| nspection Met hod and Apparatus, Lithographic Apparatus, Lithographic
Processing Cell and Device Manufacturing Method FIELD [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 acturi ng devices wusing a |ithographic technique. BACKGROUND [0002] A
| it hographic apparatus is a machine that applies a desired pattern onto a
substrate, usually 1epédion MeHdd@hd RBh-itd L RhodrdiMicSARiRAt €. A |ithographic
apparatus can be used, faq exanple in the nanutacture of integrated
circuits (I1Cs). | rttg , Brogersige Call and Desiios Manufasiria Wdi ch i s
alternatively referred to as a nask or a retlcle nay be used to generate a
circuit attern to be forned on an individual layer of the IC This
pattern e transferred onto a target portion (e.g. conprising part of,
e or  J00AY he AR in0bhBn ARSI ARl oBinyfoBbl JGAR ro LRk HADST o1 Of

t he pattern |s typically via imaging on ol %ensi tive
mat eri al Wanelrye)of dedesdead 1@mgtmb10$®bmgmmné to :h metjpeduef ahnufansinggewceesubst r at e
will cont QAdj acent target portions that are successively
patterne _h§ﬁ§$ﬁgﬁrﬁﬁ§%P§é% apparatus include so-called steppers, in

whi ch each target portion is irradiated by exposing an entire pattern onto
the targef,, kbPRpt one time, and so-called scanners, in which each

t ar get rradi ated by scanning the pattern through a radiation
beam i n 00§RY Aditicigraphiciapparftudie a n’t'asmaélfhhtnz@bhﬁiar c&@téd@iabterw@htba sGbsaedar onousl y
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subst r at exdmyplé, fpth manmrgcmne)fpaégtaécm@mtm@sh SIn SR SifstaAdcCa pdthd debReorder to
noni t or t@e Iraho raﬁ ocess E%ne or. nore araneters of e patterned
substrat@’gwést?ﬁgﬂa §ﬁﬁ%ﬁma &F 2 stiglepay by e%vewpﬁﬁméﬁﬁﬁﬂtbetmeen

successi yetdriaydeJornied roﬂﬁﬁl idivifal BferloNthe SOPBLS BitBrn AR BE Barfefrel Bth QUS
technrques for maki ng measurements of the mcroscopic structures fornmed in
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i nspection tool is a scatteroneter R R T A
di r ect ed "ktial (esish previded wnithresubsiiafcabiezendrak heingls astratawdl conthione or nore

properti gswefk df! Iﬁ&ra@éﬁ@fat—g% ﬁ&k&ts tﬁa‘?%s%ﬁ%c@&@%ﬂ%ﬁ@r@? %Haﬁggra%c conparing

one or nore properties o beam before 2eh reflected
or scat erreEdstyclidssosaliststapes. imnbich pachargetpooiverit irediated by Bgosinpat r at e may

be deter gﬁtﬂ?ﬂaﬁeﬂ%ﬁo 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. It is also possible to transfer the pattern from the patterning device to the
Substrate by imprinting the pattern onto the substrate.
[0003] In order to monitor the lithographic process, one or more parameters of the patterned
substrate are typically measured, for example the overlay error between successive layers
formed in or on the substrate. There are various techniques for making measurements of the
microscopic structures formed in a lithographic process, including the use of a scanning
electron microscope and various specialized tools. One 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 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




| may be done, for exanple, by conparing the reflected beamw th
theoretical reflected beans calculated using a nodel of the substrate and
searching for the nodel that gives the best fit between neasured and
calcul ated refl ected beans. Typically a paraneterized generic nodel is
used and the paraneters of the nodel, for exanple w dth, height and
sidewal | angle of the pattern of the substrate, are varied until the best

match is ghtwided -forTé&QmET@,i vy (,I()Ml?%gque reglg&&f J%gﬁgﬁ%hgtgelogé[’tﬁali&@@é%-&d bEhms

spectroscogic scatteroneter directs a broa I'on beam onto the
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of the nagdiati ' i arrow.angul ar .range. An
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To find the best mtch there are basically tw nethods, which may be

conbi ned 2 $iuchon efiangle s Mirgnatiyely,measyramentisigaals ebdi Hereptarawplgngtitaneea fir st

set of nMpgtaturRPdepRBEBAd bemblagtht bR afl s WlaBl Pobribdd BliatiHRES! fe ddt@
conpari son being made with the nmeasured spectrum Then a second set of

nodel  p&FRRIEE BOE than aeisprctrag from e suvrsubseée rum i s cal cul ated and a
conpari s ; i 1 red.spectrum
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These steéeps are repeated W e set of paraneters
that givéwieHe fyedbemaectht thyorstient spegimm Pyadiedlftom a mbée! of the erbetdte ani from t he
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par anet ers. I'S process I'S known as an Iterative search techniPrque. The
nmodel wi tdpetttnscapid scatteromeiera nednglegangubitly gésulyed sdaserbraster) it fill thebesonsi der ed

to be th ri.ption of the sured subs te. [000 The second
net hod igla?%sdﬁ%ggr%%aﬁl?atgyg‘?%mswogspggﬁﬁgayg’%ﬂn@ﬁeé%ﬁﬁ%ﬁﬁsﬁ%ﬁgg‘ggﬁgﬂdi ng to a
speci f i c itsmtiveodeanth dethopartenes Bissset Iympodebpdrymdthie isssédtorblcib@alfirpar anet er s
are chosen %o cover .all or alnost all posgisplgl e variations_ of u(l)odﬁrate

properti 8%6_0 e, 8 Wgﬁf@g&)e% é‘Z:atdF W ithse measure ctrum. Then a second set of m

parameters is selected, a second spectrum is calculated and a comparison of the second
spectrum is made with the measured spectrum. These steps are repeated with the goal of
finding the set of parameters that gives the best matching spectrum. Typically, the
information from the comparison is used to steer the selection of the subsequent set of
parameters. This process is known as an iterative search technique. The model with the set of
parameters that gives the best match is considered to be the best description of the measured
substrate,
[0005] The second methed 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




conpared to the spectra in the library. Simlarly to the iterative search
nmet hod, the nodel wth the set of paraneters corresponding to the spectrum
that gives the best match is considered to be the best description of the
measured substrate. Interpolation techniques may 2 be used to determ ne
nore accurately the best set of paraneters in this library search

techni que. [0006] In both nethods, sufficient data points (wavel engths
and/ or angl [ i.n.order to
enabl e an algﬁtﬁ) gl?t g;n?rg? %ﬁ}egdgét:ﬁaetgl tttlez%g(sé%t:)drfg%é@ g%‘%?‘% gﬁsaltltzﬁﬂgt&;%agchrreasur ed
spect rumte¢hppiueal | y between 80 up to 800 data points or nore for each
spectrum j i I ‘ iteration for .each ramet er
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profile S..t.yRpi.call re t 300. cal cul ati ons may be
requi redl.ocﬁlfﬁgﬁpgég}?egy&ﬁht?é%ﬁ@aglsw%g@“%@r@ﬁgﬁf‘%m%é’f e Oﬁ%atgﬁracy and speed
of procesytaym. Using trhigerhtivernastyodagsph daation foh@ick piramétesSialicl vadulCianguon se

bet ween urac dthe tine.required fo. set u he |ibrary. SUMVARY
Lo007] 1 afelafl 30 s e gl ol s < oo ch Tk OIS TSEERM i ng at
| east onebpinthessrecpaoAIBhaMmefs. Bhlsity eyl 2R BaP3@CRARS atithsWiydd Measur ed
spectra are.c ared w.t Ezﬁgal cul ated, zpect ra, in which the cal cul ation of
Uhe spectTATES IR RieFticsdhis (fadsig AEOBPIRiIeRtes SEROH SHecd b PrEspBRdT ng
reduct i onhd Itbra® apiray, thé@ QOBlimAGCRmPidibsclRtvReh hdchtacPERAAL (AL rdqiRed hvent i on
there is Erov ded a nethod of determning a structure paraneter of a
target pa tuRrthe Hibgany. | i t hographi c process used to manufacture a device

| ayer on a substrate, the nethod conprising: calculating a series of
calibration spectra froma reference pattern, each spectra being

cal cul até&ﬂ\é@é@@a di fferent known val ue of a structure paraneter of the
referenc t aci r ] : ' 0 C d
Cal { br ot (L 168 Qe B OLAGE, SREGHA maRAl HUBPnER R MLAED o
obt ai n a PeBmsRoiFdithegtaphisepreead incdvighomeantred spacirasare gimpragddiwith @fcukatedst set's
of el ghtyh gt fiRGHRN e RGN Siihe S8Lrl HREANL LR RGLALS EREesENting one
cal cul at ed spectrunt neasuring a target spectrum producé/d by difrrecting a
beam of cami¢satriding rohiction merctimacyet pattern;

[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 spectrurh produced by directing a beam of radiation onto the target
pattern;

performing spectral analysis on the measured target spectrum using the commeon 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




perform ng spectral analysis on the neasured target spectrumusing the
common set of spectral conponents obtained fromthe spectral analysis of
the calculated calibration spectra to obtain a second set of weighting
factors representing the measured target spectruny conparing a
representation of the first set of weighting factors and a representation
of the second set of weighting factors; and 3 using the conparison to
derive a val ugg@thetBfinsisbiiel diSe PR e ern. [0009]
According to aSIfétheherpas?pect olyethe%%@%f%ﬁ%g‘?#e@éégﬁcgsfﬂbeﬁ%%tded an

i nspect i d¥ttetgppar at us configured to determine a value of a paraneter of a
| t hogr apghdor A L o) tur.e devi ce. er_on.a substrate,

t he appaﬁat u; gg%g&?ﬁ%gﬁhé aé%%%giaﬁ‘éeﬁl tl(s)lgis eé%szgprvéc{r?géa BECEA cul ate a

seri es ofappahtnbecafigond spEtrminefarvale af a peadmatand e lip@iaehio proees hsegpect r a bei ng
cal cul at [ a. different kmown value of a structure paranmeter of the
r ef erencggapl)]g?atc {é}rgen% deglcfe 13§ On Séﬁ%%%ﬁtesy@fg?aéﬁ?saﬁoplz?ﬁéﬁﬁ to perform spectral

anal ysi s on eachcdaionulysitmdrrarpal idaitiiaen sp&cfcaibriton specagfie@taed nunmber of
points of the spectra,, to obtain ommon set__of spectral conponents and a
plural i tyre%’fen?el &EF“"S“@E’% SRS ‘?‘%Cta?"ﬁ%‘t é‘E‘P%PEEffeée&E]rﬁnof"f“r‘?’E“eé’é? Sigfturei ght i ng
fact ors repmesesfthoefobegalantl at ed spectrum a nmeasurenent system arranged
to direct a bezim of .radiation onto ajitoarget pattern on a substrate and to

measure the sPOEY PRANSISYLER dHenash i Regtoun sipetral analysisanseah eadeladsdt or m spect ral

anal ysi s canbrii spEaaUoLE scl @RAGMBER fbiE of 1R sFRIITN 0B QbomdRAEGL R
conponents obtained fromthe spectral analysis of the calcul ated

cal i br at iSBifrajromppaenissng Biphiraity oklisiony o weighiingfasterstsanlyfitsbast of s

r epr esentydifhihf fctoPRasiican SHRGhIMHed §ocEQIRAT i SON arrangenent arranged to
conpare a representation of the first set of weighting factors and a

repr esent at i of MERSUFHRENEBESARIGBgedd difgst ¢ hednnef ridigtonrosto aiagetpatigniovat i on

arr angemgiciae LANRSHe & heout put of the conparison arrangenment to
derive the SvaI ue for atﬁglt%gspgrret ér of the lithographic process. [0010]

Accordi ng to asdcond inalysigspsan amdngedio perforenipeciral anafpesisenitise peswicdled a
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manuf act threecakukitdiceliritamapectn t@otsaih 8 secandset bhecigetnlydgttors 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 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 spectfa, 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;




conprising: calculating a series of calibration spectra froma reference
pattern, each spectra being calculated using a different known val ue of a
structure paraneter of the reference pattern; performng spectral analysis
on each cal cul ated calibration spectra, for a selected nunber of points of
the spectra, to obtain a common set of spectral conponents and a plurality
of first sets of weighting factors, each first set of weighting factors

representing @BformRl péadl ﬁﬁl}%ﬁ%ﬁtarsb%rwﬂ 58 FoAY ta?%b‘? Q%fngltheac'aﬁllrrféﬁl S on-a

spectrum neasured froma target, using the conmon

conponent €t Yipeciasampprsais biaingg domy the snepzdl gualysisaff tietvelcolated ldtléotaenin

calibrati cLars
represenf?ﬂgm?ﬂgﬁﬁgggﬂgg@Qggggmgmﬁgqaﬂgsﬁﬁkmaﬁggﬁgggéégg%%?lon 'of the first
set of wei ght FegPrariageaersesariation of derieseeltcfeiphting factbisend @ apredersation of

wei ghtin r onparison to derive a value for the
structurgm%%ggﬁgﬁgg%% hd@%ﬂggrgggp pattern. BRI EF DESCRI PTI ON OF THE

DRAW NGS [ 001 #iing¥ib eethpezisorstoaleriteevalueenthe sirucnird parsmsterd tideggsti bed, by way
of exanplg aonly, with reference to the acconpanying schematic drawi ngs in
whi ch coﬁ}esponding reference synbols indicate corresponding parts, and in
which: [0012] - Figure |a depicts a |ithographic apparatus; [0013] -

Fi gure I% ‘ 0 or cluster; [0014] - Figure 2
depicts a ¥0151=- Figure 3 depicts a second

scat t er orfét1af Embﬁlﬁﬂ:@l]lts of 1Ee gﬂélﬁloﬁ v\dn RbW bs d@.@n&\deﬁw\w@%mmﬁpl@sﬁlp aghyraccor di ng
to an enb%d ﬁ i.nvention;, [0017] - Figure 5 depicts the set up

pr ocedur & 8F"¢H2 tl}’?@?‘f?&ﬂ’a%ﬁﬁcmrﬂﬁmtdéavﬁﬂgséﬂﬂ@dﬁh FEHesPRrding IRErangk ent i on;

[ 0018] -sﬁh@ﬂjﬁdﬁmﬂe@mgb@u&ﬂﬁmﬁyaﬁyﬁﬁﬂﬁ&{ procedure of the nethod accordlng
to an W@USLnEnt of the inventign; [0019] - Figure 7 depicts the selection
of 20 cal T15W366ﬂﬂ¥§5&P?ﬁ@ﬁ@h?ﬁﬁ%@$$un1|n accordance with an

embodi mengo19f - tibge 1 BUENE @Nihographic 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;




[0020] - Figure 8 depicts the relationship between the nunber of principal
conponents and the relative error between cal cul ated spectra and the
spectra described by the principal conponents; [0021] - Figure 9 depicts
an overview of a nethod according to an enbodi nent of the invention;

[0022] - Figure 10 depicts the library set up procedure used to produce
data indicative of nopdeled spectra in accordance with an enbodi nent of the
i nvent i 07}002[490?1%11&‘12%%:19&5 ﬁqe]famgzﬁ&'l 61 S1itrdlS o8 FRULEIERIm PTBGRAUIGIHEed O
define the profile paraneters for a neaSured spectrumin ccorgance W th
an enmbodioRéPasf mMeHe i nvention; 5 [0024] - Figure 12 depicts the formation
of a |ibn 0 f se nesh;

[ 0025] @%br Plefhe 153%?‘55213#%%9’(%%}‘%?‘%@5%‘* ‘ﬁéﬂ tg:ﬁ%%%ddataolﬁ(shg%&tg g pr oduce

dat a |nd|f1éﬂ§1ﬁe@épeéﬂfa infpgeiedande witkean ¢raqunnfeutgfihdmmcmlowanﬁ an enbodi nent of the
|nvent|o rocedure used to
define t pog%ﬁg%gg?}gﬁ %ﬁegs%éngggllﬁg%@ﬂeruesad S de %lepc?{:a('ﬂege thce with
an enbodlfwm"rtlea@tﬂredl mctruwemcu@dancé)ﬁfﬁmahﬁﬁac[ﬁﬁﬁﬂbﬂﬁb Gi\lm[ntﬁﬁZ?] Figure |a
schematically depicts a |lithographic apparatus. The apparatus conprises: -

an illumnation system (illumnator) IL configured to condition a radiation
beam B QOEIAILED DESGIRIPTION or EUV radi ation); a support structure (e.g. a

mask t abl constructed.tqQ s rt a patterni devi ce .g. a nmask) MA
and conné@%zgm!‘%re 3 pehpmp ggg?ﬁlgggﬁthﬁﬁﬁa KPS e PRR S %ﬁ’@r?espo& tion
the patterni ng ileMineton sPstaa COINAAAGE) W dohifigesd 8lshddnaeliglkch be@n BUbSt r at e

table (e, WI. constructed to hold a substrate (e.g. a
resi st - c&cggé@’%%mor@?%ﬁaa%lﬁ%ct ed to a second positioner PWconfigured
to accuratelya sdp@&ﬂt bthfird R, 8 Hhast ﬂamem@o@sﬁgaécﬂmﬁﬁpm 4 phete@idg@ece
parameters; and - a projection system(e. gwa refractive projection |ens

systen) BLE@GH )glﬂf\é’ﬁ P‘Eimﬁ‘?t%‘} & rSta’OE}B&nteé GoRfiglirecig ac@iratels Ppsignadhs on beam

B by pat bﬁfeﬁhﬁ?déiﬁ:\é'n?é‘cc%a%t\ﬁth%eﬁﬁﬁ ghmPeition C (e.g. conprising one or
nore dies) of the substrate [ 0028] The | 1 | um nation system may incl ude

vari ous types? 8isteyi fablaic.g@ripdeidehie) WE getsirassed to dpldacubsmaie (p.efd ecti ve,
magnet i Cyesff ESatddNRENRL dncoftleEEl Eo%%e%dd%oﬁﬁor%} s co‘i'xﬁglﬁ'@d %facaﬂgtlalgal

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, electrofnagnetic, 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.




conponents, 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 apparatus, and other conditions,
such as for exanple whether or not the patterning device is held in a
vacuum environnment. The support structure can use nechanical, vacuum
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The support Structure ma frame or a for ‘exa ch may be
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projection system Any use erein may be
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[0030] T rmy broadly interpret

as refer @%ﬁg’ﬂt"g} heg]%s{rgtr Ci:og%{a }z%tlgtglg em i 591ﬂstpgaﬁe?§§§?qg tggt}“rgﬁ?rasf’ i on beam

with a pataﬁ@ransmrﬁealtttr&s Censgallys te phttamn mu:tahed ﬂshdmdlaiﬁ(ﬁﬂieemampablﬁ'@pdihdlt@ a
the ubstra not ed t hat attern

target port e. |t

|rrparted%tpah%ﬁigr ra%flog? g B Vf‘?ﬁ&elﬂ%mé&‘g@?ﬁ? LAEST RELY o S htaﬁa he desired
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arrangenent of small’ mrrors, each of ich can e I ndi vi dua tilted so
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magnetic, electromagnetic and eIectrostatlc optlcal 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




appropriate for the exposure radiation being used, or for other factors
such as the use of an imersion liquid or the use of a vacuum Any use of
the term"projection | ens” herein may be considered as synonynous with the
nore general term "projection systenf. [0033] As here depicted, the
apparatus is of a transm ssive type (e.g. enploying a transm ssive nask).
Alternatively, the apparatus nay be of a reflective type (e.g. enploying a
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[0038] The radiation beam B is incident on the patterning device (e.g., mask) MA, which is
held on the support structure (e.g., mask table MT), and is patterned by the patterning device.
Having traversed the patterning device MA, the radiation beam B passes through the

- projection system PL, which focuses the beam onto a target portion C of the substrate W.
With the aid of the second positioner PW and positicn sensor IF (e.g. an interferometric
device, linear encoder, 2-D encoder or capacitive sensor), the substrate table WT can be
moved accurately, e.g. so as to position different target portions C in the path of the radiation
beam B. Similarly, the first positioner PM and another position sensor (which is not explicitly
depicted in Figure 1a) can be used to accurately position the patterning device MA with
respect to the path of the radiation beam B, e.g. after mechanical retrieval from a mask
library, or during a scan. In general, movement of the support structure MT may be realized

with the aid of a long-stroke module (coarse positioning) and a short-stroke module (fine




(commonly referred to as a-outer and 6-inner, respectively) of the

intensity distribution in a pupil plane of the illum nator can be
adjusted. In addition, the illumnator IL may conprise various other
conponents, such as an integrator IN and a condenser CO. The il | um nator

may be used to condition the radiation beam to have a desired uniformty
and intensity distributioninits cross section. [0038] The radi ati on beam
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table WT relative to the support structure MT may be determined by the (de-)magnification

and image reversal characteristics of the projection system PL. In scan mode, the maximum
size of the exposure field limits the width (in the non-scanning direction) of the target portion
in a single dynamic exposure, whereas the length of the scanning motion determines the
height (in the scanning direction) of the target portion.

[0042] 3. In another mode, the support structure MT is kept essentially stationary
holding a programmable patterning device, and the substrate table WT is moved or scanned
while a pattern imparted to the radiation beam is projected onto a target portion C. In this
mode, generally a pulsed radiation source is employed and the programmable patterning
device is updated as required after each movement of the substrate table WT or in between
successive radiation pulses during a scan. This mode of operation can be readily applied to
maskless lithography that utilizes programmable patterning device, such as a programmable

mirror array of a type as referred to above.




a target portion C at one tine (i.e. a single static exposure). The
substrate table WI is then shifted in the X and/or Y direction so that a
different target portion C can be exposed. In step node, the naxi mum size
of the exposure field limts the size of the target portion Cinmaged in a
single static exposure. [004112. In scan node, the support structure MI and
the substrate table WI are scanned synchronously while a pattern inparted
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part of 9rot;ésglgggff@gmyc cell LC, also sonetines referred to as a lithocell

or lithocluster, which also includes apparatus to performone or nore pre-

and post I@ﬁﬂo‘@@?@?f Pabibe sehetate thabis sxpesed tat the litGogrepid appamts s dxh%é i ncl ude

one or r esi st one or
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referr ede&o%gl?%attaggth%r sugsl%fate of the same batch is still to be exposed. Also, an already
exposed substrate may be stripped and reworked (to improve yield) or discarded, thereby
avoiding performing an exposure on a substrate that is known to be faulty. In a'case where
only some target portions of a substrate are faulty, a further exposure may be performed only
on those target portions which are good. Another possibility is to adapt a setting of a
subsequent process step to compensate for the error, e.g. the time of a trim etch step can be
adjusted to compensate for substrate-to-substrate CD variation resulting from the lithographic
process step.
[0046] An inspection apparatus is used to determine one or more properties of a substrate,
and in particular, how one or more properties of different substrates or difterent 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 propertics in the exposed resist layer immediately after the exposure.
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are under the control of a track control unit TCU which is itself
controlled by the supervisory control system SCS, which also controls the
| i t hographi c apparatus via |lithographic control unit LACU. Thus, the

di fferent apparatus nmay be operated to maxi mi ze throughput and processing
efficiency. [00451 In order that the substrate that is exposed by the

| it hographi c apparatus is exposed correctly and consistently, it is
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and not all inspection apparatus have sufficient sensitivity to nake
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structure was made, leaving only a few parameters of the structure to be determined from the
scatterometry data. Such a scatterometer may be configured as a normal-incidence
scatterometer or an oblique-incidence scatterometer.

[0048] Another scatterometer SM2 according to an embodiment of the invention is shown in
Figure 3. In this device, the radiation emitted by radiation source 2 is focused using lens
system 12 through interference filter 13 and polarizer 17, reflected by partially reflective
surface 16 and is focused onto substrate W via a microscope objective lens 15, which has a
high numerical aperture (NA), desirably at least 0.9 or at least 0.95. An immersion
scatterometer may even have a lens with a numerical aperture over 1. The reflected radiation
then transmits through partially reflective surface 16 into a detector 18 in order to have the
scatter spectrum detected. The detector may be located in the back-projected pupil plane 11,
which is at the focal length of 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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possi bl e to make neasurenents of the devel oped resist inmage - at which
point either the exposed or unexposed parts of the resist have been
renoved - or after a pattern transfer step such as etching. The latter
possibility limts the possibility for rework of a faulty substrate but
may still provide useful information, e.g. for the purpose of process
control. [0047] Figure 2 depicts a scatteroneter SM according to an
enbodi ment of the invention. It conprises a broadband (white |ight)

radi ati on projector 2 which projects radiation onto a substrate 6. The
reflected radiation is passed to a spectroneter detector 4, which nmeasures
a spectrum10 (i.e. a neasurenent of intensity as a function of

wavel ength) of the specular reflected radiation. Fromthis data, the
structure or profile giving rise to the detected spectrum my be
reconstructed by processing unit PU, e.g. by Ri gorous Coupled Wave Anal ysis
and non-linear regression or by conparison with a library of simnulated
spectra as shown at the bottomof Figure 2. In general, for the

bar oot erig04sp Rk B 0BRGN CLAL A 3 gy e, tt{aﬁl%%aﬂéeetaéﬁltw%ﬁ“@%ﬂ%?“
structur gadig®nnioldg thisembénrthe mﬂiaﬂor&befaﬁM/s paldanteh eliespatialll heflestiveuaifaleg 6t 0 be
O A A2 A S ot BSOS RSEnRY B
scatter Ortét'El’fe.rel[e&ﬁéﬂ}eaﬂﬁ@th_b@pro&ﬁﬁﬂb%@fm&ént So%gﬁﬁng &t&ﬁ%}pg& :[ﬂloggi ment

of the iE Lbﬁn i S shom? in rig | n

enitted w & P5 e dyerfesence fitgr fl6equgg%}la{]@t?]gflq%ﬁg/aveéfgpgfhé}ﬂqg et {Y ough

i nt er f er eiaendeidftsay, 408 - 9WhR 6} eh Z8¥er, khch 4580 €@k bbhem%éﬂfér%km&%f lective
surface 16 and | focused onto substrate Wvia a m croscope o jectlve | ens

15, whi ciPa “%ila 'Rrgber MsphsPnBratingst pidilerenklftersab sratingrquldibe vsedst 0.9 or at

| east 0. Yitead\Bf brHBIBHA0 oﬁ&@ﬁ&é%?e%nc@ﬁﬂer?ven have a lens with a
nuneri cal Eerture over 1. The reflected radiation then transmts through

parti al | Y0058} Teddisgtor d 8 ey smeasties ihpintensitylefiseatteesd radiation apz sfaglet o have t he
tt
scatter %@QEH Og ﬁz;rﬁﬁ\; '@g/ele];?@l g%? ?Iﬁ-%te Qq?]lralte yan 1}5]9 Wraﬂe?enﬁthfs ﬁe | ens

back- proj ected pupil plane 1 engt
15, home‘l}l@rmttelﬁﬁétyp‘ﬁ?ﬂrﬁte@‘@néwu@engﬂs@e@deeﬁ@a @&g@dmawmrml liary optics

(not s hoY’H&)ﬂ. uPAhO 1nttsle é}daitﬁlﬁg\% se :l'r%gnélt-ﬁ Tw ol tIQlJiS%QI%e Ele%trlg—ﬁggi%oﬁag' ! (ﬂe\m' ch 11

[0049] A re erence amis o ten-used
i nt ensi t yadégion ed/prribd phamt differagtiedeivenn th'EGn‘ankycltsbIHBgnmh-emdtﬂaﬁstﬁdl ati on beam

is incid Iy reflective surface 16 part of it is
transmttgfééltr]?ﬁowgdgﬁéi gurface as a reference beamtowards a reference

mrror 1{1)052]1§sm@3'1 broedieed d@mion soukde@n(i.Qrong edh edviddvaggeofdididtienent part of

the s anefrgc?t}e%&gs or \A:fla%elengths — and therefore of colors) is possible, which gives a large
etendue, allowing the mixing of multiple wavelengths. The plurality of wavelengths in the
broadband desirably each has a bandwidth of 8 and a spacing of at least 28X (i.e. twice the
wavelength bandwidth). Several “sources” of radiation may be different portions of an
extended radiation source which have been split using, e.g., fiber bundles. In this way, angle
resolved scatter spectra may be measured at multiple wavelengths in parallel. A 3-D spectrum
(wavelength and two different angles) may be measured, which contains more information
than a 2-D spectrum. This allows more information to be measured which increases
metrology process robustness. This is described in more detail in U.S. patent application
publication no. US 2006-0066855, which document is hereby incorporated in its entirety by

reference.
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[ 0050] One or nore interference filters 13 are available to select a
wavel ength of interest in the range of, say, 405 - 790 nmor even |ower,
such as 200 - 300 nm The interference filter(s) my 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 nay neasure the intensity of scattered radiation at a single
wavel engt{pog3pin HRTITAW WRERINRRG §§bsﬁl‘?&g%avetth@ta¥%%{ ﬁ{‘s%'b&)’até@ﬂ% &y at

mul ti pl e wavel engths or the intensity integrated over a wavelength range.
Furt her, S#H@eadichds grinterhspcls hetafigr ddvplopmentsthe bars fre firmee nSidfiyl resfst ireansver se
magnet i ¢-THo Tk n@ il hARSNS SR ' ' . radiation and/ or

t he phase di_ffergncer %et &g;gn?ct ﬁdeﬁﬁtg%%\%é%%)rﬁg%@%%%%d%h S?rgtr?sb\?erse

el ect ri c-Spesityeity eparpmeltratfingerest] QOB & fotysi dvge, avirtay adibamdicrabetraibh onthsour ce 2
(i.e. ongjpet % f .radiation . freqguencies. or vel engths - and
t her ef or e1 of_’g J@g?@ﬂé %Img ngagl%b?té.: &l\?\ﬁ%hgﬁvaélﬁt\ll%lsﬂéi elrgi%aé't p%?’r\é\%gu ﬁ al | owi ng

t he mi xi neggngst puvariapdreinwkesingrdgeyst. Forleanmple i thigyt pafternansg|be gishise on t he

br oadban L l.y..eac a handwi dt h of $SX and paci ng of at | east
252, (i. gh %ﬁv&\} '{;:%%{r %téon lﬁ%/eg%éor%%pﬁw%w Oﬂﬁmafa%ge%?%'?arﬁggﬁ?re €l0Nof - 1 adi at i on
may be disfdtem 8hfanddlitnieaionaimaetry exd tegplesncadisath Barradd WGR mahifrgh have been
split usi.ng..e.q....fiber bundles. In this way, angle resolved scatter
spectra rlrtgsg/lf'lgg v%@gt’soﬁr"ég’e&’fm{gﬁaltﬁrgeﬁpgt% F%ﬂ’@élﬁstﬁ‘? PapapPRFiefata of the p spect rum
(wavel engiihted rloct partee & sgdad tecanghesie iRyt fAReTERRPaRthete b Gk BQBE @i NS nore

i nfornmati on rum This allows nore infornation to be

t han 2-D spec )
measur ed PR ﬁu‘i%r?é?‘@%\?é‘gh E’f?e‘ﬁ“??ﬁ B3y bpingeide heregperugiiansprocess, gerfamabscr i bed
in more dehakdeedsihgUn®PUPAbANI0WRES GFad RitinPHYY dnRAk LAB LQiterbiR1]006- 0066855,
whi ch docunent is hereby incorporated in its entirety by reference. 12
[ 0053] | A™4AYCf the scatterometers described above, the target on
substrate Wnay be a grating which is printed such that after devel opnent,
the bars are formed of solid resist lines. The bars may alternatively be
et ched | IS PMBOIMMEN e, The target pattern is chosen to be sensitive to
a par amej@s4Pin dﬂﬁ%ﬁimeﬁ%%eﬂésoﬁig%%itqufﬁzg’sea%ﬁelﬁétﬁl%di GQURL. L aber rat i on
in the [lithographic projection appafatus, etc., suc fhat variation in the
r el evant thsaehneeidhe sifucture preamichers of armeasared sytcbtonm.i As depietegrin thik ederviawget .  For
exanpl e, . { e.sensi.ti,ve to chromatjc rration in
the lit hg%dr;!\g'ﬁhﬂg% ger%fﬁg%%e?g p%g%dg%a%hé rincipd! CmpAnsy 9%?%20%?18%23 ion system
PL, and spacumtnaticdrd sy nfimtplingpants hie dpteasieatandod ths weasiediednt plocainre | |
mani f est

the principal component coefficients are used as the basis of an iterative procedure to identify
the values of the structure parameters of the measured spectrum.

[0055] Referring 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 fo 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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itself in a variation in the printed target pattern. Accordingly, the
scatteronetry data of the printed target pattern is used to reconstruct
the target pattern. The paraneters of the target pattern, such as |ine

wi dt h and shape, nmay be input to the reconstruction process, performed by
a processing unit PU, from know edge of the printing step and/or other
scatteronetry processes. FIRST EMBODI MENT [0054] In a first enbodinent to

be descr i hgehllydBtwet S8@AIMROUBRALERLTBELBEdifk RS sidRNbhdYs ot e val ues of
the structure paranmeters of a neasured spectrum As dcepl ct dS In the

over vi ew WaYRISH#HMS #e wyed de desaribejepchespseumup procedure, the princi pal
t I : in
conponen [5057‘] R@feﬁﬁ{g tQEteHgSijia, sﬁe{ltﬁalsaﬂﬁgﬁg e%ratﬁy gﬁlll&}gaté ggrg,ﬁgéepﬁ%n%ggpgs. g

poi nts are determ ned an n e measu enBnty proc I'hcCi pal
conponentth@dised fogpduae the ameuntof datawhich & dongidesedoin thersubsequent itarativer ocedure t o
identify j.the vaht ; s of .the measured spectrum
[ 0055] Re]%‘rer r‘irng lrr%\?\a}tgql%gaﬁ)ﬁﬁeégésgﬁ%?%ggg%? {1%“6%%1ﬁ°$‘caé%%er%’m?“§88‘épi cted in
nmor e det &hd basisof wariapons3s theaaleulatod speotia prodiced i seapr$oAETIRrtschalyee stibaat ed t o

formthe iS. of T to.h del ed. anpl es af .such paraneters
e 1§ ne 0 oY ledf BRETH £t sl R & Gy WO gRPr RG] of ey i ¢
t he thi cknmgenecofs ebdhenftirdeinkiphlngmpeyeatshaviaf tbr eid spitdumad paergun Bt ant s of .
mat eri al i.ch.interact with the radiation b 2 shown in Figure 2. The
val ues ofSW &I0Re fﬁg{éf’zli"?gfsearpr{n&pﬁ ('I"Fﬂpgneélf)%ﬂ"tfg?‘%gﬁﬁ%éli’e&%ltaé?lygi)'ﬁﬁ@mﬁ‘% al so
sel ect ed.wlhidhecouldlbe @scddadiudedlontier anil@gsf@ta spRSA| LuficrémeBt BotbrtdkdaeeRr dance
with an %téﬁgi nt off the inventjon is not limted to the formation of a
regul ar < Herh8RY o 3P APFIP ABRIvEd settepmee, Principal Cogporggisdnalysishas he basi s

of the caaas@nABRSMaRR RMTRLRIMpEREER nHIE off e CoinpliRdss buShAdoad f fracti on
nmodel i ng orithm such as R gorous Coupled Wave Analysis (RCWA). This

a ), . e
al gorit hﬁPE}ECé%OW%WWQ@%F%d%@W ip grdeppfslgicending stgfistiedh eclgramesr Aad s  used,

whi ch mayomegRnéd e\l ot@g) SearaSah b&BLsSshed 'aEl:uPa&éif tith @nHeSGiilel Suhb& cgpect ra
accurately, 13 typically between 80 and 800 data polnts corresponding to

di f f er entCOBPRICRE AY ¢t apjhes dltgpativgds usingrigiers! nateonk desiinigoe igdsisrmibetheach

P nci par G oo oS PR AE B G eI SRE Tount of dat a
whi ch i s [RS8ET¢aingdoivrio Figaresu B enpaamemdnt proggduteeof nprageing dresscatiBhingtry
Lol ok ST IR ST LA B T 0 o0
t echni quepaci @singan iteration procedure based on spectra modeled using the principal

components derived in the set up procedure is depicted.

[6059] In step S61 a radiation beam is directed onto the substrate as indicated in Figure 2

above, to produce a full spectrum measured over a range of wavelengths or angles.

[0060] In step S62, Principal Component Analysis, using the same principal components as

those derived in the set up procedure described above, is used to derive the principal

component coefficients of the measured spectrum.

[0061] In step S63, a comparison is made between the principal component coefficients of

the measured spectrum and the calculated spectra based on a set of principal component

coefficients which are in turn, based on the principal components derived in the set up

procedure. This then produces a first set of derived profile parameters of the measured

spectrum on the basis of the coarse mesh parameters,

[0062} In step S64 iteration between the parameter values is used to refine the search using

between 5 and 20 data points per spectrum with modeled values of the coefficients. The

output of this step is to define more accurate profile parameters for the measured spectrum,
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the principle that all spectra in a set can be described as a sumof a
nunber of principal conmponents each of the principal conmponents having for
each spectruma particular weighting factor, that is a principal conponent
coefficient. O her spectral analysis techniques which could be used

i nclude Fourier analysis, for a spectral scatteroneter, or a breakdown in
Zerni ke functions, for an angul ar resol ved scatteroneter. Principal
Cormonent»smﬁaahe/ﬁéo%ssh@%fca@dma%ﬂgaa@fc@aﬁmtﬁt%ftﬂé)ﬁw thQh RS SHPIQR are made on
t he conponents but that for each application the conp nents are determ ned
in order OMPEsr &idreylingtreash selpe dhe psel cfPringpal Compenentdnadpiiiesee, t he set of
full Speciyssamapee ARRES r.lttt%@e%&me%ﬁtyom ForbPlobridnl Tl g number of
conponents. Yet anot her ternative is usin network technique to
det er mi neoeliigients &rabd merswiicd siisetravserhe monitored @d:lemm»et ofmﬁnge’oq:feﬁra:uoe nts and

t he spect now t he neasur enment

pr ocedur ec&g ér}ggsse 3 (TICHS [ﬁgﬁjgﬁlsﬂé% 0%&% preve%g'bgeth?mkrﬁ&b 5O ate and

i dent i f yiitstptichee val ues of the structure paranmeters of the neasured

spect r umhsd oced based  on ectra nodel ed SI ng the
princi paI[H(% E?}Vg%ﬁg{rllgtgra@‘genrsﬁ)@tg P S?%g%gtg?mﬁ%thﬁPt?iged??faénqtegs g‘@tpﬁ'%et [ 0059]
In step $64& nmichddivateh orlcseadandsnddburatipectraailp a libgtes tlastor afﬁ)eﬁ’ﬁzadnf%dl cated in
Figure 2 oduce a full ctrum neasured over, a range of

wavel engt’f HGS%%a{?tg?sg‘ggeztﬁ’ﬁ%’jm thaf bef Oé‘g s lgdbe SpRGIIURSH3C] SPeRiFA JhBRESt BRal ysi s,

usi ng t her&adie py thére iAlinea0BRONEYLSeeaShest RRSR:IChE dnY Bk spébrbh@Re bt Mp
procedure descri bed aboi}eﬁrgjal‘e sed. to derive the principal conponent

coef fi ci @A BheSpeFtim, BEdch §ehof podibeiarametes valpessh 35 sufficdesiri9ar i son i s

nmade bet weielatt BelyRkd dAflePidlitcg AR 8NpoifQ 8T fhi: Gﬁe@@&rﬁ aff use iGN TR@SHRRRd Spectrum
and the i}al cul ated spectra based on a set of principal conponent

coef fici ¢HEX r%l"é‘t}i’e‘éﬁeén th speghaandthe pancing! eamepopetnigideigrmisesonent s deri ved
in the S%t)efﬁ&entpI’I%@Sléfﬁ@ientsmtd%héﬁ}ﬁfa r%Qf QAR Andy tE%béﬁEd Bfreéé%}u%te‘j profile
parameters of the neasured spectrum on the basi e coarse mesh

par anet efly full srygtypm for the @@Sesemofll@ paramétervabes-iden therse plariieler  val ues i s
used to pectrum
W th modor ah onp AaRaRE fuRhPine RERNE SR e B o e B ARl SE°T
define n@f?@aﬁbé@mth@utﬂlﬂ@mgIttese@at@ﬂmhemstr@kevatnh@enmwmecbfﬁpemaawm 14

wi t hout f coeffi.ci gnts of .t fi.ne mesh and
per f or i ﬁs}%@t{rﬁﬁ%ﬁ%%&r}ﬁpﬁﬁ éibs(ré]ﬂ'{j QML%{&% g)fn[nhtlon in eother fess relﬁ%ﬂt rgso&theprl nci pal
Conponentpedimahysi s has an advant age t hat the di fferences between the

val ues Of[OO%E']eF fr%fﬁrg %gw%?sg 1Cg{1r% r}t Fucto H‘lettjzt'c? that the calculated spectra are essentially

noise free, they can be very accurately described by a limited number of principal

components. Having determined those principal components which will be used, it is not
necessary to calculate the full spectra for all values of spectral angle or wavelength in order to
determine the principal component coefficients to be used to represent each calculated
spectrum, Instead, it is sufficient to select a number of spectral angles or wavelength. It has
already been mentioned that the value of a spectrum at any point can be described very
accurately by a linear combination of a limited number of components. When the number of
selected points is at least equal to the number of components, a (pseudo)inverse of that linear
relation can be calculated. 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.
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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] Wen an iteration
strategy is used to determine the profile paraneters that give the best
mat ch between cal cul ated and neasured spectra, only a limted nunber of
coefficients are needed to describe a spectrumthat belongs to the

spect r um[8pEH; FitRAG NS Hs the ctrbewrieh isqﬁodug&ﬂ%ﬁwéﬁ Bac D IRQLBulhRd &hekdrer

rel ation bgtween t hese coefficients and the spectral values at any points

in the spBEitedi mofideract as a fgstioagt fhegembertof prinsipal eopapnamtetisd. Amdales, it is
suf fici emte sk frdnfihGUl REEwIRRL te SRR HSA ) akd dBnt R Qliﬂgﬁﬁ i 1089%&%{%5 e the
~spectrum and use the 1nverse of the IInear reflatl n Dt ween the spectra
and the pEyioHe] 5Ear betysproOrrelsulptsd deaciss niingen ful enadolenf! ithei ragviebasathen a

coef {1 ci fiRa Alilud e pRAdiOF LORLonCATRONEN! S BANISNICDG, USEd Lo I econstr uct

the full spectrumfor the chosen pr parameter val ues. Thus, the use of
pri nci pall0068b FpyeH bn appredidtesiibativivle iretia itst enbefim¢niaghairizer pafcespect ral  poi nt's

in the I L: - £ VP |y 20,.-w thqut. having to sel ect only
t he rmsf%g g{)rg\%gr?tﬁms?gotg%:l?%ﬁé %Illcnn%lg&gﬁop %néc%%cgﬁngse C gty P‘g’ﬁ?dﬁﬁedmﬁ’avi ng to
di scard \alewkist en spettor emitulata dnnhd tesis of the codffdiants.el evant parts of the
spectrum [0064] Turning now also to Figure 7, due to the fact that the

cal cul ated spectra are essentially noise free, they can be very accurately
descri bedEOOND EMBGIENEBNTber of princi pal conponents. Having determ ned

t hose pr be. used, it is not  necessary to

inci-pal conponent s whic i . . .
cal cul at émgﬁlﬁfﬁr %E"‘?[& 56%4 argll tl\q"’r‘%/%{m?élg“?ﬁlfs & hedpyestion sgtigicaldaigay el engt h
in order réductichet ednibima witherh [ibragi spadp [HeER@Bee spRak id K Kbt be used to

represent. each cal cul ated spectrum Instead, it is sufficient to select a
nunber o?'bga{‘?’e?ff Ff’j‘fuqaéﬂ:glllsé@ ao‘Pg‘%ﬁgVéF‘b%’f weshyof difgent ¥alyes sfgnasarprerent i oned

t hat t he ssedtatieprofile arsineess! foFb:inpid heRAHR bf ﬁl@@c}ré’c@ HRIGLIBRYE syehYarcaccuratel y

by a linear, conbination of a |imted nunber of conponents. Wen the nunber
of sel elfdd0 fBiREsel o PHRcipad sempgRia using Pringpdl Gepepnest Apdrgioiethes, a

( pseudo) paviell&pplicaliBPst bhtRERMetry spbah) ﬁgni%@e@ﬁ pﬁﬂéi?ﬁ“ lc%gcgrentlﬂze nunmber and
be” op

position of these data points t0 be used may Imz using a pivoting
t echni quéfigisntdeifeseriberpaelt spepleuns jrethe seapf sjerpdispscieg wislothe desired deztiacy.poi nt s nay

or i mi pal o Gl S T BPLL MR is e B ARG SEERGEE: Sure 6
shows t hexasiple theiirstd A t¢ 20 prinsthat echnpvetniefonidigacinalyfing e calzlilatel apeetta spect r a
in the first embodiment, each principal component being weighted by a respective coefficient.
This is due to the fact that only a limited number of profile parameters contribute to changes
in the calculation of the spectra. The coefficients of the linear combination of the principal
components are different for each spectrum in the library, The principal components are
specific for each library and have to be redetermined for a library based upon a different
profile or a different set of profile parameters.
[0068] In the second embodiment as indicated in the overview of the method shown in Figure
9, principal component coefficients of the principal components derived from calculated
spectra are stored in a library. The coefficients are compared with the principal component
coefficients of the same principal components of a measured spectrum. Instead of storing full
spectra with typically between 80 and thousands of intensity values per spectrum as in prior
arrangements, it is sufficient to store the set of, for example, 10 to 20 principal components as
discussed above in relation to the first embodiment for the library as a whole, together with

the same number of coefficients, per calculated spectrum.
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and the full nodel spectra as a function of the nunber of principal
conponents used. As can be seen fromthis figure where the spectrumis
based on at |east 20 principal conponents, the residual error between 340

cal cul ated spectra using a full nodel and the nodel based on a limted
nunber -of principal conponents, reduces to an acceptable level. [0066] It
w Il be appreciated that while in the first enbodinent, the iterative

process i Mocapes fHeNiBRey QPub ﬁ%céaalk%i, & i}?ﬁsuia!ag iPFibRE | ﬁ’,asltegg RIRANSH, Gaefficients,

the iterative procedure may take place on spectra cul at on the basis
of the coefPi e snpivalensECEND SEMBERRMERSS (f0IB6E] un procedutsstiancie Rigurds.second and

third e l f I E O | St | i i's conbi ned
wth e e b 1008 s MGk OO it FdcShrnb Bl AtpBenf SOHEMAR |2 °PTh LAy
are cal culchned! Wweetragn thersld toigetherswith thmassodimtstprivbipdi dofnposmt coefficieas fof one or

more selggteg ' e [..eX l.e Iine.w,dth of the target.
The cal cue:aat Ig‘gtl@g)agg‘éérc gurg?lfaﬁlggét’ea(rﬁé?tglfeggorri%e/cglrg;thsees e “\E,)Vthfhigfaﬁfal conponents,
usi ng PrilA¢i0p & theorponernt procddys gs. illisratetién Fipae tli cedpas 1 Bdphi §ati2are of

scatt er onget. [ alimt set of principal co nents.is sufficient
to descr i’%ﬁl@ég@ﬁg%@ﬁq ant ?%Q ?Eﬁge @Eatsur(g?'e‘.gttpg)?c«%‘ﬁ% H@@?’Sggﬁuf%‘? Flﬂ}é’ef?ési r ed
accur acy.in stdy Bl kb8 lalsyarcted dbnessgemig tprindiphltempblehedg feantsherdea e bed by a

| i near ¢ i nation of, for xampl.e, the first 10 to 20 princi pal

conpone nﬁ LB?%E% R ?}Encécfsﬁsf |n?ﬁlg°htaﬁ£ ﬂ’é‘éf"c{]ﬁ‘é’ﬁ A Valpesaf the sglecteq pargmgters for g

enbodi nmenke meaadad pectigrhpal conponent bei ng wei ghted by a respective
coefficiﬁ to the fact that only a limted nunber of profile

Thi s, is, due t. | [
par anet er @‘;"E!bm §I§p0§}t1§4,trgregwgﬁqg%gloscr ﬁvaﬂ%eort%ﬁtwaa&m%ﬁs g berpbtainsdbyra. The
coeffici ambipolafior dTehd doBERIenGAA e MiBiarPRetREentiBh BSibAG iBBkjacGRPRARENt S are
different for each spectrumin the library. The principal conponents are

speci fi C_W@Wc@éﬁﬂuqsi brary and have to be redeternined for a library based
upon a difhdRy ﬁ@%xplﬂﬁ&ifdbt)?e Qlth %féﬁéﬁc% oF ﬁ@&ressﬁﬁend%f, tlBchlfchllaFe%l BRLANRLPhS [ 0068]

I n the second enbodi nent as indica rn the overview of the od shown
i n Fi gur @erygecysgtely dpssabedpngplinisastnumber dfipgineipal somponehs. ipviinedeppaminebnponent s
derived fyRm,Galkcu t. L j ficients
are compi Py F e nen S AR ALEE Rk a0k SirbByh il Fhiknpel Py OBl

pri nci palngenporaeplerstiof whererba specta veiveoteedim belcastiewd. Wherstheonumiger 611l |
spectra W l.cal gusands..of .intensity values per
spectr um\%ﬂéﬂ? nly Ogﬂrtggral( %gﬁggﬁ%gﬁg%&n%ﬁﬂ% Pel Psf @F@HP“’P@ C%‘P%%gmt he set of,

f or exanpbdiicigifs tap RQalonlated upiag a Hiompriwing, shea@scudd)siovessad ttabeton n rel ati on

;Sn})gre L:J:Etgvtg% e&?%?:iéeﬁl sga;,[nd E%r,ctrt 121%%1{3% %{ﬂg&%y g(glité‘tal;’l%h H{?Ill’lgél' at118 %gs}ltri]oenrofm‘:geh the same
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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16 0069 In the library setup roc edure as illustrated in Figure 10, steps
5100 1, S1002 and S1003 are equivalent to steps S51, S52 and S53 of the
setup procedure shown in Figure 5. However, in step S 1004, an indication
of each of the principal conponents to be used to define all spectra in
the set, together with the associated principal conponent coefficients for
each particular spectrumin the set, are stored for each of the spectra in
the | bragych AR MrayRak b@eﬁ@tﬁ&f)ﬁﬁéﬁpﬁﬂlﬁf Qefien 1sgp%s§ bt lﬁ§ﬁlgﬂ% in Figure
11, steps S.1101 and S 1102 are equivalent to ste 53 2 of the
measur eneRECis ReRsaissOT §lspRACipA crmprieetss. However in step S 1103 a search

is done anong the principal conponent coefficients stored in the Ilibrary,
to derive the closest match and thus to derive the values of the selected
par anet er dIIREMBRDIMEAr ed spectrum [0071] In step S 1104, if required,
a cl oser [gyal Wahir®Bn opt ai ned ol ation of
t he coeff|C|lntsr?n Q%MBPEBP%E%HEh mbg%%ﬁgg b%gﬁ% s%ﬁf Kﬁuﬁ g%éﬁ? proflle

par amet ersearell metbod fr@iGnAeratise mhmeﬂ@d Hizotatistivat dtutzc l@ﬂlﬁ:ﬁlﬁlﬂﬂ&édﬁlﬁthgl gures 7 and

8, the c g3} desc bed alimted
number 013 ib%& %té ?‘%B@Q%‘%‘%@a en lg'e 'ﬁ%teﬁg%ﬁ?rfﬁﬁ A YeRh et C‘B?qyn)cfp?)“ﬁl
corrponentasldlvumnad; kpewird ¢antbe uskslerd gerictatd moﬁwkﬁsemeelmbf paganfc@®dr@6liesa nunber of
spectr al es. or ve S. [ ectral val ues need to be
calculatégﬁ%%hgﬁngﬁ%ﬁa WH?P%BQ“”Q%?% Bgﬁﬁfﬁ¥§pP§m%ﬁ”q%ﬂﬂﬁt Ejual to the
nunber  ofembodipemestts,S 1B0E- PI30R eieRghivaOTRONERIS106103 DT infMk e @@ﬂaléﬁﬁ%

inear relation, the (pseudo) inverse of the relation

cal cul ated_usin

bet ween %@F’F‘?C@ﬁ%ﬂflll% odipeqtJp it pasticulas exaaple hey daizstpreshin dhedlibrary aredgidler  and
posi ti on sefedim@izRed fpodtr. AOWENCS ad RclfeytsToik F5le BRaRBbisN £E&Geydhitg 22 Pi voting
techni que. Cal cul atjon of the spectral values at 20 to 40 data points may

be suffi SHRSATUSPiGLcHRLon PrACRANTE. fids pily Aedersaly te salprisie Ard to soer sppeiacdased oaf 20

pri nci pakheCRBmRRANYTS:, foP ExAald) SPRELI thod where
only alimted nunber ofX ectrgﬁtgéﬁ? gﬂ?kqﬁggﬁ&]nLQth%w%gz Eﬁ
13

coef fi ci dhps icHep frﬂéowbﬂhhr@%w isap Yy slcstingepaints itskdgteymipingdhd i ne mesh, as
depi cted rélé‘tw'ﬁ'b%e@n thl‘%p%: Ir\% uck £hdscfu ﬁlrélp%ﬁ%ﬁ)r%nédt 956?1;‘ é{edtssat%gé @le@t ed using

a coarse mesh as descri ove. I ncl nponents are
det er m ndde liprastthys lsslqtiﬂ@znlyﬂtrerehém betwesp theahR® 3nd prmct)hleconmemm m nation of

t he I|nlgggﬁagﬂp%qwggsa&§§§&)ks points to be used in further cal cul ations.

The next ste cal cul ation of the principal conponent
coef fici ¢H7E] Bmmmggipwmsnad) 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 $1402 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
$1402 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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mesh points to create a |ibrary of very fine nmesh. [0074] It wll be
appreci ated that the storage size of the library in the formof principal
conponents and coefficients is considerably snmaller than when full spectra
are stored. Also a 17 search in the library can be executed faster.
Further optim zation is possible, using the specific properties of the
princi pal conponents. THI RD EMBODI MENT [ 0075] A third enbodi nent of the

| nvent | oMoutop AbGodASEERadferdioChafo CARRI N B8 ©lhedsd dfiifafepnfeadr ch et hod

and an iterative search The statistical data re on used in the
li brary $epargips Bribcagfastuagfl e ilsheuldibe understandahag thadidhagraphilapsapeat r a very
ef fi ci entdedoribddBSEn G HA L ] 0. generate nopre dense
mesh of pgrcgnet er l\1/al ges. 0?%8%%? 1@%&6&%%@%{38}% |f}ghﬁglgtu&e$0f\g\ﬁ?%ﬁte§ tI{Jg‘:gltrat es the
| i brary $s¥tenyy epidanse dud dotastion pastetnsifordnagestiseldinammiemsies fit-FankBdidplays,S 1303
are equiy [ . = .0, Fi,gu 10.relating ..to the second
enbodi mnﬁpﬁﬁys%ﬂsgﬁlpjar%;écﬁgﬁ zlihrm g%%%?"é’?“’ P??gg’(ﬁ%??ahesikgﬁgaﬂis?fgvﬂle library are
actual sgrpredade thotal thedordpe of suah alldoneive nppdisatmas unycy: ob thettdrens pivelkilog

par anmet eks;..i : tjing.a._ subsequent, iteratio rocedure, it is only
necessar yalteoﬁegg'ﬁ%ﬁapg)g é:ggéhdgret%c?s "3PE"e é”d{?‘rﬂé\e ’B%rggﬁneéﬂ tgf“ﬁesug@@ﬁ i%ients for,
for exanplaeget porSpECtesmktichnThaantsats efdet itdligréinmay seplob&ked bdtsaly Si ze.
Thus, i naﬁgre%}){ S 1304, the |i bra%Z? Si ze iS. rﬁduc@d by sel ecting points and
det er mi ni*Rg TREVT & Bt PERPISS sk 7 At Hiceilniorlis ai@xer fREesiSH8 2pr i nci pal
conponentutsoet biddeblops tht etfdesiRefa), Bintetrolog ol ddd/cRbY inkpéBiod A6, Wdeg only the
s.and pringi conponent coefficients at these

relation between the val ye al

sel ected? P%@%athﬁ[fgﬁi"ﬁ]ﬂe%ﬁﬁm ilcd beanplisde S¥6h apdl giipresubsirate piocssving lade- to t he
measur enithdd! thE eBktide @by bdyfrocc3 R ARDOH: B ExalBleWh b foRGeaRMa NCi pal
corrponentnglg;oﬁ&fl cients derived fromthe mneasured spectrum are conpared
with t he 8Y51E8er [hr $07031520 e HReFihHseg bereinimdy afvp sefer th @ sulestratgithat pecadyur ed

SpeCtru%m@g%@l@pje@r&'gggislaﬁr;401 are conpared in step S 1402 with the
nodel l ed spectra stored in the library which have been obtai ned by use of

Pri nci pal® Biraigh spepiig|refeiescegnay e hasd etadesbospicthe nse ofkinkopmosedur e stil |
achi eves ¢=hgy ki Ry 3 Aoy : ' ddi ti onal
spectra itn t ﬁgg?rﬁgﬁlgrc?nggttgﬁg g%i?g%g%%u@@ ggﬁ’] | ?eﬁ&bgjtelg%%gqﬁaﬁ%?mﬁl ﬁléns possi bl e
t o perf omay &nuseddr eth¢ranplicatiorshiop exaowdsinipaisdithagnapihfiengd avharseheconteat ues

dot er m ey R0t A dEo UBKARh 3BT Bl MadiPalt LRRSEHTLAR "t he prof i e

val ues opatichangwbaga defthes fegattermeeated oft b mbsthasiThe 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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[0078] It wll be appreciated that, while in this exanple of a conbined
|ibrary search nethod and iterative search nethod, data representative of
nodel | ed spectra are stored in the library, alternatively or additionally
data representative of the derived principal conponents nay be stored as
in the second enbodi nent. 18 [0079] Although specific reference may be nade
inthis text to the use of |ithographic apparatus in the manufacture of
I1Cs, it Sﬁ@mnd(e%eséﬁﬂ&ﬁ{dﬁét&qgetﬁ&?tm éﬂ@tlé drtog E’lB'h%wﬂ BhaldRpydescr i bed
hereln may have ot her applications, such e nanu acture 8? i nt egrated
opti cal PEgesye fgred disrdiance and det ecti on patterns for nagnetlc donmai n
menori es, A thin film
magneti c {ﬂde’jé‘ggh@%?% ptighémo%l?m dajrg(twog)gq”&éﬁ%tﬁj ’lgdﬁ%é@éa tCP‘a?{% : bel n the
cont ext @Ppasent ko cletskitledaini tbﬁearathpﬂ mebfidators, mayrbg nufsle t(Dﬂle tdventtoerasns "waf er" or
"die" us Wt nDre neral terns
substrafg&ﬁbapxmpﬁt&%Eﬁhg%%ﬁﬂhggm %@ﬁ@%qF$%F§OUQ%%”%SB "¥6%rred to
her ei n nmyorbﬁpmtmfws edmotc@hdmétmnts nafy be corabipaiswitteor substthmdfd fexampre a track
(a tool el i.es a er of resist to a substrate and
developsgﬁﬁém%§%%§% e &%f?wrg“ﬁ§@¥gF8§§mF@B@Band/or an inspection too
Where applicable, the di scl osure herein may be applied to such and other
substrate processing tools. Further, the substrate may be processed nore
than once, for exanple in order to create a multi-layer IC, so that the
term substrate used herein may also refer to a substrate that already
contains nultiple processed |ayers. [0080] Although specific reference may
have been nmade above to the use of enbodinments of the invention in the

context of optical lithography, it will be appreciated that the invention
may be used in other applications, for exanple inprint |ithography, and
where the context allows, is not limted to optical |ithography. In

imprint |ithography a topography in a patterning device defines the
pattern created on a substrate. The topography of the patterning device
may be pressed into a | ayer of resist supplied to the substrate whereupon
the resist is cured by applying el ectromagnetic radiation, heat, pressure
or a conbi nation thereof. The patterning device is noved out of the resist
|l eaving a pattern in it after the resist is cured. [0081] The terns
"radi ati on" and "beant used herein enconpass all types of electromgnetic
radi ation, including ultraviolet (UV) radiation (e.g. having a wavel ength
of or about 365, 355, 248, 193, 157 or 126 nn) and extreme ultra-violet
(EWV) radiation (e.g. having a wavelength in the range of 5-20 nn), as
wel | as particle beans, such as ion beans or el ectron beans.
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[0082] The term "l ens", where the context allows, may refer to any one or
conbi nation of various types of optical conmponents, including refractive,
reflective, magnetic, electromagnetic and el ectrostatic optical

conponents. [0083] While specific enbodinents of the invention have been
descri bed above, it will be appreciated that the invention may be
practiced otherwi se than as described. For exanple, the invention nay take
the formof a conputer program contajpjNyjg one or nore sequences of

machi ne-readabl e i nstructions describing a nmethod as di scl osed above, or a
data storage 19 nedium (e.g. sem conductor nenory, nmagnetic or optical

di sk) havj ng SR ] t | X e
descri pt ;llons ggggg@dare I ﬁ%@ﬁlge‘ﬁﬁﬁ %{u‘ggh I?%P%]g&radfgﬁ%é@aﬂ%n&'Erp%)ﬁtﬁll)%rl-arprqlé? Thus, it
will be DPagngssrused totnganpfactussia delvisd layer dnhaesubgtiatet thamettodicbiprdinigons may be nade

Lp {1 Lvent Lt BSETbAR DOuk: SR RNTLB 05 9600,

cl ai nB set ou ore asy nor e
enbodi nmerstlsulptey using g differentichonintvialue of s sthsturd pataatktérolf tenefeehce pamdre; aspect s of

one or nore o odinent . as appropriate. 20 CLAINMS 1. met hod of
det erm ni ng abgfgrrﬁg P ee“%ﬁ"i‘»“&‘#&‘ﬁ & Q%?‘ Cglc?igthgatl%ﬁé‘f’? SR forg Sae?tﬁ%gr aphi ¢
process l]lSElﬁeltC;f pnimm;mffaetspecﬂaﬁtpdbmin?fbohm_ brsetgu_if s@ecﬁhlb:&{nb@de?ts ahdg TTE]'E hod
conprising: .ca ng a.series of calibratjon spectra froma reference
pattern, pg‘g%lﬁy gﬁ@"é?ﬁﬁﬁ Q%@“FWB““ §1’t8‘i§1 e&f’lélﬂrshﬁ ﬁ%weéglﬁﬁl\g%ﬁ%ﬁ‘fepﬁﬁ@ﬁhg 0%l ue of a
struct ur ealpalnadeicetiudf the reference pattern; perform ng spectral analysis
[ [ f i nt f
The spectra. TG UHTER HEF GSHHORDERRCe0P dEPE APrsoNBHERTSNETEE Bl Ur al |y
of first padrs; of weighting factors, each first 'set of weighting factors
representing one calculated spectrum neasuring a target spectrum produced
by directing BerBEaIRESPecrakAnalysisAn Bistusasus tergplgpectrupptsing the copardngeii ng
spectral oﬁé}ﬁhﬁ‘a‘lb%&heﬁ@%bt‘&ﬁ@é%ﬁ%&%é&% aﬁ%ﬁ%ﬂﬁ@c{ﬂ%l&%& BrfiOTo " set  of

spectral conponents obtained fromthe spectral analysis o e cal cul ated
cal i br at iSea§tra &pdiain a sqeendist af weighting dastats rpresanfingvdic givasunel thrgetspeagrum;
representing { FRas BTy : ' tation of
the first st e SR o eARE o3RRI o | ApSaRRbALE

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 calculated using interpolation.
4. The method of claim 2, wherein, after using the comparison to derive a value for the
structure parameter of the target pattern, further values of the structure parameter of the target

pattern are derived using an iterative process.

3. The method of claim 1, wherein the representations of the first set of weighting

factors and the second set of weighting factors are each modelled spectra.
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the second set of weighting factors; and using the conparison to derive a
value for the structure paraneter of the target pattern. 2. The nethod of
claim1l1, wherein the conmon set of spectral conponents and the plurality
of first sets of weighting factors are stored in a library and the stored
first set of weighting factors are conpared with the second set of

wei ghting factors. 3. The nethod of claim2, wherein further first sets of
wei ghting factors for conparison wth the second set of weighting factors
are calcul ated using_ interpolation, 4. The nethod of claim 2, wherein,
after usithg tH&e B6HBEPT doim b ovharsin thecanmer sseoffspectreluempsnenisond ove pfar anet er

of the tar@fkt RatIek hti[flg"fagt&%rareVL%le&‘gsSthQBas}srB?a§ftér&%ﬁe%a‘?ckﬂ@étﬂﬁ%%s%{&am t he

target pattern are derived using an iterative process. t hod of
cl ai m 1, RAWalitgoRdiffaent paganeotes velaes tosemprire thadirdt set of weightingffasieis ghd thag  f act or s

and the g@&ﬂﬂgﬂQEQ@%Lﬁmg%gg&ing factors are each nodel |l ed spectra. 21 6.
The nmethod of claimT, erein the coomon set of spectral conponents and

one of the first sets of weighting factors are used as the basis of an
iterative seargh OB N . ality of different aneter values to
conpar e the firs?lsé€8%?gak%gﬁ Fﬁ§£$%%?%¥%mgwggrﬁéﬁﬁgg%%ﬁ%&¥bFaof wei ght i ng
factors. sgatteidnetiyputaodteof claim 1, wherein the structure paraneter of the
target pattern is a scatteronetry paraneter. 8. The nmethod of claim1,
wherein the calibration spectra are cal cul ated using Ri gorous Coupled Wave

Anal ysi s.8.9. Themathbdotklaim IGaeminkhe sflibragomspelity SP&LIulAdd BMaIRIGIrSus! S
Pri nci pal Anal ysis. 10. The nethod of claim 1, wherein the

(:Cq gpent I
calibratiéwpgg @'F Araly¥S-cal cul ated over a linited number of points
determ ned by the symmetry of the spectra. 11. An inspection apparatus

configured to_determne a val ue of a paraneter of ~a,  |ithographic process
used to ﬁan uf ggfi ‘F}Ft@g%oﬁcé@’inclew gpidtheoypeeirat gidisis dg RrincimabComppraestt us

conpri si ngualygiscal cul ati on system arranged to calculate a series of
calibration spectra froma reference pattern, each spectra being

cal cul ated using a different known value of a structure

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. Aninspection 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;

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
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paranmeter of the reference pattern; a first analysis systemarranged to
perform spectral analysis on each calculated calibration spectra, for a
sel ect ed nunmber of points of the spectra, to obtain a conmon set of
spectral conmponents and a plurality of first sets of weighting factors,
each first set of weighting factors representing one cal cul ated spectrum
a neasurenent systemarranged to direct a beam of radiation onto a target

pattern ahe élculsdashlibondpettialo BRAEWlsEohMt §p\§éiéﬁtﬁ1@fa(§0r§ F‘e%ﬂégéhi glysis

system arran‘%%g to performspectral analysis on'the neasure g%ectrum
usi ng t hd"@IHOWeEBIMof spectral conponents obtained fromthe spectral

anal ysis of 2 30&1@3@[@&1‘%@&%@1@ aﬁﬁlg%&ﬁ%}acbf#gﬁe 3 p%géséxﬂatﬁo(ﬁ oqla{eadr& s& grecon d set

of weighting factors representing asur spectrun a cor?%ari son
ar r angenefRi€ning fslgetand @ resessaptdonepfithareecnd netaf ivoighibfe btfersfandst set of
wei ghting fac i co 2t of _wel i ng
factors; and g%@??@ﬁ?@&%&g‘%ﬂ?%g ?f&e{r?ﬁﬂ %&%gktg§§§?l o c&%ggr?ﬁ%%gﬂ}gﬁrﬁl?"%? t he
conpar i sclsrivg thawgdenfenthe parameier pitbe lithegrumhiaqgodess. t he parameter of the
| i t hographi c process. 12. The inspection apparatus of claim 11, conprising
a nenory arranged to store a representation of the common set of spectral
conponentld. andhaissmsctiant pgarates ghtlaimgl If asipisiag a repfoesafineatoeaeda cal cul at ed

i rrangenent .is ar ed. t conpare the

spectra el it conpari.son ran .

stored r 2%?%%@%%@6% Q§rﬁ]crl" &t qu%%ﬂgglgﬂlglg °gts apd asﬁ?féatgi‘@%ﬁlal@g‘lwt%? t he

wei ght i ngeprésagttngresch chBulatbd@pdcns pedivhaein #2Rampiritsn Sfrargb@biislabran€@nPr i si ng an
iterati v%oarranlgeg)egt arranﬁed to use one of %he first sets of weighting
factors ASTPHEU5ALIY rgpresgntationsand s sapreseaiaion ofghhisaondsee the weightiogl i ty of

di f f er entfagoas.anet er val ues to conpare the first set of weighting factors

and the second set of weighting factors. 14. A lithographic apparatus,
conprising: an illumnation optical systemarranged to illum nate a

pattern; 13 prheaipe@bnQPhdreial oSS MlpRNASth kQatVeQh@hdenip: 4 of @
pattern onto a_substrate, and an inspection apparatus configured to

e
det er mi n¥SePnAf the syt sels Pl eighting facesmrs as the bask ofamisativeseaselomethodsesingteo
manuf act yhuealfy SRNIGEnt haMSEteP alfes 381 B faft tRe filsh &t BRPALR Y 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
conprising:
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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conprising: a calculation systemarranged to cal culate 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, a first analysis systemarranged to perform spectral

anal ysis on each calculated calibration spectra, for a sel ected nunber of
points of the spectra, to obtain a conmon set of spectral conponents and a

plurality of firstasedstreflenti®ste birRied ACAiRES) beSRGR rdatatish 0nt§§rtar&ft wei ghti ng
factors representing one cal cul ated spectrum 23 a nmeasurenent system

arranged to dP3EEYOnep st aPeuiedhe Paetimy. t ar get pattern on a
substrate and to NERSMHdGNLDSSs %@%ﬁatafr}e&ﬂ%ed% gé?ﬁ;%@ &%ﬂ%ﬁfﬁis&ﬁkem arranged to
h nmeasur e P ng

perform spectral analysis on the spectrum us e comon set of
spectral conpbfsted spistramnising thewmmves setof estirallcomperleytsiobtamid trhm tical cul at ed

cal i bration spectd Qneﬁj%isocg{ﬂ?é AR AW o E bpQlra 10k G0E LAY, | saefct)fo rs .
representing the neasured spectrum a CONPAT 80N art angenent Carranged to
conpare a repweightingsdbdton repiesedtmgfthermeasged speafumyei ght i ng factors and a

o o o SRR g SR R R TR T
derive the vablircifhting fdverrpardamepresentafiort dfehd setdndgeat Mezhff©ReB S, andl5. A

i thographic cell ¢ rising; a coater ,arranged to at a substrate with a
ti on aG%Plgzifleop;a“%ﬁqefnteﬂtoa&a%?%usﬁg%a%‘ﬁgﬁg? PURRFEP™ 0 expose an

radi ation sensitive
i mge onto tharanghai toaterisethsivhluy &or kiyparametf oBths Usaatiepoeat.ed by the
coater; a devel oper arranged to devel op an i mage exposed by the

| i t hographi ¢ apparatus; and an inspection apparatus configured to

det er mi né5a valliupgebhia colbEamisii; of a |ithographic process used to
manuf acture a device | ayer on a substrate, the apparatus conprising: a
cal cul ation s@%‘la@ﬁf‘%%gﬁ‘%@éﬂatt%sul%%’la&wlﬁt%Ta@a%‘éﬁe@%m@flaﬁ&l i bration spectra

froma referenasutid phranBafihes PR kpde Qﬁhﬁ&e%ﬁ!&h@ I%Eraagorf"s%hﬂﬁv@aﬁ¥ fferent

known val ye of a structure paraneter of the reference pattern, a first
anal ysi s °5yBPEfanEA JEihc9alser f or m spectral anal ysis on each cal cul at ed

a developer arranged to develop an image exposed by the lithographic apparatus; 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:

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,
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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 weighting factors, each first set of weighting factors representing one
cal cul ated spectrum a neasurenent system arranged to direct a beam of

radi ation onto a target pattern on a substrate and to neasure the
spectrum a second anal ysis system arranged to perform spectral analysis on

the neasured speci Mmaugdnrwraﬁmeﬁpmmgm&@Eor@sar@mgiegﬁltatgﬁ BP@EGRL & obt ai ned
fromthe specéral anal ysis of the calculated calibration spectra to obtain

a second set 8 Welﬁ\@l“@ﬁ%‘it?f{g apdyciepesentagiph eldbhiereny setrf weighéing &dtospandt rum 24 a

conpari son arr ange/@ilyan’ a4 ehparféﬁéga%ﬁseathéﬁﬂﬁtﬁ§ﬁfms%dlﬁe{? i the first
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