| nspection Met hod and Apparatus, Lithographic Apparatus, Lithographic
Processing Cell and Device Manufacturing Method FI ELD [0001] The present
invention relates to a nethod of inspection usable, for exanple, in the
manuf acture of devices by a |lithographic technique and to a nethod of
manuf act uri ng devi ces using a |lithographic technique. BACKGROUND [ 0002] A
| it hographic apparatus is a machine that applies a desired pattern onto a
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will contain rk. of adjacent target portions that are successively
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whi ch each target portion is irradiated by exposing an entire pattern onto

the target portion at one tine, and so-called scanners, in which each
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br oadbartdbstraigibatmprintingdha ratem e apsratat e and neasures the spectrum
(i nt enS| 6003?:51 &dérqg%hﬁ& e | litfEY }ﬁ\nlgrt)&)ss She Bxhrﬁofe fa%{e%ﬁlﬁaﬁ%&g into a

particul'ar narrow angu range. angul ar | ol ved scatteroneter uses a
monochr ohistraie ammlaallyaneaberamfarmxamelasﬂm@srlamrqrrbt:@m:sm sugcqsgive laperensity ratio

and phasg rr%h&ﬁ &' o%’lﬁe%db@tréi?Sf%ex%farea\%rlﬁld g%zgqﬁgc{ﬁ@%o% ﬁqaﬁfﬁgfn{eg Dl the

scattered atton as a function o ernatively, measurenent
signal s nméroehobfrcetremrewﬁmbémgi hogﬂwlchmomiﬁrmh@dlgsb@meaf @Isopmangl conbi ned at

an analyf e, rized ra|lat|o rBan;é te more than
Ug specialized tools. 5% 55 ecxahze&’ e sec s oS
one spec CF ﬁs"lcqpﬁéfm a?reo % { p p

a scatterometer in which a beam of radlatlon is directed onto a target on the surface of the

substrate and one or more properties of the scattered or reflected beam are measured. By

comparing one or more properties of the beam before and after it has been reflected or

scattered by the substrate, one or more properties of the substrate may be determined. This




[0004] In order to determine one or nore paraneters of the substrate, a
best match is typically found between the theoretical spectrum produced
froma nodel of the substrate and the measured spectrum produced by the
reflected beamas a function of either wavel ength (spectroscopic ,
scatteroneter) or angle (angularly resolved scatteroneter). To find the
best match there are basically two nethods, which may be conbi ned. The
first method is an iterative s i del
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bet ween t@ficallp f&und BO®veehiatha tipoietital spactromrpeoduoed 2@t b neydelodfithensubdteieragd an
iterative nethod, each iteration fqr each paranet.er val ue i nvol ve
cal cul atq]e()‘ﬂeaé'tlreg@’e@iruWFOémﬁ%tbé' tg%ﬁeﬂ?‘ge.dabfﬁfnsasf‘ ur}%d???pﬁltllhgrdw%@% %g nunber of
i terati ggrcRResieschferoRt@al)or b @agulaBireglalistateparcane Torfmd tithest typi cal |y
nmore than 300 cal cul atjons r’gg%) be requi rEd'BWan Er ctfi cte his |leads to a
conpr omimachihergatbasieallytye yetiods. BfbefgLLE 1%. irgtingthod 15§ ar y

appr 0ac herati@E@rch Snethodll Whérdh i8R BNLOMLEE phRMORETs asaUs eddsulandfitshe time
required to set up the Ii,brar%f. SUMVARY [000% | t Es desi rabl(g, fdolr
exanpl e SPEcHuRy deaTRRAriSOHRRIMoRadsVifdhe RS d et iMe 1890 Airer S8l 0% ar amet er

of a |i thoglAaRNE CIRNQL 8 SR ohdlspbbihihisTRR Bl And P €St peRiséH 6f thoOfp&ded Wi th
cal cul ated spectra, in which the calculation of the spectra is carried out

mor e ef fspesiramtis adenvith gmesswest spedpih dinesy skpsiperersAtet IB&GRCALSS. [ 0008]
Accor di ng 8 1 det §5arARRESthafivds iR deRMRRHIANspeORINE TypicAYWeded a met hod of

determ ning-a structure paraneter ofe a tar?et. pattern in a |ithographic
process infoeuhtioo fivarthé ewparisonis gesdite ste¢raheselestiomoidhbgibpegpent s¢tRé net hod

conpri si g%:me%e S. This%%cgﬁligﬂor&gl 2 agﬁgrjag% s%%rcﬁ chxlﬁgl‘?ct TROmMSRE Hithdnd de050 a
ref er encé pa {ern, Peac spectra being calculated using a different known
val ue ofpamnstersthitigies peertmatanasch istorsheraddd be ta best gescriptian; of the measured

substrate.

[0005] The second method is to make a library of spectra, each spectrum corresponding to a

specific set of model parameters. Typically the sets of model parameters are chosen to cover

all or almost all possible variations of substrate properties. The measured spectrum is

compared to the spectra in the library. Similarly to the iterative search method, the model

with the set of parameters corresponding to the spectrum that gives the best match is

considered to be the best description of the measured substrate. Interpolation techniques may



perform ng spectral analysis on each calculated calibration spectra, for a
sel ected nunber of points of the spectra, to obtain a comon set of
spectral components and a plurality of first sets of weighting factors,
each first set of weighting factors representing one cal cul ated spectrum
measuring a target spectrum produced by directing a beam of radiation onto
the target pattern; perform ng spectral analysis on the neasured

target $ReCkHEh3liMOmbidecGRAED theiRRbt Rf ofPRAMEIAl in ARIRRISLScpbt ai ned from
the spectral analysis of the calculated calibration spectra to obtain a

second geshnigfie.wei ghting factors representing the nmeasured target spectrum
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required. In practice this leads to a compromise between accuracy and speed of processing. In

the library approach, there is a similar compromise between accuracy and the time required to

set up the library.

SUMMARY
[0007] It is desirable, for example, to provide a method of determining at least one process
parameter of a lithographic process in which measured spectra are compared with calculated
spectra, in which the calculation of the spectra is carried out more efficiently, without a
corresponding reduction in accuracy.
[0008] According to a first aspect of the invention there is provided a method of determining
a structure parameter of a target pattern in a lithographic process used to manufacture a
device layer on a substrate, the method comprising:

calculating a series of calibration spectra from a reference pattern, each spectra being
calculated using a different known value of a structure parameter of the reference pattern;

performing spectral analysis on each calculated calibration spectra, for a selected
number of points of the spectra, to obtain a common set of spectral components and a
plurality of first sets of weighting factors, each first set of weighting factors representing one
calculated spectrum;

measuring a target spectrum produced by directing a beam of radiation onto the target
pattern;

performing spectral analysis on the measured target spectrum using the common set
of spectral components obtained from the spectral analysis of the calculated calibration
spectra to obtain a second set of weighting factors representing the measured target spectrum;

comparing a representation of the first set of weighting factors and a representation of

the second set of weighting factors; and




a first analysis systemarranged to perform spectral analysis on each
cal cul ated calibration spectra, for a sel ected nunber of points of the
spectra, to obtain a conmon set of spectral conponents and a plurality of
first sets of weighting factors, each first set of weighting factors
representing one cal cul ated spectrum a nmeasurenment system arranged
to direct a beamof radiation onto a target pattern on a substrate and to

measure the Pé}g“%ctthg U&Hl}%aﬁison to ARrivEL Ok BPAE ¥Plchurs YabABASRNGRE: Lo perform

spectral ana 1S on e neasured spectrum using the conmon set of spectral
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St r uct ungraRRteABEhEfef@énc phitdrget pattern in a lithographic process used to

manuf acture a device |layer on a substrate, the nmethod conpri sing:
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r epr esent i ngaomesucamantibysteatarmpeed togirect a beam of radiation onto a target pattern on a
substrate and to measure the spectrum;

a second analysis system arranged to perform spectral analysis on the measured
spectrum using the common set of spectral components obtained from the spectral analysis of
the calculated calibration spectra to obtain a second set of weighting factors representing the
measured spectrum;

a comparison arrangement arranged to compare a representation of the first set of
weighting factors and a representation of the second set of weighting factors; and

a derivation arrangement arranged to use the output of the comparison arrangement to
derive the value for the parameter of the lithographic process.

[0010] According to a further aspect of the invention, there is provided a computer program
for implementing a method of determining a structure parameter of a target pattern ina
lithographic process used to manufacture a device layer on a substrate, the method
comprising: |

calculating a series of calibration spectra from a reference pattern, each spectra being
calculated using a different known value of a structure parameter of the reference pattern;

performing spectral analysis on each calculated calibration spectra, for a selected
number of points of the spectra, to obtain a common set of spectral components and a
plurality of first sets of weighting factors, each first set of weighting factors representing one

calculated spectrum;




perform ng spectral analysis on a spectrum neasured froma target, using
the comon set of spectral conponents obtained fromthe spectral analysis
of the calculated calibration spectra to obtain a second set of weighting
factors representing the nmeasured spectrum conparing a
representation of the first set of weighting factors and a representation
of the second set of weighting factors; and using the conparison to derive
a val ue for &Q%ﬁ‘ﬁg%ﬂaﬁarﬁ@gﬁgﬁﬁ@iecf?ﬁm%bﬁsﬁr@d' 96h aRabdtSlsthe tRRIEmon

DESCRI PTI ON THE W NGS™ [0011] Enbodi nents of the invention will now
be descétivéepectsyl caponshisekiaingt &owrihyspeoiral Analysiserfdhrcalcplgted galitigtiodnpanyi ng
schemat i ] ' | | |,ndi cat e
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cluster ;the[sggo]ﬁé]set_ofwe%ﬂ{igg %ct%?s?éncdt s afirst scatterometer;

using the comparison to derive a value for the structure parameter of the target

pattern.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] Embodiments of the invention will now be described, by way of example only, with

reference to the accompanying schematic drawings in which corresponding reference
symbols indicate corresponding parts, and in which:

[0012] - Figure 1a depicts a lithographic apparatus;

[0013] - Figure 1b depicts a lithographic cell or cluster;

[0014] - Figure 2 depicts a first scatterometer;

[0015] - Figure 3 depicts a second scatterometer;

[0016] - Figure 4 depicts an overview of a method according to an embodiment of the
invention;

[0017] - Figure 5 depicts the set up procedure of the method according to an embodiment of
the invention;

[0018] - Figure 6 depicts the measurement procedure of the method according to an
embodiment of the invention;

[0019] - Figure 7 depicts the selection of 20 calculation points within a spectrum in
accordance with an embodiment of the invention;

[0020] - Figure 8 depicts the relationship between the number of principal components and
the relative error between calculated spectra and the spectra described by the principal
components;

[0021] - Figure 9 depicts an overview of a method according to an embodiment of the
invention;

[0022] - Figure 10 depicts the library set up procedure used to produce data indicative of
modeled spectra in accordance with an embodiment of the invention;

[0023] - Figure 11 depicts the measurement procedure used to define the profile parameters

for a measured spectrum in accordance with an embodiment of the invention;




[0015] - Figure 3 depicts a second scatteroneter; [0016] - Figure 4 depicts
an overview of a nethod according to an enbodi nent of the invention; [0017]
- Figure 5 depicts the set up procedure of the nethod according to an
enbodi ment of the invention; [0018] - Figure 6 depicts the neasurenent
procedure of the nethod according to an enbodi ment of the invention; [0019]
- Figure 7 depicts the selection of 20 calculation points within a spectrum
I n accor &?ﬁ?eFithtehIZ% R ARRLN g%ahmry d?nvaefﬂk'n%@h frm%ma cAlbgsee 8
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DETAILED DESCRIPTION
[0027] Figure 1a schematically depicts a lithographic apparatus. The apparatus comprises:

- an illumination system (illuminator) IL configured to condition a radiation beam B
(e.g. UV radiation or EUV 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 positioner PW configured to accurately
position the substrate in accordance with certain parameters; and

- a projection system (e.g. a refractive projection lens system) PL configured to project
a pattern imparted to the radiation beam B by patterning device MA onto a target portion C
(e.g. comprising one or more dies) of the substrate W.

[0028] The illumination system may include various types of optical components, such as
refractive, reflective, magnetic, electromagnetic, electrostatic or other types of optical
components, or any combination thereof, for directing, shaping, or controlling radiation.
[0029] The support structure holds the patterning device in a manner that depends on the
orientation of the patterning device, the design of the lithographic apparatus, and other
conditions, such as for example whether or not the patterning device is held in a vacuum
environment. The support structure can use mechanical, vacuum, electrostatic or other
clamping techniques to hold the patterning device. The support structure may be a frame or a
table, for example, which may be fixed or movable as required. The support structure may
ensure that the patterning device is at a desired position, for example with respect to the
projection system. Any use of the terms “reticle” or “mask™ herein may be considered

synonymous with the more general term “patterning device.




[0024] - Figure 12 depicts the formation of a library on a fine mesh froma
| ibrary cal cul ated on a coarse nesh; [0025] - Figure 13 depicts the library
set up procedure used to produce data indicative of nodel ed spectra in
accordance with an enbodinent of the invention; and [0026] - Figure 14
depi cts the neasurenent procedure used to define the profile paraneters for
a neasured spectrumin accordance with an enbodi nent of the invention.
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[0031] The pattemingg devichnay be trgnsmissive or reflective. Exaznp?es o% pattemliergSt rate W

devices include masks, programmable mirror arrays, and programmable LCD panels. Masks
are well known in lithography, and include mask types such as binary, alternating phase-shift,
and attenuated phase-shift, as well as various hybrid mask types. An example of a
programmable mirror array employs a matrix arrangement of small mirrors, each of which
can be individually tilted so as to reflect an incoming radiation beam in different directions.
The tilted mirrors impart a pattern in a radiation beam, which is reflected by the mirror
matrix.

[0032] The term “projection system” used herein should be broadly interpreted as
encompassing any type of projection system, including refractive, reflective, catadioptric,
magnetic, electromagnetic and electrostatic optical systems, or any combination thereof, as
appropriate for the exposure radiation being used, or for other factors such as the use of an
immersion liquid or the use of a vacuum. Any use of the term “projection lens” herein may be
considered as synonymous with the more general term “projection system”.

[0033] As here depicted, the apparatus is of a transmissive type (e.g. employing a
transmissive mask). Alternatively, the apparatus may be of a reflective type (e.g. employing a
programmable mirror array of a type as referred to above, or employing a reflective mask).
[0034] The lithographic apparatus may be of a type having two (dual stage) or more substrate
tables (and/or two or more support structures). In such “multiple stage” machines the
additional tables and/or support structures may be used in parallel, or preparatory steps may
be carried out on one or more tables and/or support structures while one or more other tables
and/or support structures are being used for exposure.

[0035] The lithographic apparatus may also be of a type wherein at least a portion of the
substrate may be covered by a liquid having a relatively high refractive index, e.g. water, so

as to fill a space between the projection system and the substrate. An immersion liquid may




[0028] The illum nation system may include various types of optical
conponents, such as refractive, reflective, magnetic, electromagnetic,

el ectrostatic or other types of optical conmponents, or any conbination
thereof, for directing, shaping, or controlling radiation. [0029] The
support structure holds the patterning device in a manner that depends on
the orientation of the patterning device, the design of the |ithographic
apparat u and other . conditions,..such.as for exanple t t the
pat t er ni aﬁsé) b&@??l&eg}%? QUhErPECes it tﬁe \l)gl%rﬁ%lcé?? er ursn’rr?éﬁ?%) ampﬁégggtn%%%tp ?fng Fucture
can use gichgirbieaion sydenmUmmesdi@ciectmifuad dre well kadvhrein thd atrfor ingrehsbgdthe ques t o
hold the patternin %?Hvi.ce, The Sufllﬁegrt structure may be.a frarr[e or a
table, fOMCEGAARIRITE QIPrURCtioR Y iums | Relgrmy r IMHRSISIRY s 4 MERRiR 998 he suppor t
St r uct urfedimlyat @ Bgubige,ts0éH asta@bate MusIbEguthsedan liuidtbulrats bl thepdsi ti on,

for exanple with respect to the projection system Any use of the terns
"reticl gﬁa‘d’t‘lu’dﬁ%@%"eﬁ@r“@?% ﬂi*FaRfoﬁét“@éﬁg?rHé‘F%’ge ‘f}”ﬁ%ﬁ?%‘é&g TPEHt he nore

general [H@3dReRA{0 T Ao WeGRuminkB0B AkcelR6 a kRtidtion Badrh @bMITGdistem ce” used
herein shoul'd be broadly interpret as referring to any device that can be
used to HaSD: Bha waicaapdire hidwararhic APRATAYEATYT SERRrAE §NEICHSY-X@BPIFon such as
to creatg,a iabhLRE dnréx@inkfifagg%lng%};da%, AL sduh& iSHRATbARdRed th formpar! d be
noted that the pattern inparted to the radiation beam may not exactly

cor r esporfdhetlshagnaphitepbaretys prd theradiatipn bésm is arsgedt frgyo theisewrco POtnBesubst r at e,
for exa o : [ bddhd f QitpR cal |l ed
assi st ﬁgg‘?ﬂlﬁégm@lﬁg}%gﬁc&a b?%@g’i‘ﬁ’ﬁ%‘é@%g%‘%@%?‘ ’tﬁ)ﬁgk%ngg?’atliaon beam wi | |
cor r espaticcting mirpearanioub heanf enpetdendmbtheiagaess thesoarcd enay be ab ditegepl ppreaf ed i n
the target..porti.on, such as _an integrat Lr.cui [ terning
devi ce %E%/m%ggr??hé%%p ar'sasuls\/f(%al)r o P :laef‘%’léegtt?evsggmgsaarr%%%%rycl)%Q%;[%h £ g&ﬁ?eﬁl}? devi ces

i ncl ude amdstes]lupinagr Hiymether witlh the beau daivsty sastein Bivgreaywred ey bED panel s.
Masks are vveé)l knovgi ti n |ithography, and include nask types such as binary,
al t er nat TRYCORASETNTP SYSHY at t enuat ed phase-shift, as wel|l as various
hybri d nper]tThp @fmikilordkangyl @mpfiscanpdpgeanDebl @ljusiing tie aaguiayntenspy oys a
matri x arrangenent of small mrrorsg, each of i ch can be.individually
tilted Stagugtoa OP@F!”é’&tloahe?‘?r 4 Yf&@?%ﬁ%ﬁf%é‘éﬂ?ﬁ ‘ﬂ“eaf%faéf’cé{%’{t. directions.
The tilt@enMbAlY Hrerrdd D@ b-AtePakd Slithed, eseckiddly Pt inREAM disibutibn irsa 1 ef | ect ed
by the mirror matrix. [0032] The term "projection systemt used herein

shoul d rpBpisaeiPiihe Hiverpstetcen baadiesrdorddibionghaiiymingss lomay FEREE on
system J,nelddhd) goﬁéﬁgr{eﬂt@} du¥as dnGhleSGiol HEan LALRMERBL D Chh TREMBAtbCmay

el ectromagnetic and el ectrostatic optical systens, or any conbination

t her eof , beasedoprudtioratheradintion heene kplpye p desirgd vaiforavtylsad WEEngided, or for ot her
factors cﬂﬂﬁ?xt%ﬁ irwsecrgé_emafonan imrersion liquid or the use of a vacuum Any
use of the term projection |lens" herein may be considered as synonynous

Wi t h t hef0038] &hgemigatiah beaan Bhid pridpeoehiterpaggsingmtvicd a3 3pasisMAewbiclléni ct ed,
the apparajus,is of transm ssi . I . 1.5Si ve
macky ARE Rt Py it P D gl e ETR APp RS
enpl oyi Ngavingraversedihmbiteriing dotcedv A aite ailiadion e B passes througldtheo above, or

enploying a reflective I . 034] The I.ithographic ratus, may be of a
type havﬁqﬂlﬁat%ys(t%ﬁ’ ‘553@@"“%"% %W&Féngﬂtﬁftt?rﬁ%}é’%pgﬁme%ﬂ ggug)f%trte ?Vwo or nore
support With detail @3he sebdhdspeettionstPIW bl @sisibagasonTBchp nasntttieometdct i onal

tabl es and/or_ support structyres may. be used in parallel r Rreparatory
steps meFVIse [BspeneRficn uil BRFOGHET §7P2 P’%Sef‘éoé?’él?S&Eﬁrlagerta@ﬁ%qg?af’%gt ruct ures
whi l e ongoRb a@&"raﬁ‘elﬁ,té.?rso bl o sitiaNl fefen SHRPIoktichk CUG therpam d@itie radibtg used for
exposure. [0035] The Tithographic apparatus nmay al so be of a‘%&/)ﬁe wherein

at | eastbeampbSimiblyothe fird patitner BYenfagoths pe%W%aS%W%écl? 1544 4N ng a
relati V_ede}cﬁic_tydgthirgﬁlferlafédn\b% us Q8 hecubatdly pYidalthe SRtemingd ®vick MA ditpace bet ween
the projection systemand the substrate. An inmersion liquid nay also be
appl i ed respeeithéhe pathad the rhdiatidaebepintth e gr dlfshmechapisakratrigyal fogra B3npl e, bet ween
the mask; iR PhEEL| Shén hiBrRedupPbrt SSRREAUE Sh A 1R ritildd known in
t he artkillbgé}g’l(;nrrgrﬁreug%?%cgﬁtlhg%%%’er| cal aper;u%b of proj ecti@gn srystems. The
term " i i % oid"of agongserdkdimpdile (cdarespasdionimg pandtarshert-girgternpeduler@ne such as a
substrate, nust be subnmerged in liquid, but rather only neans that |iquid
is located between the projection systemand the substrate during exposure.
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[0036] Referring to Figure la, the illumnator IL receives a radiati on beam
froma radiation source SO The source and the |ithographi c apparatus nmay
be separate entities, for exanple when the source is an exciner laser. In
such cases, the source is not considered to formpart of the |ithographic
apparatus and the radi ation beamis passed fromthe source SOto the
illumnator IL vm'th the aid of a beamdelivery system BD conprising, for
exanpl e, t r I er cases
he. Sourea o, Shh RE e A pO AR B SR EhARIRI e JodRl,
exanpl e talleWTt hay Imogalczed usinga magsmolgc nheais. anfflaeh@'estr@@ n®0ulgnehitihrm

il1um nat t eliv £&m requi red, my
be referpraed)fth(g S%gngp?sémnﬁﬁ@glnstges%aéﬁ) a[sg §$r](esl'%pé° ngf 8%1555{]&? thFL nmay

conpri sesuppfmﬁdpuaxteel\ﬂﬁayfbercomﬂpt%tolamgom-lsmlaragmhm omlm,tcemsayﬂay fidedst r| buti on of

ext ent . (BHADARS PRV ped b e e ahent ot pilvaPne vaiepabfTbal 3y of tne

i ntensi tiarkl 191 FNDUAd Qibstrdle aligdtehd mak<awPie PofAltHoagh tﬂeumsnaﬁe@ngmaam be adj ust ed.
In addition, the illum nat o, IL may conprise varl t her c&g&ﬁnents, such

as an wﬁlaébsraét”&’r“rf‘tﬁfi a¢fPy dedisrd st p@ﬁonSrH@ymythﬁ ?ﬁa{e A0 §Rages €%d to

condi ti QgbiRrifoRditRdst aR KRR ks cAbNAYE alfendR A hads)UBinfiRFI ik YinanshsiiAt ensi ty
distribution in its cross-section. [0038] The radiation beam B is incident

on the patithenereHigndas fieds praviged omifie Rytterpns dipyice MM ShhBAE™MSRE doNiEe suppor t

ST UCT UTf@iofferl mark¥B3H Hedltafed Widveertitd dics. Patterned by the patterning device.
Havi ng traversed the patterni ngbdew ce MA, the radi ation beam B passes

t hr ough [0#39] ffh@ji@éﬁt‘idﬁpp@?%éml usgfhincH ldagicans @& the fllopengmedeso a t ar get
portion oo 1! he S%P%&B%%e\%e é{}éé(;he LRl T hd HRSUBGRASLIPIS &L pgpr PW and

positio sor an 1 nt ronetric device, |lInear encoder, 2-D
encoder esxentwdbatantltmarye, wglesio eitire phiters psttedtodhe raiaton\eandp pisiecied vl
accuratel 05| . N the path
of the reieeolionutieineRReh e fik bEpRRL vRE ARl BELbIRIP bl (0 T

posi ti on;hffedlsothe Kvdniloh Yi drectitn sexlmltadlffeteynt hegot mrech Cnaeregupeseﬁ Iaptepan be
used to a at el ositigon the ng devi to the
pat h of rf“hd% ﬁ“%ﬁ]iaé% el eBeXp%Sl"‘lpeaﬁea(f[mmts %e anﬁglgl %eWP {)I{agﬁglﬁp’?&gm a mask

| i br ary,in asingleklatigespos@an. | n general, m)verrent of the support structure MI

may be r ized with the ajd,of a |ong-st e npdul e (coar Qsi tioni ng)
and a sl{ﬁ&{l t r oke Iﬁﬁﬁat‘i‘lrﬁo%f‘ihﬁéuf’pﬁ%éti“%f"gﬁPﬁgﬁn,dqa%?u@ﬁmé%ﬁaﬁl]e?g{?reof the first
pos: tio g,eéfnn_E’Mynairlﬂhdlﬁrﬁ wmlerkaqméfg ﬂflpe@ﬂced ghme fadbisibfi Béatn ts@bdja:ta%nm\ym beh f
realized using, a | ogng-stroke mpdul e and_a short oke e ich form
part of WEg P§g’é’8r¢d(‘ Fosiing! %Wmﬁ\ﬁ‘p??fret)h@eé’ﬁg’él%?“d;‘{ rff’é%%%e sYesi3fp0sed to a
scanner )taBlQWTSx‘éﬁﬁ@é fo t§é §d¢$&xﬂ§tﬁ1c{\ﬂe NE B GeRARMEEHY the (&-Bhghific&lonoke
actuator only, or i xed. Patterning device NMA agd substrate Wnay be

al i gned 34 irpage pavetsak quawgtea@w gkthg progisHemty Sty ils Inscan gedg iy BEEEIMat e

al i gnrrerﬁze@{h'é%xfo%urel%%ld ihhihasafint @th%%@ﬁfséaﬂﬁiﬁ§@lrb@i@ﬂ?@ﬁthé‘ﬂfg@ﬁpo@@on
illustrated occupy dedi cated targr@ ortions may be | ocated in spaces

bet ween ip asigele dpeamip oxppsyre iesecas e lagdunf t@sscgwmga@om%te&mn@h%nt mar ks) .
Siml arlhyé @V?kg&%ﬁggﬁeétgnwﬂq&aﬁg{@rﬁ&an one die is provided on the

pat t er ni n terni evice ali %nrrent mar ks may be | ocated
bet ween [0042] Qi es. [Iﬁeﬁgpermedépswp@tﬂstappw NiTus ke ghsgntindly gtgdenarh at | east

one of t h dbr];sg?al prO%\rnartrrllg'bEB%g&ﬂleggd&Qfle g'ndl e ﬁlhogtp t%g@ WT Qemé\}éggpgctdmﬁ?tgr uct ur € Mr

and the's epf essenti a stationary, whi an entire
pattern wmtaarpmedn iropdrted to aelraalﬁatlombdmalmprcsecmda]n&m ezeoprirgoreCilatiget portion C

at one ti n iC ex The substr Ie W is then
shifted W?rg’etéfEf’r%‘l%%a&?‘B?d%‘?a‘i‘?“ StiBR esg?qtyﬁg%nd {he PropirEa pgar%e portion C
can be eaxpiosRupddied Strequikddfer chdhemomientoftisd snbstate thble Wk pas beteveéi el d 1imts
the si Zesuc?cfesssvre]:era(}latl pulseso (rh}r{ngrall soanI %g ?n%dé gf (%e%ltlgg ca?n l;setr dllly ap;ﬁgg% jyre.

maskless lithography that utilizes programmable patterning device, such as a programmable

mirror array of a type as referred to above.




[0041] 2.In scan node, the support structure MI and the substrate table W&
are scanned synchronously while a pattern inparted to the radiation beamis
projected onto a target portion C (i.e. a single dynam c exposure). The
velocity and direction of the substrate table WI relative to the support
structure MI may be determ ned by the (de-)nmagnification and i mage reversa
characteristics of the projection systemPL. In scan node, the maxi num si ze
of the gé(fﬁf)%gﬁb{nhf%nq aHi/Q? Vafi ﬁ&g th}gf[aIBO\(e' &sérl%@d Hl%@‘é&%@&%ﬁth@lyr ection) of
the targe ortronin-a S|ngFe ynam c exposure, ereas the I'ength of the
scanni nglififé¢nt orvdekedfesemmagsisd beeniydoygdt (i n the scanning direction) of the

t ar get iqn.. [ 004 3. l,n .anot her, node, th upport str. is kept
essent i Qﬁ‘f{?i 8‘15é?mlgﬁyg%%}%itq?gggogbﬁpglérag%%ﬁ ‘gAEf%‘% P ﬁioﬁahg‘géﬁg@@? Mglnd t he
subst r atlec, aBO bamdfies scfemadad 204 lihoeive tithobliubter, avhjghtatse inthidepapphthsto t he

radi ation beamis projected onto a target portion C. .In thi de,

gener al IASHSFTRIeSE AIOFSbIF a4 GRS S BF<HEs TPRctssn Py St e SoREeWoBEb A o

pat t er nijRGuddemé 6€mbe spiREBLIEE SB0 HEMNit & edistlay @] orRag horddea®pdrs DE té he
substrate table WI or in between successive radiation puls %gri ng a scan.
Thi s nodEveIr eperedrssish g AT Berechdliss %6?4%%8‘%@@8@?5%& gr aphy t hat
uti i zegyRERQHANBPES PR RO PRKNE) A8MkERe froMGIbudBuButoRS /BNTPRGL, endvey I OF
array of a type as referred to above. [0‘043@&)' i nati ons and/ or

vari at i dhketwsen theedifitrenteorreresscer isescndgeldsrst togkeloadingbayi e pitheli £ f er ent nodes
of use Wog?alpglg aﬁéarﬁ@&ﬂé’s%%evil;&%ﬁilsh é%o?t@x@%lebtﬂ/e@ 1QRE8d &as th¥ack ] t hogr aphi ¢
apparatus LCA'for part of a lithographic cell LC, also sonmetimes referred
to as a ardundouhé fontrol ofia thasks benttobynit TRY ethick is dselfrontelled by pisaBIVSY 0 per f orm
one or re- - : entionally
t hese i gg'lgtgoégysger%ggg’ Vplng%algag%ﬁﬁ‘@%g{egﬁ@%@ﬁﬁgpgﬁﬁﬁzﬁg aglto?%}gﬁgf Igyer, one or
nore dewaltbpéis This, the ditferett@ppastposatbea asiatad to ouwinoze thsughpyhidd  pl at es CH
and one or m)re%bake pl ates BK. A substrate handl er, or robot, RO picks up
a subst PRESES) lci’leﬁnr%'t/out put ports 1/01, 1/02, noves it between the

di f f er erjo043] bceda tha viecsebstatedthal éd dxpesed by thetlshdghaphicopparatys baypdsB! of t he

| it hographi c_apparat us, These.devices, which are.often collectjvely

r ef erre(flg'irf)"ﬂé?g‘ﬁ)ﬁ@sﬁéagﬁ%,n ‘éﬁ%“gﬁa}é’rmiﬂ%t a@@ﬁ??sgﬁq subptrale {E)rrgec ur?:%;r’l fol "unit TCU
whi ch i sndré pebértiedntl & dvedaperrdr berwserpaibsdqaar Yayesnlieahicknesd, eriticdCS, whi ch

al so congrols the lIithographic a ratus via lithographic contr uni t
LACU. THiensioRgC ?’fefcepfé’%lerrarplﬁé?tﬁ‘g apadjusgmens may he dipde go HEKPARUTE"t hr oughput
and pr oGRs &t Mere@hbseGicanEPstradd0ckpdcidlly iDthel @ispdchiad cdnf detbsion ahefakthat i s
exposed by the |ithographic _apparatus . stﬂgﬁ%gsed cggrrectI%/1 and

g
consi st eApyah that finqt%erd%‘égﬁﬁtéﬁf@etsﬁ“‘? PrideE ¢ SPRRsEd it Y t 0 neasure

one or NRERePLBBRIE IBY bS HEPpRAINPWAIRY (RlimBFovB leng BRdiseibaauesdby | ayers,
line thickness, critical dinension (CD), etc. |f an error is detected, an
adj ust maneiding perfermingiu YEoB Expubiita Bt DOV ip (I UBSEH TS S ubst r at es,
especi aldh) dfqe ket hBIRRSLH QLGAR PERABNG MNP Rt AR ve adhed bal anot her
substrate”of the sgrre patch is still to be exposed. so, an already
exposed oslist rasgee portignshehich 1 g Aapilierrnonpbikids (rasaptippseding ofd el d) or
di scard | g £ TG AN SXRARH & QRGBS aRbe that is
known tgg%sga%ggﬁ%@?%%%nglgge}%é\%e(gre onl y s'%(re_ tar gét port ing%s aof a
subst r atadjusteé tof daurlpeysateeforf sbstate-toesupaster@ marjatibe reselting framdholithgeramia hose
t ar get po(gcti ons whi ch are good. Another possibility is to adapt a setting
of a subBSEGUERP process step to conpensate for the error, e.g. the time of
a trim goeis) ahespeaionappadijvis ied tb deteatipensat eofaoproputistof atestrgesubst rat e
D var aé%cli glnparrtlec%}]alr,thlon onfero(r)rr}lﬁloagehp?oplelrtgers]%ggli%%rheln‘f: su LS d&f’e(rae%t layers of the

same substrate vary from layer to layer and/or across a substrate. The inspection apparatus

may be integrated into the lithographic apparatus LA or the lithocell LC or may be a stand-

alone device. To enable most rapid measurements, it is desirable that the inspection apparatus

measure one or more properties in the exposed resist layer immediately after the exposure.
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[ 0046] An inspection apparatus is used to determ ne one or nore properties
of a substrate, and in particular, how one or nore properties of different
substrates or different |ayers of the sane substrate vary fromlayer to

| ayer .and/or across a substrate. The inspection apparatus may be integrated
into the |ithographic apparatus LA or the lithocell LC or may be a

st andal one device. To enable nost rapid neasurenents, it is desirable that
the 1 nsRegl oM @RA. § A4S iTROSLL RS BT G R ORELLL 67 hQed RfrafxpPOSEd
resi st layer |mTe e exposure. However, {he Patent image in
t he r esidsffer¢érgs lrerefr@’nye inglex besweenghe part aftiles resistovhaehl has deapeaxpossdrtd | di f f er ence
inrefr . -he_ resi exposed
to radi gﬁl%ﬁ)%gllﬁ&;{ﬁg ﬁ 8{&,\%‘5% hg%d nﬁ)g% h 1_n9 eﬁé&n%ﬁp g%h’léthf“\r;lgsyugﬁ}t%ﬁg%ngg9§r atus have
suf f i ci enmakeussful measusenteots ke latsreﬁmdgerr’ﬁl&mfmema'sweméntst ey bcatnleamt i mge.

o ch | €Rg G BirkPRg e hueriopat BN Bl P ok SR bt el Xinci rat o and

i ncr ﬁas%Spds&ﬁs@ﬁrfftd’ﬁf&ihndi’&is&iﬁﬁﬂccﬁmﬁﬂ$)€tﬁl€&ﬂd(pb§bﬂ>ﬁﬁ®ﬁﬁd{pgﬁﬂtp8rtﬁftﬁdﬁe Ire3| st.
At this stage the i e in the resis e referred to. as sem -l atent.
e areht et B 16 haten bqeti BH ne SITneS HEV UL SABE: <t 1 mmoe - at

whi ch p@giibl@iotrke nicRsir@XesTtheevelBRXNRESR tnfR 3 waichiom Eigkt Gk have been
renoved - or after a pattern transfer step such as etchin The | atter

possi bi I¥Rged ?rmnts@%waﬁéggﬁherqswt Rave geenrempyed d%‘raﬁelf@aﬁfﬁtwg@aﬁgw% e but may
still prgy ag%tcHﬁngHe 1hiR BEIREILCP Nmit®the podsiilith & rBWER QT E Rty BiREAS Butcont rol .
[00471 Figure 2 depicts a scatteronmeter SML according to an enbodi ment of

t he i nverpisthprovide senfprinfenationys-o fershserrpesiiof BropesgRenrol-adi at i on proj ector 2
whi ch pr[@jﬁfp%u]re%e fc{s%rkc ‘i‘&néi‘er%ﬂ)?lscjlcrc@ltd I%QO al Qfbdh R oF & ifBRHAL iton 'S
passed to a spectroheter tector 4, measures a spectrum 10 (i.e. a
measur ewemnprisss a proadhasi (\yhltﬁshgét)frmton ore mor\?«awﬁeﬂemgteht)s ragfiatiopentg gecul ar
reflect g&l?sﬁatglsaﬂe%ﬂ L PRl o b cRbRUEL & Rhief Sl ui ng i se
to the ect ed Trum may be reconstructed by processing unit PU, e.g.
by Ri gospusu@dai. eed mbaveerﬁmwabglmtesmam arfigretiba nfeaaveteegmee@hewe@rlarby

conpari s ibrar t om of

Fi gur e é&ﬂefzted rtha%Pré IPQ ‘[]¥ls ?aﬁa %?eggrga&é% ?F %é él@*ﬂ%?lségﬁgggﬁécgetdaﬁ]&?%

struct ummylbs rdcnnnmuctamdy 5mmsmgnmnEUeer§ barmgmsmleﬂrMem%edge of the
process %/ which the stbr uct ure was ﬁjd gaw h g{harret ers of
the strd@ E}P"earfeé"eﬁﬁéo‘a%rt 2 R oR MaTh & Pk ehy Y ﬁéP? a&%ﬁ oW ¢h a

scat t er ooRdne bf Rigyre REInGRAErhIY ot @it r%nﬁrd&ﬁbﬂ}ﬂiegcﬁﬁaﬂeﬁﬁ ef the aﬁacerrorset er or an
obl i que-inci dence scatteroneter #‘(1904%]}' e scatt ror?ﬁ e'h SM2 accordi ng
Lo an. eBOt HETOS PERET RO e KhrolATEen Qe Py WHA WP s device, the

radi at i @Ruddirk Washadry 1eraa;elg 3hlyQITe's pata@eter of SefsatetaRdo US AGnliRASroByHE em 12
through interference filter 13 and oIarlzer 17, reflected by partially

ref | ect SSASCSHEry data. 1%‘%?\6@“%”@6@0%& b Fndieuish @t # BeEalynGidencs ni cr oscope

obj ect ‘é@attlex%ﬂéte;én aanUhgﬁb ﬂ@@exﬂ;e'ﬂééﬂt‘éroﬂi&@“ cal aperture (NA), desirably at
least 0.9 or at |east An i mersion scatterometer may even have a |ens

with a M} Ae@therégewfqmeéeréma%ordmﬁéo pregmbadiraent pPRUE AVEHHHEWMI i Ans i t s

thr OthF%Fetj ) {n¥s deGick &6l }aMﬁtlérPEril1%8@bylr@dfaﬁélpso%réé9t1@%09§ed%@mé Rnorder to have
the scatter spectrum detected. The detector may be located in the

back- pr ejsta dithpugh intgsfeaense filter Mind Rolaszead 7 trpecteddalpartiglytailegivet he | ens 15,
however i . b ptics (not
Shown) | SitiGe Fifld s RRE SR bR RLP G BRABRM Bt bhleie £ P5 080)
A ref er bizbauivedenl alsertefet(elm)mmblbf @ﬂeaeb@%m a Jeastd). Qﬁemummetsm intensity of

the inci &1 tFromef’ier Pflgc\{en have a P s wﬂh 3 8umerlc%l %}?ﬁurre%ge ']ﬂ@ re‘?ﬁ@?&g&ﬁ%&? I dent on

the partia Ve slrfade ransm rough the
sur f acetlra tmnmfseMmmmmﬂnmvmrfacer lefimto@nieector £ 8 drordet to Hdve threef er ence

beamis then differe of the s t
(0050 extlegPEBETa iy T defhetr oy PEMeaBEpEbachafoiSBrEr g e 2L, "2
wavel enghlthef atitii o8 Sdngihrbf the lens 15, however the pupil plane may instead be re-imaged

with auxiliary optics (not shown) onto the detector 18. The pupil plane is the plane in which
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the range of, say, 405 - 790 nmor even |lower, such as 200 - 300 nm The
interference filter(s) may be tunable rather than conprising a set of
different filters. A grating could be used instead of or in addition to one
or nore interference filters. [0051] The detector 18 may neasure the
intensity of scattered radiation at a single wavel ength (or narrow

wavel ength range), the intensity separately at multiple wavel engths or the
intensity integrated over a wavel ength range. Further, the detector may
separately neasure the intensity of transverse magnetic- (TM and
transverse electric- (TE) polarized radi ati on and/ or the phase difference
bet ween the transverse magnetic- and transverse el ectric-polarized

radi ati on. [0052] Using a broadband radiation source 2 (i.e. one with a

wi de range of radiation frequencies or wavel engths - and therefore of
colors) is possible, which gives a |arge etendue, allow ng the m xi ng of

mul tiple wavel engths. The plurality of wavel engths in the broadband
desirably each has a bandwi dth of 2. and a spacing of at |east 25k (i.e.

twi ce the wavel ength bandw dt h). Several "source ",of,raqi tion may be

di f f er efi04Plop refergacedram s fiepaitse @rﬁé@i‘l&?’it‘bﬁ‘e%tﬁtﬁf‘e‘“@ﬂﬁ‘?‘%o HE?/‘&C‘H%% n split
using, & dehtion. IR thiQUNEh 8 radiBtidl BelmaihcidBit@h td iy eehles 6@ dubficeSipect ra may
be measured at nultiple wavel engths in parallel. A 3-D spectrum (wavel ength
and t wopait pfieis drarsmitiey thrpehihy sn%aq@@aé ERfeEnce Rse Fo VBt AE FEENRDIMETI nf or mat i on
than a 2, Ih3PGGLsdiBean N fehrofRiRd BR6S diffdrQf PRt be tindRd¥RASHr €d which

i ncreases netrology process robustness. This is described in nore detail in
U.S. paltid] @ppdrinecae interfepaniot filters il d arepwailabls to et vewdamth effintekstdbcunent i s
her eby i,ncor { N.d j f-ape f the
ot tor SRIRIEREE FuEdo! Dol g BONGh Fier Ml £ A0ER6 LR 1 2t ng
whi ch i snapbé ningldle satteh thahadmprfisiey a geofliffpamifilterst Agrivmeg soald de pgdned of solid
resi st Lipqi. The(@&rs ma alternqé*ygkgﬁpgsetched into the substrate. The
target PRICELPIPTIEAGHIOLAR PO B BRLIFTNE S paramet er of interest, such
as focug005dpsie;, dever | Synay efenunathe intaldiey ofscatened mdittiva dt psiglgr aphi ¢

projection apparatus, etc., such at. variation.in t el par anet er
will naPﬁaf’eégr{%Bhér %’iolwa‘f’?v&}?n?'?? T rﬁ"gg Iﬂ}}e’l PRy Sy a‘i’—%{}l%gf;?e\lv r?%%‘[lgl?gtﬂ%shog t ar get
pat t er niHEEyeRay $RESited Mer h Svacdlenpittahge. Aveler,ahd dueciar nidyaepardtéipgr aphi c

projection apparatus, particularly. t rojection ste L. an

i 11 uni nSEPYF w‘FéltSlﬂyofgwaS‘teFﬁé ’%géé&?hEﬁwg?n%k{?l%ﬁve&ﬁéfe}(%‘f’i @r‘?@\RP‘FT‘Z%am f est
itsel f iddidioN aKd/@tthhabd dittBRndY tefb R tHeafagSlersp atapRdtit- arkCembetirsegl y, the
scatteronetry data of the printed target pattern is used to reconstruct the
target pletiePplarizddad@iofinet ers of the target pattern, such as line width
and shapgsaB¥inP2bloddWahd Féﬁia&i@ﬁscﬁ&é‘éﬁ‘?krdﬁ@m&!& WO LRSS of eikfien med by a
processing unit PU, from know edge of the printing step and/or other
scat t er dreiengieparowesisesshs ﬂ@SﬁerEﬁ%BCﬁICRENT}S[m’@%ﬂFW C}bg‘f"?sra_slﬁrgérrbodi ment to
be descjhad, iRl it ﬁ‘ﬁﬂi%{ge?ﬁ%{iﬁ@ WERLIBQhs! ?héﬁﬂ@r@li&gf:\j@e@éﬂgﬁlﬁ it e val ues of

the structure paraneters of a neasured spectrum epicted . in the

over vi ewrcstiguh disirably geahehag a bmivadtk ef Shindisrspewerfat leefi@ohfiien@yigedh® conponent s
of a S?Rvagglen%gzdo%lngg'dﬁﬁ%eklgﬁl "astoux%ess’%lfﬁa%a gn ﬁl%/ bﬁ&if@f’eﬁpﬁdrﬁ&is%@hﬁt S are

determ ned a 1Nt he measur ement procedure,” the principal conponent

coef f i ciertpded sadintios sdhraswhiblehbadeen wfit wing ¢.e5 Gbénbandeobedisreayt ngledent i fy

t he val ues, of the structure para rs. ec 0055]

et or 11 AGONGHoAE SPeele Ele e aea AR AL e PG R A Y O

det ai | . (Wavekhgtp afbvoadifferaixemngiet) paydfei hasyed, avhitheostais encseinéemetbnt o f or m t he

basis of th ectrum,t.o be nodel ed. ampl es of such, parapeters are |line
wi dt h, Fﬂaﬁé%rﬁ?@@ﬁ??m&a% WS “é‘f’f&rngor E‘)B(rh{ér’pﬂeé‘%e&%‘tr?ds‘fvg‘é% Cre’°ra§’§vi th the

t hi cknesudlbg) Pocdsd Adibiies8grtisl desribarid nidhedagql indas. pansipplitsioof material s
which interact with the radiatio eam 2.shown.in Fiqure.2. The.val ues of
each paPapHsalgn QooUﬁgp%'QO(%ééié@l urﬁg{}téﬁ&f% ‘%Qﬁﬂj@éaq%élg e YW ect ed. The
val ues ¢agef@rma regular nesh but a nethod in accordance with an

enbodi nent of the invention is not Iimted to the formation of a regul ar
mesh. [0056] Turning now to step S52, a set of spectra on the basis of the
coarse nesh paraneter space are calculated, using a diffraction nodeling

al gorithm such as Ri gorous Coupled Wave Analysis (RCWA). This algorithm

uses know edge of the optical propert2zes of the materials used, which may
mean the values are estimated. In order to describe the spectra accurately,




typically between 80 and 800 data points corresponding to different
spectral angles or wavel engths are used to descri be each spectrum [0057]
Referring to step S53, spectral analysis, preferably Principal Conponent
Anal ysis, is then used to reduce the amobunt of data which is considered in
t he subsequent iterative procedure. This statistical techni que uses
spectral basis functions which are determ ned on the basis of variations in
the cal G 3 RPGL BRI AMIEE e MRl ER 32 ord05n LESHIL Wifhaf BLA €5 ON Lhe
principl'ethat alT spectra in a set can be eScribed as a sum of a nunber
of pri ngrpak whahpopréamddssuelatht afer ihvelgpmiemcihp dbrs eefporednif soliesisidinésor each
spectrum,a.particuyl ar. weighting.factor, th (S rincipal onent

coef fi cinilélﬁtb ars ﬂaﬁé‘&ergﬁg\é\grbgle&gﬁ‘gi%ﬁlg s‘fbétéﬂ?‘i?‘%‘ﬁé%g%% " E&ﬁ?ﬁngoer%)sed i ncl ude
][:ouri er sarrsa%vysd sSparirﬁéteri’:berﬂa@itriﬁlbh 3£ﬁtﬁs€d@6;&ivérﬂay, cliromatiy shekaiionin the Zer ni ke
unctions, for. an angul ar resol ved scatterongeter. Principal ° onents
Anal ysi lipgtaphin PERIRFARR aRparaationdicp iabyarabian wieg sk PR YOh ¢ he
conponenaifidhs vA@tiod @thERaledRiRbd. Eatdxaiplt NBe GARPRARM Bapbescafivrtei ned in
order of descending statistical relevance. As a consequence, the set of
full spébiomsticaherpongadhe ithegraniicRIPISEHANAPRFT#RS. BATGUIATY thePFAdifinber of

conponent gem ¥E! an@ MAnNBER!sLRRREY b¥Ethb PreddcO8f RchgbdtiolwlMRAfeltechni que to
determ ne the relationship between a I'imted nunber of coefficients and the

spect r a itself & asieriatiqnan 88primigd iraf PAGWN tArcmidinghe the scatiseomeysiaiedhit procedure
of meas ;ihfegta&%% SR S LobnIRECHE t ePhatiRrrS ¥RSh A AhGeRR b depd i fyi ng the
val ues the stFucture paraneters of the neasured spectrumusing an

i t er at i pattgyn.codchsdiae bidtk dndihapy evty be inpytiel tereemisinestioh erasedsrrerformedc onponent s
deri ved | | i e ] a radiation
beami s bg igrp ggcltg Se%%tcl)lﬁt{% dt?ﬁg&gﬁggsvfefl g‘?%ﬂggbrlﬁﬁ@gétg% grgﬁﬁ?rnmii:él?gs%%ﬁggﬁ g%ove, to
produce peocksstd. spectrum neasured over a range of wavel engths or angl es.
[0060] In step S62, Principal Conmponent Analysis, using the sanme principal
conponents as those derived in the set up procedure described above, is
used t o File$T ERIBOTEMENTCI pal conponent coefficients of the nmeasured

spectru 61] In step S63, C ari.son is de . between. t.he principal
conponemosgggﬁ%réﬁ eé’?'hogmgelm Qﬁ’@%‘éﬁ@%@ﬂ 1t§‘5ﬁ¥:etstﬁﬁrg€5ﬁg’o ﬁseusggfoclg‘f%‘?yed spectra
bas eg OfthedvafiRt o1|0tf1e pfictigd ﬁh&bm%t%p@ﬂ gmgsuesaﬁbédminems dephbiedin ths @ve‘wng ur R based
on the princjpal conponents derived in the set u ocedur e, is then

pr oduceshey i infdguredin g et gaPrredi ity I?rfnélpf)]acrog’rpﬁ't‘eé‘%sggﬁfsett ‘%g“cﬁlﬁﬁ ured spectrum

on the RAGHS adf sclcBRd SARK SRS PoRAl RBI@Mmsned bADHZhe MBassieRfenShdceettrey at i on
bet ween the paraneter values I's used to refine the search using hetween 5

and 20 dpringigplrompprant CsdlisniTATGITeH 2hiig dpdyoha GERIVe Propsrddepiili ent s.

The out pad v Qes bithS stflcPe patarhQed SF tHREnARN& peGHnAt e profile parameters for
t he measured stpectrum ) ) . .
[0055] Reterring now also to Figure 5, the set up procedure is depicted in more detail. In step

S51 a number of profile parameters are selected to form the basis of the spectrum to be

modeled. Examples of such parameters are line width, line height, sidewall angle of the
target, together with the thickness of the underlying layers, and the optical constants of
materials which interact with the radiation beam 2 shown in Figure 2. The values of each
parameter to form a coarse mesh parameter space are also selected. The values can form a
regular mesh but a method in accordance with an embodiment of the invention is not limited
to the formation of a regular mesh.

[0056] Turning now to step S52, a set of spectra on the basis of the coarse mesh parameter
space are calculated, using a diffraction modeling algorithm, such as Rigorous Coupled Wave
Analysis (RCWA). This algorithm uses knowledge of the optical properties of the materials

used, which may mean the values are estimated. In order to describe the spectra accurately,
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Wi t hout the necessity of calculating the coefficients of the fine nesh and
perform ng the conparison for each fine nesh value. The use of Principal
Conmponent Anal ysis has an advantage that the differences between the val ues
of the stored coefficients and the coefficients for the neasured spectra
can be nonitored to detect "out of range"” spectra to exclude those spectra
fromfurther processing, preventing the risk of non-converging iterations.

[ 0063] When iteratio trate is used to termn he, profile

bar st drBcyfdebisey 8 wiboh sl it e pubinen SR e LR FeBour od

spect r a,wBledgths drk et eslddtrimasacioépeciaeh.f i ci ents are needed to describe a
spectrumt hat bel ongs to the spectrum spacglysggianned in the set up procedure

as t her d09¥/I Refermingdp sier Pat-ispirtBAnpky sl Rreerably Coafiphiiommosc i iy He Spect r al
val ues aherARYd RbdHcS the Aol oFRGE WhitRis JAAGHEEPrahe §bkeRBmNterale Of profile
paraneter values, it is sufficient to calculate only the sane |imted
nunber dFogserat Khiptatishieal eghgveurseaspectist basisfanctipyeyviich ge detgEningdiar rel ati on

bet ween tw@dsg%@g&rraao&pg xﬁe?kﬁlcerakelagia&tﬁh gfogﬂ&‘a@x%&l?s@ THEL LRI R elieI®n

coefficients. The coefficients an rincipal conponents may then be

used t o thepinsinle thettallishecth i ¢ s¢f gerche deagribed ag hamcofgsaimbgr of Arineipplar anet er

val ues. U - Ar NGl gukgguction of the
nunber é:;gnlgg%egts:%gfh p0|e(r)énsn%|[pﬁﬂfcdh“§)%h%nge: @gﬁ@fﬁﬁgﬁdgﬁg\ﬁ?%@ ylpllﬁcal ly 20,

Wi t hout vheaghiting facwr.gbdtéca prineipal ¢duepomers toefbitievadthersypedtal atalyseitephsiqads t he
measur ed ,spect fum an avi t o di val i r i | t:-he ot her
| ess rel%}{}cgln%ou%igbretuée of afl %eelpoglﬁlgﬁz?nrah%%?%gﬁg%ftpa'afgéraﬁfrlﬁgf ege(r)’vnf/P %Ibg‘%kéogv nprgur e 7,
due to tZeenikafubhctiongtfortdnengdbrauicited deatpmatetea PaineipelsSempanants nalpiisiasf r ee,

they can be very .accurately described, b limte af ,princi pal
conponerdt e st AL T By ARt rse e P Tob AL Safisth w11 be
used, i tapplicati®i theeaRsshality ateQletahined At @ddrbeddsedndingpedittical fewarab | Asval ues of
spectral angle or wavel ength in qrder to determne the principal conmponent
coef fi ci°8ﬁ5teg“et“86915@ S dc‘“'?goef’%?)?aé‘ «Sglfscé‘ WC&%P%&:%&%}H%bﬁ&*ﬁ?‘ﬁﬂfﬂ%ﬁﬁ%’?ead, it
i s suf ficein@bientsOY &@hEiGEr AR usthe 8 Ragd hatwod@tiasquero wavelisnpt h. 1t has
al ready been nentioned that the value_ of a sggctrum,at any point can be

descri bégtatislip hewigemg Bmjfedgunber pheosFlicieisgnd HEisBsPU8fn 254 i t ed number of

conponenphess) Mgt dde B U¥EISE 6,3he BEAsBRIRA PEIBIS of Se@lrih@Ms keabaiddletry O t he
nunber of conponents, a é}pseudo)l nverse of that linear relation can be
8

cal cul atseeptrums aguppate ap ilepdingtenvabics pHES ETUshraPPTFHES of e atEy may be
opti m zede W3inGind aH'it}ér%ibr{]ng&ﬁm'Bagé@on Sl Rble@Dsiff tHeh@insipact ral  val ues at
20 to 40 data points may be sufficient to determ ne the principal conponent
coef f i cicempenesfs deadvedrin feispiap rrespdwisandepictedy each spectrumin the set.

[ 0065] K : re i i ; : qy%p of the

cal cul at[gﬁﬁigne%pfgﬁﬁra&t Oenet;elr?ﬁ 'S ﬁpb%fg%a dg%et(%% %{%&gazg%ﬁﬁ %%%f&ipgn ofe t he nunber
of pri nebpa, toaquodoeae fitlsspastaun massucdpvire reegsof ivapetendtisorpigless e where t he

bt woon U AERELTSY Bl EPbubtaP AR Frip AERARCER vl IR 6 on

li mted timsaldedvedfin the setap padcedwapexsbddsapoves dusaitotderivrthapestahbl e | evel .

[0066] It will beﬁagep eO&i ated th ts \A@Lille in the first enbodi nent, the
i terati VEMBPYEELSIC n%e 5 e USH kKR " Basi s of the principal conponent
coef fi ci[end1$ In é&keS43t @ c@hparBopisaeld beteveeratic patoipapbanponent epificienaotal cul at ed

on the basis of the coefficients. SE EMBODI MENT.[ 0067] I n accordance
wi th seddnlcREd spAcm & B‘Gicﬁ’éH‘?‘Sdal?e"‘trﬁEaSFmﬁﬁt8%‘%&1’5‘? ?Jé‘fﬁoé':‘%ﬂ% dat a
reduct i QBefiigich9WRicAQEL Witdrh, Bah&l dd thE plintigetonmongitoaativd ¢ thd b uppectra to be
stored in the library are calcul ated usin node ed on a nesh of

: ! g,.a | b
differ _erPFOC\?Q‘Fr&é@‘“(}Fe’bW@d‘&?FS #rirse s of devedrplisrriamefsst ofifht ‘@F%g,“refior_ exanpl e
line W dblo9f dnliBe $R1:9the bh8e MRl kAIRYs. Spectra are used to derive a set
of principal components, using Principal Conponent Analysis. In the
par t i cullB#62Zhbpstercitiitsration bgieveen Be paBmelpr Eaé@étlsr%?d@‘]eflﬁ*ﬁ BFAEBUSHE pri nci pal
COMPONEIRLyd: 5 8l 41 &lPlind BorBOGRAPEIPABIISPRRLS Uk BodihGeigtrrel st or ed
spectra wth the desired accuracy. Typically, each spectrumin the library
can be detput ¢fishid stey isdo Hefirsamore eedyratepriobls pefametersy fopthg mpagired fpectiih st 10 to
20 principal conmponents found by anal yzing the cal cul ated spectra as
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in the first enbodi nent, each principal conponent being weighted by a
respective coefficient. This is due to the fact that only a |imted nunber
of profile paranmeters contribute to changes in the cal cul ation of the
spectra. The coefficients of the linear conbination of the principal
conponents are different for each spectrumin the library. The principal
conponents are specific for each I|brary and have to be redetermned for a

i brary bagse on dffer ro Ie or rent. s rofile
parane?é?gl F%EE S %?%9§§@8H% Sﬁpﬁﬁﬁﬁ géeﬁﬁﬂ}%ﬁwﬁ ”ﬂ“%ﬁ% overvi ew of
t he net hibdlpsmwfﬁorl e@c}FﬁM@hgalfuBWHanlsef)@ﬂﬁrﬁ@iﬁ?l@tﬁﬂiﬁon@ﬂ@fnfal}@ﬂs am ﬁdof t he

ri nci pal, conponents _derive rom cal cul ated spectra are stored in a
|pl br ar5 adWrE‘gélé’Ff e@l‘fgﬁﬁ?@e%lk?eé“’??ﬁﬁlb%‘fa@’&s ﬁf tﬁ‘ﬁStf’W CB?f%WE’i’tﬁéerst%%nponent
coef fi cibffivieRds fériBe H8d¥BreRkpddfrh B beGRSTHNBRANS Set&t “dut TRASHE BfectRESt r UM

I nstead of storing full ectra with typically between 80 and t housands of
i nt ensi tSrelidg thess sseﬁtraémtfﬂb?ﬁpa%ceﬁwgppli%frnﬂag fisiisk REPRNSCONYIENE sufficient to
store thgrsghs. 0f, for exanple, 10 to 20 principal conponents as discussed

above in relation to the first enbodinment for the library as a whol e,

t oget her[00#3] Whenean dtgretomsiraingy iofsed ipedetarming tresprofile parameiers that givedhsect r um

[ 0069] | 10, steps
st001, ST en SRk Bnbh ORI ot Toly AR RS O BEERS T, e cer
up pr oceduneedsttodesciihe Fipgairen Bhat bidewes & the speckprosp@eopennedin thawst et i on of
each of [ . n the
sot. oty uRear R o AR RARG B el nE Bhd AF o Rl SRRE A £ S
partl C ul printssip elot spetruinn Thérefos® for eachesesdfqrefile bm‘ametacvmlw[s it heuffipesttoa in the

library 70 t he .neasure cedure, .as illustrated ip,Figure 11,
st eps sff% a r%’hlyéliiﬁ’?’%%}“é‘?g efr‘i’g 0 g‘?"' SBECLE e%&é‘”e?” Oﬂth

measur enepir rﬂamﬁﬂjﬂ:wv@nsﬂmpﬁctiamnﬂ:t}@lpﬁ‘lﬁc@al cbimpeneats to etertreqe t3a103 a search is
done anong_t he nc nent cQ efficients stored in the library, to
dor ve hEE sl el Bien S AU PR REDG G Gebr G iy Bl bESec fatEnbPecy o

par anet ersfull@pectif fHERS Uid3eh pRaRtpatifeter OAdds] Thus, hit @ Shiiddipali f required, a
cl oser evaluation of the paraneters can, be OE}% |ned béﬂﬁgter oI ation of the

coef f i ciCeRPenenis aflpws ThFB‘?déEFSP“dECtﬂ@/S’e‘Elﬁ‘bﬁb%fﬁpWa QUNtyin e AHlatns{q | e

par amet Q&pan?lPQﬁswnl{oQ@l?%lng%@ sE1¥R oAly RIS A3 & ald sFBctfaﬁf)(ﬂﬁt@ BEBe '&r@asﬁlr@lur es 7 and
8, the cal culated spectra may be very accurat descri bed alimted

nunber SPEGFHMAEH baYlng:Wﬁ@ﬁta@ablﬂMPtha@t@hmﬁh@deﬁsrﬁe}g@nbmﬁ@f Bal
corrpone%gctm ch will be used, it is sufficient to select a nunber of
spectr al ?I es or wavel engt hs where the spectral val ues need to be

cal cul at[8ep4] Reeingriesr At &iguet 7.glap kcthe Brcpibatribacalaylagd spedaressstitialo t he

number qf; 59 FIDHSLS be Lé}g a&,ruraﬁ‘éﬂl B@skrl&grwgqud%gﬁ%gﬂ df 'pﬁﬂ&ﬁa can be

cal cul ated using“a |1 nea ation, the"(pseudo) inverse of the relation
bet ween comedifentsi Hamisg @ﬁ@mpééhqsaprm&wm egmprmenth @hishpyoll he gsedTihs nainber and

posi ti Or}lec?esﬁ%ﬁcﬁlcﬁ%{eqhgﬁhlrﬁhéctrla%rb al‘i‘%&t&?aﬂﬁ@%&r&%ﬁlg %§ hﬂgdé?l'.t&' voting

t echni qué Ion o & Spect ues at ata poi nts may
be suf f ideieemine tha pcﬁetxpalmompoﬁdnécq&fﬁ%spalbe usmp@raerﬁsemowhfciabhlewds of 20
princi pa en each spe 007 hod where
by RPSEBR G ST aRte S poiRs o Pcd Bhais’ G lRE RS

coef fi ciafrbidy mmmlmMaﬁme edlid (ﬁﬁaSIpédtx)urrCa‘tea)t poiat dah be desyrilgnd varyf i ne nesh, as
depicted in Fi 12. F s st | S12 | i brar nst ruct ed using a
conr s gt BiaJert saib vt TR RE0G o rep Bt o Ber B R LT of

det er m redctbdp&fite B abld@2qual hﬁtheamqbatoepom@haﬂa,,a (bscutibyevelet ef thitnmeiron of the

limted nunber of s ectral poi ntsé) be LCI% (51 further ca uIa |ons. The
next st éplatiogrsphe c3 @Jl%tﬁie T pembet@pg Rosgiont AR tocks

c OeL fi CioBhhHe@BsiRgShilvb@AkcHIREE. QMuMiDn bPthe rsﬁe@tr@l valueb @mw 4@fiatéler y fine
nesn.
points may be sufficient to determine the principal component coefficients of 20 principal

components for each spectrum in the set.
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[0074] It wll be appreciated that the storage size of the library in the
form of principal conponents and coefficients is considerably smaller than
when full spectra are stored. Also a search in the library can be executed
faster. Further optimzation is possible, using the specific properties of

t he principal conmponents. TH RD EMBCDI MENT [0075] A third enbodi nent of
the invention, to be described, uses a conbination of a |ibrary search

met hod e ' ) . et . tati,stica r ction used
in the Iallﬁg6r5j;11rrPL 3‘#“%%% a&b\ég}}eo%%g% lecm?S y&guézeggﬁg%n%a%ha&éﬁ %%Cg'%%dg ¥ ?C?%nal spectra
very ef fangkterfull ynoddilspstraasid fitncidomadf tispestbeaoaincipel cospondnt Wyehasate nore

dense sh of. paraneter val yes. [0076] Turni t.o Figure 13 whic

st ar s e REFRRS w8 e SooshuRda e b ksl DrbdivalioboNais hes eps
S1301 - r&lidABeresrdcwdton Y48 @ltulated spéotp Sisibd @Gl model the molidl Yused oh@ rel ati ng
to the ecogd erl;rbo iment. In this pq?rticul ar ex | e, the data stored in
the |i bri&yied pmberat pepcinyl GpapenpadPiuses ©38eeseR 0 lelNEver as accuracy of the
profil e [pegeRIBYiELS absrediaCihedvigtidih 0 Asteudsgiaianiheiikaliad profesplsocedure, it

is only necessary to calculate and to store spectra based on the

coef f i ciPeH{panedon’the Rasis of digpriacipal campeneptfoetlisiepisiba teatiwuPeciwg M3 a snal | er
library tQiezface b Ysoctrh BalSfiRR 2lBOBasistdTehd dobffRleMtsSi z€ IS reduced by sel ecting
points and deternining the relation between the spectral val ues and the
princi pal component coefficients at those points. The library thus includes
only thephad eRBdshMEeH the val ues and principal conponent coefficients
at thesée sefected points. [0077] Turning now also to Figure 14, in contrast
to the ML ieensondapesddicercnd ofid third embediments phibd invertion; watiskital datehe

princip . [ Gy | . ctrum are
Borpar oo HPE REHE PRI B Ry G pk el TH: S0 e Mo FRR" ¢ L

nmeasur edibspeat caloulaed ssinga model bbep on 8140l obdiferentrabieed dna ostmeE S1402 with

t he nodel,l ed, s tra stored in the |ibrar I C ay en oht ai ned by use
of pr 1 ner s RBAEhATRIR, I sidhud Sfing P iRt Bl ThEtF LA TCC 0 o
still aackddawdsriteheseodl eintiprleonbommtseusdd Privicgat CampahaettAmaiysif Intthe addi ti onal

spectra in the library_.set u rocedur S, In.ste 1403, it.is possible

© 0 per £ PCUR R LiTP 55 Eterb BB Poats & TROCAE BRI SARERE Sy al hes

ger i ved siffichep _d&bléiee?em Ispt@triuhién &}aea_tdfadore\dabm wath tﬁeﬁde@i@c})@iplﬁr@éyﬂt S on:c yl to
eterm ne prjnci pal conponent analysis coefficients tq obtain the profile

val ues ?/P‘Fﬂi%" ﬁ%&ﬁ?@&mgﬁgﬁqﬁ’m% t&‘%ﬁ‘ﬁg’e‘%%?b‘.‘eaf eRIEpatiop Oi'?vir}?rl be

appr eci akgebié, i first tbeo 'Eﬂnéiisdl SoRycRts €l b3 abAVIMIBE cdlbitad dpesRadsch et hod

and iterative search nethod, data representative of nodel|ed stge_ctra are

stored (Ththe [Est FRBPEMGTL. eack BHIRFARA! GRITROIGR! betdi o @ifel Wy TEREE e SpFiBCEMt at i ve of
the der ityRds @fel B SRRl 1160 RO AGIiRd TBMbEDf BroAEFhrAetdrHednifousee QRshgTbOdI Ment .
[0079] Although specific reference may be made in this text to the use of

| i t hogr &P ealeigpianafthe speetianEharepiicicats of thedmegregmbinptiogrpitheprizgipghder st ood
that thekidRRQLARRGARRALA YRobfS G hDBbkaRETRI Bidliu DA Qlhgt
applications, such as the manufacture of integrated optical systens,

gui dancepesits fogagk tibrery qudheeartn e fagieterraigedfor e libenahasedunen ridéfferertt| at - panel

di spl ay L 1 qQui ' CDs), thin filmnmagnetic heads, etc.
The ski ?foeﬁéé %%tcﬁgf%r%%\%\ngﬂfpgdgg%)éag%@?téé&t hat, in the context of such

al t er na{0068] lph¢ secand anwdingany avisdicgtd inltke v wrnev bivhe excthodshdvdi ie'Figves ei n may
be consj,dered _as _synon s with, the more general ter "substr.ate" or

Car get "poPEPaRRrs AR LRIt et BB RS Sheah PRy b

pr ocessegtctrbaekctoecdan adibtaey. Thx pasticients ard chaparekaitpthe pentipdckmpanehool t hat

typi cal | lies.a |layer of resist tq a substrate and devel ops e exposed
251 ot EReafins g iesine Bal o Epo S e oL e GG TR 8T SRS Bt o "t he
di scl ospeetrN@tR iypidilly b&&e@P§U dnddhdusariy ehintensltyotahRk p&upsdmat £ ippegessi ng

tools. Further, the substrate rrFley be_processed nore than once, for exanple
in or dePTANGCREMS S SUIHEIER T FigiFdhe §6E0L LoF cxpiaplet|(do LR PIRCRIHSITRANEN 8% d her ei n

Imsly al s@iseRi@rabb: ia réibismtth HedirktRatbodinlcBMY the BiBtaA} 4% WRHIL, kddletcPWAE eSSEed
ayers.
y the same number of coefficients, per calculated spectrum.
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[ 0080] Al though specific reference may have been nmade above to the use of
enbodi nents of the invention in the context of optical |ithography, it wll
be appreciated that the invention may be used in other applications, for
exanple inmprint |ithography, and where the context allows, is not limted
to optical lithography. In inprint |ithography a topography in a patterning
devi ce defines the pattern created on a substrate. The topography of the
pat t er ni vi.ce. may be pressed int l.ayer aof i i to the
Cobst r atlQO T LR TRy et BOFERRT o! Dlidlbaf ¥l SR anbof SO, | o

radi at i d1p0haatkquipdlas sausteps®S 1,852 ant Ssmv tharsdt he peoddurelthewpat FigumiSng devi ce

is nmoved,out of the, resist |.eavin tern.in it after the resist is
cur ed. ﬁé@‘ﬁ'fr PR 0N an indugagen 8%6&?:1&%%6 Bré%frlﬁapf%@?ﬂmﬁlg? 5% U8H8npass al |
types ofdeghesll $pacergineid set, koeihad withthe bisodibdd pandidal c@npopkitcoétdpnts &di at i on

(e.g. having a wavel ength of or about. 365, 5, 248, 193, 157 or 126 n
and ext re@ffePaiiquras SRECE PN theskh arFé@fegtfProeﬁC}( %f?tge. SReEltA RghR@Yel ength in 'n]e

range of[o§r02 % th8kncastFertdl brod&iuRA ks fllGtRitddgA PRureSIUC eSS 1110NakdesAN®2 g el ectron
beanms. [0082] The term "l ens", where the context allows, may refer to any

one or cOHBRIREe AP0 \vaad SBef thy peasursmesbtpecapre shawb HdRgwe 6; FRYRYEh ng
refractiygep S?fd3%]csre!ir¥ﬁis JIRONESHGhe FiRE! WM& Ceratehiebisch gk ati ¢ opti cal
conponents. [0083] Wile specific enbodinents of the invention have been
descr i bdibrabde derivetthaglpsestiveatchnnd dlaisde defive e vatuseof the ealectedrparrptebeopr act i ced
ot herw sg. HRaN. 88,4654 | bed. For exanple, the invention may take the form
of a conputer pro%ram contai ni ng one or nore sequences of machi ne-readabl e
i nst r uct[PGH$ Ingews 1 19¢ nifj requinest, holdsasvaiatioh 0§ thd patameiers can baokfained &t or age

comput ertPaRETbERTEEA fn IR ey TRORL e ot WER RO 00, Y ended
to be ilgatssteteatvalues. not limting. Thus, it wll be apparent to one skilled

A L I e T L AT AL
one or nefyeacaspeBldes@ibedBea HmitadhienirbOghiniat enpayerte Haompidotedningd h or
A EREAC AT AN T
par anet ehglef ordwivaledghs Phért BlepédhraBvdlick Aagiiaph tatcudial ddienuisadntber sfanuf act ur e
a devi Cesefecaigc? goircl)tg isaat ?el?lils)tsetqlrl'c{fjl1 ttoe the tnlrllr%bg%tf Qgrgpo%%&?,rthg ;i)r?n%ipal component

coefficients can be calculated using a linear relation, the (pseudo) inverse of the relation

between coefficients and spectral values at these points. The number and position of these

data points to be used may be optimized using a pivoting technique. Calculation of the

spectral values at 20 to 40 data points may be sufficient to determine the principal component
* coefficients of 20 principal components for each spectrum in the set.

[0073] The method where only a limited number of spectral points is used to determine the

coefficients can be used to efficiently create a library on a fine mesh, as depicted in Figure

12. First in step S1201 a library is constructed using a coarse mesh as described above. Then

the principal components are determined in step S1202. The next step, S1203, is the

determination of the limited number of spectral points to be used in further calculations. The

next step, S1204, is the calculation of the principal component coefficients on additional

mesh points to create a library of very fine mesh.

[0074] It will be appreciated that the storage size of the library in the form of principal

components and coefficients is considerably smaller than when full spectra are stored. Also a
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calculating a series of calibration spectra froma reference pattern, each
spectra being calculated using a different known val ue of a structure
paranmeter of the reference pattern; perform ng spectral analysis on
each cal cul ated calibration spectra, for a selected nunber of points of the
spectra, to obtain a conmmon set of spectral conponents and a plurality of
first sets of weighting factors, each first set of weighting factors

- represe . Qe o ' a & t spectrum
br oduced By PSR, S B, SR REPRLEL Futer conp IR b BB AL !

per f or msperiSp@oparéds ofitimlpymcipalaomprentseasur ed target spectrum using the
common set of spectral conponents obtained fromthe spectral anal ysis of
the cal cul ated calibration spectra to obtain a second set of weighting

f act or s THRDIRMBODIMENTE nmeasured target spectrum conparing a
represe lgn of the.first set of weightin actors and.a representation
of the gé@éh}%@ﬁ% 13 OWFIBW%F}WQII‘FQ%QHOFOS[,% ‘%Fﬁfigﬁ‘i "G atc}?g’%%ﬂffh?f‘i%gg’ﬁari’o derive
af va: ue s%zslueh &ﬁtﬁo@@ﬂd&ﬁt&@iv@@é@dﬁﬂﬁ&ﬁod}?fhé sh!zﬁistiéhlﬂ gah rqgatfi@ruled inZhe The met hod
of claim1, erein the conmon set of spectr conponents and the plurality
of firstlbEBY &P PINEFYH MAY DY Bict & el e _SPff?tréVP‘iyl’ﬁ?‘f‘:\‘i‘%f‘%éﬁH‘ef%e st or ed
first selydi@bnalepcahh tdhDbefRES t%rgénéiﬁtgnﬁmgeergesWOaEarﬁﬂ_gtels@ﬁ&@.d set of

wei ghting factors. 3. The nethod of claim 2, erein further first sets of
wei ght i r{gﬂméﬁlmrg tp Siguecohdpahirks Blystitesrihe lisary setomprecsdurs Pl e iyt i ng factors
are cal yHBlifflnt! S5\ 1301 €5 PABAK QRivalent to steps $1001 - $1003 in Figure 10 relating

to the second embodiment. In this particular example, the data stored in the library are actual

stored modelled spectra. However as accuracy of the profile parameters is reached during a
subsequent iteration procedure, it is only necessary to calculate and to store spectra based on
the coefficients for, for example, 5 spectral components resulting in a smaller library size.
Thus, in step S1304, the library size is reduced by selecting points and determining the
relation between the spectral values and the principal component coefficients at those points.
The library thus includes only the relation between the values and principal component
coefficients at these selected points.

[0077] Turning now also to Figure 14, in contrast to the measurement procedure of the
second embodiment in which the principal component coefficients derived from the
measured spectrum are compared with the stored principal component coefficients, the actual
measured spectrum measured in steps S1401 are compared in step S1402 with the modelled
spectra stored in the library which have been obtained by use of Principal Component
Analysis of the modelled spectra. This procedure still achieves the objective of more efficient
production of the additional spectra in the library set up procedure as, in step S1403, it is
possible to perform an iteration search process based on the parameter values derived in step
S1402 using the spectral values at selected points only to determine principal component
analysis coefficients to obtain the profile values of the measured spectrum on a fine basis.
[0078] It will be appreciated that, while in this example of a combined library search method
and iterative search method, data representative of modelled spectra are stored in the library,
alternatively or additionally data representative of the derived principal components may be

stored as in the second embodiment.
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4. The nethod of claim2, wherein, after using the conparison to derive a
value for the structure paraneter of the target pattern, further val ues of
the structure paranmeter of the target pattern are derived using an
iterative process. 5. The nethod of claim11l, wherein the representations of
the first set of weighting factors and the second set of weighting factors
are each nodel ed .spectra. 6. The nethod of claim1l, wherein the commbn set

of spect onent s.and o f fiar ts, 0 lght factors are
o oo D BRSO B o B R Sl PO, oot
di f f er endpppansimehenanudctues of ICscio sipalddetuhderftbedsthatské lithbgraghigdppemgsf act or s

RUQUER T s SN R TR AN A T P
8. The n®ithng goilartk ahdiictectioh @atein beaghalid dunadin eBmeNe flitepandldispicul at ed
USing R ASIous CELCL e Bl sy 9 The e et f Sl Wherel  the

appreciate that, in the context of such alternative applications, any use of the terms “wafer” or

“die” herein may be considered as synonymous with the more general terms “substrate” or

“target portion", respectively. The substrate referred to herein may be processed, before or

after exposure, in for example a track (a tool that typically applies a layer of resist to a

substrate and develops the exposed resist), a metrology tool and/or an inspection tool. Where

applicable, the disclosure herein may be applied to such and other substrate processing tools.

Further, the substrate may be processed more than once, for example in order to create a

multi-layer IC, so that the term substrate used herein may also refer to a substrate that already

contains multiple processed layers.

[0080] Although specific reference may have been made above to the use of embodiments of

the invention in the context of optical lithography, it will be appreciated that the invention

may be used in other applications, for example imprint lithography, and where the context

allows, is not limited to optical lithography. In imprint lithography a topography in a

patterning device defines the pattern created on a substrate. The topography of the patterning

device may be pressed into a layer of resist supplied to the substrate whereupon the resist is

cured by applying electromagnetic radiation, heat, pressure or a combination thereof. The

patterning device is moved out of the resist leaving a pattern in it after the resist is cured.

[0081] The terms “radiation” and “beam” used herein encompass all types of electromagnetic

radiation, including ultraviolet (UV) radiation (e.g. having a wavelength of or about 365, 355,

248, 193, 157 or 126 nm) and extreme ultra-violet (EUV) radiation (e.g. having a wavelength

in the range of 5-20 nm), as well as particle beams, such as ion beams or electron beams.

[0082] The term “lens”, where the context allows, may refer to any one or combination of

various types of optical components, including refractive, reflective, magnetic,

electromagnetic and electrostatic optical components.

[0083] 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, the

invention may take the form of a computer program containing one or more sequences of

machine-readable instructions describing a method as disclosed above, or a data storage
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10. The method of claim1l, wherein the calibration spectra are cal cul ated
over a limted nunber of points determ ned by the symmetry of the spectra.
11. An inspection apparatus configured to determ ne a value of a paraneter
of a lithographic process used to nmanufacture a device |layer on a
substrate, the apparatus conprising: a calculation systemarranged to
calculate a series of calibration spectra froma reference pattern, each
spectra bej. cal cul at using a different. kn val ue of a ructure

por aret &P (R FBIERob T Ao Dl b il T Al e P8 s A ange
t o perf grograpewtddahereinal ysi s on each cal cul ated cal i bration spectra, for a

| ect f.points of th ta obtain . set  of
Spect r ol VBTG afpab Bt e b pocelv B BB R Rer 1l Fact or s

each fi rapparéitio ofe switie@ht thagrt trachodificdtRips @S bé made Mg iedntod &t ed spectrum
a nmeasurenment system arranged to dirg&%ﬁg beam of radjation onto a target

pat t er n %FFrReS B QT Seeh P MEEY GRPW- For example, 0ag 8hd

anal ysi sn&¥ adpeéls of sR1YBfdrd RIS hSPRUokBined Rath\os biibs@itell i@ ongasur ed
spectrum usi ng the common set of spectral conponents obtained fromthe
spect r alMYRAIPFEF 8f P of RErethe srkpdiEmepasi2BPraPidh spectra to obtain a second
set of weighting factors representing the neasured spectrum a
conpari son arrangenent arranged to conpare a representation of the first
set of weighting factors and a representation of the second set of

wei ghting factors; and
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a derivation arrangenent arranged to use the output of the conparison
arrangenent to derive the value for the paraneter of the |ithographic
process. 12. The inspection apparatus of claim 11, conprising a nmenory
arranged to store a representation of the common set of spectral conponents
and associ ated wei ghting factors representing each cal cul ated spectra and
wherein the conparison arrangenent is arranged to conpare the stored
represe0m1 JO the representation of the second set of the weighting
factors. 5“4 nspectlon apparatus of claim 11, conprising an iterative
ar r angenent arranged to use one of the first sets of weighting factors as
t he basis OfAafbthddeifaéﬂemnﬁgérsfrhctmétﬁh@ﬂné@i6@targé wu@m |h)é IfogfHphicer ent
par amet er value are |rst set. of weightjng factors and the
IR

second E@FEHHS fraét '§e ai’ﬁr o2 Syhsigisy Q‘ﬁfﬂ‘?}h CPPABIG:  conpri si ng:

an illumnation optical systemarranged to illumnate a pattern; a

proj ection opti calcakih@aséidsdneaMrdtion Bbé&tl%‘ﬁonﬂé‘ réf&@gc% Rtteh, BaEH ebirpnt 0 a

substrate; d an. i Ctlon aratus configu to determ. ne a value of a
par anet er of eé{’gd‘faﬂ%‘ ?ﬁ%@@@@%&é@'%ﬂ@fgramﬁt%tpa?a@%er&émedéereew@r on a

substrate, uhﬁeapparatus conpri si ng:

performing spectral analysis on each calculated calibration spectra, for a
selected number of points of the spectra, to obtain a common set of spectral
components and a plurality of first sets of weighting factors, each first set of weighting

factors representing one calculated spectrum;

measuring a target spectrum produced by directing a beam of radiation onto the

target pattern;

performing spectral analysis on the measured target spectrum using the common
set of spectral components obtained from the spectral analysis of the calculated
calibration spectra to obtain a second set of weighting factors representing the

measured target spectrum;

comparing a representation of the first set of weighting factors and a

representation of the second set of weighting factors; and

using the comparison to derive a value for the structure parameter of the target pattern.

2. The method of claim 1, wherein the common set of spectral components and the
plurality of first sets of weighting factors are stored in a library and the stored first set of
weighting factors are compared with the second set of weighting factors.

3. The method of claim 2, wherein further first sets of weighting factors for comparison with

the second set of weighting factors are caiculated using interpolation.
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a calculation systemarranged to calculate a series of calibration spectra
froma reference pattern, each spectra being cal cul ated using a different
known val ue of a structure paraneter of the reference pattern, a
first analysis systemarranged to perform spectral analysis on each

cal cul ated calibration spectra, for a selected nunber of points of the
spectra, to obtain a commobn set of spectral conponents and a plurality of

first sets of, weight,i factaors, each first set of weighting factors
repres e%t i ngfrg?]g‘egﬁ’fjé’ggalf“ea% "@}?&%‘E’ﬂ%ﬁf using the COrIPHSRR i %‘%ﬁfﬁta "g%’?%'rfﬁ%lr r anged
t o di r estrucluregannadterrai theathigetpantetr) fuathbava@ds b e stiubtufpaarmelesbithé targetd t o

nmeasur e the spe . .a second anal ysis system arranged to perform
spectraP ang?&si&%&gﬁh?'%ann%earasthvreé)&o%eﬁa'ctrum usi ng the common set of spectral

conponents obtained fromthe spectral analysis of the cal cul ated
cal i br abi on $Thpeokthad bbclaibt Biwheseirs theoastesaitatiohs vithg hitst £ of acightirg factors

epresegtd fid S%Q&Jgg@gm%q%tﬁgﬁ:&({r%g}ef‘ﬁcg{noéj%{eg%gg%i son arrangenent arranged

;
to conpare a representatyon”o fghting factors and a
representation of the second set of weighting factors, and a derivation
arrangedent the mathed of dainiske whbeirothe puinnh sehef spoctRREdrisdhealszad @aeBNthet O

deri for th f the lith hi . 15. A
e T e e e T
radi at i Puratityrof differept paagreeter values to cambareiogfiraidet of wgightnatfagoramnartged t o

S)ﬁgozga{égﬁbm%%;ggﬁr;&gct{)@_ji ation sensitive layer of a substrate coated by

7. The method of claim 1, wherein the structure parameter of the target pattern is a

scatterometry parameter.

8. The method of claim 1, wherein the calibration spectra are calculated using Rigorous
Coupled Wave Analysis.
9. The method of claim 1, wherein the spectral analysis is Principal Component Analysis.

10. The method of claim 1, wherein the calibration spectra are calculated over a limited
number of points determined by the symmetry of the spectra.

11. An inspection apparatus configured to determine a value of a parameter of a lithographic

process used to manufacture a device layer on a substrate, the apparatus comprising:

a calculation system arranged to calculate a series of calibration spectra from a
reference pattern, each spectra being calculated using a different known value of a
structure parameter of the reference pattern;

a first analysis system arranged to perform spectral analysis on each calculated
calibration spectra, for a selected number of points of the spectra, to obtain a common
set of spectral components and a plurality of first sets of weighting factors, each first set

of weighting factors representing one calculated spectrum;
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a devel oper arranged to devel op an i nage exposed by the |ithographic
apparatus; and an inspection apparatus configured to determ ne a value of a
parameter of a |lithographic process used to manufacture a device |ayer on a
substrate, the apparatus conpri sing: a cal cul ation system arranged
to calculate a series of calibration spectra froma reference pattern, each
spectra being calculated using a different known val ue of a structure
paranmeter of the reference pattern . a first anal ysis system arranged
to perform spect r AIMERACTEN Syaﬁme%{tﬁ?gﬁ%wcﬂiea&%#%Pﬁﬁ&*ﬁ%@%ﬁ%ﬂ%, for a
sel ect ed nunbpatteroon paubitsmtoind thenepaettha@spdorumbt ai n a common set of
spectral conponents and a plurality of first sets of weighting factors,
each first set of weighting factors representing one cal cul ated spectrum

a nmeasur enent sysé eecond aaalyssisistend aramgeddo bedormadpectead badlysimorothe aneasti@dget

pattern on ap%glgﬁr . e d
anal ysi s sys?em ahl%&éé@@goorﬁtg%ﬁegr%“#éeg&r%ﬁoéﬁ%ﬁ%@%gﬂ)stlauge%l;]rorpﬁ@e 3 e;ég%lr ed
spect r um usi arplysireofdomenteviated calibratipre spacith te oltpioresscendodet af weightingdastorae

spectral anajlgpaisen@y thdmes@lidscffimcal i bration spectra to obtain a second
set of weighting factors representing the neasured spectrum a

conpari son arrangenent arranged to conpare a representation of the first

set of weighting £ ashodrBoBtaryehRRf Sofigbatd Qe rr]gegféﬂgn Sfthe st set

wei ghting factors, and a derivation arrangerrent arr ed to use the out put
of the conpa?iveighting facijearda repeesgaiafiorotthe sgeend set gl weightingetereead of t he
| it hographi c process. 16. A conputer programfor inplenenting a nethod of

determ ni nrR/ ? struct ure paraneter of ] ]
a derivation arrangement arranged to use the output of the comparison arrangement to derive

the value for the parameter of the lithographic process.

12. The inspection apparatus of claim 11, comprising a memory arranged to store a
representation of the common set of spectral components and associated weighting factors
representing each calculated spectra and wherein the comparison arrangement is arranged to
compare the stored representation and the representation of the second set of the weighting

factors.

13. The inspection apparatus of claim 11, comprising an iterative arrangement arranged to
use one of the first sets of weighting factors as the basis of an iterative search method using a
plurality of different parameter values to compare the first set of weighting factors and the

second set of weighting factors.
14. A lithographic apparatus, comprising:

an illumination optical system arranged to illuminate a pattern;

a projection optical system arranged to project an image of a pattern onto a

substrate; and

an inspection apparatus configured to determine a value of a parameter of a lithographic

process used to manufacture a device layer on a substrate, the apparatus comprising:
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a target pattern in a lithographic process used to nmanufacture a device
| ayer on a substrate, the nmethod conpri sing: cal culating a series of
calibration spectra froma reference pattern, each spectra being cal cul ated
using a different known value of a structure paraneter of the reference
pattern; perform ng spectral analysis on each calculated calibration
spectra, for a selected nunber of points of the spectra, to obtain a conmon

set of spectral conponents and a plurality of first sets of weighting
factors, each fi ragaledationrsygiemgitanaey Pselcylate 2 sqries sbplibraion prectaliem at ed

spectrum referenceRREERY, BhEHERBRLLIRY cANMYS LSn@B difefRERIdWAaR@FHr ed from
a target, usi a&the common_set of spectral conponents obtained fromthe

spectral anafijp&fuse gerafpier ohihe f¢fateee Balls™br at i on spectra to obtain a second
set of weighting factors representing the nmeasured spectrum

conparing a represgntation of the first set of I ghting factor nd, a
represent ation of2 Y tea'?b,yéﬁrféfﬁg@tar@f‘g?éﬁogqq}f’%S?%\f@?g?'??ysgﬁﬂ eaﬁEF%@‘ﬁ?tﬁ%

conpari son tealidk@tioryspettrgbotie séledted h@nisdriofl pditisf frarspedtt= ko cHtaih A&omatopet
pattern. set of spectral components and a plurality of first sets of weighting factors, each first set

of weighting factors representing one calculated spectrum,

a measurement system arranged to direct a beam of radiation onto a target

pattern on a substrate and to measure the spectrum,

a second analysis system arranged to perform spectral analysis on the measured
spectrum using the common set of spectral components obtained from the spectral
analysis of the calculated calibration spectra to obtain a second set of weighting factors

representing the measured spectrum,

a comparison arrangement arranged to compare a representation of the first set

of weighting factors and a representation of the second set of weighting factors, and

a derivation arrangement arranged to use the output of the comparison arrangement to derive

the value for the parameter of the lithographic process.
15.  Alithographic cell comprising;

a coater arranged to coat a substrate with a radiation sensitive layer;

a lithographic apparatus arranged to expose an image onto the radiation

sensitive layer of a substrate coated by the coater;
a developer arranged to develop an image exposed by the lithographic apparatus; and

an inspection appératus configured to determine a value of a parameter of a lithographic

process used to manufacture a device layer on a substrate, the apparatus comprising:
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a calculation system arranged to calculate a series of calibration spectra from a
reference pattern, each spectra being calculated using a different known value of a

structure parameter of the reference pattern,

a first analysis system arranged to perform spectral analysis on each calculated
calibration spectra, for a selected number of points of the spectra, to obtain a common
set of spectral components and a plurality of first sets of weighting factors, each first set

of weighting factors representing one calculated spectrum,

a measurement system arranged to direct a beam of radiation onto a target

pattern on a substrate and to measure the spectrum,

a second analysis system arranged to perform spectral analysis on the measured
spectrum using the common set of spectral components obtained from the spectral
analysis of the calculated calibration spectra to obtain a second set of weighting factors

representing the measured spectrum,

a comparison arrangement arranged to compare a representation of the first set

of weighting factors and a representation of the second set of weighting factors, and

a derivation arrangement arranged to use the output of the comparison arrangement to derive

the value for the parameter of the lithographic process.

16. A computer program for implementing a method of determining a structure parameter of
a target pattern in a lithographic process used to manufacture a device layer on a substrate, the

method comprising:

calculating a series of calibration spectra from a reference pattern, each spectra
being calculated using a different known value of a structure parameter of the reference

pattern;

performing spectral analysis on each calculated calibration spectra, for a
selected number of points of the spectra, to obtain-a common set of spectral
components and a plurality of first sets of weighting factors, each first set of weighting

factors representing one calculated spectrum;
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performing spectral analysis on a spectrum measured from a target, using the
common set of spectral components obtained from the spectral analysis of the
calculated calibration spectra to obtain a second set of weighting factors representing
the measured spectrum;

comparing a representation of the first set of weighting factors and a
representation of the second set of weighting factors; and

using the comparison to derive a value for the structure parameter of the target pattern.
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