1 METHOD AND APPARATUS FOR CONTROLLI NG A LI THOGRAPHI C APPARATUS BACKGROUND
FI ELD OF THE | NVENTI ON 5100011 The present invention relates to controlling
| i t hographi ¢ apparatus for correcting errors, such as overlay, in the

| i t hographi c process usable, for exanple, in the manufacture of devices by
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target portion of the substrate. A lithographic apparatus can be used, for
exanpl e, in the manufacture of intearated circuits (ICs). In that instance,
a patterning device, which is al tRARRORIIYDreferred to as a mask or a

reticlegy CﬁeTHEQQ\HQW?@ﬁ@rate a circuit pattern to be fornmed on an

i ndi vi dual Tayer of the This pattern can be transferred onto a 15
tar gkt pdod] dhe (regnt ime@npon selags par conabllingnBthograpbievarpatatdh &8) cateciing

substrate (e.g,, a silicon fer),.Transfer of the pattern is typically via
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t he suba&ﬁ&g%wlhgﬁgaﬁﬁéﬁ%mﬁgwgingIe substrate will contain a network of

adj acent targét portions that are successively patterned. Known

| i t hographi c apparatus include so-called steppers, in which each target

portiongis ,i iat ed by exposing an 20 entire pattern onto the target
portionRgﬁAg%g§g?§é, and so-call ed scanners, in which each target portion
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direction (the "scanning" direction) while synchronously scanning the
subst r apalgoatq a|tagget gortionpefr the |substrage. t 1 dithdigrapbid eppak8@08in ba usedieior t o

noni t or i.1 ho ' recess ar anet f .the patterned substrate are
25 e astibiple i PRI SR FRER A HATR AL oo FliPt & PGB 5 et ween
successwihliayemafivdlyeeleirsd @ a®8 hidk @1ad tRICRChSURS Liseat 1 gneratd & Lire@t |1 ne
w dt h of devel oped photosensitive resist. This measurenent may be perforned

on a prialiset toshmtormsd enandndivideal layarendithaled Thistnagemgsantber tpasferred onto ar e
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m cr oscepfes). aficinyiar obtise paeen & typadlly add smagng agfo anenon radisivai-seasifioe m of

iali [ ction tool is a scatteroneter in which a beam of radiation
isgeg: ?eligletggalloagggté Hr%\(ia ogthe jsabstrate. In general, a single substrate will contain a

network of adjacent target portions that are successively patterned. Known lithographic
apparatus include so-called steppers, in which each target portion is irradiated by exposing an
20  entire pattern onto the target portion at one time, and so-called scanners, in which each target
portion is irradiated by scanning the pattern through a radiation beam in a given direction (the
“scanning” direction) while synchronously scanning the substrate parallel or anti parallel to
this direction ,
[0003] In order to monitor the lithographic process, parameters of the patterned substrate are
25 measured. Parameters may include, for example, the overlay error between successive layers
formed in or on the patterned substrate and critical line width of developed photosensitive
resist. This measurement may be performed on a product substrate and/or on a dedicated
metrology target. There are various techniques for making measurements of the microscopic
structures formed in lithographic processes, including the use of scanning electron
30  microscopes and various specialized tools. A fast and non-invasive form of specialized
inspection tool is a scatterometer in which a beam of radiation is directed onto a target on the
surface of the substrate and properties of the scattered or reflected beam are measured. By
comparing the properties of the beam before and after it has been reflected or scattered by the

substrate, the properties of the substrate can be determined. This can be done, for example,



surface of the substrate and properties of the scattered or reflected beam
are neasured. By conparing the properties of the beam before and after it
has been reflected or scattered by the2substrate, the properties of the
substrate can be determ ned. This can be done, for exanple, 2 by conparing

the reflected beam w t fa stored in | i.brary., of known neasurenents
ks i S e T R e R Ry O s .
ar e Knowssociafd Gk itlo k66Rh Gubfakd BFOPERIcE! STwh bRt tydebbeadhrpshnéadhrtiRheam
onto the substrate and neasure the spectrum (intensity as a function of
wavel en§pepirosgopit scatigriragtprsndisechta drasdbanst sadaat®nphean cantarthe sebwwteannd| ar
range. [ tero ers _use a hromatic radiation beam
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on a wafer argﬁneasured across the exgosure field and across the wafer
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poi nt . : i i i r i e ross
Phe i el oaha e B AITREE A3k Qbckineuaffel O, GhY ARLE £uliile RicalinE)
errors agos thengpdsore fidld wad ecrossnitie fwaddrdupgsitd. | Overlafhéreorp areare teitiotlat iabn can
be sinple, sych as a 10-paraneter nodel, or nore conplex, such _as a basis
set of ﬁ?}c&ﬁng CYEY RSP pant. %s?t}ﬁ‘ﬁ 3 pArampgrizationds Psedity gharaqiefize EHatt i ons
canype gabsuhatied hh}arshoul d be applied at the |ithography apparatus with
t he aim 150f driving overlay errors across the wafer (field) to zero.
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re-calibration of the |ithographic apparatus or leads to specific

cor r ect ¢arpstionscandie calcylagedyibel houldsbeaapplied atethelithogeapbsilapbaratus writhtthewinar e

not,genesic.fo ther field positio d sizes (calibration vs. production
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I n an enbodi ment of the present invention, there is provided a nethod of
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property ure s and sepa hing a va

est i nmat feejuenided-liparaoaiteatiorodf theditho driysige appiretuappadads U6 speodfic tdreectidhs
substrate phg)pe_r_ty rrg;s,urerrents., In addition, each subset is related to
er ri8r s Tohfieldepasiiigas pnd size phHsrqalibratipr thag arerngheaneisy fos eP6hEFIdpositiens and

SUbSySts@iBSfecfzalitbpﬁiohivts. H&R{bhgae@g%gyatus. Further, control of the

| i t hographi'c appar at I nc ntrolling a specific subsystem of the

| i t hographi p apparatus using the controlled specific subsystens
corresgﬁﬁgkggRﬁubset of estimated nodel paraneters. 3 [0009] In another
enbodi tthe present invention, there is provided an apparatus for
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perform a I'i thographic process on a substrate, ere the apparatus i ncl udes
an 2dns paumaerizppanmdesng.or neasuring a substrate property arising fromthe
it hogr[ﬁ‘@&ﬂ] Inn S0 %airrtle%tg ﬁx%iprr]esserlftbiggern%ro%, Iél%egg)%onided a method of controlling a
lithographic apparatus that comprises measuring a substrate property arising from said
lithographic process to obtain substrate property measurements and separately determining a
variety of subsets of estimated model parameters of the lithographic apparatus from the
30  substrate property measurements. In addition, each subset is related to errors in the substrate
property arising from a corresponding specific subsystem of the lithographic apparatus.
Further, control of the lithographic apparatus includes controlling a specific subsystem of the

lithographic apparatus using the controlled specific subsystem’s corresponding subset of

estimated model parameters.



5 nmeasurenents, and a processor to separately determne a variety of
subsets of estimated nodel paraneters of the |lithographic apparatus from
the substrate property measurenments. |4 addition, each subset is related to
errors in said substrate property arising froma correspondi ng specific

b the lith hi tus. Further, trol] of th
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correspondi ng subset” of estimated nodel paraneters.
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par anetpranetpB011] Furt her enbodi nents, features, and advantages of the
present_ | tiaon, as | ]. as, the structure and operation of various
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i nvent icorrespof@ihf suisegof @tithattRidhode parahictg$. scatteroneter, according to an

enbodi nent._of the present invention. i _
[0011] Further embodiments, features, and advantages of the present invention, as well as the
structure and operation of various embodiments of the invention, are described in detail

25  below with reference to the accompanying drawings. It is noted that the invention is not

limited to the specific embodiments described herein. Such embodiments are presented

herein for illustrative purposes only. Additional embodiments will be apparent to persons

skilled in the relevant art(s) based on the teachings contained herein.

30 BRIEF DESCRIPTION OF THE DRAWINGS
[0012] 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. Further, the accompanying drawings, which are

incorporated herein and form part of the specification, illustrate the present invention, and,



[ 0016] Figure 4 depicts a second scatteroneter, according to an enbodi nent
of the present 10invention. [0017] Figure 5 is a schematic di agram show ng
conmponents of a |ithographic apparatus4havi ng separate neasurenent and
exposure stages, according to an enbodi nent of the present invention.

[0018] Fiqure 6.illustrates schematically. the stages in.the neasurenent and
xposur BEEeEpdbdbe B FRITH SELTRERIC BPIH G & B D S ol ETRE R
pract i cgnab®C# REsb kil A ERERIGATRIY) 18 indkBanPLES®B InveyGNt i on. [ 0019]
Figure 7 depicts a first exanple of "an arrangenent for noving wafer stages

on a sub¥iBdhFeurat depidisadithegraphie npeatitne raccailingte apresgwdimént wé titd present

[ 0020] fniv ur e 8 depicts a second exanple of an arrangenent for noving wafer

st ages on 2P substrate, accordi ng to an enbodi nent of the present
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process utilizing a scanner stability nodule, according to an enbodi nent of

t he pr eREMNLIHEBRT.on. [0022] Figure 10 is a flow chart illustrating the

met hod, ' t dj th - t i ] on. [ The
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from t hmvelgion. | ed description set forth bel ow when taken in conjunction

with the drawings, in which |ike reference characters identif
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gengy al fyedifll cate identical, functionally simlar, and/or structurally

simlar elements. 30 DETAI LED DESCRI PTI ON [ 0024] This specification
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i nvention. The disclosed enbodi nent s% nmerely ex lify the i.nvention. The

scope of2Ving SERATGIRVBFSHISENS 2RG1SXPPIHTE tpees 4958 R% &P e emb Hﬁ%@ﬁﬁ?g).

The i nvgpidnphvesiiglef i ned by the clains appended hereto. [0025] The

enbodi nent (s) described, and references in the specification to "one

enbodi ni@A18]"Figare énbldiratestschemativaldy athp| stagaybind ithee meaSuretent, anddixpasuge t hat

th 5 enmbodi nent(s) descri . may . nclude a particul ar. featur structure,
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parti cunModi@aitWiehe srescnCinveiondr characteristic. Mreover, such phrases

are not necessarily referring to the sane enbodi nent. Further, when a
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[0020] Figure 8 depicts a second example of an arrangement for moving wafer stages on a

20  substrate, according to an embodiment of the present invention.

[0021] Figure 9 illustrates the control loops in a lithographic process utilizing a scanner
stability module, according to an embodiment of the present invention.

[0022] Figure 10 is a flow chart illustrating the method, according to an embodiment of the
present invention.

25  [0023] The features and advantages of the present invention will become more apparent from
the detailed description set forth below when taken in conjunction with the drawings, in
which like reference characters identify corresponding elements throughout. In the drawings,
like reference numbers generally indicate identical, functionally similar, and/or structurally
similar elements.

30
DETAILED DESCRIPTION
[0024] This specification discloses one or more embodiments that incorporate the features of

this invention. The disclosed embodiment(s) merely exemplify the invention. The scope of



10af fect such feature, structure, or characteristic in connection with

ot her enbodi nents whether or not expli C|tIy descri bed. [0026] Enbodi nents
of the invention nmay be inplemented i nfdhardware, firmware, software, or any
- conbi nation thereof. Enbodinents of the invention nay al so be i rrpl enent ed

as instructions stored on a hi ne-readapl e pedi um. whi.ch. may dand
execut eHieg)VBHE 1%n<e}%%ffdet0ﬁga§§g@6?dé¢r§hefﬁaew?§e- deaepfien fe fw&g
i ncl udecianys dppeRRaiRpag or storing or transmtting information i n a form

readabl e by a machine (e.g., a conputing device). For exanple,
machi ne[ﬂﬂééblﬁbft eem’e@ﬂlmnnnﬁséy diesuribadie anéaaleﬁsrdnyesrrenmtlye (ﬁ@xﬁpatrmdom"an@ ess

menory magnet i prage nedi ti,cal ,storage ne sh
nenory %8%%@5 el 8Bt F’ingg ime tatl EHl S*YeB stF@’ fhr%ernt’ot R&r f“(Slr“i‘?g aq“at i
pr 0FBﬁgaérﬁﬂoﬁin@ﬂ?é)sde@@ﬂﬂsd"mﬁﬁﬁﬁdlwe NpuRfular Z0athRf BL&GreS bE RRAracteditat] hal
signals, etc.), and others. Further, firmare, software, routines,

i nst r uceveEnsekgAentd arayr ingk ondsessatily asclyder fthe npageuar fedtureacstiuetyse, or

However ,; i I c t hat such esc t|o are rel.y for
conven sebder i, MPEuRERLEEDRAR ofd eSSl T Eer g P 0 B P Brs,
pr oces sPurther,00ldn Dpareiclar atugd, REUctIRY b Elsar@xadsticiin @eschibed inf ddnBsRionSatt war e,
routines, |nstruct| ons, etc. 25 [ 0027] . Before describing such enbodi nents in

mor e dedthfbodipgaly déf is Llnsierisgooriﬁb%trlue% within the fnawkadee af ook skiPrd in e #tbirent
in i Cﬁfe%ﬁﬁf& IR 0LeS stfcnld r%%%‘a{éh rﬁ]&\ﬁ% QJﬁoH%MﬂP&PéJ%b%ﬁﬁﬂ&ggth@Q@]
c ti caff { Ing to an

Figure 1 s e icts a ogr aphr c apparatus, accor
enbodi nentot eipltcmaycﬂnﬂsexslmmt i nvention. The apparatus includes an illum nation

system or 30. configured to condl tion radi ati on be
(Z g. W@Zﬂ‘vﬁﬁ ?ﬂ‘éro% nwa%ﬁogtgm@hge IBPISTSRISH i S ?1&’@{% figmparey Sof%éiarﬁask
tabl e) Marﬁio&ﬁﬁﬁlﬁﬁcﬁdthteféo? URRRESdiRe M dr RO AGnHGY | {180 Be’lmgléﬁe?llféd MA and

connected to a first positioner PMconfigured to accurately position the
pat t er ninstguctiens steredronax suckiaeceadable mmmawhlcbanwm ead and esednsddr iz end abl e

(e.q., a wafer table) W constr %ide .0 hold.a bstratgfé%m % a.resist
Codted TARUPPrRESE. cArRMBIET R dole DediBmimay insbiderns mchaisa gl HEHRE 1 o
accur attﬁinxmﬂﬁﬁg ih@mitha fnUziJ%rfrﬁFe%déH]e %9%3{1{361519@ (é!\"gt *a &%{ﬁuﬁhg d@@&:@ﬁeF&V S;
and a projection system(e.g., a refractive proj ecfion l'ens system

conf i gLﬁXémlpteoa ma@hmctre@apmm@mummanclgde tead toinky memioet GR@Mberamdoal bgcess
d?;ts)e r %Qrﬁ%rge(m ﬁ?@%\? disk s\%r e m&ﬁeritcl)p ical stcgraggnfed srhI r?ller?l ry e%lcoers; fror e

electrical, optical, acoustical or other forms of propagated signals (e.g.,, carrier waves,

20 infrared signals, digital signals, etc.), and others. Further, firmware, software, routines,
instructions may be described herein as performing certain actions. However, it should be
appreciated that such descriptions are merely for convenience and that such actions in fact
result from computing devices, processors, controllers, or other devices executing the
firmware, software, routines, instructions, etc.

25  [0027] Before describing such embodiments in more detail, however, it is instructive to
present an example environment in which embodiments of the present invention may be
implemented.

[0028] Figure 1 schematically depicts a lithographic apparatus, according to an embodiment
of the present invention. The apparatus includes an illumination system (illuminator) IL

30  configured to condition a radiation beam B (e.g., UV radiation or DUV radiation); a support
structure (e.g., a mask table) MT constructed to support a patterning device (e.g., a mask)
MA and connected to a first positioner PM configured to accurately position the patterning
device in accordance with certain parameters; a substrate table (e.g., a wafer table) WT

constructed to hold a substrate (e.g., a resist coated wafer) W and connected to a second



5[ 0029] The illum nation system may include various types of optical
conponents, such as refractive, reflective, magnetic, electromagnetic,
electrostatic, or other types of optic@l conponents, or any combination
thereof, for directing, shaping, or controlling radiation. [0030] The

support struct supports, i.e., bears the wejght of, th atternin
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apparatus, and other conditions, such as for exanple ether or no
pat t er ntngoifel# pattirs imphded o the vadiatiom aawi Bdnynmatternimhdedephidy bntsta tacgetir e
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tabl®, fO29EXaelnindéiort Bysteny nE fnkdedd variolPKPe Of dbtic FpBaents Racisuppor t
structure may ensure that the patterning device 15 is at a desired

posi t i offfragtsre, aefegiive, wnagnctioseleetromagnehe pleeffestaticomr sytbere fiypeprsf opticabf t he
terns " i cl e’ . ¢ ' S] d s n W th the nore
gener al CEap e, (any B abingdEh Medtrite e R MBI o AR R e s
her ei n HI030] Thdsugposasttuctiratsapurst ¢d., dsarsaherwdiglg 4o tlanyatienmhg eetidat Jean be
used to igp rt a radiation beamwth a pattern in its cross-section such

20 as tBPlet st eatleriag dsyigein agmanpeg dhatdspendmonthe peeniafinn phithe paterningy| d
be npt egh.k : o . riadi at 1 on: |y
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f or exawhéther dr rioh hegmttemimg devidelid dsldphasecsinh fehiingnri@at The Suportssrucaird ed
assi st features. Geneiral ly, th@ﬁ{)attern [ arteld to the radiati %ggfegem will
cor r espBiid "% n?fciﬂ%‘?lffi‘ c UASTUTRU SECTBHEC: | Ay SHICF nCamBgi teehiapesg e ekt dbe n

t he targgferdiQs &k, BRCS RSt ARudatdh@PbahGrhnt &:C able E&C&%&lpﬁb%hmtﬁlgyr ni ng
device may be transm ssive or reflective. Exanples of pattefning devices

i ncl udebﬁhélgﬂdsqr me G teaasmatiedrri Theoupport stysctura mhypenegredhatdl patteBGing derdts .

Va are. well. known.in dithography, and inglude nask types such a i nary,
al tsléf natithg Jgﬁlggd;pgﬁlﬁlqr{e ,Horaﬁ’ﬁmg{l? g’ﬁ%&?&%‘ib%ﬁ\s—@meﬂ?ﬁ %Pés}/ | AIYSG A0
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matrix arrangenent of small mriors, each o ich can be indrvidually
tilted Pottergingglevise’ect an i ncoming radi ation beamin different directions.

The til 1o 106 S ] r. patt ern.in.a.radiation be ich i.s .reflected
byt he WOFHOTC G bRRGhe BBl Sol npiafcBf P iBRas TR0kl &bl
shoul d 43¢ devieathay chibetgpdab efpas a ehATRATRINGItN alpatets ih Yt efosekedtoRisaet | ON
system including refractive, reflective, catadioptric, nagnetic,

el &8 r AWdB FERafeca RleTe 1R etirigst partien op thecsubstsatet dinghoulsk beapgted b ithrapatism

t her eof; i i aflJ I ed,. qr for. other
f aot or <Bs BARERIBICR Lol hitFn R RN Eork BB 40 SRR plISHn He it
Any usepontiort bf theesubstrptepjf@céianiplé ¢éhthe petfeti inolies ihasossftaher ReuAS or so
synonymoys. wth the nore general term™"projection system” [Q034] In this

enbodi rf@HEd bt fearp| Beneraldy. dpp antiary dmpartask toghe raghdfinndhaarewtly parresaong] |

enpl oyi§g fartiEARS HinSfbyg ﬁeﬁ)‘-a A& Bahb (Blaad hhARAR! BhHNTRINCR A 2
reflective type (e.g., e oyl ng a programmable mrror-array of a type as

r ef2ér r edtegmatedlmireeit. or enpl oyi ng a 10refl ective mask). [0035] The

l'ithogr I ¢ apparatus may be of a type having tw (dual stage) or nore
subst r Mk eergatféﬁan% Seviss L,e FARSMBSIVigerigek et abramples pfpdpming

"mul ti RleGicsd APRide TRERY, g)?égrﬁlﬂﬁ}aﬁ%qhﬁ‘fo‘?@ﬁ]a%g, ahb ?)?0 mgﬁlgisﬁg ﬁhﬂﬁlgam@@ , Of
preparatory steps may be Carried out on one o re tables I1'e one or

mor e otaheweli khdwes iralithogrmphy and antlddermaskptypesrsach A6biAO3 G teFhatirlg thasegystafihi ¢

appar at u | so.be qgf..a type wherein at .| east ortion of th
subst r a8 HedleT o ifipgs avefeli R HATeRS B P R y | gqlf%fer 83 ve
i Ngex, poglammuBleahirrctOurs éxﬁ}lal%éu%a g%tﬁ;?%ﬁ?né&ﬁbég{%g@ sfrfaﬁ errRiré?%rﬁbl‘P Bf SASdEem and

the substrate. An immersion may al so pplied to other spaces in

the |i chiobe aphvidualbptilted ssas fooeflestampheqmingtradietion heanmirs diffeneht tirections.

mjr ggg}h%gilfeﬁz&ﬁrrgrs Ii%lrtsa{ Bar{'ttetrr? Cqu LR ?a%io%rbeea\&le,lvlvhi(lg}? ?Meﬂe%tetdhl?y ?}{et mfir%r
matrix.



20 nunerical aperture of projection systens. The term"i mrersion" as used
herein does not nean that a structure, such as a substrate, nust be
submerged in liquid, but rather only nmans that liquid is |ocated between
the projection systemand the substrate during exposure. [0037] Referring
to Figure he illuym pator IL receives a radiation beam froma radiation
sour ce g@ﬁlﬁﬁ esfﬁm«lcepramtl%esxﬁ%og%sﬁrheéelapﬂwid e Rl ekeRtelefe as

enti ti egpcohifasEi@MUroud SN of NBroiQUoRE sisterdn %ﬁl}(ﬂ%eeﬁ??ﬁm | RASUENR,

cases, the source is not considefed to formpart o ogr aphi ¢
appar at cadiogirit heagretic atlecronizeamid sndodsgrdtatic optitdaysaus,ae aBPcombinhton

illumnator .IL with the. aid of a beam del.i ver stem BD conpri si ng, , for
x| Sleot a5 aPtoRrpBoipT RS Shop S5F SRR IR S cop BT e S IR 0 o
t he ssoufgefMBYinBfRerdion! IfuEd bAthePRelorQf vdcim! | ARPasaphihe taﬁpaoﬁrg}nééﬁan @K~

exanpl e when the source is a nercury |anp. The source 30 SO and the
i || umi nbarein may, be esyeidheed agisynpnyhwup wath thiemovegepesy terariipBijedtionsggienr'ed, may

be refe 0.,as a.adiatiagn system [ 0038] The il.lumnnator. IL nma

corpr 1 SO R ol Rk YRR et s oF i DBRYSRA 0 181 on o
t he radémplogihghe aihsnizedied alakl). Altelnaftdly,t the Ppirefusansl Be of ANRFledtBdi tgpe
extent, 8 which are commonly referred to as a-outer and a-inner,

r espect (& §uplgying ﬁ@rpaﬁmbfwmm@tarramﬁfiadmp@ ps wiestadi to abpwmer smplaying a
i1y . adjusted. In addition, the illumnator IL may conprise
var#@u?@?ﬁé\%ﬁ%& jonents, such as an integrator IN and a condenser CO The
i I'I'um n035] Tieylithegrapkid apparatds ehdyiteroftahepd ashimd twen dbslamge) or haressubstelesi r ed
uni form Y. an S5i nt ensi t%@gi stribution in its cross section, [0039] The
radi at | BRlehSahIRr Pmple; tener Biore mesk dables nimgrchevnelapieestege” Hachuneythe

whi ch i Sy t j

pat  or ri iyt RIS R HERRin Jadfl W brivirsiory SRR S P Sntld ool ohPer

r adi at i morelteldos Bhij@sseser mbreadlydr tillies gre beiag tus@hfos ysgosnrePL, whi ch focuses the

beam on arget portion C of the substrate W _Wth the aid of the 10
se?_gnd @ﬁé@t f%ﬁ&og&é\lﬁh@a&aﬂﬁ B SR o & fYRE, Yherewna v Brdheiat e
devi Ce, subbPRainaGMEAd0kred Byl RAREARIND 1OFRAG) hlfGeREARAM e BE SURST LAt ©

table WI' can be " noved acclrately, e.g., so as to position different target
por t i oras t¢ filha spese patweenfthe prwjactidin ayston abeé dm BbstBiten Narimmersibe lifjbidghay

ositioner, PM and anqt her positLi sensor (which_is not . e icit depi ct ed
Po° i gue g a8 ol ShacB Tt s bR s st oo TRlS HRgeR 9 B8HEcs to
the pathdahe pRogectioflisptéaN IRBRMIG teclfiqestre woll kB6wHBE RRMUCR idcBdaking\Ré from
a mask library, or during a scan. In general, novenent of the nmask table MI

may2Obe mueagricakapaniure of peojedtignodysigmisonbhestermk'émmervio’, augpd heseardoes not
positianin and a, short-stroke nmodule,, e.q., fine..positi.onin which form
ot ornpiang T SrRpBERpn LS SR ey BprastRE HESR: byt EL oY Mefls ¢ abie
W may thet lfgead isdechtedioblech the Bebj&dtion s Pstémm Al ehetlstents Bdtidg &dpbslce. modul e,
which formpart of the second positioner PW In 20 the case of a stepper,
as oppd88¥ltketarrivgdnfaguretlhdhardbmningpr B Kreivan aadiabern beane dromp a gadiation

short - c i y be
o1 anedPURERe TaHE o Bd e YT abbdigt o B R AL RUPS MY

P1,25P2. wifintthe s@ilicé Beansexeihérdaser alin groiatesiithiekdsue i4 hbtushsidéred t® €tpyart
dedi cated target portions, may _ be | ocated in sggces bet ween t ar get

th

port i orfd, theyhitleqgranhic rzmﬁu%@ni@q Fdigtignebeam igrpassad Hamkde sepree| P 1ty thes j
ortioms, W ot 1l ! _ _ )

| g 4t I fig bEAb AR by S @OBDIRBR i o Bathpllsyldife RS

appar atdisctigginiirdre and/ed aibeamt expeadt. dmethet cisee tHedolueusi may b®de &itegral part 1. I n
step m)oge, I&% magk t abl e and the ?lubstrate table WI a{e kegt

essent %41t [idograpBicanparafsy [t examplg when s S08FGE S RYBFICEEY 5D hehs SANTSR i on
be i 30 i - t r i i [ ingl e
ool ¢ 59, i lnEfhEAONL SoRerhd A RS BelfveRl s Ay BITE debnifed, o0 ©
di r ect ireferredtat st radiatih fpstent t arget portion C can be exposed. In step

roce. REMHETISLgS T Lhe exposure Lol d i b e the £ 76 51 e far oo

distribution of the radiation beam. Generally, at least the outer and/or inner radial extent,




2.1n scan node, the mask table MI and the substrate table WI' are scanned
synchronously while a pattern inparted to the radiati on beamis projected
onto a target portion C (i.e., a singl® dynam c exposure). The velocity and
direction of the substrate table WI relative to the mask table MI may be

determ nﬁd by the 5 (de-)magnification and i mage reversal characterjstics
of the Phihedts epm@palyerafsred fq, a8 qRuirpAd PHROGKRXISRESH YS!z erlother WiEnsosur e

field |y . i..dt: i . - i i t . '

bort | on rigaiiblih hékfolkbdof BE INARA6R 0 DL AdRE haldidth HOMLARESE .

not i on ohayepmpnes virioas bdiegkdmpoment &) sudcanm intpgchterddN arahg caidehdve QGar Thé
ortion., 103.1n anot her ,node, ..the nmask. table MI is kept essentjall

Srat onHMPIRPHMAY s used &p somriBiee ﬂ}fa{ab@PHP RgeBelp bave ‘hePiief NaRRLY and

table WhidrsithBXehuBbn HSEANNSE Whiile @ pattern inparted to the radiation beam
is projected onto a target portion C. In this node, generally a pul sed

radi at i B938blihe mdiaiosmehmy ds Bretlenhen thequttamingdeiqealetgsrmaskgMdgywhiehiis
updat ed reqgui red after each no n f the 5 supstrate table WI or in
et o &l oh SR HES S Ghrel R TR SR Ml S pafim$h PE e rltetsi Gk, o
can be Hewdg tdvaRed iRUnisk V@S khé slidtiohRamaR Misded MrotigH {}i;cezﬁ§jteﬂﬁ&9§y%f3ﬁ§b| e

of a

patterni ng device, such as a programmuable mrror array _ pe as
r ef er r Bl whighdoauses the beprpemtq a Gusdli pratiomo sofdhel sdhstratgr Wat Withshoaidtdighabove

ety car ot B3 ent I aB SO opin . PRI e BT A0 Che

pr esent 2-Dnseotér@ capdtftivel sbivdgy, & Substed@ bRt W daA bk @fidtRd Raddrately, 8g., so as
| ithographic cell LC, also sonetines referred to a lithocell or cluster,

whi ch aloResition difderentdpisst partians © ip i rRatiheihe radigiipndeesm By Similardy, theost ses
Cestst BEMALEPMRY NG POk \PESE AR MR UepicRa T M P ORL. o,
and bakiee yHedttescddiatelf pasikist that @adkalidl @ith respectad dhe pdRDopihekadivtorsbdast Bat es

fraom i nput/ out pu orts |/01, 1102, ves them between the different

pr Joes s‘l'?%p_ﬁ tabereid gk %@ﬁsl%nﬁbﬁ% OF Suiinhy ey InEBepral, eovement

|'i t hogr &Pk Gn ARPEFRIMAT ?Z{J%%eregﬁifd%ﬁ tﬂ@hlﬁhofa'i{ ?org-QﬁﬁeCtﬂ{z&Lﬁ&té.g.?lcéfarse
under t ol o

referred to as the track,” are e contr a track conttol unit TCU
t hat i spdsiteairfg, @odtar hoktedroy mddls upgr fine poyitidAingpwhichl fosmspartoSHS, finshi ch

The, crbstiame BHE simiiad AP etert RP e Sahrmik Sblerk 5k By Falie g b lbtand
pr oces siufte Afddutd SIACY shdrROfRk thBE ABkick sHn bie oB HRSEESESosidtRkr B BXPOSEd

by the |ithographi c apparatus are exposed correctly and consistently, it is
deg0r althe casg of asispper, exprweet! ®UbsANEr cthe eskitshbuMd Endpeohineted 0@ sheteh as

overlay_ errors between subseguent S i ne thicknesses, critical

ai mena oy Rs® Bipor g ot PAchs BYEL Vet md BSuf YT S e WA BPE
be madeliAmeXPRSE8 1 0M 2 Und atyaRite SHPShERABSks FAPPOI a}\ltb{odg& thBQubdi@Rect i on
can be done soon and fast enough that other substrates of the same batch

are st idlignmgnthmagsspess dtistrated mccapy dadigated porgetdpertions. rther snayabe Becatad ipped 5

d ' ield i_bl y..be di d b i di
por 1 or Aphs s Retfbrtil bR bR AR AR s At FEEHESY marty S Cace ™

whese aflsitugivie it AtHet mpey thaf vee Qe & Srobiskd ahah@hrisk AAL the thakkt dighment
exposures  can be perforned onlé on those target portions that are deened to
e

be non—“_lla&lifF myay be derated befveandhe Pon apparatus is used to determine the
proper t{b@ﬁ)] Oﬁhet(fégic%dba?)bgl%{u%scbuﬁ%% UsBd in at least one of the following modes:

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

30 projected onto a target portion C at one time (i.e., a 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 maximum size of the exposure field

limits the size of the target portion C imaged in a single static exposure.



10 particular, how the properties of different substrates or different
| ayers of the sanme substrate vary fromlayer to |ayer. The inspection
apparatus nmay be integrated into the |?thographic apparatus LA or the
l'ithocell LC or may be a stand-al one device. To enable nost rapid

nmeasurenents, it [ s desirable that the._ inspection, apparatus sur
properties in the“exposed 4 eSPEH 'ithﬁyr_@?Ski Fﬁ%&‘dm épg tg?ﬁ@?“’@ﬁe%%p&%ﬁraé‘? .
However, t hesdaﬁﬁ&f@yn'c%ﬁl&llélg_vﬁl?fé 4 patkeh iPa@ ¥EE rhdialiNVbERRLE F8djectd® 1N

there is only a very sm ifference in refractive i ndex betweéen"the parts
of the resi sentphdargehpertive én(iex podegle dynamidi exppome)ankhet vebamtyt dndt diteatien not ,

and not all | ecliion a us have sufficient nsitjvity t.o ke, usef ul
neasur enent soﬂﬁl t9 ésqa}ﬁ gaﬁfe mlﬁ?ﬁ“m rtg? 5’?2’@& ﬁgbgg &iﬁ MRt @e ﬂ%‘%ﬂw&e@@he after
t he post - exparVhRchidkeidt 81 iBEBYetdial chizadeskiosBf ihkYrdiB&idnl fyslenrSPEP In

carried out on exposed substrates and increases the contrast between 20
exposed and $f3Bxpesicedhqpmerinyn sizeeot thsi exposye figld dingitsae, widkhe (inrthgeonn t he

resist may b r . Lol atent . |t.i s .passihle t.0

reasur cmont o PP R Qi s ket A b el BB RIRBIE - IR OFe
exposed or ukegthafest feariifg afotioh&letemingt thalvdghgRinthe ecmmig difecAdl)adf the
pattern transfer step such as etching. The latter possibility limts the
possi bi | itie@r8hPoitighor k of faulty substrates but may still provide useful

i nfer mati on. 25[ 0045] {Ei ' j t he: ent

i nvlg\ti on, depi ctog a s@af%@?%?r[g? &e%%Ct;HEg?g%a%%beg%ﬁg%%?%ﬁ?ﬁént%ﬁlgsgﬁ%cﬂ{aﬁﬁ

i nventi on. |holdiogyprpregmmendblo aatbanitlg devge, anthihieesubstrnd tabtea®iBis moveat of ect or
2 that projects radjation onto a substrate W. The reflected radiation is
passed to a SRS, WS & Pafermeip <A, 10, GROHHOR BFaR 15 rejERied (oL B, targely |

[ ntensi ty aspdiéiact PMiomoy gbadhyla Plscl S1ERGE Wtte ICbhbes snadhal i on.
Fromthis data, the structure or 30 profile giving rise to thé detected
spect r um nayprbgramabitspatieenieg deyicprioopdaedgs muuired®fterreaph, mbyenRing of dlks

Coypl ed Wave al ysi nan-| i near regression.or by c arison wi.th a

i HBary of st Bt SEE oF 3 pe R e R R it mlses BRGR a i,
general , formbde of spRiiohUsdn 88 fch@l0apsticl td QhaBkREs R4S AL QutilBed NOWN
and sone paraneters are assuned from know edge of the process by which the
struct ure wagogmaaaableepaticmyng deyice, Jushyas Biprogrammeahde siiudr amay of pugpuse to
be determ nergfeglregrt’g Ebh JScatteronetry data. Such a scatteroneter nmay be
configured as a nornal-1ncidence scatteroneter or an oblique-incidence

scat t er[o0#t]eCombiOal MNdrhefriatiead barmeRbeve (desdribeBymbeesUsedsebt RnfifeB,
present invention is shown in Figure 5 4, according to an enbodi nent of

t héOpr skiierent Hodssiaf gpe mpy alspibs eadlaved, the radiation enitted by radiation
i ' . ysing .lens. syst . itted | h
ot er 1 400421 P Sidlal, B0 oo i BYR! ST e BoArl LRIRIIER VLS

'y reflected

sur f acditidgrapidc bspatareuBAadoans pars bbatlitkdgaphiv tell BCNhISs esmepaeohifeedd tver | ens
15, which hﬁs a high nunerical aperture (NA), for_exanple, preferably at
| east atepselloon clustes mich glser chisley apparaiissio PEHOIM OPros and OPeSHEFEPASHEN

scat t er,piRLek SnMRYyBM Gk h%?lvler?tﬂﬁﬁﬁ¥ WdB MTBE ﬁig: (fd;aper%e ?;@egcf idQ Sht Ije?istT he

refleclped radi ation then transmts throug partS surface 16
i N6 a ldetsalevelofds iIDE o develdow ekposed trigsts chillt glates I tand rhalle et BK. The

detector, nay be |ocated ipn the back-projected pupil plane 11, which is at
the fol4pstia le&fortrﬂ@ti QQSplglgﬁsqpe%Hbits%te% WV BPULAVEPUS BpKtt VRl aHEZnBgVisnst ead

be 1 e- ineg Betwieh hAdel dnf pdo B8R dparatROndSRAVER K B thd foaldGieBSr B of Bf

lithographic apparatus. These devices, which are often collectively referred to as the track,

are under the control of a track control unit TCU that is itself controlled by the supervisory

30  control system SCS, which also controls the lithographic apparatus via lithography control

unit LACU. Thus, the different apparatus can be operated to maximize throughput and
processing efficiency.

[0043] In order that the substrates that are exposed by the lithographic apparatus are exposed

correctly and consistently, it is desirable to inspect exposed substrates to measure properties



15 pupil plane is the plane in which the radial position of radiation
defines the angle of incidence and the angular position defines azimuth
angle of the radiation. In one exanpl é0 the detector is a two-di nensi onal
detector so that a two-di nensional angul ar scatter spectrunrof a substrate
target 30,can be neasured. Th detec or 1 for, exa an array of
OCD or B SReY STory aUvrsy S eyt ﬁarYF@gﬁQ%W?% cifical; egse%qucé) 40

m |1 segRN@BRAE al%cheté'c%eadj{l%égﬂs & EGIBIERES HRRMC!S ef?;%dsﬁfbs%?@ﬁb CIIL%II
exanpl e, to nmeasure the intensity of the incrdent radiation

when t helhsa@tﬁatwmwblefaﬁthesnsmgmcdem terddnkesobreand Spt ¢notigh thie6 ofhar Subtsfratledi is

transmtted thr ou t he a er as referen

referen%%&1 TP Gre %E arﬁ'ﬁéﬁ)f %neef:' bé‘m ia@ea[dp{equpgsre jsegﬁ’@aesdﬁ?%gﬁsmpf’?‘erent
par t5 of atdgevestk® @eimplo0E yidd @F talﬁo@m@t b/ Qi¥ard @ NthéRb a@bi‘dﬁ@%r B&toraghect or
(not shown). [0048] A set of interferénce filters 13 1s available to

sel ect BXNRSWES ERgIURsEHRes thabeesknown thder s dh, 2 fase whempindy sa08 targe0 nm
or eve he inter erence f|| be tunable
ot or MR of SR AR 48 g o ST LERERG Gt B Bttt e e
insteadp<ﬁ—f1onsnﬂhetrzfredeameﬂtblbbh@ﬁ&aulﬁ_,@[0049] The detector 18 can neasure the
intensity of scattered light at a single wavelength, or in a narrow

wavel endfdl Apgespestin rnweﬁs% lﬁylse%ari%t?@mpe the propertips ef thevaabatrriesh andin

i ntegr aﬁﬁ?ﬁcﬁé&e ho® tH& I%ngl%gg Be hid t sﬁb’srtltalfb%roq%liﬁereﬁthg Q? be ﬁ{egara{n%asﬂbstrate
separ at nmeasur e t e Intensity transverse nmagneti c, ransverse

el ect riary fonatdyzeth layght Tha dispectioheapphaas waf be m&agetebehweuha Ht]li’t%raphlc
transverse mmg gtl c,a d th Irt: ansver e el ec r| c pol.arized | | ht . ({0050]
Usi ng BRI thg Hithessll e orimay e gnuang-plane dgyige rionfeab ff’IOP‘bFﬂPl
freque r

| cauenskBSente o) BRGHI AT, HRKSIA Bl Rt aRgRo et el
wavel eng&lbislayﬁhmnmdmrtdy aftgr thé exymsaice iliweyei, Ithd laenbmeegdha i npsief tes ableyy each

has .a bhandw dt and spacin f.at | east Ak (i,e., twice the 5
baﬁdwi 39?()‘“’“ 531 B tﬁ?’fﬁ 1HPmt Yéo\(?ﬂ‘}éé’g’ﬁﬂé‘fg?ra‘&ﬁedfli ‘a‘%acélé{ﬁgfrﬂé?xd’-ief‘r’%qnet £ PPdt ti ons
of an exikaeedt thathatbedh égiéﬁ&ﬁotrﬁkﬁhtlmé/rﬁi R6&h&HabE ndtS hitBndti dMGhsURH es.
In this way, angle resolved scatter spectra can be neasured at miltiple
wavel erfgpargtusnhaygr suffieient ﬁ@l@ttmltypt@cmahm usttl resesmpsinentss of theadatowtvishagagt h

Than & Beio(efe EbRRRT ondf B D ARS opieh et oie Ml "R 10"

i ncr eas@stofRtilywihe gﬂst@f?c&asedrm Ui leRpssed sdbbkSite SndlBRedabddqHe contfRl Bet@di | 10
Eur opean Patent No. 1,628, 164A which is incorporated by reference herein

i n20t s expesedeang. unespGSE]l PRHS affhgaesigo Ahthisistege.dthe imagajn Bee zesist Dlagr@t i ng,
\rmels::rs] t ' tl‘eﬁ[{gg ) f‘h% ei‘%l'lcﬂtehp gfol’glf s%r%)g? gfaezt%pnq(ntlpegsﬂl%m\?ﬁ (?_lta’t'hg d%\??ﬁﬂ?e% dregls’tS

that afimege dtewbﬂcb@ﬂﬁmtelthérhﬁe gxpised or uﬁeﬁp%éﬂép’ar@fofiﬁﬂé tedist Bavestechirbhav&a or 15
vias in the resist. The bars, pillars or vias may alternatively be etched
into t 96 aligha Patera tranpfes SﬁﬁatStlefr as pishingnsTha katen possibbyndimits the @ppsiliBess i n

the |1 EHOQLARN.Fra ﬂﬁﬂﬁ%&a@gb@ﬂﬂ% hSro PR GHMibile Pr ol ectl on system

PL, and illum nation symetr presence o such aberrations wll
madb f e§0045hdiget vas arcaordmgartd) ain ogmbotitnbet @Ti tHeerepent iimgentidbacalegicaglay, the
scatterometr a of ed gratings is used. to reconstruct the

grat i ngeat etﬁ%fﬁ%%ﬁbéﬁ%u% Bt emrssept BVEREAN. J§comprisss gdroadandsieds ¥ehitengd
shapes Ji 0 [RELRAE fe§t09f2 tﬁzﬁﬁ) %egs gﬁ(ﬁ%ﬁ&ﬂonﬁ YGhbaidW. | Phe Rfleticd I‘XHI% fdps_or

| engt hs or shapes, e reconstruction process, perforned by
processd pgsscrh it aRpectf(rrmwmdﬂwdtmdg,ewhfchtmeaspresrat spregtrameld, &rg’]/ ortersithes a

scatter.o pr 0CESS 052 ccor odi ment of the
pr esent¥ nﬁ\‘? el% ﬁtgmgfb’@ Fg,te(ggacf f&ﬁbé’r‘ﬁe tal’o © SHECHIRYdi nent
of 3¢9 he ﬁﬂn@gﬁﬁﬁgsngbf ttheQHét@ctéd sﬁc@tﬁﬂﬁ' By B@?ec@ﬂﬁﬁfc%'-bér >girﬁcég.t;m LhgittP(Pe, ghaV' ng
dual subst rate supports and separate netrol ogy and osure-stati dns.,

by Rigorous Coupled Wave Analysis and non-linear regression or by comparison with a

library of simulated spectra as shown at the bottom of Figure 3. In general, for the

reconstruction the general form of the structure is known and some parameters are assumed

from knowledge of the process by which the structure was made, leaving only a few



[00531 A base frame FB supports and surrounds the apparatus on the ground.
Wthin the apparatus, and serving as an accurate positional reference, a

netrol ogy frane FMis supported on air! bearlngs 402, which isolate it from
Vi bratlons in the environnent. Mounted 30 on this frarre are the projection

system P i ch nturaII for e cor f t he exposure statio P, and
al>/so i nB?F‘ Fﬁ of %‘E re4@8%gvxﬁ5|$8’??uﬁ? ﬁn%ﬁaﬁﬁrﬁg}eﬁé’l ddfant gugg the
met r ol ogaattsforet@ o co%guedtabeslenﬁmm@a%e skAtRromRskr sk SlifleaRsidmsk MA

are nmounted above the projection systemPS. The first positioner PM
conpr i sétteometerhr ow, e.g., coarse, act uat ors 410 and short-throw, e.g.,

o ot afttous Rnuidd &aRBbnctst mal AESSARER B Y RSl fentidn i FEVRE FiskPf on

system P&ccﬁrﬂ&gﬂ@%ﬁmﬂloﬁhnérﬁ%ﬁﬂféprbgbnﬂﬁivéﬁ)ﬂlﬁgymfthl@m@vﬁé/l thd FddsatioRasittedrent
is indi cat ed schemati cal | % at 416. The whol e positioning nmechanismfor the

mask NA Y @%Wapwa 2dp collimatpdusing IgpesysienBl Y ped wensmigedihroughdpierfgesnga 8
etc. ﬁ Ef%n %%101‘75 AUl %‘”yd Ma@ %ffécéd%rtta@@%% A3 Sfe &Q%Meéﬁ'?c?t s of
t he nmas OSI I oni ng ]? duce Vi brattons bei ng Fransmit ed

into t hmbﬁtratHBNanai aomhmsaqmrqbgm:ané $ensA 5, owtidhr ey Lelnigh nﬁﬁfeﬂ@al@lpﬁttﬁx@l (N@ers
bal ance mass Pio in_a c{esi rgﬁfaverage position. Wafer table W' s
beneat hiof hexagms e PrefeasaPly vatt leasts abut 20-Py aRd smetsapeederablyat deast &QQUtaIQ(?Sf i ne

actypt o n URsLLa sp to
the}%m {n%lng%gmo&%? ﬁ‘fé’ﬁf?ﬁegfz‘?ﬁ g‘ﬁmnsgas‘t%e%%% Wgwﬁgﬁé?gn ‘% r‘\,ﬁ gg%lj(;)?dl ﬁgé to

t he duateflsttadjeadaatioarthentrasnofs thtuugh @adiatly eeﬂes;tldgl plrifacat 16 el £ deteetbt €8 \M and
p05|t|on|n chani s W are Vld i,l lustrated, . these duyplicat

el ementy s:?&ong%epﬁ}et PR eraS%eeEB ?ﬁ‘ﬁ%‘fr aﬁ%’ gotecter Y Brelqcaiedgp E‘Fal?qc h MET.
Vaf er d@fbje@%d?mpﬂ\ﬁ]aneqmdwhf&ﬁ i at'tBS RRGL l'eﬂ@hf?)?%etlhﬁ’s’k?&@rﬂ: W 2030 P thep &

carried on and connected to a shared balance mass Again, air gear|ngs
or ot heplargumagbhgedsebe rmgsagdowﬂagumhgtrye@ptms (ag ghiowu) romn Ehm detentat. sBhd ort h,

a hown..sghenmat.i c Ie at S fer t abl e
oSt T OGRS e ifatep itBeh G BB oSl D R BN EbR Pl S8 pachEs

waf er s adane aﬂgular@sﬂi@ﬂeleﬁﬁésadzhﬁ@thtaagel ROt AOR. M ohdexMBi1E,ahOaMestbAt | ON
and PS at the exposure station, both of these ultimtely referrlng back to

net r ol 0§y2 ftwawdenmor{ab@iswpm Quthet @, te-donetisingak engwate pisdigh speatruot of e

P qur o BORKRELR o0l ah BELAALERG, 1 SHEOG; 1 Bt 1ol MERRPRPEREL 2

dot t ed HORMIDS s&isos ape My ikdardinté@bticy afé Sf dbd Sxanlyid,, 40Miilligedonds el ht
hand si de shows steps performed at the exposure station EXP. A substrate W

hagVal 888 been | oaded into the exposure statl on. A new substrate W is

! oadedéh@ﬁ] NE rRRALAH L BV, of?enn[?s%{i'af% %JZ% uldlthe ‘irﬁgnsﬁ?' of tg‘gﬁ}%ﬁie}ly\o

substrates "are processed |1 n parall ﬁer 0 I ncrease roughput

of t he radittial. oGy dprids,esisenahe Bad\Mlmlné)eallﬁelfs @icidengon tetbeaml gplitter tdpart of it is
new y- Ioaded sugwtrate W, this may lf;)e a preV| ously uﬁgrocessed substrat e,
pr epar dEO§REtiedthiough Hhedieaim, splifter asraetarencst bepmrigwadpadeicenpaminer Hppbiaat us.

I n geneL@lencOBUGRY & 'g}leﬁ gﬁo&éd’c&h&ﬂf) %Qﬁffeﬁ%ﬁ St HESGhE REde épr?z{tﬁJeéf 3\? €

step in a serious o sure and processing steps, SO 1 at Ostbstrat
hag5been to Iardrhﬁfghnﬁdﬁ@tcnmmarshbwa) and/ or other |ithography apparatus several
times [0048] A set of interference filters 13 is available to select a wavelength of interest in the
range of, for example, 405 - 790 nm or even lower, such as 200 - 300 nm. The interference
filter may be tunable rather than comprising a set of different filters. A grating could be used
instead of interference filters.
30  [0049] The detector 18 can measure the intensity of scattered light at a single wavelength, or
in a narrow wavelength range, the intensity separately at multiple wavelengths or integrated
over a wavelength range. Furthermore, the detector can separately measure the intensity of

transverse magnetic, and transverse electric, polarized light and/or the phase difference

between the transverse magnetic and the transverse electric polarized light.



30 already, and may have subsequent processes to undergo as well. At 502,

al i gnnent neasurenents using the substrate marks P1 etc. and i nmge sensors
etc. are used to neasure and record aliZgnnent of the substrate relative to
substrate table WI. In practice, several marks across the substrate W w ||

be neas o establjsh t wafer grid," which maps vyer ccurately the
ai str1 bR Usfer ok ket oot phs it hofdiones ahpelh BEaioren of

rel ati veavdléngdtRs, aind 9RerBRke & SAEE Blngllof dolofd isSERBILROMhich £R8s Plary@tehdhei ght
agai nst X-Y position is neasured al so, for use in accurate focusing of the

exposedalpawing the mix005s{ muliple wavdlengthse The plarslityoefdealclangths pe thtdiraaddasd ar e

recei ved, -def:i ni ng .t he exposyres.t,9 be, perforned, and als roperties of
e v iRV R it Fa BARRTHETP 6 2 9%t Botr el T 20 B0 o RS ek e

t hese regideadtint & phuealad @€ dsduiCesMRATAISHIBRNES PRAETRént PORiond M anS&xtdrldad a
conpl ete set of recipe and netrol ogy data 508 can be passed to the exposure
st age. Mdiatipp soyse dhrat haye hera splihpeng Whpplaendlese Infkis wayeanglasasplvgd Seastst r at e

W b i p Thi [
1% per REch OB, BUIRRLALE AL AR CHRERIG B BlePomI s EREL s
t hat t heuchulsstwaatiesagtiy al¥ twendiffereac cupkes.ekcyn Heampeadhrdd) whidh p@sitdih Agde ONn

t hose s]_l;j?port,s, tﬁ?o preserve relative alignment between the substrate tables
t

and sub¥foTHRAEEN tHakge PR SPeREELr dil gl 3HlovenEwre Heformpias th bg empesreds igpped,
detgyr m ni i L1 : 0} £6L. { -

oL LRI IR DUERRENR0. PRUSEA PUAUEEATD SISt SN Sy
t he nmeaNar ko644 fvdrichaisiiocorpdited b@4efemmce heresiibstsreatietyV (formerly W) in

cont rol t exposure steps. At ste , reticle alignment s, perforned
15 usi rgOsHE e R Srrede it BB 1o e it i ash tBiaishe and
radi at | @ReRphREE R lsa@raal iRfledbf SHEFRIR URed! Bhd AFEL BONSayAGE 295D SRl at e

W in order to conplete the exposure of a nunber of patterns. Thanks fo the
al i gnmewhichns ptiated|sughn thati after, develbpmeptitthe grasingrie faroed raftselig resist gpiléads wi t h

re ct_.to. desire catio and, in rticula ith respect to features
b el oudhgin 5 B uhi s s B Vias by AP Ebe ebbedi TR STh sl Bk
| abel echalierd Ss 2Rnsifil@adeehrbmait tdRrrafRRr & Usie alithsfraphie 2hkojdcBon NGphLifus
etching or other processes, in accordance with thé exposed pattern. [ 0056]
By enplsiigvarhhthesprpiseiaere systare Plarad ildwhisstion Remmeiry andlme pres¢nce g such
appar at inte f.csubstrate throughput.through the.expqsure.stages is
o nt o e TP Y B L ARHTRR 1 Bl A SRRt SRS
Neasur eeidrsmeRy detapgthoprimed pmatiapaisattetd ZRohdRichat @ratgs 2he phiafichss
previous|y deposited upon it. [0057] As nentioned above, the wafer table
W 29hovif tﬁ‘h 11‘[?@%‘}}“@& such g ling adths apd sappg; onmpransgierief ithe 2-Dygrieting shely as
coarse u g di fi C r . pQsi tioning trate
W acourais 8t W€ s MiCichllS, GCbBhe" faf Bt jibh 10 She RESLRDTpRIAS
performed by processing unit PU, from knowledge of the printing step and/or other

scatterometry processes.

[0052] Figure 5, according to an embodiment of the present invention, shows schematically
25  the arrangement of one embodiment of the apparatus of Figure 1, in which the apparatus is of

the type having dual substrate supports and separate metrology and exposure stations.

[0053] A base frame FB supports and surrounds the apparatus on the ground. Within the

apparatus, and serving as an accurate positional reference, a metrology frame FM is

supported on air bearings 402, which isolate it from vibrations in the environment. Mounted
30  on this frame are the projection system PS, which naturally forms the core of the exposure

station EXP, and also instruments 404, 406, 408, which are the functional elements of the

metrology station MET. Above these stations, the mask table MT and mask MA are mounted

above the projection system PS. The first positioner PM comprises long-throw, e.g., coarse,

actuators 410 and short-throw, e.g., fine, actuators 412 and 414. These operate by active



[ 0058] There are different known nechani sns for noving the wafer table and
mask tables 30 and for neasuring their positions. One such system (referred
to herein as NXT) is schematically illldstrated in figure 7, according to an
enbodi ment of the present invention, and uses a planar notor to drive the

two wafer .tabl es a W' . The bal ance ss 4 i.n this enmbodi ment.
conpr i sgefd a%&é’ﬁ‘&ﬂbﬂ ggtél,n Jepifs Pﬁf&&ns?g’g’éab*\ﬁg H\@H\AEF%‘?C" {AHICRRPUGHG W
conpr i seysté ©8, acd Hatcewit RlspsBR Y& RAbIoRY fdse FRD! €hisinfeatkil@m¥nt ¥ iAdEatéd

directions (the z 15 direction being out of the plane of the page). In the
syst em gghemticallypas 4161 uBher wheld positipiigg meechanismefop dwi masknMe ist fwppoddsl es WK

and WI' _,j rednhvi-a encaoders .th are Lqocated an e under si de .of a

ot r of olls T ARHE BB P ERER ISR E AT AR 005 BROEIS € Sl e
on the seclesst @birssvafoements OF theomAkNiablRIMITNRdRRSitiohdd, W RdbdeviBREegEr&nOf t he
tabl es. The 5encoders cooperate to output a |ocation of the wafer tables in

(x,y) ch¥isaified ado thedmoe apd athee camppiente nifbdowerrquercyt srsvg cesteqlt keeps
( o Luol T .
boor 11 opdule® AR Tn'd Wi ol fighoRol ) WELF IBout ng E el e

cont r ol prefectiolm ystetatstnidarBOBas 808 'se fatuatyi 402 the firrbheésators 44X 426 rfect i on
(left and.right as shown in tg,e figure) and actuators 802, 802' for noving
the tabP¥¥q gas@sﬁ?tFeWthB‘H?te yith Tegpedtgo dher cublms &% thenprprection system Pgur e.
They oS f11igBgal i . ' IH%E ' at
proj ect belamsal fé);]? %&?ﬂd@?%%ﬁ d\sé\lgidgéé%aalnl%gﬁr a?ggﬁg t é&\tﬁguéﬁéét%g%}ageg?aﬁ@

Typi cal WI” and 'pesitioning mheshenem e W aevirdeded. hdsliheatatednthefe dupdicafedeméermdbl e i n

an x axis, and.a "y" interfer ter provides the t] of .on
o o i Vg Sl QAP bl LS B i Bl S e
transm frdethRirafesptile Yod@iOnQs BWeaRRPANCENBRFed 48 anlP&Hhaf8edo L0 slgdréae ct

interferoneter beans towards opposing sides of the wafer tables. [0060] A
key conpdansatmads 42%ur Agein) iaithbeprimghy of other $uiebleabeudingdisuch yast magmaticy ol

| i t.hogr aph anners scanni n unctingnality. en referring to

"sch nneeﬁlgqnyolsél & ﬁ‘8§|58 fggﬂ’aﬁrﬁrs 8‘(‘/3?88%61?%5@?"#% %ﬁr&\é}gpags‘@@s %\é’F?S fReenit b
nodes apglef taBlel poRiidhi Usid R3EE thesdt B Ridbon@BHoOhB @bsifi&@ T thd wafers W and
functionalities. |nprovenents to the scanner's focus and overlay, e.g.,

| ayer - t W- apeompdgyistatiye itey glements 40Aiat thermetyolpg eatiacanst RS atisbe pxposhiestasivnby t he
applic ' j: . .stability. md , leading to an optim zed
pr ocesgm)\t;\%1 ﬁ%@?v%ﬁg{rl&g{eg? ll\\/élgers{ﬁﬁgggc&(rté ng?l%%oéo%%a%%r%fappl i cation, enabling the

cont i NnYa054]rFigie 6¢ bewkrdiap t®fin siBbdiffent 6DMhe packéaiaeehtioh] Mastrdt@®Be ktepban a
| it hography systemis first installed, it nust be calibrated to ensure

optZ0nal this sWingbtagmarnasbes ef Figaize} to expese digs pam pybstrase NanOa theadefrbandrsde | |
drift. I i : L ft and
the syStUiffidoy@dB8Elre dbsdorfiihld ol B e) SELENEET. JMlle HEGRANAC .

r equi r etowe stepoperforabdcit itlenexpesirodiaciah [BKH.0A substeat Wohad dlewady Gadri loadéd ng

t he syst enhrmr e frequent lr% gi ves a higger process w ndow, but at the cost

of mor éMQdRBENOSHEFRAIN HencY gesipteTWe Isloadedste the amnarates by mechanism apl y
reduce ctq i 3 L ts
N R T A G F

st 26 darthronglgsut rof ntbe tnsettcddggn pfocesy & arowhioler Redéreing usitinlly ao rie¢ newbglpadabl .

The noni { or ,er. .is exposed usi a special reticle containing special
scat t eFB‘FFE?F%#% may E‘Fnatl?{anBﬁg'ugPWéa%gﬁaéﬁéﬁ%a&, W?@f@cgﬁﬁé’r ney é’g’PFq ty
modul e reled: e HRe SinkOM pb@ire il S ¥th B agk Miefd SthvidvemMihd Bthl

hi Rfocebd then
cal cul ates wafer-level overlay and focus Correction sets. T%Zd% iig “
| i t hogidagsmbed yeiilebr tiveely cowevstert #n & hreseus of eapesuom ask peocessing stpps;isoi that

Vol ume “HrBalEcR B botp B LTS BB E S L B st AR Ry ng

| ag@r s afr@ddy, and may have subsequent processes to undergo as well. At 502, alignment

measurements using the substrate marks P1 etc. and image sensors etc. are used to measure
and record alignment of the substrate relative to substrate table WT. In practice, several
marks across the substrate W’ will be measured, to establish the “wafer grid,” which maps

very accurately the distribution of marks across the substrate, including any distortion relative



exposure to a scanner. The alternative, |ayer-scanner dedication, would put
nont hly output 5 capacity at risk, since any snmall disturbance of the
lithocluster directly shows up in t he dut put of that nmonth. One possible
approach to overcone thls rlsk is by overlay grid matching. Al scanner

grids a e, |ntent|on alittle, ch that. all sca re.or
Pess halfe? (U e RGP i o Biow vy Teieft aefifaksss perpiE i
referr eﬂleﬁéﬁr@ﬁalsd"%ﬂuse% accﬂﬂit@%us@g bﬁhe%ﬁﬁ_&e@b@@&ﬁt | ayer can now be
exposed on each scanner of the samet ' gol den’ grld 10i s exposed

and et cHO8SbWhsn sebsietd ¥d W@@ﬁéd@nc@lmadaéa 8§06 altefrettfh‘e@e degang dlre expeswis ng

waf ers re e basell rIa cont.rol .ins
e o Q% 3 fin82, Gy BARERERRS 0O N B BRle relRIk Plack BRAFTPs O ¢
be achi guédupon & Jongtse ratibe Hﬁﬁa%’e ad®y. thé ﬁfé@élirerﬁélﬁy BRdO at 86X; 304 R0thhOa an

enbodi nent of the present i1nvention, depicts the overall I|thogr apt(r;%/ and
met r ol offRigieseigos W@l@?@@émthg)&yr@t%é%%b%paém forthe grRpsie 50, 4}, 15

ex?‘”p' ewal%?ssﬁimalnal\*f%'ar g@féh,rﬁoaﬁﬁapﬁlerﬁf {1&8 sﬁﬁ'stf% 0 ;"l%c()rlnocﬁl\éﬁluggt&té W ee

mai N process contro I Fst provi scanner
control erﬂ«simthbktexpsmﬂa mpparsmabmhli ywﬁmﬂmg & ﬁé}ﬂ)rﬂi&d U}Débldh@ﬂiglﬂ@ﬂ&r suppdhe

noni t or 5is s own being passed fromthe main |ithography un|t 510,
havi ng @’3‘85‘%@1{% & BRPAFaes, 59 datithe sybsiralse er W fr@flalflc?eagatsfydc laveed ay .

At @ aérﬂ Zporsitfaﬁed Bﬁttﬁ&sta%g ;%d%ié' to pﬁ\%&r&eeﬁe@lﬁg%%g&ng@ﬁ tgégm@rtgmegm' ch

are then Z0interpreted scanner sta e 500 so as
cal cul and scbﬁraeestthcmseiwt |A:eer<ﬁm'gly,tdmb theer tablpahsmbeten stvhppeadpdetedmihingghaphy

t 510 d d he T d
(APO) 1818H%F o33 iz BaiFehin sae o) SBHaF UG b JEt CORPHINY FoRAL
dose, aRst 9\REds3MY to TikeQKP T UL REAINGHentRh BFmALH 5@ 585 §6:0tht %um%}af@wgy
unit 515 and then onto the Advanced Process Control (APC) nodul e 525. Data

from t HéormetlyoWogin eomirol 51l Bhei expoBuig afeps. pAs steg 18, tdtuelegi@m@nt istrebfotmed

| e 500. Pro ess _corr ctlon a e bef.ore Manuf.act ur i
Bedsut 1B e TaeEy FaSE" B 57 B, ot e b LTRSS pbEhe
mai n | latr@@ﬂﬂﬁﬂrby suéUeks15el@ie lbdfhu@ﬁim!%tﬂ&scﬁlbkt@d’!ewtlh Jrél& 16 CampRie the@Rpbduky
nodul e 500. [006@% The third loop is to allow et r ol ogy integration into

p

t he secdrdnapben gbpattasny. Thems tadhblaélgpta@meanﬁ legyyl mp, a@osﬂnesetp@ﬁ@mswm er
530 t e, Ad
Cone o AR AR il et e AP S . BB, M KBRS E sl oo

[ 0067] piadouslesadtdawiy enttheRamelsabgttd. 0 TBRbOGoRNEbstrae, aoRtIaBdled Vg is
exposure_ by a |ithographi c apparatus, for exanple a scanner, in order to

r eddce Wwioaded fipm the @pparetys gt Sems 20, iy wedseseo etehing ox AT Rrogeases, dyaccondan& anner

errors v{nﬁpﬁglex%_ prtlftérHW ng overlay errors have been identified to be
signi ficant causes errors to be corrected via a scanner stability nodul e

appl i Ce[()ﬂiﬁ) Bﬁ@ﬁﬁlﬁ?ﬂngkh@@@atat@Eub?.g‘at!él‘talﬂés find performahicr ofXlic aprhragud th terms

pl at es/ ders qu{u,gglﬂ g%go 2. Scan up/down and stag I eft/r ht effects

t hat sif vv? pirafe f puty drepahathico FXRASHEN S18RES & mpiniaipe wihile gpermattig

novemnme res 7
WEla ﬂﬁfé@on@ﬁiﬁg%%t @Fx{xé{‘sﬁr}n}\?%s tlgl?% ;@%ﬁn&&‘&) oSS SE A WhreF i

and 8 above Tor descri syst ens.
25  patterns previously deposited upon it.

[0057] As mentioned above, the wafer table WT shown in figures 1 and wafer tables WT,
WT’ shown in figure 5 have coarse actuators 422 and fine actuators 424, 426 for positioning
substrate W accurately with respect to the exit lens of the projection system PS.
[0058] There are different known mechanisms for moving the wafer table and mask tables
30 and for measuring their positions. One such system (referred to herein as NXT) is
schematically illustrated in figure 7, according to an embodiment of the present invention,
and uses a planar motor to drive the two wafer tables WT and WT’. The balance mass 428 in
this embodiment comprises a magnet plate, and the undersides of the wafer tables WT and

WT’ comprise force actuators for movement of the tables in the x, y and z directions (the z



[0071] 3.Wafer deformation induced by the drift in wafer clanping
fingerprint as well 10 as in wafer deformation during exposure. [0072]
4.Field fingerprint drift (e.g., due tld lens or reticle stage drift).
[0073] 5. Scan direction dependent intrafield fingerprint ("w ggle" effect

due to, for exarrple nam c | ens di sturbance) 5Model [ 0074] . A_nodel to
cor r ect dEFEOR bemgguk o g LH]ﬁ%@(’fihQ_Pﬁ/QC? réq'géﬁwerﬁr"%fhe t¥Re B{%WtF%)H? Aguery or s

that i Sth@%sftioﬁrEfnl‘He tYhes WeGhH W is meaéhre(Mv'iaf ?ﬁSOQ%S%Q@MeQBca@g bn thoe

di mensi onal polynom als 20dx P_n(y) and positioning concept)
per chumldemde of a metrawgmdbamegﬂshdqu laaFdl deﬁgurﬁrét),u and anNMRge sedsbr iseprdeded m ned

via pol m al on I tho ependent encoder o wher e
i ana o O e3P PR i T BONG] e Biubte ntarieanitk o RS0tk
nodey ( Pertbdery tdopeddi ROGMP@RIY léhat}%ﬁro‘f BHSHSeF Able® T W 1) cobRIiMRAd f or each
encoder. 2.Scan_up/down and step left/right errors are the sanme in absolute

val ue ([085% Ae alametiyroembedimentpt the prgseni méermogns shipres &n BgyrerSs(refemed the
change QL 1 B S P PSP BB R o
have | osnttotediefat actuators 800, 800’ for moving the tables in an x direction (left and right as
shown in the figure) and actuators 802, 802’ for moving the tables in a y direction, e.g., up
10  and down as shown in the figure. The positions of the tables WT, WT’ are measured by
interferometers that project beams onto mirrored side wall surfaces of the wafer tables.
Typically an “x” interferometer provides the location of one wafer table in an x axis, and a
“y” interferometer provides the location of one wafer table in a y-axis. Each of the “x” and
“y” interferometers may comprise transmitters at both sides of the balance mass 428,
15  arranged to direct interferometer beams towards opposing sides of the wafer tables.
[0060] A key component of accurate lithography is an increased ability to control lithography
scanners and scanning functionality. When referring to “scanners” it should be appreciated
that this encompasses all the scan modes and functionality described herein, and other
scanning functionalities. Improvements to the scanner’s focus and overlay, e.g., layer-to-
20 layer alignment, uniformity have recently been achieved by the applicant’s Baseliner ™
scanner stability module, leading to an optimized process window for a given feature size and
chip application, enabling the continuation the creation of smaller, more advanced chips.
[0061] When a lithography system is first installed, it must be calibrated to ensure optimal
operation. However, over time, system performance parameters will drift. A small amount
25  of drift can be tolerated, but too much drift and the system will go out of specification.
Consequently manufacturers are required to stop production periodically for re-calibration.
Calibrating the system more frequently gives a bigger process window, but at the cost of
more scheduled downtime.
[0062] The scanner stability module greatly reduces these production stoppages. Instead, it
30  automatically resets the system to a pre-defined baseline each day. To do this it retrieves
standard measurements taken from a monitor wafer using a metrology tool. The monitor
wafer is exposed using a special reticle containing special scatterometry marks. From that
day’s measurements, the scanner stability module determines how far the system has drifted

from its baseline. It then calculates wafer-level overlay and focus correction sets. The



30 nature. For XT, these positioning and deformation errors are represented
via polynom als. For NXT, positioning is determ ned fromthe encoder signal
that is |located on a specific place ofléa chuck. Therefore, to describe
scan/ step dependent errors, only errors on the encoders have to be taken
into thﬁ consjderation and not the total deformation of a chuck. Hence, for

NXT we DHOSEARRY;SysPMs then Cnuertsy disen FERECEs Fels GHP nipesific grosregdonsefos Farby e

dependepf, RMeAI&UbRL LR Podutb e vafigf Or mati on dependent errors are
considered to be simlar for XT/NXT systemtypes as they are positing

i ndepentie8] For volum@ proflnetiome sttis désitabiz tdihaengillofadibibityrelien dsbighing épendfoon
position on 5the wafer e described via a 2 olynom al. and it, represents
a waf er e’&’rqsﬂre%faostcﬁ%ef'o?ﬁhe aﬁjt_ema{lyle.’qﬁeéﬁﬂar?l%g%cﬁf)art%ﬁt Wpﬁ]&l}ﬁléﬂ“%’sfrhlp’ RS i s
conss an&egfa@ﬂ“ty & iskf i 11 (ﬁstﬁfﬂaﬁ&g@ﬂﬁé liﬂf?)cﬁllé‘f_%lr lflf?@bételyfj%o@v@ ﬁ%‘?ﬂ fHeloutput

5. Scan direction dependent intrafield errors w| escribed as 10 |ow
f r equenef thet menth. Hngqespblsiapparcihty everemse thisriskhis dy cyadaydgmemeiching All

ol ynonj . dx: P n( . dy P X* ) {this represents rotation
Brr or o) s A iy Jithaoler St ghaaf ieyRed FRE 08 ik hhur o
absol ut sangf o @eérags sriaf fot beertd). | Thigleaid iPaftamedfensd td 4s HBKe DrSpdl8erd’ hatd. t he
paraneters that are deternm ned are independent 15 and they are correct for

the appErERPEIFt layRgengrovabe exnsed of eyshanprncegpisisams tynsr Tt \eoldeal gid el d
Si zg) . él&?oseﬁrh%d%#%ﬁr%ﬁzyg?cp% C eﬁr‘g’{%r%ﬁ%{)@?g%’! gﬂ?ﬁelsg mgé(% %r\g%gaﬁchgéé hagopal to

two di nensional wa ormat 1 on ng into ornmati on

terns tdratusedus thebieaselnes B dvyrlay srabilitys bameo] RGBS LL tapdbmometiteing VORH®S] | f
a mrror d]gfor. tign is present, it would affect exposures independently on

scan or° %gﬂgﬂ%‘{ IRthandlepg-derm $@bipe) A Sriaaicvrsdale single remaied sP- woul d
g L L
lithography and metrology method incorporating the scanner stability module 500, for
15  example, essentially an application running on a server. Shown are three main process
control loops. The first loop provides the local scanner control using the scanner stability
module 500 and monitor wafers. The monitor wafer 505 is shown being passed from the
main lithography unit 510, having been exposed to set the baseline parameters for focus and
overlay. At a later tine, metrology unit 515 reads these baseline parameters, which are then
20  interpreted by the scanner stability module 500 so as to calculate correction routines 550 that
are passed to the main lithography unit 510, and used when performing further exposures.
[0065] The second (APC) loop is for local scanner control on-product (determining focus,
dose, and overlay). The exposed product wafer 520 is passed to metrology unit 515 and then
onto the Advanced Process Control (APC) module 525. Data from the metrology unit 515 is
25  again passed to the scanner stability module 500. Process corrections 540 are made before
the Manufacturing Execution System (MES) 535 takes over, providing scanner control to the
main lithography unit 510, in communication with the scanner stability module 500.
[0066] The third loop is to allow metrology integration into the second APC loop (e.g., for
double patterning). The post etched wafer 530 is passed to metrology unit 515 and then onto
30  the Advanced Process Control (APC) module. The loop continues the same as with the
second loop.
[0067] The present invention relates to embodiments for controlling exposure by a

lithographic apparatus, for example a scanner, in order to reduce errors in the lithographic

process, for example overlay.



coordinate of scatteroneter target marks. This represents physi cal
positioning errors produced by XT scangp [0077] The NXT nodel for
positioning error is nore conplex. ach of the encoders can influence
both x and y offset, the nodel becones two dinensional. Mreover, it has to
be 30 determ ned separately for each encoder/grid plate (dx,dy) = _
Encoder _nodel (Sum{Sum(c_i _n_mx~n*y~n))) where an i notes an encoder i 19
[0078] Scan up/doﬁnmmmda&nepI(ﬁt/r|ght errors could be induced by a

def or ma osure chuck or wafer. In this case, the deformation
will i‘iﬂﬁgl %ﬁ g‘ﬂ, foypt ﬁ&r%yrqr&r%h%\’&rbeaﬁl fqeatiipd tonks signifigant cayses pf eirerg to
enCOdeer@&‘rédt&lanWa)m HRAGE rﬁ@dlﬂ@ if scan up/ down and step

| eft/right effecfs theefo o%;n nS%?gFl are used 5dx_up(y) = Sun(d

n*y~n)  §068bwn( y) Pesitiehing fil(iﬁi)(mﬂiyorﬂ lﬁf@XXT andpng ﬁ@tﬁﬁkﬁﬂédfﬁli@ Mﬁl()xl) f= - dy
up(x) d (y) : Sum( f n*y 10dx, righ = -dx t e t
Sun( g nf@’?ﬁi dy rP 1?&510\5111 ﬁf’%%ghgvﬁ&i%g hat show élpr?és‘%/‘{rf oh
exposeddégenticht (O%Qaﬂﬁllb%m@&' 10f )KT JlerglglferE&{t d%deﬁth&lct)@élj &Y‘ée&gfog?@@f ' @Eé on
can be used: 15(dx_up,dy up) = Encoder de dx left,dy left)
Encoder th«m@@psqipq (@fﬂflgures 7 and 8 above for descnptlon of the NXT and XT systems

[0071] 3. Wafer deformation induced by the drift in wafer clamping fingerprint as well

10 asin wafer deformation during exposure.
[0072] 4. Field fingerprint drift (e.g., due to lens or reticle stage drift).
[0073] 5. Scan direction dependent intrafield fingerprint (“wiggle” effect due to, for

example, dynamic lens disturbance).

15 Model
[0074] A model to correct these errors assumes:
1. Low frequency drift on positioning errors that is positioning
type specific
a. Mirror deformation (XT): one dimensional polynomials
20 dx ~P_n(y) and dy ~P_n(x) (XT positioning concept) per chuck.

b. Encoder/grid plate deformation (NXT) will be
determined via polynomial on position dependent encoder offset:
dh(x,y) ~ P_n(x,y) where dx and dy are determined as (dx,dy) ~
Encoder model(dh(x,y))= Encoder model(P_n(x,y)). 2D polynomial

25 representation will be used for each encoder.

2. Scan up/down and step left/right errors are the same in absolute
value (for the same position) with opposite sign. These errors describe change
of the positioning and deformation depending on move history. To reduce the
noise of the calibration, it is also assumed that these errors have low frequent

30 nature. For XT, these positioning and deformation errors are represented via
polynomials. For NXT, positioning is determined from the encoder signal that
is located on a specific place of a chuck. Therefore, to describe scan/step
dependent errors, only errors on the encoders have to be taken into the

consideration and not the total deformation of a chuck. Hence, for NXT we




(dx down, dy_down) = -(dx_up,dy up) (dx_right,dy right) = -(dx_left,dy left)
[ 0080] Al'so, during an exposure, deformation of wafer or wafer table could
be expected. To 20 describe the wafer 8nd wafer table deformation two

di mensi onal polynom al nodel is used: dx_up = Sum(u_n_n¥*x*n*y*"m dy_up =

Vet o1 ~dat or mat § on SPOUEE T CRHa e wieperemt RoSyhine Yoinay 8% fiele, ¥ PRI be
i nduced by wafer dedodemnbificd) tWiafer defohtatiay epBRahanifRt afy céieterd tongd ur e.

The wafer could be defornmed statically by, for exanple, forces during wafer
clamp or the waf epimilgnfad o6/Neeh systastityes dsihexs@ositiag indspendsot. nor mal  syst em

usage i s an exposure, co I Lon b n_exposure
shoul d not devi ate nuc 'bet3%%Hggﬁggﬁ%?ggéﬁg%@g%pgggfﬁg%&#ﬁ(Eh ???% ?%n
laydut of BL is cteseafeoakedactibedpiiaal 2D(pulyoeiialoind itakptsenty &lvehfel ged
nor mal exposure) [0082] Hence, the description of the wafer defornation
woul d be dx = Su f§9ﬂ?¢“ﬂ-n_ ntxAn*y~rm) 20 dy = Sun(Sum(s_n ntx~n*y”*m)
where (x,y) position of an ﬁ‘i%ld*ﬁhgelﬁ&ll(tt i'agué’éfaf 1dnQR&3s nS@nt folah AOGE!
coul d be extended for application I ke doubl e patterning ere one
and is orthogonal to the rest of the errors.
5. Scan direction dependent intrafield errors will be described as
10 low frequent reticle stage positioning errors via three one dimensional
polynomials: dx ~ P_n(y), dy ~ P_n(y), dy ~ x*P_n(y) (this represents rotation
erTors).
[0075] This concept of determining overlay errors does not ensure absolute correctness of the
calibrated parameters. It makes sure that the parameters that are determined are independent
15 and they are correct for the application range of a scanner (dynamic exposures for a typical
field size). Also, one dimensional mirror shape calibration is made orthogonal to two

dimensional wafer deformation by not taking into 2D wafer deformation terms that could be

caused by mirror shape.

20 Positioning errors
[0076] If a mirror deformation is present, it would affect exposures independently on scan or

step direction. Hence, the polynomial model for the mirror would look like
dx(y_w)=Sum(a n*y w”n)
dy(x) = Sum(b_n*x"n) ,

25 where x is the x coordinate of a central point of a field and y w is the y
coordinate of scatterometer target marks. This represents physical positioning errors
produced by XT scanner.

[0077] The NXT model for positioning error is more complex. As each of the encoders can
influence both x and y offset, the model becomes two dimensional. Moreover, it has to be

30  determined separately for each encoder/grid plate

(dx,dy) = Encoder model(Sum(Sum(c_i n m*x”n*y”m)))

where an 1 notes an encoder i

35 Scan/step dependent errors



wafer is exposed in two passes, e.g., inmages. In this case, a second, or
nore, imges can have 5 different deformation due to, for exanple, thernal
di sturbance. For these applications, wWdfer deformation could be calibrated
accordantly by perforning mul ti pl e exposures on one wafer and determ ning

f t b Field errors
1o 00 a0 TR She eGR40 o el Ghne beuHoas FRee By T S pBugiqe: 8 1 on
P _N(X)  expostifedchhX O wafd@X IR N6 %hse Wdef@fmdﬂoﬁ(\ryﬂl r@MﬂP in"dfrndiRs Rirrdr Wby

_n(y) dy _x*P_n(y) éﬁ@BS] Wth the extension of the correction nechani sm

Wi t h i ndifferensimeyes| er shiftsd crapedrepasition (NXby %@nm trg dessnibe X Erssm s or
focus of ) [ eId o rrect ons only by adjusting a

| ens or é@ghgag teé?ﬂ%ﬁéhe%% gkg%gnﬁﬂwap HQFEP}EﬁeuT us errors 20like: dx
P naix,y) = Surr(tixnlp@#‘sﬁm(mmy/ﬁﬁ4 dy Pn mx,y) Sum(w n_n¥x*n*y*m, n<3
could also be corrected. Note, that errors that are proportional to power
of x could only b8XdeMnEdredxbypGlj usting | ens el ements and therefore have

limted 2500rrect&9qmeagg§hhdthggm)Scan di rection dependent field errors

dy down(x) =-dy up(x)
dx_left(y) = Sum(f n*y”n)
10 dx_right(y) = -dx_left(y)
dy left(x) = Sum(g n*x"n)
dy right(x) = -dy left(x)
where (x,y) is position of an exposed field (central point).
[0079] For NXT, the following description can be used:
15 (dx_up,dy_up) = Encoder model(h_up)
(dx_left,dy left) = Encoder model(h_left)
(dx_down,dy down) = -(dx_up,dy up)
(dx_right,dy right) = -(dx_left,dy left)
[0080] Also, during an exposure, deformation of wafer or wafer table could be expected. To
20  describe the wafer and wafer table deformation two dimensional polynomial model is used:
dx_up = Sum(u_n_m*x n*y"“m)
dy_up =Sum(v_n_m*x"n*y"m)
dx_down(x,y) =-dx_up(x,y)
dy_down(x,y) =-dy_up(x,y)
25
Wafer deformation
[0081] The rest of the grid errors are considered to be induced by wafer deformation that
could have mechanical or thermal nature. The wafer could be deformed statically by, for
example, forces during wafer clamp or the wafer could be deformed during exposure. As a
30  normal system usage is an exposure, we could assume that wafer deformation by an exposure
should not deviate much between products and calibration if calibration layout of BL is chose
to be a “typical” (number of fields, field size, normal exposure)
[0082] Hence, the description of the wafer deformation would be

dx = Sum(Sum(r_n_m*x"n*y”m))



[ 0086] Scan direction errors assunes that scan disturbance occur on the

reticle stage that affect positioning of the reticle. These error induce
scan direction depend positioning 30fi2fgerprint that will be corrected as:
dx_up P_n(y) dy up - P_n(y) dy_up x*P n(y) dx_down = -dx_up 21 dy_down =

-dy_up on a field e od for npd paranmeters estimati on 5[ 0087]
These effects w I@yﬁéuﬁﬁ%‘é@g X rngbhlpﬁe measured data as fol |l ow ng

1. Firstly, the fwséré ﬂwﬁ&ﬁﬁdrp&dnwsi%amﬂﬁ%(fwtraf'e'd errors). Based
on the know edge of a sCanner error, we can assune that field distortion

caused [199831961801 éussmag@ conld| enextended ifor applicaiohep kel doublé patterhing whese ond  t he
grid erro waf er .and ret

rm ne scan/ di.rection error cle
I hge’ oSl issaPacar b Bt 8 %, hinler ah GG FRE ROk PE RO i Ghaf S,
woulsd h@ivferent BéfBtmitioRHRNS,YoR atdifte, (tRE N BREIBUhcE] BbOHeW Aﬂphs,;hwﬂs wafer
Si gnl ficant change), these errors could be deternined separately fromthe

posi t i ofefermntignfcopidee ehbetedorccordenighby rprsrfgrrmng Ineigtinle lekpesiiosy ca aslei wfer
change) d 15ovyer data coul d he used to

det er mar%i%{ ktengllﬁeH it ?Vg?%%?%us e@%ggscg segbeovg?/per anseXPosuﬁee?%?m ne these
errors. 3.Determne positioning and deformation errors simultaneously on
the residuals data of scan/step direction calibration. Unlike the field and
scan/ step di rect i l9Aldgrio8Y s, errors in positioning and wafer defornation

coylyd [0084] The field correction model can be described as follows (notation P n(x) =
Sum(a_n*x"n):
dx ~P_n(x) (n<4)
dx ~ P _n(y)
dy ~ P_n(x) (n<3)
15 dy ~ P _n(y)
dy ~ x*P_n(y)
[0085] With the extension of the correction mechanism with induction of lens errors
dependent on y (by scanning lens elements or focus offsets) we can extend intrafield
corrections only by adjusting a lens or focus offset during the scanning operation, thus errors
20  like:
dx ~P n m(x,y) = Sum(t n m*x“n*y"m), n<4
dy~P n m(x,y) = Sum(w_n_m*x*n*y*m), n<3
could also be corrected. Note, that errors that are proportional to power of x
could only be corrected by adjusting lens elements and therefore have limited

25 correction capabilities.

Scan direction dependent field errors
[0086] Scan direction errors assumes that scan disturbance occur on the reticle stage that

affect positioning of the reticle. These error induce scan direction depend positioning
30  fingerprint that will be corrected as:
dx_up ~P _n(y)
dy_up ~P_n(y)
dy_up ~ x*P_n(y)

dx_down = -dx_up



20 not be strongly decoupl ed. Hence, these have to be determ ned

simul taneously to provide the best correction. Optionally, scan/step
direction error could al so bet deternidled simul taneously with the grid
errors. Independent reference can be used here, for exanple, etched
reference wafers [0088] To, be able to determ ne the correction, sufficient
number of points Has %S be mBlsured 25for a field (-7 in x and vy

coordi nate). Al sopnexXpusidi&. pattern has to be chosen such that it is
representative for scan/step direction Correction nethod [ 0089] The
correction nmethod according to an enbodi ment of the present invention is a

30 conbi nation of t v | ed. naranmeters being applied separately
to different subs?g#gﬁggg?%ga ggﬁﬁggé%%?ﬁ%¥¥&ioning errors are corrected by

| ow-3 evHI08ppThesergfectonitill bk dekfmined ionaidk endasure®ase et fdlRivih@st grid change
Wi thin one exposure. This 22 would give the best performance on the
executing on the correé{ionF“ﬁbﬂﬂéeﬁ%ﬂﬂﬂhﬁ€$W6nﬁl@@@ﬁnHWd (intrpfieldcirarsk ep

di rection dependeﬁaseeromﬁélflg%vei&g{§fe£§ca&é9>én89§vietéaﬁws%&&aﬁ%lg g}&&ﬁm

controllers. Also, as in s errors neéd to be 5correc or arapid
change within a fc¢albkel by tetick gegd or leas and itais limiwpbedeat fripmsiht irestiofighedd| e.

3. Gid deformation errors may be corrected by adjusting setpoints for
exposed fields. ©M9 4 Field errors nmay be corrected by adjusting

l'engfreticle stage 10sgtpoi Bt@rmine scan/step direction error (wafer and reticle stage

positioning errors). As the effect of these errors on the overlay would have a

high frequency nature (neighboring fields will show significant change), these

errors could be determined separately from the position and deformation error

(neighboring fields will show a slight change). Stitching data or measured

15 , overlay data could be used to determine these errors Thus there are several
ways to determine these errors.

3. Determine positioning and deformation errors simultaneously
on the residuals data of scan/step direction calibration. Unlike the field and
scan/step direction errors, errors in positioning and wafer deformation could

20 not be strongly decoupled. Hence, these have to be determined
simultaneously to provide the best correction. Optionally, scan/step direction
error could also bet determined simultaneously with the grid errors.
Independent reference can be used here, for example, etched reference wafers

[0088] To be able to determine the correction, sufficient number of points has to be measured
25  for a field (~7 in x and y coordinate). Also, exposure pattern has to be chosen such that it is

representative for scan/step direction

Correction method
[0089] The correction method according to an embodiment of the present invention is a
30  combination of all the above modeled parameters being applied separately to different
subsystems of a scanner:
1. Positioning errors are corrected by low-level positing

controllers to be able to correct for fast grid change within one exposure. This



5. Scan dependent reticle stage positioning fingerprint (YTX YTY and YRZ)
may be corrected in a scanning driver as direction dependent reticle stage
scan nmap correction. [0100] Wth ref%rence to Fi gure 10, according to an
enbodi nent of the present invention, a 15nethod of controlling

al i t hogr aphi c appar a@gs iﬁ1 il lustrated acc&r ding.to a enbod%rren]té .0of the
present invention. 18T &ﬁeisttg%%pg%qecone B GETUHENS PR LEOTEEBY i ¥ 1HBFY or ned
1002 on a substrakigcli®fiitysi ng a scanner 1006. The scanner conprises
several subsystens 1008, 1010, 1012. There are errors in the overlay

ari sing fromthe subsy3tensSepisteny difectionpolsperdentTherregeraray cereaeds bye 20
measured 1014 usi . ter aij_overl a asurenents.1016.
Modeling is perfop%é%o@%gg; gggg)ggrcgbée%?@gdet‘ﬂ?oﬁiaﬁemfs %Bg?tlﬁ%rr%reélreﬁgf/o ge
measiur enent s di f f esretedsfobsetpidthagei wahiach meldielit Ragafmed on 4 dswaxalpl e
field distortion nodel paraneters 1020, scan/step direction nodel
paraneters 1022 aPefl3dng medlgef or mati on nodel paraneters 1024. Each subset
is related to overlay errorg.ariis : o] spondi pegi f | .
subsystem of the 25l tﬁ'ogr a%ﬁlac d%%’g‘g?‘fé‘wsgrﬁ’ég g%ﬁc??b@%ﬁ%vgg Iﬁdﬁlasfl%, t he
exposure i s cont rsdtpants I@2G&posedifleddsscanner 1006 by controlling a specific
subsystem 1008, 1010, %012 19‘f t he scann%rf using . its &orrespondi nc? subset of
esti mated nodel paramefers, Fifh Ao gpay begemrected fue adivaimg leppridesage s in
a pfoduct waf er 1Q28,hei ng exposed with a well controlled overlay 1030.
[0102] By considering overlay errors so as to take into account specific
fingerprints of 30 scahner %¥anodepentiéred wpiplei stape qositibnmgbbHidgerprints (BTXt he

present inventio d re.effectiye nmai nt enance. Provi di ng know edge
about scanner sp&#?ﬁ%’%e‘%g%fglayé’eacﬁﬁ(??t?ail%é SHELNS thgves gp AEdtongirpepdent
accordance W th antelRRdt @AM cdrhRtigfesent invention increases accuracy

of the maintenance. Hence, there is |less need to performon-line
re- cal i 19289l Withogfesensg do Ergurt 40, ascerdingsioetn ensbddimantadthe asseht raventionance

ting. J . the.present 23 inventio rovide effective.
i 1t et 3R Syl ARSI ap@larhr it e bbb b Sl Gment of
measur eteptesert@ddalioN t hough specific reference nay be made in this text to
the use of |ithographic apparatus in the manufacture of ICs, it should be

under st[8&01ltAdithegrephic expogurgprocess pRRf) wtnesfosme $042 orea sehstraten] pdyusing
other aRAcE 0@ Phe Rl SmbACTBOULAGHIFerh] 1008 FHEYEF OPAAE Bl S5 €T
gui dance and detection pattérns for nmagnetic domai n menori'es, at - panel

di spl ayia, tht ioyeilaly ariyiag dromlithelsalys/stehSBuringt thie nexipbéuie. MeHEbVeglaheattsis agd C. .
The skilled artisan will appreciate that, in the context of such =

al 8r na‘f‘?ax?Breapmli"'c"asﬂrigoﬁs*Fat Qmefs () pblaHe oy laysmesgyfeatentsy 016y Modelipgiih nay

be congjoehath 261 SWQUBHIRAS dWeldink tﬁ%xﬁrﬁ{eeo&?lg§ s dr &8s SRSk AbSets OF

estimated model parameters, for example field distortion model parameters 1020, scan/step

direction model parameters 1022 and position/deformation model parameters 1024. Each
subset is related to overlay errors arising from a corresponding specific subsystem of the
25  lithographic apparatus, as described above. Finally, the exposure is controlled 1026 in the
scanner 1006 by controlling a specific subsystem 1008, 1010, 1012 of the scanner using its
corresponding subset of estimated model parameters, 1024, 1022, 1020 respectively. This
results in a product wafer 1028 being exposed with a well controlled overlay 1030.
[0102] By considering overlay errors so as to take into account specific fingerprints of
30  scanner errors, the application of embodiments of the present invention leads to more
effective maintenance. Providing knowledge about scanner specific errors to an offline
modeling application in accordance with an embodiment of the present invention increases
accuracy of the maintenance. Hence, there is less need to perform on-line re-calibration on a

system that also benefits from decreased maintenance time. Embodiments of the present



10 "target portion", respectively. The substrate referred to herein may be
processed, before or after exposure, in for exanple a track (a tool that

typically applies a |layer of resist t #3a substrate and devel ops the exposed
resist), a metrology tool and/or an inspection tool. Were applicable, the

ool s BRRE Bl EREoPufiagh ek, BHF Gt ol RGhe SHERSO hie” Y BF Tk o

i n or degxtbixive @éds8remehss Mul ti-layer IC, so that the term substrate used
herein rra% also refer to a substrate that already contains nultiple

pr ocessEdVUBbplthaugh srprifiy referencsugiay shresnatle dnrthfseiesh ée thaysh &f dithegsaphiede
above t ! | t J | ] . £0 X1 . of {ical
1t nogr R T2 mATRRULTERIC F ool b BRI IRV B R of her
appl3 caddsorilsed Hi@einanaymhhe othgr dpplicdtionbogichpb Yhe magufabtarecoft itGegened 6ptical0
allows, is not limted o optical | ithograph&; In inprint_lithography a

t opogr aBiiFmsn Suidpnae: W sletrgti Datleansor mugae heomain mamprics catayngfligplays,
substrag g, 4. p LG i na PLes i a
ayer oyt RAUADICID, R PR oElRERD IR T SRR BUE %,
appl yi nappedceat¢ thatrany fet dontexadf such altierniiat apppicasssyraayase af the mdrimsdtrader” or

t hereof,,.Th atterping device is noved ou f the resist |leaving a, pattern
init af%rﬁ%f T Pe £opadeee é%j:syr@@y?@&wjlﬁﬂﬁﬁs RYF FENS RGBT | BIRSTYRIOF beant
useh hexgiopr SHREGADISPelely. Y PRS sistrileSeidRURE MRl dif nfagcﬂe%rb%sed, BEfopd b9
ultraviolet (UY) radiation (e.g., having a wavel ength of or about 365, 355,
248, 198ter B3powre, lincfonekample & tack (@ tedl tthat- typwally applisy) a lae af iresist(te. @. ,
havi ng a,wavel ength.in the range .of 5-20 n S |1 as rticle heans,
ctoh ac TN ERE B 0nS e o PIE . < Py i el an SRR oL MR e
cont extapplibahle thé'@i¥clo8ire hefeth ARY be 'aﬁlglfihrd 6 QUEN BRd bREr RibstYRE bRIEEssinEPRS1sOf
optical conponents, including refractive, reflective, magnetic,

el ect r dftathsbtthe sabriraty mey rhsspraesssecoprore thancenepo frerexempleomomdents Ersatspreci fi ¢
e i . he jnvegntian ve be described above, it wll b

aprr e BRkefar b fo b BB s B TR L BRE VG sl hotdFreaay
descri hedtaidsahuléiyRbesssedddydrfie | nvention may take the formof a conputer
program cont ai ni ng one_or nore sequences of nachi ne-readabl e i nstructions
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[0107] While specific embodiments of the invention have been described above, it will be

appreciated that the invention may be practiced otherwise than as described. For example,



25[0111] The breadth and scope of the present invention should not be

limted by any of the above-described exenplary enbodi nents, but shoul d be
defined only in accordance with the f AN owi ng clains and their equival ents.
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following claims and their equivalents.



26 6. An apparatus for controlling |Iithographic processing by a

| i t hographi c apparatus used to perfor rB a |lithographic process on a
substrate, said apparatus conpri sing: an inspection apparatus for
measuring a substrate property arising fromsaid |ithographic process to
obtain substhIS%lggggdt . measurenents; and 5a processor configured to:
separately det er i ne 4 prurality of subsets of estinmated nodel paraneters
of said lithographic apparatus from said substrate property neasurenents,
wher ei nleachAsnéihed of ®ntrellaigedithegrephio pardtus Al dmsthba to@phsifg thieatdpy: ari si ng
froma correspondi ng specific subsystemof said |ithographic apparatus; and
10control lithogr roc i ng. by said I|thograph|c apparatus by .
controlling a speE‘??qrE“ ﬁgi"é’fﬂpblfc BLOCEPS| PR Ho SRR UaigBa d’éhc{%?ﬁ%’gc sai d
controlled S{;&ﬁhftﬁsc subsystem s correspondi ng subset of estimated nodel

par anet ers. The apparatus of claim®6, wherein at |east one of said
plurality of subsetssughg @§Ub81@1€epiOpQIC§ede[mg fromtsaidslitbogrppliis pcpartawbtagn S
relating to S|t|on|n error qlSsald substrate property arising froma
cor r espondi nﬁ’ BS@FPfOQﬁﬂX&e§ﬂH§?§? &m of said |ithographic apparatus. 8. The

apparat us of cl ai ggpbrafily 8étéinthihg Ah18FBH o BlubtRRSE es%?atéafmg@él%aﬁh{&éé bty of
subsets of estimted m)del paraneters conprises paraneters relating to

substrate defat Hiopwnhisrapprstus frosaiseid substatcaproppity pasuyeraenits i witpréin sacka
correspondin chan or_thermal . 2Q0subsyst e | tho ra hi
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appar at us. The®dppa

of ®waid pl ur@leutﬁysaﬁsyswbsatsaldqfth@gapﬁmaﬁﬁrmﬁ@hdpar ameters conprises
parameters relating to field distortion errors in said substrate property

arising froma coongepinadilifeparadicl pesemingg byulssids tlishesrphia epHaratfrogaphi c
appar at us. #‘lﬁolﬂﬁ glrﬁ%tsﬂﬁsﬂ enfBY sa?(fi llﬁio%l'e[ﬁlc aﬁp%ra%us Wgr ?auf' c%ﬁltrhﬁ‘&? t one

of said plurality
specific subsystem’s corresponding subset of estimated model parameters.

2. The method of claim 1, wherein at least one of said plurality of subsets of estimated
15 model parameters comprises parameters relating to positioning errors in said substrate
property arising from a corresponding positioning subsystem of said lithographic

apparatus.

3. The method of claim 1 or claim 2, wherein at least one of said plurality of subsets of
estimated model parameters comprises parameters relating to substrate deformation
20 errors in said substrate property arising from a corresponding mechanical or thermal

subsystem of said lithographic apparatus.

4. The method of any previous claim, wherein at least one of said plurality of subsets of
estimated model parameters comprises parameters relating to field distortion errors in
said substrate property arising from a corresponding field scanning subsystem of said

25 lithographic apparatus.

5. The method of any previous claim, wherein at least one of said plurality of subsets of
estimated model parameters comprises parameters relating to scan direction
dependent field errors in said substrate property arising from a corresponding scan

direction subsystem of said lithographic apparatus.



of estimated nodel paraneters conprises paraneters relating to scan
direction dependent field errors in szryn'd substrate property arising froma

correspondi ng scan direction subsyste %f said | it hographi ¢ apparatus. 27

performa |ithographic process on a substrate, said instructions being
adapted to caus C et recei v bstrate property
Teasur egent s e ags or A IR RRAR R kRicersing bl £ Rk R B G BEP e e
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|1 t hogr aphi cn%g&gﬁi%ip?&cebymaﬁﬁgn Eﬁﬁsm[ﬁ&é&ﬁ, AR RIS, Byg control ling a

10specific subsystemof said |ithographi c apparatus using said controlled
speci fi c subsyst eapwcessor empigndidrig: subset of estimated nodel paraneters.

12. A nethod of controlling a.lithographpc ,apparatus,. Go I Si ng:
performing a |ithSgf ﬂyge%pagﬂgsaspgﬁelﬁy gtﬁgqsggp‘géﬁgfnﬁﬁﬁdnnﬁell ﬁ’&@ﬂhﬁm of _
appar at us; 151 &fHégtdpticCappaiiis BéR sBdRBStNe Bfdpeit) thea§i@BbtRE, WhérbiaWagphi ¢
process to obtain one or nore substrate properfy neasurenents;

separat el y deeetnisrickigedatop kel int spid substiptceproperty esisingefan aroetedsppadinget er s

of the litho i rat us, fromthe substrate property measurenents,
wherein each%{gg sesii bs%g%%eﬁ?ftas[aleddhtp%g%?l}%lagpa\rﬁtu§’t?ggsubst rate property arising
froro a correspondish@rol Qehpgraphicrettising berhidflithbi@aptit BgREARNDE caRvMidS MS;

and controlling |ithographic processing by the |ithographic apparatus
by control | | fR§ciicspbeystere &fupaq Jithographie fepaetdsoeringspid ogstieHed spepifing t he

controlled s i £ co ' f.estimted nodel
par anet ers. %%Sﬂfs%ngs%ﬁ%ﬁhﬁﬁg%@sﬁ%ﬁ%ﬁﬁ%ﬁégﬁg?%ﬁ'g?&{n&gs[. one of the
plurality of subsets of estinmated 25 nodel paraneters conprises paraneters
rel ati ng to Posiappaatun@feclaiar O, iwhdrdie aulesdtrateeoPsaiderplyratityi st ngbdetso ot a
[ f the |lithographic apparatus.
correspondi ngstig‘x%%eldt rlnggclilngarzsinl{gtse}/ssgo%?)r?ses tpareameltérsolr atal' g Ito pogiPioninguerrors in
15 said substrate property arising from a corresponding positioning subsystem of said

lithographic apparatus.

8. The apparatus of claim 6 or claim 7, wherein at least one of said plurality of subsets
of estimated model parameters comprises parameters relating to substrate deformation
errors in said substrate property arising from a corresponding mechanical or thermal

20 subsystem of said lithographic apparatus.

9. The apparatus of any of claims 6 to 8, wherein at least one of said plurality of subsets
of estimated model parameters comprises parameters relating to field distortion errors
in said substrate property arising from a corresponding field scanning subsystem of

said lithographic apparatus.

25 10.  The apparatus of any of claims 6 to 9, wherein at least one of said plurality of subsets
of estimated model parameters comprises parameters relating to scan direction
dependent field errors in said substrate property arising from a corresponding scan

direction subsystem of said lithographic apparatus.

11. A computer program product containing one or more sequences of machine-readable

30 instructions for controlling lithographic processing by a lithographic apparatus used to



14. The method of claim 12, wherein at |east one of the plurality of
subsets of estimted nodel rameters conprises paraneters
relating to substrate deformation errdrs in the 30substrate property
arising froma correspondi ng nmechani cal or thermal subsystem of the

| it hographic : of.: LM, r.ai t one
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par anet er s r ehabr mgretppodesirdtodi stortion errors in the substrate property
arising froma corresponding field scanning subsystem of the |ithographic
apparatus. 516. The net hoLg, of claim12, wherein at, | eagrt one, of . ]téhe )
plurality of subsECEVH:SULSEathaPRReToHEISUFIRN (s 0E  biopt i ik 1hosprbier s
relating to pgagssdi rection dependent field errors in the substrate property
arising froma correspondi ng scan direction subsystem of the |ithographic
apparatus. 17. An sgppatedy dstefroine goplurabity pfigulisets d gpstiphied npedst pssineters of

conprising: 10 i nspection ratus configured to neasure a suhstrate
property ari Ssﬁl‘ﬁg‘thr"%aﬁﬁ‘e? pp ?ﬁ?@%ﬁi‘% is%lﬁSpﬁél@é%px‘toge%{rxﬁ%r%{n?ﬁ%S\{/l?eé@a Brbperty
measur enent ; sdBét @ melaeElers Birors GRf Jadl k@sktrbR: property aSSRAMRINE|aY cSlRlsporBine a
plurality of subsets of estimated nodel paraneters of the |ithographic
appar at us f r teciflssubysteny eftseidjitbegraphic pprasape®afdt , wherein each 15subset is
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correspondi ng specitic su

contdr ol | i t hggtifiohsubsystean asfssai@ lyogdriyhi¢ iappaafapiing saparahtslléy specific
controlling a specific subsystemof the |ithographic apparatus using the
controll ed s%’@éYSFfi“&S§9‘5§%P§fléﬁg§u@6?‘Pfé‘ssbﬁll%ﬁdr’i’@o@h%éme@fs- esti mat ed nodel
paraneters. 2018. The apparatus of claim 17, wherein at |east one of said

pluralify ofAW&c%trgﬁh'%Egﬁi {@ﬂ%ﬁ}%ﬂm&ﬁgﬁﬁﬁ nprises paraneters

relating to positioning err strate property arising froma

correspondi ng positioni ng subsystem of the |ithographi c apparatus.
performing a lithographic process on a substrate using a lithographic

apparatus;
15 measuring a substrate property arising from the lithographic process to obtain
one or more substrate property measurements;
separately determining a plurality of subsets of estimated model parameters of
the lithographic apparatus from the substrate property measurements, wherein each
subset is related to errors in the substrate property arising from a corresponding
20 specific subsystem of the lithographic apparatus; and
controlling lithographic processing by the lithographic apparatus by
controlling a specific subsystem of the lithographic apparatus using the controlled

specific subsystem’s corresponding subset of estimated model parameters.

13. The method of claim 12, wherein at least one of the plurality of subsets of estimated
25 model parameters comprises parameters relating to positioning errors in the substrate
property arising from a corresponding positioning subsystem of the lithographic

apparatus.

14.  The method of claim 12, wherein at least one of the plurality of subsets of estimated
model parameters comprises parameters relating to substrate deformation errors in the
30 substrate property arising from a corresponding mechanical or thermal subsystem of

the lithographic apparatus.




19. The apparatus of claim 17, wherein at |east one of said plurality of
subsets of 25 estinmated nodel paranetgrs conprises paraneters relating to
substrate deformation errors in the subbstrate property arising froma
correspondi ng nechani cal or thermal subsystem of the |ithographic

appar at ys. u : | Si . i Lel d
oann ng subdns Pam AR} F RUBPERLY Gk Bled b RS O LB AT el

claim 17, whetodenpatametas tcompesaf paamedtepd welating yo dield diss@tion Gfrrors in the

esti mat ed nodel Eararret ers ,c,orrpéi ses paraneters _relating to scan direction
5dependent ¢ Pt PGPETY FiERE SUBst CREresRoPeingr fisldatcruiing spbyytiem of the
correspondi nch%gﬁBhféiagg&ra{u‘é’.n subsystem of the |ithographic apparatus. 22. A
conput er program product containing one or nore sequences of

machi ne-readabl e instructions for controlling |ithographic processing by a
| i t Hogr &phi cThppethwduy diaind] 2, ovhsesinh ot keast dnietdidlye pluiality pf subsets of mstamated
substrate, saiog 1i nstrutctions bei n adzé)t edwgo lc]ause Qone or nore
processors t o0 oF e REMIE ELEIPPAR ;%Fa(%e I3 FERERE 1P reh feetons fepgnee fidde

| i t hogr aphi Cer619 &€& substrate proBaYRY @ﬁ@ﬁ%ﬁgﬁtﬁédﬂdﬂﬁorﬁﬁr@ sthrldirbotionf subsiRepd s of
estimated nodel paraneters of the |ithographic apparatus fromthe substrate
property neagfithe phigeppaiafiseach subset is related to errors in the
substrate property arising froma correspondi ng 15specific subsystem of the
l'ithographic X s o) e anhi ¢ processing by the

l'i thogr gghi CAg% Q{rgtﬁ“lgzorbc?ﬂgglrlllp ? 8?110%{3%5% @Bjéé&g@ g’g&éu 5§§1§t em of the

| it hographi c apparatus using the controlled specific subsystem s

corklespondi ng subaeinspécteat appatabds codggurqhatcamebans .a @bstrate property arising

from a lithographic process to obtain a substrate property measurement; and

a processor configured to:

separately determine a plurality of subsets of estimated model parameters of
the lithographic apparatus from the substrate property measurement, wherein each

15 subset is related to one or more errors in the substrate property arising from a

corresponding specific subsystem of the lithographic apparatus; and

control lithographic processing by the lithographic apparatus by controlling a
specific subsystem of the lithographic apparatus using the controlled specific

subsystem’s corresponding subset of estimated model parameters.

20 18.  The apparatus of claim 17, wherein at least one of said plurality of subsets of
estimated model parameters comprises parameters relating to positioning errors in the
substrate property arising from a corresponding positioning subsystem of the

lithographic apparatus.

19.  The apparatus of claim 17, wherein at least one of said plurality of subsets of
25 estimated model parameters comprises parameters relating to substrate deformation
errors in the substrate property arising from a corresponding mechanical or thermal

subsystem of the lithographic apparatus.

20.  The apparatus of claim 17, wherein at least one of said plurality of subsets of

estimated model parameters comprises parameters relating to field distortion errors in
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the substrate property arising from a corresponding field scanning subsystem of the

lithographic apparatus.

The apparatus of claim 17, wherein at least one of said plurality of subsets of
estimated model parameters comprises parameters relating to scan direction
dependent field errors in the substrate property arising from a corresponding scan

direction subsystem of the lithographic apparatus.

A computer program product containing one or more sequences of machine-readable
instructions for controlling lithographic processing by a lithographic apparatus used to
perform a lithographic process on a substrate, said instructions being adapted to cause

one or more processors to:

receive substrate property measurements arising from the lithographic process;

separately determine a plurality of subsets of estimated model parameters of
the lithographic apparatus from the substrate property measurements, wherein each
subset is related to errors in the substrate property arising from a corresponding
specific subsystem of the lithographic apparatus; and

control lithographic processing by the lithographic apparatus by controlling a
specific subsystem of the lithographic apparatus using the controlled specific

subsystem’s corresponding subset of estimated model parameters.




