégFasured | i neshape. The position of the

al i gnment 10 Yalek Poeessig qondidions frampaten o watce prevsngtwiren differenispositions enpe
applied tgJ nodel l ed 1ineshape is needed to fit the nodelled |ineshape
to the neasured |lineshape. Prior to actual alignnent the relation between

the hidden par anet eGhazinthrial@t alldferedRl thed eiloRes RRBdicindShREBMAE depnd t he
nunber of hidden paranmeters is selected. This involves a |earning phase in

whi ch a nithbsodelledslamgshars oftheaddteptedesigmnl ana Rsctorofs mamberfof "hidded!' t he
positiﬁon Is measured jn sone reli ?bl e way and of which the |ineshape of the

det ect? onPYRBRETS 1S Us¢rh AWiEng ol alignmentdahazanfadanefial it thervalues of theiddanent

| i neshape fiset s i calq: t hat oceur i nor mal
al i gnnment _ﬁar atzeés(r)l%abr%?ta%p {é{ﬁéﬁét}@%&égfgeadslf%glﬁﬁp&i%aﬁ’ B lo&eogg‘;ﬁ)%%"ﬂ%‘ﬂﬁ
t echni quepfafk SRR iPdelermintdis detaRmiihe wiich TREEREH P ABplidl B thSRoAatkg@nd the
correspondi ng position errors in ternms of a m nimum nunber of hidden
par anet er Bneshhge is aetreddo €it theadodejledhiazhapatoi themetsundd lvgeshapenunber of
drawbacks. First of A durinpg.the nodel form ng step accurate neasurenents

n
of the actual posi tPBW‘BfaCFﬁbf%WF@ﬁﬁ%lﬁ@WW%ena@é iiden paramstgenand the

measuyene i f ' onsiderable .nu r . such
reasul Creele e litsbans icrennbfld B8RP RIRL DERARIGS i ERE, Plia:
nmeasur emeftyvelveaa 1daPniRg pRaXeah RAStH PiureRes Bf bdriflegsPiighmefils SRarkd4rk Red, of
manuf acturing of the substrate. This makes the techni que very expensive.
Secondl y, whivh theposifiequis nofasiied mastingr ickiable wagland efjwhichshaliteshapeodt tRS
measuremafrilt t hat _prégduces a li neshaﬁ)e that contains sufficient information
as a func§teFiiogssignat Bintasyredothe sapwlesdepyasant & sprepdeidiHarenbhineshapesend ci ent

hi dden pa r L1 rf f eak of the
P den PoGATR! 840 Ry 5 UEh L bBTgh8 hLSoRERS o 5
i nsuf {3 ci siRgulbiVvMdBdcoMiposifioh REAMGHL B depkratepbadiRapé iBRkedid@ih@d Phase
grating alignnent 30 neasurenment. 1n this case alignnment marks wth
per i odi casprgad/andythe gomgspondihg pesitpar ¢rrars imatesns ofwinindewnomitber of hisklen at e.
Intensity of light scattered by the alignnment mark i s neasured
parameters.
The technique used by Ghazanfarian et al has a number of drawbacks. First
of all, during the model forming step accurate measurements of the actual position of the
20  alignment marks are needed. Such measurements are difficult to realize and a considerable
number of such measurements is needed during the model forming step. A different set of
measurements has to be obtained for each lithographic step during manufacturing of the
substrate. This makes the technique very expensive.
Secondly, the technique of Ghazanfarian et al requires a type of
25  measurement that produces a lineshape that contains sufficient information as a function of
scanning position to permit determination of sufficient hidden parameters to correct the
position errors of the peak of the lineshape. This excludes correction of lineshapes that
contain insufficient information.
A technique for realizing alignment uses a phase grating alignment
30  measurement. In this case alignment marks with periodically varying optical properties are

included on the substrate. Intensity of light scattered by the alignment mark is measured



P- 0402. 010 -6 and the phase of observed periods of the alignnment mark
relative to sone defined position in the |ithographic apparatus is

determ ned to neasure the position of the alignnent mark. To elimnate
errors a diffraction technique is used. The spatially periodic optical
propertiep.gazbhe alignment mark lead tg.diffraction of light in different
orders of 5 diffraction nuch as by a diffraction grating. During the phase
grating akndjthemhuse ofedservedperiods o€ thel alignmenttmmkrrklaiiwe foi sghieetdfined position
nmonochr omat i c Ilght and dlfferent orders of ght are diffracted fromthe
al i gnment lm@P&l QErpic annarAtyss detepningd Hbmgasluge tbepawﬁmaf the alignment asks or a

d |, h |
of Cai spl acemmnt " of TP AUt iters ' FBehon ¥RngR R isfé‘fhca AR PeResio t he
al i gnment ofRdHK propR ﬁlcl‘gfﬂﬁt gﬂl'nEM thark Y890 PFRY %’er Fd ne%ht e gnal ,

fromvx/mchthe position of Che alignment mar 0 an

i nt eged ndiffractionf mpelr dsdg diffrdckion glatigp nBuving ke lphase/gratﬁfgfﬁl’ﬂgﬁﬁkhpn of
position neasurenents fromdifferent pairs of orders of diffraction may be

used to rBRRFurement/he @hgfmqnama& s dighted ovithmasepheomatic light and didteremit qu@rehas
al so been uf f m.m sal errors .du 5 fto as
hdoceq: ot Betfars Gedite o R Ran ol A Bietd BTy o ordess fsasrred 8bor i be

correctio f |

et et i on S Cuad §agen Slad SPWERNARL i AP ¥les pHERCAR s iimbiort g1

i nf or mat i éi3plasergenef did aligaimehl mlrkedudtotthd peribdicidrire bf tHl AigamehOmbikt The
sufficient nunber of hidden paraneters for correction of m salignnent
errort0 zmtmsntyss ungd @bg@tf;rat@a dcﬂqethrmgml ifoom wighrtbe poiitidroef the aligrahent
correction sal mant errors t ccur vvggmaﬁhe subst rat e is aligned

after bei H’g"r isisie BP ATOLegES gD % Refipds igamertaarka
cal i brati 96111%&&61{ &ﬁm Aléashégﬁﬂfatﬁ%% ff@r&‘f&mﬁ’%\ﬁ&ﬁeﬂs ¥ maaﬁatslga,g@ gtV: ﬁS

for accurate correctlon of gnnen erro
al i gnment uﬁﬂ&beémlzeaﬂdremlmwwdsmnmﬁ@gwﬁlenﬁ or a lithographic apparatus as
set forth in daiml. Light affected t he substrate contains both
posi tional i nformat This techhigueihas alsg h¢emrfmd torsufihr ﬁ'hnlrslsdignmﬂnewm due

di spl ﬂiement of the i’rate and 05|t| arl ai rmat i on, which
Goos Rt TrmsHBen e dati b RSB ol £ (RGHING A GROPHISPEIced.
Exanpl es 9&&95{1%599?{;,?& BF AleThdrRlhe G 1E msag,g@éd o B0belddd S6tF oW 2

grating, or tiron o I'mage of a f ure on

Exanpl es pdir bﬂm{etsaﬂrtdlmémmsumlem DFbAEERRN G SeriPally BYENAYMN Bthistdétetion
diffracted or reflected I|i ght as a function of position. P-0402.010 -7-
signal to fit a sufficient number of hidden parameters for correction of misalignment errors.

20 It is an object of the invention to provide for accurate correction of
misalignment errors that occur when the substrate is aligned after being subjected to
processing, without requiring extensive calibration measurements.

It is another object of the invention to provide for accurate correction of
misalignment errors when using a phase grating alignment system.

25 The invention provides for a lithographic apparatus as set forth in Claim 1,

Light affected by the substrate contains both positional information, that is,
information which is affected by displacement of the substrate, and position invariant
information, which does not change under displacement, at least if uniform lighting is used.
Examples of positional information are the phase of light diffracted by a grating, or the

30  position of the image of a feature on the substrate. Examples of invariant information

includes the maximum intensity of diffracted or reflected light as a function of position.



Normal Iy, only positional information is used for alignnent. The cl ai ned
apparatus is based on the insight that the position invariant information
of light that has been affected by a substrate is characteristic of
variations that occur in a process step and can there for be wused to

I dentify Pttggy_ggd ations and the size of sthe resulting correction that has

to be applie to positional information. In particular a conbination of
anpl i t udedoghally dsitionaliaforfhtion i¥luse@fdrialighthentdThd GaiRMHd pphrafusq orders
of light diffracted by the alignnent mark can be used to correct a

posi tion hesgd wndheinsight tat the positioy inyadan information afflighhthaphdsrteenhffestetr s.
Based onl é on . opt i_ca,‘l t heoretical, consjiderations for arbitrary alignnment
st ruct ur e8Y f ARpHafesis charpeterigiic of yariesians dagt Aequs ing pracess e andiwan ghese for be

correctio R ) . he | itudes, but it . has .been,.
real i zed %eactlﬁ gédnéy?‘%&d@t%ﬁ’raﬁj?@’g’gs?é& g{yestﬁﬁcoéﬁﬁ%ﬁflyﬂfl%g%n?c jon that has.ohEAPRE  ange
of vagi atd sisichl InfsnAEbhcal properties of the alignment mark, each with

its own conmbined effect upon the anplitudes and the position neasurenent
for different pairslnptsilara combinaioataf amphatdes ef reapaotive omsofapdupligidfi on
errors oc(cl, rs that %fg\ be used to inmprove 15 position nmeasurenent

accuracy. e Pairs plorders of Hipht diffragied bydbepalignmeat mapk ¢ra beriised tasearresha

ti ... ndi | i dent.i fyi the t f_ def ion, th
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intensities neasured with Iight of that” wavel ength. Nelther do the

i nt enkl t i eRsoretecxpect blat nieagshase chroavtivirecandierlermyrddnim erangilisides Asut tihe
positions, or indeed, on the sanme substrate: another substrate that has
been subj Basbeen reahiged higbanyr Giveseroerss sep cammanlydead to @ pikdetarmined renge ofequi r ed

ti . . nbodi t . it t f th
orders. of VIRRRAGE i opBr BroptreG ol I AieBERn Tt pae G I AVRFORBIES nmy be
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accurately. 25 The phase neasurenent for ferent pairs' o rders of

di ffracti correlayondtwesemmplitudedcind ipositibwefriie occaretitit tdrels: dsed teinggrovere t he
size of correction. In this case a separation between conputation of a
correkli OPOFHYHNCHBIGNG REGWIRT- and correction of the position measurenent

of fromthe phase ig not strictly necessary. Wiere the.clainms speak of
deternining a corre@?‘f%‘ﬁe a‘FdntBIéSI%%gé"ae u ggoﬁgtfagpwfﬁ?e@osttwg QLIS ¢ he
correcti omd%a%%yofa%hﬁfgg% thggéyf%u%ﬁn{igﬁx, gﬁéﬂlﬂ:&i&n o5 ifih nfiAses o

correction that” I's det nplicit ring a determnation o
posi tion foedight ef@metwdveleangthiized hodiesbaetlopitasities Meahinedwith0g8PoOthe: - 8

wavelength, or only on intensities measured with light of that wavelength. Neither do the

20  intensities need to be measured on the same alignment structure as the positions, or indeed
on the same substrate: another substrate that has been subject to the same processing may
be used to determine the required corrections as well. In an embodiment, amplitude
measurements of the orders of diffraction of light of a number of different wavelengths
may be used. Thus, the type of position corrections can be identified more accurately.

25 The phase measurement for different pairs of orders of diffraction may be
used in addition to the intensities to determine the size of correction. In this case a
separation between computation of a correction from the amplitudes and correction of the
position measurement of from the phase is not strictly necessary. Where the claims speak
of determining a correction "to be used” for determining the size of the correction of

30  position this covers both explicit correction and correction that is determined implicitly

during a determination of the position measurement from amplitudes and phases. In both



cases position independent information affects the size of correction even
I f the position dependent phase informati on does not change. In order to
determ ne the corrections, use is preferably nade of a nodel that
characterizes physical properties of the alignnment structure as a function
of positiemappmoidie 5 alignnent structuge with a paranetrized nodel.
Paranmeters could for exanple be the duty cycle of the period of ridges in
t he al i gnoases psditiercindependentanfdepatiorodffactsahe sidgeBcorrdten svenriétheqsitiohher
side of the ridges the height of unevenness of plateaus of the ridges and
bet ween A¢Regdent phass infasmationidegsor ehamee.of unevenness in a resist [ayer on

t f th id P f bl h. .st t bj
b o used to ket ni grdet WRBte he BSOS U pErE B padertd ArBodel et .
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equations, one can predict for each conmbination of parameter val ues both

the anpli exrdesf the perded v%m@w inthg alignmentstruetire; thectepthrofaheiridges, edgerstapei ons
f the det t t f th t t, t
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measured a udes by se ectlon o he correction

cor r espondreferablyesuwiiseradtact descriving parametSticiie Gsedad lakb dsctodd lﬁé@b@@iﬁlermt’ al so
be api)l led to alignnent systens that 20 do not use periodic alignnent

st r uct@Qr eperaeits/that a1 notrapticalewpentsy bt instead etbergipesi of pptasietéro may heased, enent s.
Any type of ,optical perties sed to_deter anet er  val ues
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substrat esr fQEdhse 1 n correction position measurenents. However,
application to nmeasurenments using periodic alignnent structures has the
advant age that onl yBg nisahbf stehputatiofis teskistenmivnath Mbxwell aeqiations, 3he satf fi ces
to characterize the physical properties of the structure, while still
descri bi ngfeéh?t fo|caghnpasAbination ftnarametprvalugs bethahe omplitudes fpe diffesent orderainot her

compul & a0t St Bn L HERRE °s‘a‘$‘ﬂwo@fiew%§§ EETpiR ot ”""“ﬂed e
detectlon ﬂcglﬁglplgferém;ﬂﬁldog@ 1er2§)§sucﬁg ‘:@a Bygbcal |aws

of optics 30 (expressed I n mat mat | c equat I ons)

for the apargmerid thaylehd prediodd istethiicd that rbest\mlthmwsh:ddhﬂmﬂn@d@rfdmeﬁm
paranmeters so that the values correspond to the P-0402.010 -9-
by selection of the corrections that correspond to the selected parameters.

Such a model-based approach may also be applied to alignment systems that
20 do not use periodic alignment structures and/or diffraction amplitudes to obtain position
measurements. Any type of optical properties may be used to determine parameter values
of parameters in a parametrized model of the alignment structure on the substrate, for use
in correction position measurements. However, application to measurements using periodic
alignment structures has the advantage that only a relatively limited number of parameters
25  suffices to characterize the physical properties of the structure, while still describing an
alignment structure with a relatively large area.

. In another embodiment of the lithographic apparatus, the apparatus is
arranged to compute a relation between one or more parameters of the model and a
detection signal of the alignment system consistent with the physical laws of optics

30  (expressed in mathematical terms, such as Maxwell's equations) for the alignment system,

and to determine values of the one or more parameters so that the values correspond to the



measur ed detection signal according to the relation, the position

measur enent being corrected dependent on the values. By inplenenting a
rel ati on between paraneters of the substrate consistent with the physical
| aws of optics in the |ithographic apparatus the need for extensive

cal i brati ®0402.0tthe rel ation for differemdt- |ithographic process steps is
avoided. 5 In a further enbodi nent of the |ithographic apparatus, the
appar at usmepyuscd driectipnsignabcearding wherelatioantbe positinh oweswement being be used

to determne the, required, correction . and has ap .interface for selec¢tin
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t he nmeasufe@dxtebiee chlibratiorgsfahe reldtioh fondiffetmt lithdgtaphic RbeckdQepd ik AGgIaR i C
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that rel ateems efﬁmiﬁal pahmeRty fof @ichaptknoMed2e O HeldpBisalPropdigesiifitRnent
structure and the intensities of the orders of diffraction. However, it is

not necesslignmend syitane are neededa én additione thefusehmayl efesifiraraiuenfasthe @bert shape
al i gnnment structurgicﬁx licitly in ter of physical paraneters, as long as

t he corrgE’i‘IP'@i‘ﬁEcrs : Y sXRectRdR YRR ap ésslcféﬁperm ned. For exanple, a
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exanpl e ofISRIORESS OF HIFeE PORCISES 4 | i near P-0402. 010 - 10-

When a model is used that expresses the optical properties as a function of
20  the parameters a search for the best parameter values may be performed in any known way.
For example, a simulated annealing technique is used, because this technique overcomes
local minima that have been found to occur in models that relate relevant parametrized
optical properties of the alignment structure and the intensities of the orders of diffraction.
However, it is not necessary to determine the nature of the deformation of
25  the alignment structure explicitly in terms of physical parameters, as long as the corrections
of the phase measurements are determined. For example, a computation of a function may
be used that assigns phase corrections to different combinations of intensities. Such a
function may be defined specifically for a process step or process steps that have been
performed prior to alignment. A parametrized function may be used for example, the value
30  of the parameters being determined on theoretical grounds or by means of measurements

for the process step or process steps. A simple example of such a function is a linear



relation between intensity ratio's and phase corrections, the paraneters
being the coefficients of the linear relation. But of course other kinds
of functions may be used, such as neural net functions that have been
"trained" for the process step or process steps, or even a |ookup table
wi t h entr Pe®02.610 di f f erent conbi nati onsl®f intensities, the entries 5

cont ai ni n the corres ondl has(e corrections. Such functlons and
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subsequent stage for “selecting a specific correction for an |

al i gnnent that detetmine theawnkctiorp arei sivdilan fdnsttuchsedthr lave been mbjecmﬂl tei dual
region on such_a substrate froma second neasurenent of the intensities of
the or der Brogessiigrin cammas farsxamplgiin the sgmedntchips o the sagresubstraterla this i gnnent

25 mark on | substrate or in region. Simla | nst ead
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speci fi c PEPHRIERE alghys BeY ay he uyerdo biag therestipmte fos indiyidyal alignipendr at us
according tag(sd)zl%?ur}%%ggh ent n%ar:r]l?s. g%ne%bo st mcludes a preselecp ion stagebl%

explicitly
which a subset of available corrections is selected for a batch of a plurality of substrates

D

20  (that have been subjected to process steps in common) from a first measurement of the
intensities of the orders of diffraction and/or other parameters, and subsequent stage for
s.electing a specific correction for an individual alignment structure, or for an individual
substrate or an individual region on such a substrate from a second measurement of the
intensities of the orders of diffraction for that alignment mark or one or more alignment

25  mark on said individual substrate or in said region. Similarly, instead or in addition to
preselection at the batch level, preselection at the substrate level or region level may be
used prior to final selection for an individual alignment structure or region on a substrate.
Thus, less computation is needed to find the corrections for individual alignment marks
and the consistency of the corrections is improved.

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



understood that such an apparatus has nmany ot her possible applications. For
exanple, it nmay be enployed in the manufacture of integrated optical
systens, gui dance and detection patterns for magnetic domai n nenori es,

l'i quid-crystal display panels, thin-filmmagnetic heads, etc. The skilled
artisan wplg402ppr eci ate that, in the context of such alternative 5
applications, any use of the terns "reticle", "wafer" or "die" in this text
shoul d beundessteedithatsichangppargtus bps mawdothsr ndssiblempelicpions.dlor example; wask”
"substrate” i}nd "ﬁar orti.on" vel. I n the present docynent,

L heCt o o fay B el el S thefiRingesiiee of EREEGHI PEichL sisthrisn guldanee ng dewotipn
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(EWV) r adheddsosic.(Ehegskilled artivgn avilappreciagithat] i thé omt@n@f sichteiitiveas wel | as

particle beans, such as ion beans or electron beans. Enbodinents of the
i nvent$ onaplicatipnsnameusged dlre tomas "retjclelaywater"corddis!’ én thistenishpplddiet h r ef er ence

to the acconpanyj ng schematic drawi ngs in which corresponding reference
symbol s | FRIPIEre SdemiEBResy e mate Sensenl fsmas mak' > Frlgsirate | andeisargets o

| it hogr aphis: k¥ Qj ' apparatus according to an enbodi nent of the
inventionpbﬁogd?gs%géﬁs‘%@(i\s an alignnent system 20 Figure 3 shows an exanpl e

of a cross section Bftha phsegidocineiti the terfrisFrideatbns BANShaant” S¥ugldast for
aligning a substrate Figure 1 schematically depicts a |ithographic

proj ect i opnceppassalliypes ofrlestionagyeticoradiapien, tndluding ulsraiwdit (B radiatidne(e.g.
suppl 1 ng it g Bl oo R 1 3. 1527 426 6D ead 5Rad Ghra vielst @) - 1 n
this partj Sieyvi LAt [ arnadiat i
sour co LEHRE (OBl u il it BnE alsE' 0 0, VRIS Bafle R B
hol der f osas faalbdamg ofclortedn bdhs(e. g. a reticle), and connected to first

positioning nmeans PM for accurately positioning 30 the mask with respect
toitemPL; - a second object table (substrate table) WI provided with a

S e oA e ep o eSOt B od o bioreans o
for apgur ghig! itk PsblehO@ofe AWBnpHfhE AHemMil BrawiSRGh wHidh ddrfidpSidingnd
reference symbols indicate corresponding parts, and in which:
Figure 1 depicts a lithographic projection apparatus according to an embodiment of
the invention;
Figure 2 shows an alignment system
20 Figure 3 shows an example of a cross section of a height profile

Figure 4 shows a flow chart for aligning a substrate

Figure 1 schematically depicts a lithographic projection apparatus 1
according to a particular embodiment of the invention. The apparatus comprises:
25 - a radiation system Ex, IL, for supplying a projection beam PB of radiation (e.g. laser
radiation). In this particular case, the radiation system also comprises a radiation source
LA;
- a first object table (mask table) MT provided with a mask holder for holding a mask
MA (e.g. a reticle), and connected to first positioning means PM for accurately positioning
30  the mask with respect to item PL;
- a second object table (substrate table) WT provided with a substrate holder for



- a projection system ("lens") PL 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 5 As here depicted, the apparatus is of a transm ssive type
(i.e. has a transm ssive nmask). However, in general, it may also be of a
reflective dq¥pgigfor exanple (with a reflective mask). Alternatively, the
apparatus nmay enploy another kind of patterning neans, such as a

pr ogr anmahblding a substrate Maye.@fa rasistyqatedsilicoh evatayl aho cahméred tdeecoagur ce LA
(e.g. a laser) produces a beam of radiation. This beamis fed 10 into an
i || uni nat Pewtieniag swans P Wiier accuentoly ppsitiening éhe sybsteate with aespagtite itemaRli;agd

traversed conditioning.neans, . as a.beam expander. Ex,_. for ex |l e. The
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and/or in rt%%'e' A8t Sﬂﬁﬁm f s and a-inner,
respecti vgﬁ(})a 0 f‘lﬁoe ?nt e gty | Slt%/(l) %@i@é\éﬁ%sﬁ ﬁ%ﬁgggoﬁwﬁeﬁw addition, it
will generally conpAkhereviepicesdsthetapparamio iSMERinSmissiey@s(i 8Mhdsiat egrator IN
and 15 a condenser CO. In this way, the beam PB inpi nging on the nask MA

has a destirarsnissive maskli Howeved, ingenersl, itynaji alsa beaefta refledtiveityps, foressmplect i on.
It should be noted.with regard to figure 1 that the source LA may be within
t he housi h‘@j‘ﬁb? rqfﬁgtlyq 'P’ﬂ'ﬂﬂr’gt ﬁ?lﬁt"tﬁ%jﬂgec?ﬂ%’ﬁ%%ﬁ%{?ﬂgy f‘%&tﬁ?rsklﬁ‘ll ggn the case
when t he ?d&ﬁ RJEQP ' y al so
be renot el§ romﬁ% e %’t%ﬁ%gﬁr%ipﬁ?% pr o?gﬁériagfé?gg%?ygtaggfe{r eorag) ivg'?i on beam

which it produces bEh&igour@olAK¢.8. 4 AScrppPdnds dbeah®fgadididn) Thizebeainds &fd
suitable directing mrrors); this latter scenario is often the case when

t he sHur cite an ilbimpatineciystem (ilhginatone, either divectlyrmrefier bavizgidaversedns

enconpass both of these scenarios. The he PB syb uently injercepts the
ok M. GRLIPIGE TERE, SR 3ea SkPaeT BXait CYamipg ter eIt TLRmns M

the b . i . t
target  poriTRa eyl iédh AVPrk SHnk e qut ol RERR el BRei@IRERAAN © @
posi ti oni feferfRioas BW(tanhdi svirgief, egspatively) offhRSbtehdiy diRABStidrih.thd B&m. In

substrate table WI can be noved accurately, e.g. so as to position
di f f er ent addatiefb it Wik generadly comgriseeariogs pthen¢ompmmensasmcBs asintegrator N ande

first, positionin ns, .PM ca e used to accurat el osi tjian the mask
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retrieval u@h} SRS HeMinSdi ﬁi(%ﬁﬁ'ftslc}dég-%éfio or during a scan. In general,
of P-0 e 0D I es @IT

novenent 02-010 -13 t ect table W will be realized with
the aid of a | ong- sktshédd bedoied wWithoregad to figeretli tha th@ 3o A redy05d whkihiok e

nodul e (fine positioning), which are not explicitly depicted

the housing of the lithographic projection apparatus (as is often the case when the source
LA is a mercury lamp, for example), but that it may also be remote from the lithographic

20  projection apparatus, the radiation beam which it produces being led into the apparatus
(e.g. with the aid of suitable directing mirrors); this latter scenario is often the case when
the source LA is an excimer laser. The current invention and claims encompass both of
these scenarios.

The beam PB subsequently intercepts the mask MA, which is held on a

25  mask table MT. Having traversed the mask MA, the beam PB passes through the lens PL,
which focuses the beam PB onto a target portion C of the substrate W. With the aid of the
second positioning means PW (and interferometric measuring means IF), the substrate
table WT can be moved accurately, e.g. so as to position different target portions C in the
path of the beam PB. Similarly, the first positioning means PM can be used to accurately

30  position the mask MA with respect to the path of the beam PB, e.g. after mechanical

retrieval of the mask MA from a mask library, or during a scan. In general, movement of



in figure 1. However, in the case of a wafer stepper (as opposed to a

st ep-and-scan apparatus) the mask table MI may just be connected to a
short stroke actuator, or may be 5 fixed. Mask MA and substrate Wmay be
al i gned using mask alignment marks M, M2 and substrate alignnent marks P
1, P2. The_.depors ed apparatus can be usgg.in two different nodes: | . In
step node, the nmask table MI is kept essentially stationary, and an entire
mask i mathe dbgecptables M EIWMTwidhiee rgalieid veith the sidnefl adotig-btaskte' hodulé (coarsear get
portion C. The substrate 10 table V\{[ is then shifted in the x and/or y

di r ect i onBOS#oniRgkang aphprtzsirake megdyigdtingprsitioningy, whish agsenqt explinidy depigigdt he
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that a give arget portion | nst ead,
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direction", e.g. the y direction) with a speed v, so that the 15 projection

beam PB i fixehMasit MA adanbsisaer Wamay bk aligned @sing omsk alignmhént markeMd UM aak
table W is sinultaneously noved in the sane or opposite direction at a
speed V =SWistrateplignmentmagks Bl148% nagnification of the lens PL (typically, M
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an optical subsystemw th a radiation source 20, an inmaging structure 24,
which M is the magnification of the lens PL (typically, M = 1/4 or 1/5). In this manner, a
relatively large target portion C can be exposed, without having to compromise on

resolution.
20 An alignment subsystem (not shown in figure 1) is included in the apparatus

for accurately measuring the position of substrate W to ensure that substrate W is properly
aligned during projection. The alignment subsystem may be needed for example because
the location of substrate W on substrate table WT cannot be controlled with sufficient
accuracy. Fluctuations in the processing steps may affect the phase shift of different

25  substrates differently. In a semi-conductor manufacturing process for example substrate W
(a wafer) is subjected to many processing steps and in between groups of processing steps
the wafer placed on substrate table and illuminated through a mask to ensure location
dependent processing. Prior to illumination the mask and the substrate have to be aligned
in order to ensure that the location where the mask is projected onto the wafer corresponds

30  with the positions at which earlier masks have been projected and/or later masks will be
projected.

Figure 2 schematically shows an embodiment of the alignment subsystem,



reference 'structures 26, 26a, detectors 28, 28a and a processing unit 29.
Al t hough processing unit 29 is shown as one elenent, it will be understood
that processing unit 29 may be nade up of a nunber of interconnected
processors. 5 Radiation source 20, for exanple a laser, is arranged to
generate B-pp01®f |ight on an alignmend-mark 22 on substrate W For
accurate 'tgmﬂ%rgn t h St N i th
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has been designed to filter out P-0402.010 - 15 o
be understood that the alignment subsystem may be further removed from the projection

20 lens. It is not necessary that the substrate is in the path of the projection beam during
alignment. In fact, another substrate, on a separate substrate table may even be in the path
of the projection beam during alignment.

In operation radiation from radiation source 20 is reflected from alignment
mark 22 and imaging structure 24 uses the reflected radiation to image alignment mark 22

25  onto reference structure 26. The imaged radiation is partially transmitted by reference
structure 26 onto detector 28 which generates an electric signal that is indicative of the
spatially averaged intensity of the transmitted radiation.

During alignment this alignment structure is imaged onto reference structure
26. The spatially averaged amount of light transmitted by reference structure 26 depends

30  periodically on the relative phase of the image of the alignment structure and reference
structure 26. Imaging structure 24 passes only selected pairs of orders of diffraction onto
reference structure 26. As shown, imaging structure 24 has been designed to filter out



selected orders of diffraction fromalignment mark 22. For this purpose

I mgi ng el ement contains | enses 240, 242 with a diffraction order filter
244 in between. Afirst lens 240 maps light diffracted in respective
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20 Processing unit 29 uses the electric signal from detector 28 to generate
control signals for positioning means PW. Processing unit 29 measures the position of
substrate W and the alignment system relative to one another, i.e. it determines for which
output value of Interferometric measuring means IF substrate W and alignment subsystem
are in a specific alignment relative to one another. Subsequently, processing unit 29 uses

25  this measurement to control one or more positions with a predetermined offset to a position
at which substrate W and the alignment subsystem are in alignment, to which substrate is
moved for illumination with projection beam PB.

Although single elements 240, 242 have been shown for the sake of
simplicity, it should be understood that in practice the imaging structure 24 may comprise a

30  combination of lenses or imaging mirrors.

Furthermore, although a configuration has been shown wherein radiation is

first reflected from substrate W and then transmitted through reference structure 26 before



P- 0402. 010 -16- detection, it should be appreciated that other
configurations may be used. For exanple, radiation reflected off reference
structure 26 may be detected and/or radiation transmtted through
substrate Wnay be used if substrate Wpermts this. Simlarly, radiation
may be f@d40p0t®ference structure 26 figst (for reflection or
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Unfortunately, the relation between displacement and measured phase may

20  depend on the way substrate W has been subjected to processing steps. When the
processing steps affect the phase measurements accurate alignment is jeopardized. For
different instances of the same alignment mark may differ, both dependent on the order and
dependent on the alignment mark. This is an effect of the processing to which the substrate
has been subjected.

25 Figure 3 shows an example of a cross section of a height profile of an
alignment structure 22. An underlying profiled layer 40 is shown with a resist layer 42 spun
onto the profiled layer. Resist layer 42 is effectively transparent at the operating
wavelength of the alignment subsystem, so that it merely affects the phase of diffracted
light. Profile contains a ridges 46 which are repeated a number of times with a basic period

30 L. Ideally resist layer 42 would have the same height everywhere, with the result that the
mirror symmetry of profiled layer 40 around line 44 would make the entire structure



P-0402.010 -17 symetric. In the case of a symmetric alignnment structure 22
on the substrate the position of alignnment structure 22 can be determ ned
wi t hout detail ed knowl edge of the optical properties. In this symetric
case symmetry line 44 leads to a symmetry in the 5 periodic variation when
the substpal4grYg s di splaced relative 1pyihe alignnent system This
position corresponds to alignment of the symmetry line 44 of alignnent

st ruct ur esy@@metrich a position defined by reference structures 26, 26a.
Thus, in case of a symmetric structure accurate alignnent can be realized
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optical approximtion of these equations) to determ ne which_
e applied to the alighment positions determined from phase measurements. It will be

appreciated that this holds not only for spinning or polishing effects but also for any other
20  process effects that affect the symmetry of alignment structure 22.

Processing unit 29 identifies the required correction of for the position
determined from the phase of any one pair of orders or combination of pairs of orders of
diffracted light, using a set of measurements of the amplitude of the intensities variations
for a plurality of different pairs of orders of diffracted light. The underlying justification for

25  this approach is that there is a correlation between the corrections and the amplitudes,
because as a result of processing of the substrate only specific corrections can occur in
combination with given set of amplitudes. The dependence of the corrections on the
intensities is determined either theoretically, using a model for different possible detailed
alignment structures that can result from processing of the substrate, followed by a

30  calculation of the phase corrections and the amplitudes consistent with Maxwell's

equations (or any suitable optical approximation of these equations) to determine which



P-0402.010 - 18 phase corrections occur in conbination with a given

conbi nation of intensities. Alternatively, the corrections may be

determ ned experinmentally by observing possible conbinations of

i ntensities and phase corrections for a training set of alignnment
struct ur e®-0462.000) posi ti ons that have beef-determ ned separately. 5 Figure 4
shows a flow chart for aligning substrate W In a first step 51 processing
uni t 29 dehaserpredionsecpas eonbingiéen wih agivenscopbinatior opitensitiss. or ders of
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that mnimzes a diffeérence ween the neasured intensities In and the
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si mul ated anneal ing al gorithm Subsequently processing unit 29 uses a
second al gtV ipmoyahiplativere thegligamentgwgtemxn(P) for the paraneters that

have been found accprdjn 0 second par. trized del ... 25 a fourth
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set of position nmeasurenents is obtained, Tromwhich an overall alignnment

position X,degmbeed ethe phaseedlues p, foanfixisestéyy S hvidirdgtape 3t daa hedsiplantemsed n
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of the for computing a predictions of the intensities I(P) as a function of the parameters P. In this

20 embodiment processing unit 29 searches for a set of parameter values P of the model that
minimizes a difference between the measured intensities I, and the predictions I(P). The
search may be conducted for example using a simulated annealing algorithm. Subsequently
ﬁrocessing unit 29 uses a second algorithm to compute the corrections Ax,(P) for the
parameters that have been found according to a second parametrized model.

25 In a fourth step 54 the corrections Ax, that have been determined in third
step 53 are applied to the positions x, determined in first step 51. Thus, a consistent set of
position measurements is obtained, from which an overall alignment position X may be
determined for example by averaging the positions x, over the different orders of
diffraction. In a fifth step 55 substrate W is illuminated with beam PB at one or more

30 positions after positioning substrate table WT and patterning means M relative to one

another so that the pattern is projected at a specified position relative to the position of the



P-0402.01 0 -19 Alignnment structure 22 as determ ned fromthe cal cul ated
overall alignnent position X. It should be appreciated that various

nodi fications may be applied to the alignnent process described by neans
of figure 4. For exanple, instead of conputing and applying corrections
for indi vPd462.04drders, one nmay al so conffute a position froma 5 conbination
of uncorrected neasurenents for different orders, followed by correction of
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subjected to processing as a batch together with the substrate that contains the reference

20  structure for which the corrections are determined. However preferably processing unit 29
uses at least the amplitude measurements made concurrently with the determination of the
phase values, i.e. with the same light at the same wavelength. Thus hardly any measuring
overhead is required for the correction.

Furthermore, instead of fitting parameter values P in third step 53, the

25  amplitude values and whatever other measurements are used to determine the corrections
may be used as an index to retrieve stored information about correction values. This may
be realized for example by generating the corrections as a parametrized function of the
amplitudes, the parameters of the function being trained by means computations of
corresponding intensities and corrections as described in the preceding. As a special type of

30  function a neural network function may be used, after similar training a neural network.

Such a neural network may be trained, or the parameters of the parametrized



P- 0402. 010 -20- function may be estimated, for exanple by neasuring the
anplitudes for a test substrate, positioning and illumnating the test
substrate Wat sone position relative to the nask M and subsequently
processing the test substrate so that the relative position of first
features pdgbeorg ned by the nmask and segpnd features of the underlying
substrate becone detectable. 5 As a first feature a first rectangle may be
used t hat fungtiommay ba estgvaind, foretampl¢ by micaturing thesmuiplitndesfecatedt fubstratee. By
measuring the rel g[tﬁi!e osj tion gésé‘i)he f'wst and second features a set of
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squar es dcdlomsr(dhesignilel amlghe phase pf et pac dodlare@aothed 14 signae) Irothés f or a
plurality of training sets. 25 Simlarly, trajnjng, data may be obtained
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the 30 conputation of the offset if other nmeasurenents than the anplitudes

are used. werghpvalnes yskeé in the eveightedcaumsoars deteymibed by ngurblew taorvirdining by er y

al i gnment means of examples. Thus significantly improved positioning was achieved. In addition to

the single output neuron for position, more output neurons may be used to estimate other

20  parameters such as shape parameters of the alignment marks.

Alternatively, parameters of the parametrized function may be estimated
(e.g. coefficients of a linear or polynomial function), for example using an estimate that
minimizes a least squares difference between the predicted and measured corrections for a
plurality of training sets.

25 Similarly, training data may be obtained from other measurements of the
actual correction, performed e.g. by removing part of the photosensitive layer and
measuring the correction between measurements made where the layer is present and layer
has been removed.

Similarly, this type of training data may be obtained for training the

30 computation of the offset if other measurements than the amplitudes are used.

In principle, the corrections may be computed anew for every alignment



P- 0402. 010 -21- structure 22. Since the corrections are determ ned by
processing steps to which an entire substrate Wis subjected, or even a
bat ch of such substrates, the corrections needed for different alignnent
structures on the same substrate or on different substrates nay be

correl ate®-o20ed | . Accordingly intensipy-nmeasurenents for one or nore
different reference 5 structures on the substrate or on other substrates
fromthe stwatuiga2ehingetheomgeteanstare deterintined bysprocassingseps ti whichansatirech f or
par anmet er val ue at measur enents. Thus, |ess
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optical properties of its material in_turn, Fk(X.Y) can readily be
conput@d. phase ppd amplitids of the periodic yariatiansiod thedpigasiteat deteriory 2838 es

Vet Foct | vioy o SVt PP kST Sp G shphodaele KRB ittt Fi€ermple

coef fi ci eRichof pHvaR! 44 nefyhsan bt : .
char act erimzci %gp tyﬁghlﬁﬂrqgvennesg 4?@9&3&{%‘@%&%%«%&%{#@8@?%%@%@érf%%cgsog i ng

unit 29 i ef cqurdigatesrre,y) of pasigus ia ahla(bitraty vimeuhplaak desubefratt Ve gle belag et er s
and to conmpute the 25 anplitude and phase of the intensity variations at

det ect or swage-veger ¢fithedncrumagdishy). §el.y determingp e refzastesk amplihde ansh phase 20.
For t tation O 17k(X yv) kpown technj ques, such as the.
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| ayer and its |local orientation, with a phase correction to account for
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val ues of c;}.nhr%adily be computed.

20 In the example of figure 3 for example, this requires parameters
characterizing the size and height of ridges 46, the reflectivity of the material of profiled
layer 40, the transmission coefficient of resist 42 and an amplitude and/or scale parameter
characterizing the unevenness 48 due to spinning or polishing. Processing unit 29 is
programmed to compute ' (x,y) from values of these parameters and to compute the

25  amplitude and phase of the intensity variations at detectors 28, 28a from [(x,y) given the
properties of light source 20. For the computation of ['(x,y) known techniques, such as the
RCWA technique may used, but often a simple model may suffice, such as the vertical
propagation model, which computes I'i(x,y) from the reflection coefficient of profiled layer
40 at given points of on the layer and at a given angle of incidence from the properties of

30  the material of that layer and its local orientation, with a phase correction to account for

propagation through the overlying layer. By means of inverse modeling values of the



P- 0402. 010 -22- paraneters may be estimated that fit the nmeasured
anplitudes to the conputed anplitudes. Processing unit 29 conputes the
conput ed paraneters corrections of position neasurenents obtained fromthe
phase values. It will be appreciated that this technique it not limted to
t he phasePgdaety 5 alignnent sensor sibwn in figure 2. It may al so be
applied to other sensors, e.g. a_correlation sensor that forns an inage of
a non- per Py@metess mgy he ﬁ%tlrgatwg&mnﬁ@ha meagehanpkitudes todhe edmpitecharoplituifiesi ent
between this image.Wwth a reference inmage, estimati.ng the position of the
substr at epf‘%*’SWﬁ%ém%%%‘mﬁe CPWBP‘T‘FEQP%&WWS ‘EQ{ECEQ,I?%(&{]PQFH%BH coefficient,
or to a ﬁﬁgﬁﬂémgﬁgbbg%gq{oﬁl&g%ﬁgsmd@en features in an inmage of the (not
necessarily periodic) 10 alignment structure and neasures the position of
these edges to esti hrawill Hehpplrwi&'teﬂitbmmifstéchﬁiquaitirﬁﬂnﬁm’édﬁﬂié?lhweegr@tﬁng0 any
ot her optical sensor. In each case a nodel can be programme that rel ates
shape par aliginesnd serisor shoval indignee?d. [bmayiglse be appliedda stheesergorant.gtd es such as
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of the ridges and the vall etys bet ween the ridges, edge height or depth,

| ayer t hi edrlationoss adfuneticarofgesitiop, iojage edgpaywolilectic. fromardiich tha patameters

paranmeters 25 may he given for which fixed values are set a priori before
s sshrsdapsedio rredtih

al i gnnment 3% 10 GoFrectfaf MeaTred R Y onet ri cal paranmeters may be

used,such as the A | i '

subst Kot e, or the. rof PUpT bl 8 s Rteck AR BREYS sRlorhders B BBl e
struct ur esre adjigablephirmgeiighBentdds 48 udiclevahefos e optipdlippdpertidoftd  anot her
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descri be aligonest swestirsbandypameputing theoepticel rElagipn Pytween grose parametees angr f ace of
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provide extensive position measurements to calibrate the position corrections. The model

20 may be expressed in any terms. Preferably, shape parameters are used, which parametrize
the geometrical form of structures on the substrate such as ridges. Examples of such
parameters are parameters describing edge slope of ridges on either side of the ridges,
sllopes of the platform at the top of the ridges and the valleys between the ridges, edge
height or depth, layer thickness of a layer on top op ridges etc. In addition other parameters

25  may be given for which fixed values are set a priori before alignment.

Alternatively, or in addition, non-geometrical parameters may be used, such
as the refractive index of the material in layers on the substrate, or the reflection coefficient
of material used for the structures. These parameters can usually be set a priori. As yet
another alternative optical parameters may be used such as coefficients that describe a

30  piecewise approximation of I'x(x,y) at or near the surface of the alignment structure in a

direction along which the alignment structure varies periodically (e.g. in terms of a



P- 0402. 010 -23- pol ynom al approximation). The pieces of the piecew se
approximation in this case correspond approximately to successive
structures on the substrate in the alignnment structure. Such paraneters
are equivalent to nore structural paraneters as far as the optical effects
are concepnagzoff course, in case of sugh paraneters also sone of the
paraneters 5 nmay be fixed a priori and for others val ues are determ ned
during al polynemnial apprefienatiohy The piessofithe piztéwizaprropinRg@ba i é¢Rebe able to
performthis type of conputation using any conbination of a programed set
of par anef@respondappreximatedy to igerseivasiRIctieder thsisubstoate in thealignmentyi ded wi t h
an interface for.commandi.n rocessin unit 29 to sel ect i ch of the set
of avai l ag?‘é"“bfﬁr% p@@?ﬁfgﬂ%}c%‘é"aﬁ@é& m?"r?egttriuﬁtt“éaﬁﬁjﬁ'@‘@eitegsiso of g} theopficale a
keyboar d ' | | I
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signals angglbefixeda ppibri dnti€sreothers aulatedrs déerined dashdalighiidnt. 29. Thus
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the val ues of par anBreégrably pracessing wnik2? is pregrammetito be able thperéornpthsdtgeses as
meters that are |.ik to be variahl
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the interface need only specify one of the stored subsets. In addition the
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user can tstoéess e substraap aiddhe ¥aluef oPpRatasisNBat R likeleRaRsdfroMthédae type
of processing to which substrate W has been subjected prior to alignnent.
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The parameters for which values may be selected during alignment need not
be selected explicitly each time. Instead, processing unit 29 may contain stored subset
selections, so that the interface need only specify one of the stored subsets. In addition the

20  interface may be used to specify values for the unselected parameters and ranges or mean
values for the selected parameters.

Using the information from the interface processing unit 29 adapts the
computation of the parameters as selected, and corrects the position measurements
according to the parameters that have thus been computed. In this way the user can modify

25  the operation of processing unit dependent on the type of processing to which substrate W
has been subjected prior to alignment.

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

description is not intended to limit the invention.

30



CLAIMS 1. A lithographic projection apparatus conprising: a support
structure for supporting patterning neans, the patterning neans serving to
pattern a projection beamaccording to a desi r ed pattern; - a substrate
table for holding a substrate that conprises an alignnment structure with 5
spati al | yPg&p2.06th cal |y varying optical-peoperties; and - an optical

al i gnnent system arranged to - use positional information fromlight
affected by the substrate to determ r&&m_%osition of said alignment
structure relative to the patterning neans; and - control a relative
positioning of the patterning neans and the substrate dependent 10 on the
posi tion, jchar actgrlitﬁgg-aﬁmc?ﬂgéctﬁ,hg Et'ugé&m?ﬁ ment systemis arranged to
- measure position invariant infor on of |ght affected by the
substrat e-or higiport sufubtard fod sbypoatidg wateating mbais; tegattbrdingvasarkservirgfe] ect ed
to one or nore praqocessing steps.in comon with said substrate or with the
sane val uﬁaﬁnﬁpﬂbé@@ﬂ@a@aﬁcﬁ?@m&t@alﬂi§§EFde#FteED5 processi ng said substrate;

and - to determ.n r ol ast the 01t|on|nv I an

i nfor mati on, 55%1?5 ted Sforg}?rl(ilg%? F th% QURHSTS ﬁ“

posi tipn Eﬁa‘ﬁm B&&j}@aj@ WidisEoptical ﬁok,éﬂlgg%@phl C proj ect | on appar at us
according to aim1l, wherein the optical alignnent systemis a phase

grating ati gnaeopticsysligmmenssystengedrahged?® - neasure a phase val ue of
intensity variations of a pair of orders of light diffracted by the
al i gnnent st ruﬂmlt@@aldnf%ﬁ’éﬂ?lbﬁoﬁfh@éPﬁ%qt%b)b@% isubstiatedp deteamingist rate; -

N N e S
posi tioning of c4dM] RAThEY b dﬁﬁﬁg;mﬁ@ﬂadehﬁngﬁﬁﬁﬁgﬁmhga&ﬁﬂ%%?e&énpn the

position, characterized in that the phase grating alignment systemis
arranlﬁad to -omﬁmqmsmoanpl i tudes of relative position dependent intensity
vari ations of individual ones of a plurality of different pairs of orders
of diffr a'éliaé%Ft‘FrV&Htm Fhabmetqﬁ)@0§|ailgmemtsygtﬁmu&@I@fmgeéﬁo a further alignnent

on' P- 0402 DirtrirS BSHGH inf e bl Rl FR R ABELEARY ol St ine 6

NDre proceF&itéibysh ARthet @@.ﬁ%‘?ﬁht%ﬁ Been subjected to one or more processing steps in

common with said substrate or with the same value of processing parameters used for
15  processing said substrate; and
- to determine, under control of at least the position invariant information, a size of a
correction to be used for determining said position from the phase value.
2. A lithographic projection apparatus according to Claim 1, wherein the optical
alignment system is a phase grating alignment system, arranged to
20 - measure a phase value of intensity variations of a pair of orders of light diffracted
by the alignment structure as a function of relative position of the substrate;
- determine the position of said alignment structure relative to the patterning means
from the phase value; and
- control a relative positioning of the patterning means and the substrate dependent
25 on the position,
characterized in that the phase grating alignment system is arranged to
- measure amplitudes of relative position dependent intensity variations of individual ones
of a plurality of different pairs of orders of diffracted light from the alignment structure or a

further alignment structure with spatially periodic optical properties on said substrate or on



said substrate or with the same val ue of processing paraneters used for
processing said substrate; and - to determ ne, under control of at |east
the neasured intensity values, a size of a correction 5 to be used for
determ ning said position fromthe phase value. 3. A lithographic

projecti op_@ppa{@t us according to Claim4._or 2, wherein the alignnent
systemis arranged to neasure respective position invariant information for
| i ght of afurthensabstite thit has bedresubjcbedandné or mer mocesihg S@ps iconaaedithve
position invariant information neasured for the plurality of wavel engths
to det er niHe Subsigtec s il the sme yalug of propessinggreamaters peesi for progessingraidat us
accordi ng_t.0 y.one of the preceding clainms, conprising a neural network
inplenentgppgﬁgtaﬁght to determine the correction under control of at
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apparatus according to any one of the precedi ng clains, rern

al i gnnent tslestsed forodgerimseiag sail posidon o thp phaeralueg a paranetri zed nodel

15 descriptive of position dependent reflection or transm ssion of the

al i gnment 3st r Acithperaphip projeqtiog apparatus gecoeding 4 Glginarl raadglictein the alignmente a
val ue or val ues of oqﬁ or nore ggraneters aof the del.th?t %ﬁérgspond to
the anpl PYIRRE ArROEFGIOTReasEre TRPeRRYFRasion nyariagt infoymation for Bghtobd i ne t he
correctio Sy ' v ak s oA 'ltan:E]aphi c
proj ecti oglug%ggp gﬁgielaccoﬁdﬁghtb‘gg& a?%%@ﬁ%eef te{i?én t é‘“ﬁ'ﬁi"%ﬁa‘n@h‘%& systemis
arranged heaswepfirehd plivalingsf waveldngths tadélemiiae sdid eold&itioren t he neasured

values of the anplitudes and nodel based values of the anplitudes
accor H ng4t o AHithegraphie prajection apparaius agrerding topinysine oif theguuecedingopiaimss and t o

det ' t he.esti mat I I t the diff )
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0 | H racti on,

different palrs of orders the correction being identified

dependent 50n A lithograplit projedviontapparpiog aovdihgl ® arfy@ne lolff eheirededirigt glaiffs,
di fferent Eai rs of orders of diffraction and the anplitude values. 8. A
| i t hogr apWherepy bie aignpentsppemsomprisesdatogination wpEsenting 2 paresteized mpdel

model | Hes 5 EHPYES GO PER et RITHRE i HRaihBuoh oh g ARERUREREEREn T ¢ he
al i gnment o iddiGk Wsbem bBfRg alhggraapt system being P-0402-010 -26- arranged to
- estimate a value or values of one or more parameters of the model that correspond to the
amplitudes according to the physical laws of optics;
-.determine the correction dependent on the estimated value or values.
20 6. A lithographic projection apparatus according to Claim 5, wherein the alignment
system is arranged to compute information about a difference between the measured values
of the amplitudes and model based values of the amplitudes according to the parametrized
model and the physical laws of optics and to determine the estimated value or values so as
to minimize the difference.
25 7. A lithographic projection apparatus according to Claim 2, wherein the alignment
system is arranged to measure the phase value for a plurality of different pairs of orders of
diffraction, the correction being identified dependent on a combination of the phase value
for the plurality of different pairs of orders of diffraction and the amplitude values.
8. A lithographic projection apparatus according to Claim 7, wherein the alignment
30  system comprises information representing a parametrized model descriptive of position

dependent reflection or transmission of the alignment structure, the alignment system being



- conpute .information about a difference between the neasured val ues of the
anplitudes and nodel based val ues of the anplitudes according to die
parametri zed nodel and the physical |laws of optics 5 - estinate a val ue or
val ues of the position in conbination with one or nore paraneters of the
nodel thaP-0#0R2000 ze the difference. 9.-26lithographic projection apparatus
according to Claim5, 6 or 8 wherein the alignnment systemis arranged to
provi de f@wangedd® of avail abl e paraneters of the nodel, and conprises an
interface for selecti t he paraneter or paraneters for which val.ues are 10
esti mat ed'f%mﬂ'étf’éﬁcﬁpﬂ% 0 g"’r lquB%b?tWS% 'thﬁéne?é‘fregf’aléls%t‘i’qléﬁ?@? Wdsfet er s
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sel ected paraneter or paraneter eter e correction. A

| i t hogr apphysidat Biveaifiopticappar at us according to any one of Clains 5 6, 8 or
9, wherein the one or nore paraneters of the nodel describe geonetrical
properli esedimatea valug opvalgemefithe pesitien inrcembiration witht dnsgr apire pagamejezsof on
appar at us_co LSing.. - .a su rt structure for supporting patterning
neans, thgledg&[eéa}?itﬂﬂmﬁﬁﬁ%@egﬁg‘w%'to pattern a projection beam accordi ng
to a desiged ~hit ofbiSHR ji%.gm . i< ] wi th an
al i gnnment 9'st rll}?ﬁ}tr?%‘gphlﬁgﬁn anﬁtgP gnn%%gog%/lfslg{eom@ﬁggrsaﬁggg’s‘?g&%lgéﬁre
properti esli@fmdnit gysterh &f Arpeipeditarovida f6id det 6Chvallablb pardhie@idBNthe HddeL bhd €;
determ ne a position of said alignnment structure relative to the patterning
means f r ovmptises eptntediacefongsdecting the paratnetercw parapheters ferl whicl valpessarei oni ng of
the patternin apns and the substrate dependent 25 on the position
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the alignnment structure, the alignment system being arran [0 - estimate
a val ue odetermhinip thé cefeetion. nore paraneters of the nodel that according to
the 30 physical laws of optics substantially result in the nmeasured

proper t i e$0.meédithegraphjic pragectighiagparetts agcording torasty oRe ©402ins0, 628 0r 9,

determ ne the,position that corresponds t he., measur ed proper.ti es, subject
to the W ereer t?le One Or more parameters cB'the moctléi describe geometncalppro erties ofsthe J

15  alignment structure.

11. A lithographic projection apparatus comprising:
- a support structure for supporting patterning means, the patterning means serving to
pattern a projection beam according to a desired pattern;
- a substrate table for holding a substrate with an alignment structure;
20 - an alignment system, arranged to
- measure properties of light reflected or transmitted by the alignment structure;
- determine a position of said alignment structure relative to the patterning means
from the optical properties; and
- control a relative positioning of the patterning means and the substrate dependent
25 on the position,
characterized in that the alignment system contains information representing a
parametrized model descriptive of physical properties of the alignment structure, the
alignment system being arranged to
- estimate a value or values of one or more parameters of the model that according to the
30  physical laws of optics substantially result in the measured properties measured by the

alignment structure;



estimated val ue or values. 12. A lithographic projection apparatus
according to Claim1ll, wherein the alignnent systemis arranged to conpute
i nformati on about a difference between the neasured values 5 of the
properties and nodel ed val ues of the properties corresponding to the

par anet ri Ped0n0tel and the physical | aws?of optics and to determ ne the
estimated value or values so as to mnimze the difference. 13, A

| i t hogr aphAetessnipg therpasiioaghatcarrespoadtiorthe mgasusedpraperties subggct tpthewher ei n t he
al i gnnent iﬁl;‘stecinu%as anali nterface for selecting the paraneter or paraneters
for whi ch®TORAE] VERC F %St i rated to deternmine the correction froma set of
avai | abl eypar : 1! S ' Hﬁéﬂlﬂ% a val ue
or val ueslg'nl ;%W]ﬁgﬁértﬁ%lgéggdpgc&og%ﬂ aﬁgﬁgﬁgf‘%hgwﬁmﬂqﬁ %ﬁ%%fri:&pl%l cpr OjteCt i on

appar at us systaaw istirrggédtossoynpureinfdrm@ation aout a ldifferericd behezhahdimebdu@edvBuear
more paraneters of the nodel describe geonetrical properties of the
al i gnnent of Sieprenerties and snopsled yalpsy pE the Prensttiastcarespyndive to thequnpmsétszedy t he

pat torn i OB CAhEBRal EGioT ol ARl R Bk ontie r el b

partial | yi£ouBmea Ry dgrdeégr of radiation-sensitive material, the substrate

conprising an alignnent structure with spatially periodically 20 variable
optical pidpeAtlithsgrapisic pepjeEmiohtapparatus acoedingtd Ohirh 110®r 1P ghbersihfthet ed by the
substrate to determ ne a position of said alignnent structure relative to

t he pat t eflignimenisyshen hanan intestage fasispleplingthe paramictes opparametsry foy which he

patterni ng .nmeans and t bst.rate dependent on t.he . Ition; 25

char aw er ?3‘8@ H e?tﬁgqte!@& %L{HEP%? 'ﬁhe HP'H%%{S’P%]% a 5%&*“@?’%}%%@0?%@?8@ & uri ng
position | I : ol ' 4D | &‘3@? or
light af ygg?égﬁg{lllgg&%ﬁ{t efrnoésgﬂ'gfé%l%%fgg&%l Eg% Vﬂgésﬁgg)gﬁ“?%eb%ei%tt e t%ﬁ%%% or
mor e procéssi Adithdégpphit projevishappashtil asdirding tohaiyront of Qlaiitistih 16 h8, whereinval ue
of processing paraneters used for processing said substrate;, and 30 -

det er ni ni Hg,ong eaErore paramstersodf the modelgeserihe gsemictricalproperéies efthe phigronendt i on,

a size of _a tcorrection to be used for determ ning said position fromthe
phase val HEUB20402. 010 - 28 16. A device manufacturi ng net hod accordi ng

to Cpdm 15, whergiqevi@ikhnicAf#ing method comprising the steps of:

- providing patterning means to endow a projection beam with a pattern in its cross-

section;
- providing a substrate that is at least partially covered by a layer of radiation-sensitive
material, the substrate comprising an alignment structure with spatially periodicaily

20  variable optical properties;
- using positional information from light affected by the substrate to determine a
position of said alignment structure relative to the patterning means; and
- controlling a relative positioning of the patterning means and the substrate dependent
on the position;

25  characterized in that said determining of the position comprises
- measuring position invariant information in the light affected by the substrate or light
affected by a further substrate that has been subjected to one or more processing steps in
common with said substrate or with the same value of processing parameters used for
processing said substrate; and

30 - determining, under control of at least the position invariant information, a size of a

correction 1o be used for determining said position from the phase value.



positional information conprises - nmeasuring a phase value of intensity
variations of a pair of orders of light diffracted by the a phase grating
al i gnnent structure as a function of relative position of the substrate; 5
- determning the position of said alignment structure relative to the
patterni ng-gmaps) from the phase val ue;2gharacterized in that the measuring
of position invariant information conprises - neasuring anplitudes of
relative pésiti onAddgyeedeamufichiringginethod agcoedingtosClaim il fdwhereinashid wsingsofof a
plurality of, .é}lrimflﬁfg.rent. pairs of orders of diffracted |ight fromthe

al i gnnent PagH PRRALOZ,COMPAISeS her al i gnment structure with spatially

gnent I ! _ t s Iy
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processing said substrate; and - determ ning, under control of at |east the

measur®ed t detemaining theposidon of saist alignnicohstiustusereldtbeus du: fatterniieg meansfromy sai d
position fronr&é he phase value. 17. A device manufacturing nethod according
to O ai m 18 RS Uher i n neasuring of position invariant

I nfor mati guy : r . E)Iﬁﬁ:.v . | 1] | i .J.nformati on
for 1ight ngﬂfrﬁl:g% pI grq%ﬁ?? iﬁ/{éollfléhg’wg{l/lge gishlsolﬁén lﬁ}sdl ‘ﬁg" @qﬁgﬁnﬁ‘?‘ﬂgﬁ%n of

respect i vemairing Qfpliniied of ildtive HositioR depundemastenad vadatibiieofRhdivalual ¥y of
wavel engths to determ ne said 20 correction. 18. A device manufacturing

met hod aceowsdifaglurelig didiffdrentqrairs 6f oxdersmfidififagted dightgfrem thealignimenet wor k

I npl epentation to determn.ne the correction under control of at |east the
posi t 'bn ﬁtﬁefg#ﬁgﬁ?%fﬁheaﬂﬁwaﬁ SHctesthRagaliy Reripdin opticakprgpgiiies on said

I mpl enent gty t ' | QR | .0l | es
that - cont sl ondThb im0t Bt Abictted BRT ofnod BolioBihe SHATT
neasur enefit sonetho 04thtshidsubstvaé biawith thef sameBhaiueidf pritdisiig pdianstetsivsaed for

predi cted exanpl es of conbinations of corrections and position invariant
i nf or mat | precessgg saiddmbsteate;rarduf act uri ng met hod according to any one of

Clains 15 to 17,.co I sin - providing a paranetri zed nodel .descriptive
of posi t1 oRCEEHBINEeHR T SPRER of ahleast thegmeasiid iertiaryafies eorsction febe

o1 o SEALRIHS Sl Bt BpyRagne o ore parereters of (i
physi cal llaws Aafevitpth@fufacturing method according to Claim 15 or 16, wherein measuring of
position invariant informationincludes measuring respective position invariant information
for light of a plurality of wavelengths and using a combination of respective position
invariant information measured for the plurality of wavelengths to determine said
20 correction.
18. A device manufacturing method according to Claim 15 or 16, comprising using a
neural network implementation to determine the correction under control of at least the
position invariant information and teaching the neural network implementation to
determine the correction by means of training examples that contain measurements of
25  required corrections and corresponding measurements of position invariant information
and/or theoretically predicted examples of combinations of corrections and position
invariant information.
19. A device manufacturing method according to any one of Claims 15 to 17, comprising
- providing a parametrized model descriptive of position dependent reflection or
30  transmission of the alignment structure;

- estimating a value or values of one or more parameters of the model that correspond to



- determning the correction dependent on the estimted val ue or val ues.

20. A device manufacturing nmethod according to Caim19, conprising
conputing information about a difference between the neasured val ues of
the anplitudes and nodel 5 based val ues of the anplitudes according to the
par anet ri Ped0Btel and the physical | awd9 of optics and determ ning the

estimated val ue. or values so.as.tq mnimgze the difference. 21. A device
manuf act umeﬁ&lﬁﬁ%&c%@&gmﬂﬁﬂhém@;ﬂ‘?ﬁ‘i PUEHNPri sing measuring said
phase val U&et@ﬂﬁigﬁ'xg%é'fzﬁjééctt%n?Epeglﬂgl{t%rnetgé e{fﬂaﬁéﬂ Hiud r%'il.fes()f diffraction,
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t he correction berng entl on a conbi natton of the phase

val ue f or 20heApdeviceminufaturttigf hethedhccpadifistolOlaih 19 dberpFisg déizﬁdfu'ﬁﬂgt ion and
the anplitude values. 22. A device manufacturing nethod according to Claim
2 1, conphifemgion abpeha diffargnee beiwasrethe imeasiredddiiesdeshe applitedesdndpoeddli on

Computs notEH gl Pe apelits fesmolingis s prmeinzad EvkLaK theebiead e
I f . i 4 .QF d d
val ues of ,f(gi.shnd agi?htl#e&qgﬁg#?? ittt dfﬁ@@r i So \ég&o%ﬁ}lﬁgkeﬁgg %1 fg:?cucg.n

nodel based ‘val ues S an Seé accor
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estimating a value or values of the position in conbination wth one or
nmor e par apkasevaluedor 4 ploratitiief differgnt pairsiofiorders ¢fadiffraction.ahe eorr2@io® Beind devi ce

manuf acturj n hod.,according.ta Claim19, 20 o 2, copprising selecting
the par anéﬂa‘gﬁgﬂeéﬁ?&f@wépa@sw inae SRR sy abeclos G LY f SIERIHTRG t he

corregj I opr &0 &dﬁﬁﬁcﬁgn&%ﬂ%i%ﬂkﬁuﬁé(ﬁﬁ&t ers of the nodel, said selecting

dependent on the nature of t rocessing steps to which the substrate has

been subj 2zt ed. deRite iantiichi g ctHbdadcurdindtoElhied] aeeddingg to any one of
Cainms 15 to 23, wherein 25 the one or nore paraneters of the nodel
descri be gpwviding & prrapetized masel descriptiveaifipgsitiemtiepesdentaeflection 8. A devi ce

f 1 i .met h i Si th 1 f i it i 1
endow Bﬁﬁﬁeﬁ%gﬂ@éﬁﬁ%ﬁt%ﬁﬁnefﬁ 'ts cross. section; 30 -
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radi ati on-sen materi a e substrate conpris an al 1 gnnme
st r uctiur eamplideRardilifieasdfed-phagaliies 0@ obe bped dridafiodd] baseghtalues bf et ed or

transmtted by the alignnent structure;
amplitudes and phase according to the parametrized model and the physical laws of optics
on the other hand;
- estimating a value or values of the position in combination with one or more parameters
of the model that minimize the difference.

20 ﬁ3. A device manufacturing method according to Claim 19, 20 or 22, comprising
selecting the parameter or parameters for which values are estimated to determine the
correction from a set of available parameters of the model, said selecting dependent on the
nature of the processing steps to which the substrate has been subjected.

24. A device manufacturing method according to any one of Claims 15 to 23, wherein

25  the one or more parameters of the model describe geometrical properties of the alignment
structure.

25. A device manufacturing method comprising the steps of:
using patterning means to endow a projection beam with a pattern in its cross-
section;

30 - providing a substrate that is at least partially covered by a layer of radiation-sensitive

material, the substrate comprising an alignment structure;



- conputing a position of the alignnment structure fromthe neasured
properties; - controlling a relative positioning of the patterning neans
and the substrate dependent on the position; 5 characterized in that said
conputing the position conprises - providing a paranetrized nodel,

descri pti pa40d.0ophysi cal properties of tig-alignnent structure; -
estimating a value or values of one or nore paraneters of the nodel that
subst ant i al | ymea@uringgpadnertiss of hightmefeciedor toamsmeéttad bysthe sbgmokm gtrucutehe
physical |aws of optics;.: det:ter } ni ng the position that corresponds to the
neasur ed brop‘é?‘??‘gg‘ sition qt ghg hgnn}gg{:*, 6 10H e MeASUFed PROPEItEE, A devi ce

i or mat i on aRaGtoTe A0S KA pApE LR e TR o B fependent

properti egn @epoditieal ed 15 values of the properties corresponding to the
paranetrized nodel and the physical |aws of optics and to determ ne the
estindted value or values so as to nininize the difference. 27. A device
manuf act uri ng nmet hod .accqording to Claim25 or 26, conprising selecting the
par anet er SRrasienizeadn that said computing the POUOLGUNRITES nat ed to deterni ne t he

e nat ur ovisy iR paghneRlecdNAgs 8 EpBAI EOTRFRa rabet ity i con "

subj ect edgingureA devi ce manufacturing method according to any one of C ains
25 to 27, wherein the one or nore paraneters of the nodel describe
geonet ri caéstimadipgratvabe ayfvatues obdnegormeort pasieters of the ntfde] thadabstastially

manuf acturi ng, met hod according to C.aim 25, 26, 27 or_ 28, conprising 25
usi ng!® heresy Fﬁ?é‘&’aﬁ‘g{:‘gﬁ%ﬁleﬁ@%@&&ﬂ@Pé’hl’%c%éq"é%qfo&’ﬁcﬁni tial value in a
search for . : e f [ rs.that. antially
result in ?ﬁ%ﬁnﬁgt@ﬁéﬂgﬁ%@%ﬂ%@ Epoc‘# : ggﬁﬁr %@%bﬁ’gﬁ%ﬁ?&bﬁ%ﬁ%gﬁ sai d
subst r at eegpim#pet Falhdot Viessubstrate that has been subject to a processing
step in comon with said substrate.

26. A device manufacturing method according to Claim 25, comprising computing

information about a difference between the measured values of the properties and modeled
15  values of the properties corresponding to the parametrized model and the physical laws of
optics and to determine the estimated value or values so as to minimize the difference.
27. A device manufacturing method according to Claim 25 or 26, comprising selecting
the parameter or parameters for which values are estimated to determine the correction
from a set of available parameters of the model, dependent on the nature of the processing
20 steps to which the substrate has been subjected.
28. A device manufacturing method according to any one of Claims 25 to 27, wherein
the one or more parameters of the model describe geometrical properties of the alignment
structure.
29. A device manufacturing method according to Claim 25, 26, 27 or 28, comprising
25  using the estimated parameter or parameters to select an initial value in a search for a
further parameter or further parameters that substantially result in the measured properties
of a further alignment mark on said substrate or on a further substrate that has been subject

to a processing step in common with said substrate.





