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1. Field of the Invention [0001) The present invention relates to nethods
of inspection usable, for exanple, in the nmanufacture of devices by

l'i t hographi c techni ques and to nethods of nmanufacturing devices using
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apparatus can be used, for exanple, in the manufacture of integrated
circuits (1Cs). In that instance, a patterning device, which is

alternatively referred t 0 PBRG Hf” be used to generate a
circuit pattern to be forrredl%on an |nc}§iv?§1 l?P<';11yer of the IC. This
patterr] pi@maahémﬁtﬁ@fred onto a target portion (e.g. conprising part of,
one, several dies) on a substrate %’n %1 a silicon fer). Transfer of
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substr contaln cent target portions t are

aﬁccesssmglhthgedyﬂaﬁ:rmeldnquésovm | i t hographi c apparatus include steppers, in
ich each tar . portion is irradiated by exposing an entire pattern onto

the talff2l pgrgF%SPﬁ‘P 8 t&ei?ée‘{éﬁd scanners, in which each target portion

i s irr?\gfrlliﬁf)?qgllﬁ}f 5&5&% W fBéniRAiHE5ghIEDE ﬂb‘ﬁféd%)afté‘ﬁﬂ GHed QBubsl&@ﬁ:nhédallﬂoﬁioven
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processes; 1n udr ng he use o canm n ron mcroscopes and vari ous
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reflected or sca tered by the su ate, the properties of the substrate
can bepeltics nwmédltecfl’w exposing b caliteeatternamtethe ﬁ@lget pastior ¢rAngtingRy anthe

reflect %%ngrg Al eacﬁttargé tp%gtt on Isrllrrgth!iteg) b9 rsé’an?tiné(tﬂg Phttern through a radiation

beam in a given direction (the “scanning” direction) while synchronously scanning the substrate
parellel 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, it is necessary to measure parameters of the
patterned substrate, for example the overlay error between successive layers formed in or on it.
There are various techniques for making measurements of the microscopic structures formed in
lithographic processes, including the use of scanning electron microscopes and various inspection
tools. One form of inspection tool is a scatterometer in which a beam of radiation is directed
onto a target on the surface of the substrate and properties of the scattered or reflected beam are
measured. By comparing the properties of the beam before and after it has been reflected or
scattered by the substrate, the properties of the substrate can be determined. This can be done,
for example, by comparing the reflected beam with data stored in a library of known
measurements associated with known substrate properties. Two main types of scatterometer are

known. Spectroscopic scatterometers direct a broadband radiation beam onto the substrate and
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measur enents associ ated with known substrate properties. Two main types of
scatteroneter are known. Spectroscopic scatteroneters direct a broadband
radi ati on beamonto the substrate and | neasure the spectrum (intensity as
a function of wavelength) of the radiation scattered into a particular .
narrow angul ar range. Angularly resol ved scatteroneters use a nonochromatic -
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obt ai n, pdr@eul @xEarRIveangdubi tanged dsguladn desopicdaoattdrgmeterstusa s manotloomatic on from
scatteronetry data wthout the need for a CS%t ation - ntensive
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and opt con es. Scatteronetry neasurenents

per f or n@ad sptioaaltcimngiehfdrmatitrefrasmrseytterombey detaswithenetht neabiores are t hen
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princi pal conponent val ues and apply the derived relationship. Further

det ai | svabfiest hiiown ecthaprncipalaentpentmvabies.nStatigticaptechpiguessipn ithaathegised to
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underlying the target. Thus, the calibration array nust be E]ra'knt ed and
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derived from one Tayer 1n° one proce erent |ayef Or process.
[ 0005] rAldtionitipt Fomhaidetaile opthinetipaduecamberfemtd ialaByBatenttAqyihgitipre i s t hat
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i s des e to provide a method of determ ni ngrfrom scatteronetry data
par ameteilgeses depentient gotths strugbire medeartyinghthe targets Shyaiky ealipeatiog apay rast bhs i n

the u ndperglltgd ar\}% I?ltegs%gfgdlﬁl%hch layer in which targets are to be measured in each manufacturing
process, it is not possible to reuse the relationship derived from one layer in one process in a

different layer or process.
[0005] A limitation of the principal component analysis technique is that unintended variations
in the underlying structure, e.g. layer thickness variations, between the calibration substrate and

the substrate being measured can lead to significant errors.

SUMMARY OF THE INVENTION
[0006] It is desirable to provide a method of determining from scatterometry data parameters of
a target structure which is less sensitive to variations in the underlying structure.
[0007] According to an embodiment of the invention, a method of measuring a parameter ofa
lithographic process by which a target pattern has been printed on a substrate comprises
projecting an image of a reference pattern onto a radiation-sensitive layer of a calibration
substrate a plurality of times o form by the lithographic process a plurality of calibration

patterns, wherein different values of the parameter are used to form different ones of the
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[ 0007] According to an enbodi nent of the invention, a nmethod of neasuring a
paraneter of a |ithographic process by which a target pattern has been
printed on a substrate conprises projecting an inage of a reference
pattern onto a radiation-sensitive |layer of a calibration substrate a
plurality of times to formby the |ithographic process a plurality of

l'i brat tt wh in diff t .val f_th . d
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pat t er g, LOMREdS6 %alfiz?tfoﬁtin A, FECHMHe Pathinstch alteb@nglid fngp&iibn beaN SF tddidtiohes t o
variation i1n the value of the paraneter; di rectlg% an inspectign beam of

r adi at bat thendlibrativn pagtkink red insasysaigttes radiatinn reftegtndrar septter thergiram;tan
reflected or scattered therefromto,. obtain . t for each
part oPbRHthMERTEReH WHRS%‘%?H, QEchi%&@ftl‘?rﬁ@m?ﬁ%%%ﬁe%ggﬁé%%gﬁg result for
the firshqRahbntdba@aeh e itPantdfeacipalibeitivn panemifiuen (Rasedsereaeht reedtifdr f or
the second part of the respective calibration pattern tgfi? tain a plurality

of di f thersentridgpart ofshetespaetive caldwafianpattgeiombidn aglusality obAitiosentidl 1 f er ent i al
neasurenment results into a set o ' t.i i .
coef fi g}e@mrgmgqme%litﬁ;acpeﬁpwgo%ng g?cgmtoﬁg}?]ésﬁlffglfegg% v%%rglﬁ{/ea nt %%%?ﬁ?ﬁ% £kt of basis

coef f i giRRbss AChsVRiMEBcffidibes pad oein@iy a etadjoastip betweeen ivategeofdhe t he
reference pattern onto a radiation-sensitive |la el{?roi_ a sub%trate to form
a.t ar geveffigienisand valey of the prramptar RICISFIRE A inass At thereteraneg PRSP 0PI 4 he

t ar get ttern i. own,; .. fi ' ' ' MeQfaldcadiad hanasst O
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t her ef ;940 foGo@ thithrgs: pattegeis unkmeven)rdixeeting anciaspectibm beasa ofiradtation ontorthe
target pattern; subtracting the target neasurene r esul for first
part ofarggiattamnges nﬁéﬁ‘%"g}gﬁg? F@Pﬁtﬂqégﬁ%eéleqr_sﬁ%t§6§f§%‘ﬁ§%on} {é)sou i p tct)‘sr}gefthe
second Rt reQbnt BSit foP e paR TR fArdePpRRidisibRadiAb U tatlict heaginérhalt result
measur enent result; deconposing the target differenti al measurgmant resul t

into a ferthe fifst pare bf theitegetepattain frern yhaigrast measuaement resultasthe seeond Pre 9f thegng

using the relationshi et val ues _of fhlcl : ues of the
par amet@peipgitcride BEWF‘E%P%FX%&%" lag%ef‘%%en%%ﬁé%gﬁ ééécégg’gglﬁ gﬁﬁo‘tﬁ%@ 't he target
pat t er Rl 098 mcAGEah it ReultGnRn RIbbeieffuintomultipdying uehirality of basie funotonsf
obtaining a calibration function for use_in neasyrin araneter. of a

| i t hograg hsieg fregelatienship biivesn yelvesqddie ersfiicienis valygh gt tﬁ?ﬁ’%ﬁ?‘&&‘e‘b‘i‘? a
substrate co ' L eGd '!E Qg vel=N flegCce pattern onto a

radi at i%gr?pmsng%;lsfli ?aﬁl\?/ee&flrt%lgr 0 &éﬁghgti br at ?%r@égﬁtgﬁst rate a plurality of tines
to for quing]t Aechididpagraehibodimad e§theanvephion,al ihethod bt ebipingrsa ¢aRTaHRNt er ns,

wherein different val ues of the par ter are used to f.or LIf nes
of t he Teastop or 16 Pstremee R A e BREFey VR b bffitnag 1O

secondy,e ﬁz?tgcﬁ‘gﬂ b BEhsthhfef @hfptseSHofclihY i inSfrelof avafeteté patterm ohtoer radiktien-of
t he paraneter; directing an . .
sensitive layer of a calibration substrate a plurality of times to form by the lithographic process a
plurality of calibration patterns, wherein different values of the parameter are-used to form
different ones of the calibration patterns and the reference pattern comprises first and second
parts having different sensitivities to variation in the value of the parameter; directing an
inspection beam of radiation onto the calibration patterns and measuring the radiation reflected or
scattered therefrom to obtain a measurement result for each part of each calibration pattern;
subtracting the measurement result for the first part of each calibration pattern from the
measurement result for the second part of the respective calibration pattern to obtain a plurality
of differential measurement results; decomposing each of the differential measurement results-
‘into a set of basis functions and associated coefficients and obtaining a relationship between -
~ values of the coefficients and values of the parameter as the calibration function.

[0009] According to an embodiment of the invention, a method of measuring a parameter of a

lithographic process by which a target pattern has been printed on a substrate, wherein the
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I nspection beam of radiation onto the calibration patterns and nmeasuring
the radiation reflected or scattered therefromto obtain a neasurenent
result for each part of each calibration pattern; subtracting the .
measurenent result for the first part of each calibration pattern fromthe
measurenent result for the second part of the respective calibration
pattern =Y OQ.JF#H i W b&tanliR diffBRastueRiTBRtied RSHIHaB6n in the
deconpoléeltf%gg%a@#agyfact esgglﬁsg?nedrﬁeicgl:l érEaSsurenr%rerllt results into a set of
basi s fuilaé bdtie panghesascanaises dresingianiinspesticriranbifandiption ente diedaigohshi p.
bet ween val ues of the coeffi.cients and val ues, of .th ranefer . as the
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t ar get péc'“f1 rn een printed on strate, wherein the 3 reference
pat t er nfazeh@fiiss pat bf the targetpatterndimin e tigehmeasugenaint fesnis far the pesond part peet o

variation in the value of the_paranmeter, conprises directi an i nspection
beam of & IPAHSBAC SR & 9Eset g&@@%ﬂ“@&ﬁ‘%{%“% S@a@%?@ﬁ@‘?%ggrtggletat i on
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each part of the target pattern; subtracting the target neasurenent result
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for the _second part, of th targe attern to t.al [ | fferenti al
measur efgmargRed |tP;dEE€BB%‘f§%%Yﬂbg?ﬁégPa’iﬁﬁbeP“ u&‘f(ﬁgéﬁ ﬁ{h%at%l%ﬁg‘gaéﬁg{énent resul t
into a RRioP! AkaSHmelty Ak ehBBSinRNEof®SE aslention] aGleefct ntinafichirmgdnetiodig a

cal i bration function expressing the relationship between val ues. of the
coef f i cé@npsseapibiectinges imhge ofedqyiseamienr ands IgEraickPAerp RBIOATAJIRNERE- { he

ar amet er ed to for h rge t P |
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pr oj ect paitbr BsingagEhdptaphicifretes, Wwidrtiarhe sfistercerpatitenenapripet first andoseranda
radi ati on- sensitive |layer. of a substrate to, forma device | r including
devi ce Butukavineeditfgiat ¥nEEV e o WHIFeR i g’f&ivﬁblee?flaipﬁﬁﬂbﬁ‘%&ﬂ% it%ea%‘F‘B%fég_ c \
uher ei Npl gt BEEHEDGR iRBLURMARITThdR or bitd thAiePEARRManRGLSrig N

di f f er eR°“EERS s'to vartation 1n the value of a paraneter of the

| i t hogr axdhition rpfi@tele;scatiarattherefroantoiabspe e tirget thesawnentent reanlhfdr eactoprrboft he
target pattern and neasuring the radiation refl.ected or t

{heref r BRGe OB R ST BE g et PR PRt (Fape Bt hud §F 3B petern
target Raki@E hrgsHiab@eineRrebilefol MicdRboBRSUS A Rirgdt Patirh té Obtainetafdet St
part of the target pattern fromthe target neasurenent result for the

second gidferendial mlq@mrqm@élresph;.t qespmppeng meémebdiffgfe@g @1. mepsSHreaeRhFesulf into a set
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e 08 inine the vanue of the arameret hoed% ot e tarkSt pattcrn.
[0011] Aécording to an embodiment of the invention, a method of inspecting a device layer
manufactured by a lithographic process to determine the value of a parameter of the lithographic
process comprises including in the device layer a target pattern comprising two parts having
different sensitivities to the parameter; using a scatterometer to obtain scatterometric spectra of
the two parts; obtaining a difference spectrum from the two scatterometric spectra; applying a
regression analysis to the difference spectrum to obtain at least one coefficient; deriving a value
. for the parameter from the coefficient using a calibration function obtained by printing copies of
the target pattern using a plurality of different values of the parameter and applying regression
analysis to difference spectra obtained from the copies of the target pattern.

[0012] According to an embodiment of the invention, an inspection apparatus configured to

determine the value of a parameter of a lithographic process used to manufacture a device layer



determ ne the value of the paraneter used to formthe target pattern.
[[0011] According to an enbodi nent of the invention, a nethod of inspecting
a device layer manufactured by a |ithographic process to determ ne the
val ue of a paraneter of the |ithographic process conprises including in
the device layer a target pattern conprising two parts having different

sensitivities to the parangeter; using a sgattero i
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havi ng did{f i #BbtafieR Sdakd Ml doB it WahbmbiyoNoring 4 balibratianefunétianabtaaedpiet er ,
conprlé)es an | T]um nation optical system ‘tIi ured to girect an.d
i nspecprimingleairs of thedafigelt fabarmosing? pREtY Bﬁﬁ?‘rﬁ] eFF%t Yﬁ@esr%qt fBHEEpAfTern; a
projection optical zgigﬁglcfcﬁgeﬁegge %C&QOQ{aﬂieﬁ?fwﬁ Al Rblicanf Arftnget gatermr

scat t #RPdBg T EEEHOD nce pattern onto a detector to obtain
‘scat t e RMBLALSatsPaSiHRaredab cilbslatownvabar fos hepaspratr usng s creificsnt #¥HPP gur ed
to obtain a difference spectrumfromthe two scatteronetric spectra; an
anal yzenlibeasiohifgugtied- t o apply a regression analysis to the difference
spectrumto obtain at | east one coefficient; a nenory storing a calibration
function obtained by printing copies of the target pattern using a
plurality of different BRIEE@EBERIHEI%%H&D%RBV | yi ng regression

analysis to difference spectra. obtai ned, from-: j ael
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DESCRI THE NGS [ 00131 Enbodi nents of the invention will now be
descr i helibatdyormagordingpeatsrnd innthjch:wi t h  reference to the acconmpanying

schematic draw ngs in.whi HRGcERIRERD §F embiliplent of tdiimaiton;
cor r espondi n&gﬁg?{saséephc\ﬁ%a ﬁﬁoﬁdﬁéﬁ%ﬁ%}gﬁ%ecl a depicts a |ithographic
appar at us acppui Ngddpictan litiogaghitert] afchshe ateveéing o am embpgjmiedt P gepi cts a
|'i thographic cell or cluster according to an enbodi nent of the

invention;

Figure 2 depicts a first scatterometer that may be used with the invention;
Figure 3 depicts a second scatterometer that may be used with the invention;
Figure 4 depicts a calibration matrix printed on a substrate in a method according to an

embodiment of the invention;

Figure 5 depicts a target printed on a production substrate in a method according to an

embodiment of the invention;
Figure 6 depicts an inspection tool according to an embodiment of the invention;
Figure 7 is a flow chart of a method according to an embodiment of the invention;
Figure 8 depicts test patterns used in an example of a method according to an -
embodiment of the invention, _
Figure 9 depicts dimensions that can be varied in a test pattern used in the example of
Figure 8; and
Figures 10 to 12 depict simulated test results in the example of Figure 8.



invention; Figure 2 depicts a first scatteroneter that may be used with the
invention; Figure 3 depicts a second scatteroneter that naybe used with -
the invention; Figure 4 depicts a calibration matrix printed on a substrate
in a nmethod according to an enbodi nent of the invention; Figure 5 depicts
a target printed on a production substrate in a nethod according to an

enbodi nent of the invention; Fb%‘f‘[fﬁLED%@é@%ﬁ’.ﬁ@N nspecti on tool according
I gure

to an embodi ment of the invention; i's a flow chart of a nethod
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and connecte a tirst positionér PMconfigured to accurately position
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t abl . g. fer. tabl i fi d hol d
Fesl ot EEMTEEATBRP UL oA Teca e pertsBdgna s ot PERbRER b & °
confi guted f DrAGEH RSN tHARI hlidfort Boant B! fatiemindeRAVIAGIIES a Wirgét poetidmi n

parameters. A projection system(e.g. a refractive projection I ens system
PL confC gegesmpising wjeestmae gies) efrthe syhstetedd. t o t he radi ati on beam B by

patternj devi ce MA ont o t ar get rtion . | S r nore
i esy oPIPRe it Gurin oo tob Tad heBef i SheoSr dey S ERRhaLAR, AR 43

var i ousrefiiipfe, Rifleeitid, aRlen &R BIRBRGh Sgnetit Cdledtistatie br aibiet types afefpliedlt | ve,
magnetic, el ectromagnetic, electrostatic or other types of optical

COMpONe4AIEOngRts spTyANY SABIHELIPS Hicrapbrtgsirect, shagier ad{or conEplaadighie-or contr ol

20, 21 o, SR TOE AR L ST o gLt e

on t he gitieanh@tiévice infa hivmeptiat depehdgorithei arientatine ofitsipgtierning device, the design
of the lithographic apparatus, and other conditions, such as for example whether or not the
patterning device is held in a vacuum environment. The support can use mechanical, vacuum,
electrostatic or other clamping techniques to hold the patterning device. The support may be a
frame or a table, for example, which may be fixed or movable as required. The support may
ensure that the patterning device is at a desired position, for example with respect to the
projection system. Any use of the terms “reticle” or “mask” herein may be considered
synonymous with the more general term “patterning device.”
{0017] The term “patterning device” used herein should be broadly interpreted as referring to
any device that can be used to impart a radiation beam with a pattern in its cross-section such as
to create a pattern in a target portion of the substrate. It should be noted that the pattern imparted
to the radiation beam may not exactly correspond to the desired pattern in the target portion of
the substrate, for example if the pattern includes phase-shifting features or so called assist
features. Generally, the pattern imparted to the radiation beam will correspond to a particular
functional layer in a device being created in the target portion, such as an integrated circuit.
[0018] The patterning device may be transmissive or reflective. Examples of patterning 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
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of the lithographic apparatus, and other conditions, such as for exanple
whet her or not the patterning device is held in a vacuum environnent. The
support can use nechani cal, vacuum electrostatic or other clanping
techniques to hold the patterning device. The support nay be a frane or a
t-abl e, for exanple, which may be fixed or novable as required. The support

may ensure that the patterning device i at a desir .posi tiion,. for
exanpl EVUPT HIPREHIEE 1 DAk T HEenERa smel pRraR, ea&i‘yoff@aab??%eé“?‘é’}@eﬂy
‘retic }iﬁ'éd 05 as {¥BSHect BE iRbomhifEYadbfiof 885 O iffbrent MROENGHRU ThwiilBd Hiio0r €
general term "patterning device." 100171 The term "patterning device" used
her ei nimmpath gattren br oeadiajionricempwaichds wdlected by thavgine maiAy. devi ce that can

be used to ippart g radiation beamwth a ern iy its cross-section such
2s "t olty: dhatosmt waiiieon Seny gaed hosrin bR pE e uisEp ] T ehonl o be
not ed H&)En R&nPaty §p8 of PRMCBA systén liRcuaRGiréfd BRe hedativeycamiopmiact | y
corres%on éao ?ge %@fs)i ?ed ngtlterSBr[] I n 1t hg tgrrget portion_of theﬁﬂsiubstrate,

for examghetid, Elethempgietionnd lecirestalis qptiselsystingLorgy cembinatian grereod: asa| | ed

assist featyres.. K Generally,. the pattern i r.adi at. beam
will CBP?IBBB%ﬁgorttge pﬁ’ﬁ?ﬁei%ﬂﬁéﬁm b"gﬂ%gﬁdo?\ra gt‘%ﬁ?dcl{ogs %&?}g\??}gée%bg?%ng created
i n thejhaAsin RQHd bPihe uSé6ha dgcuf. iANyeQE of ©d t&hl Yibjectionl RO Blerdih enay be

patterning device nmaybe transm ssive or ref]ective. Exanples of patterning
devi cesonsidretdebesynensiaaquspridyiha merp isenarliteg “riPiestian SWHE pr ogr ammabl e LCD

panel s Kk re I o) LA . rog! ssdich
as bi nlﬂ(yﬁ? a?‘tsglreﬁeaﬁlncéedp as%ﬁl}g"ﬁ|§L}stl,g Bg%g'm%?%l%\ﬁ%@?%g&%ha ec-)ygﬁ%gﬁaﬂ Eglg%llxg?]l as
var i ougnalyp uil@rsély i epparftns ewsivplo€ a oéfleatips hpe derpadh@oBingaporgrammable

enpl oys a matrix_ arrangenent of small mnors, each of V\ﬂ ch can be

i ndi vi SGUEPT §¥ray qfiatapp asdelrsred 4o pRgYce et cAPIOYRE BFFEIVERAY on beam i n

di ffer | REt - i ) h4VRRY fwA(dRial $t85e) of hofe SubGlkaak i ON
beam ngﬂ r[ggﬁlte@%}g%ﬂegﬁgélﬂak&ﬁgﬂﬁ%%g%?r'i X. [06(;(19] Tﬁged)term_"proj‘ ection
syst entablesddndier sionrshaa nghsk ¢athesdadlsych frovltiplesitans” arachings epddidiony taklgs t ype

of projection syste i ncluding refractive, refl i ' '

agnet T verae] oot ereeady et Bey R st & b or BRARBPLBEone
conbi ngf ke sNE E8HIEs adDeidAREQRIricapEsut&r the exposure radiation being used,
or for other factors such as the use of an imersion liquid or the use of

a vaculfiz2hnhe bithographiseappataiis Thpojecks of? yeswhersnt & lpesta ponion of digsi der ed

as syng S W ra: " | ' '

ner o ASp TR ooy A BY AR fhg b ROl BERELHRIEHRIR B odEM oS,

t r ansniigisd space BT kIn thélpt@eaini systbm, antl tiee apbpratatAms immprshen lofuidmagfalsedei ve
;%g\?e,( ggp ie‘gﬁg}glgi%l Iﬁgl%%‘;allnggg gﬁ%%ﬁ#gagmr?agurs? tror g)r(arnqgle,ol];et%eéry tjﬁg m%%k rag(i'ﬁliér ed to

projection system. Immersion techniques are well known in the art for increasing the numerical

aperture of projection systems. The term “immersion” as used herein does not mean that a
structure, such as a substrate, must be submerged in liquid, but rather only means that liguid is -
located between the projection system and the substrate during exposure.

[0023] Referring to Figure 1a, the illuminator IL receives radiation from a radiation source SO.
The source and the lithographic appaiatus may be separate entities, for example when the source
is an excimer laser. In such cases, the source is not considered to form part of the lithographic
apparatus and the radiation beam is passed from the source SO to the illuminator 1L with the aid
of a beam delivery system BD comprising, for example; suitable directing mirrors and/or a-beam
expander. In other cases the source may be an integral part of the lithographic apparatus, for
example when the source is a mercury lamp. The source SO and the illuminator IL, together with
the beam delivery system BD if required, may be referred to as a radiation system.

[0024] The illuminator IL may comprise an adjuster AD for adjusting the angular intensity

distribution of the radiation beam. Generally, at least the outer and/or inner radial extent
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[ 0021] The |ithographi c apparatus maybe of a type having two (dual stage)
or nore substrate tables (and/or two or nore mask tables). In such '
"mul tiple stage" machines the additional tables may be used in parallel,
or preparatory steps maybe carried out on one or nore tables while one or
nore other tables are being used for exposure. [0022] The |ithographic

appar at @%ﬁlﬁk@f@n&% i %ﬁ%ﬁﬁd‘é&&ﬁ@@ﬂhgﬁp&dv@gﬁ bf heRAEALQUiHibld ¥ in a pupil

substra e covere ving a'rel atively high refractive
i ndex, plage ofiheéllymBatonsan be adjindtéd. dn sgifiten, et lmenndttvel Lpnay ewapron veyistsem and

ho 11 HOG Sepeeas R nEn IR a5 N B DB e LR ARG TS e & '
proj ect é&f&uﬁﬁﬁh@ M did RSO b AREA S foemi¥§ lzhd KRy iRtith@oRtd it Soss

i ncreasing the nunerica adperture of projection systens. The term
"1 nmer ssestidn.as used herein does not nean that a structure, such as a

bst t be.sub d.i.n_.Liqui but r.at her. I hat. .| i qui d
PR s SR B S R SN R S T
eXPOSUr feld Bﬂ%?»s]up?g& &kl sk bl ngggan['l@s Tﬁétf&%léd' Yyuht Patefing Hevibs Havas

radiation froma'radiation sourc e source and the |ithographic
appar at usvenmy themssipkiigithe mdiation dsam Bopassssdhyogh Wmnmwgnsmﬁe@efg Li‘&hldh

exci nmer .l aser,. |In such case .he squrce,i.s .n i d r vt of
tho 11 RSRaGH Entin a SRR o Rt s ek AR A L 3Bl R oher

sour ce B 4 gd3Rion! sehdBr MR{QDE. ahlintetfeddnidhec @dvibe, Uhed chenldr siedapydtive sensérym BD
conprising, for exanple, suitable directing mnors and/qor a beam expander.

I n ot hehe gakstrate table ¥ licen baapvisd agayratelycqye-2i0 as4e poiion ¢iéferent tapgst Aprioas C

appar at f Xapi he.. s. i |

and 1 neint b osEAARp ol BE b SirRR L thl BshoRIoGH M Aok b o
r equi r e@vhicads noe expifcitly dspidted MmsFiguredd) edni lenissy &t aeurafddP pdditicihibe inbdskilAat or
IL may conprise an adj.us for adjustin '

t h . i t '
Ly comrice an Sdusier A Lon st np the oo L e
| nner rlﬂﬂbﬁ@ygﬁa&ﬁrﬁ{g}? eahC ﬂﬂg&%ﬂ, hESSEneHr e nisk Q%19N%1Fﬁqa§|89re%nt§m§ﬁg the

respectively e Intensity distribution in a pup pl ane o

i |1 uni nad of a tang-iwkadjadsle@oarsa pesitivring)rand mtsboitistroke matele (fine pasjticsinglr i se
T Ui msbigh e SR L BBt oS R SRt RS PR o T RRERP CRF REDSWT L, (o
uni f or nid s dste@Nht ¥trSkSinbiile kh® A shat-bikdkeahOdifie, vAGEH fooim. pakiiTZhd sebbad
radi ati on beam B i's incident on the patterning device (e.g., mask NA),
whi ch ipesitipaetP Bh [t the cgsmplor sterer (ps oppessH te alsfamgrthe mask table MTmavRed by
e oot PR LGTBEod fe  b lusdlob i o e
aligned using mask alignment marks M1, M2 and substrate alignment marks P1, P2. Although
the substrate alignment marks as illustrated occupy dedicated target portions, they may be located
in spaces between target portions (these are known as scribe-lane alignment marks). Similarly, in
situations in which more than one die is provided on the mask MA, the mask alignment marks
niay be located between the dies.
[0026] . The depicted apparatus could be used in at least one of the following modes:
1. In step mode, the mask table MT and the substrate table WT are kept essentially
stationary, while an entire pattern imparted to the radiation bearn is projected onto a target
‘portion C at one time (i.¢.-a single static exposure). The substrate table WT is then shifted in the
X and/or Y direction so that a different target portion C can be exposed. In step mode, the
maximum size of the exposure field limits the size of the target portion C imaged in a single
static exposure.

2. In scan mode, the mask table MT and the substrate table WT are scanned

synchronously while a pattern imparted to the radiation beam is projected onto a target portion C
| 8



focuses the beamonto a target portion C of the substrate W Wth the aid
of the second positioner PWand position sensor IF (e.g. an
interferometric device, |inear encoder or capacitive sensor), the
substrate table W can be noved accurately, e.g. so as to position
different target portions C in the path of the radiation beam B.

Simlarly, the first positi P i L} i '
ot exbrt @istrige dusits BFmop e BN RY i ARt A (RSO feblivele
the magke MAsk MbleMT tdete@midtd H3ahb (@ nideifiadonthdimippasvdsale. g. after

mechani cal retrieval froma mask _|ibrary, or during a scan. In general
mov e e share¢terisiics vf die preistiomaysisayPbdnseai medel th PRximEn sige g1 He exposure

| ong- str ul e .coanse | ti-on] - - St IO ‘Lne
post; GRNEPE gl GE e Rpls A RAHoRLHF e HRR poR s R i ndpit

NV eNMe gk pé¥urd, Mhefadh tHelaigth bthlescahinpmotibe deteaninaetie hsighg(ia theosrgaehg oke
modul e and a short-stroke nodul e, which formpart of the second positioner
PW Lndtm@tl%ﬁgét}@ftarﬂe@%%r (as opposed to a scanner) the mask table. M
may be, conn shart - rer s Ffibxed. Mask MA
and su83tratES%§%%§9%%E’@%P%ﬁgggﬁg?ﬁgﬁﬁg?ﬁgﬁﬁﬁgwﬁéﬁ?“ﬁgﬁﬁgmﬁ%?ém@ and

subst r pt@rahingblenattemiigkdeviRe, ard2he shlistrategthble tME ismlosed ot swamnddgmpiban paterk s

as illustrated occypy. dedicated.targe rtions, t my be | o [
spases iBerigCr tf%wée%éog‘ém Sreoiceeduiof Bt anmonC d PR e G e et
B ks _ , e . . : S S ded
e Bl ol e bt wen & b G o5,
[ 0026] rékjuired afiectachl nepypaent afshe snlistiatsdahle AT pnindietwpesesiccesgive sadiptin pulses

followi,ng modes: 1. In ste de, the K. | : I
(o omBedest chi b eReRiR ol Be BT AL, MR S0
the r agf@grmﬁmabﬁ%héﬁir@r@v@e,t Adh @B h Prégridn@ble mipor tivay ofa atpeaneefbirabto( i . €.

a single static exposure). The substrate table WI is then shifted in the X
atnd/ or aho‘(ﬁ-{ection so that a different target portion C can be exposed. In
step . I: ey | of th
o et 10711 Srot R P rliohy 6o BEDBSHE ol dinbAd ISl BEeRlrdl e, ' the
mask t difff@edtlimaded of hee mapslts bt emphlykd WI' are scanned synchronously while a

pattern i t to. th i ati beam i i :
B eTob T ot it I8, 44y B e Bh 5% S BB B RREH o ©
substr gice .a%sﬁ%ﬁgé%ei Rlr@tdau8 allfhodehr BRstervalCE alYl Gty d3@pparars o patorhy t he

(de-)magniftication and i mage reversal characteristics, of the projection
syst empRi- anfl pogiexposvoelprocesies omx Fwhstrats Adonypntignallslises inckiderspil WAFTHEL t he
\émyggpi Ielgostithr%si&qg)?e?s? prellcp&rsdbﬁﬁg td'e9é12>p g{potsgt? retsﬁ{,g:ﬁhl ﬂgfeg '8l s 4 aﬁ@bzﬁ(eﬁilﬁgé €

BK. A substrate handler, or robot, RO picks up substrates from input/output ports /01, VO2,

moves them between the different process apparatus and delivers then to the loading bay LB of
the lithographic apparatus. These devices, which are often collectively referred to as the track,
are under the control of a track control unit TCU which is itself controlled by the supervisory
control system SCS, which also controls the lithographic apparatus via lithographic control unit
LACU. Thus, the different apparatus can be operated to maximize throughput and processing
efficiency.

[0029] In order that the substrates that are exposed by the lithographic apparatus are.exposed
correctly and consistently, it is desirable to inspect exposed substrates to measure properties such
as overlay errors between subsequent layers, line thicknesses, critical dimensions (CD), etc.. If
errors are detected, adjustments may be made to exposures of subsequent substrates, especially if
the inspection can be done soon and fast enough that other substrates of the same batch are still to
be exposed. Also, already exposed substrates may be stripped and reworked, to improve yield or

discarded, thereby avoiding performing exposures on substrates that are known to be faulty. Ina
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exposure, whereas the length of the scanning notion determ nes the height
(in the scanning direction) of the target portion. 3. In another node, the
mask table MI is kept essentially stationary holding a programrmabl e .

patterning device, and the substrate table WI i s noved or scanned while a.
pattern inparted to the radiation beamis projected onto a target portion

C Inthis v&Hé&’@omg%&%%Argéeft pRrtid 0¥ 6 dub Bt SIS ORKEEr dxpoSiFtd Qe and the

programabl e patterning ce Is updated as reéguired after each novenent
of the peffietredtonly abthesdVErget pomiobetwhiebrarspomkssi ve radi ati on pul ses during

11 t hogr HVRT « AanaRert b amer o Fara s g b RRRg Gl e et addn
progra L:ﬁaf"hg;@n?e gg&rpi%bﬁe%f BitleYOR s@sstrafb OF G R la}@ﬁ%fghe daBfe&tbbstrate vary

Conbi nati ons &n ations on the above describéd nodes of use or
ent i r el fromdiagdrdo éayer. Mblueinspections eppastusingy bp éntegrped yéd the 10beghplne appaeaiis i n

Fi gure , the . lit aphi c .apparatys LA for of ,a lLithographic.cell
LC, al SLRSEHﬁg? ]IWQQQF géé’lr ey e sgaq%]a?% eivllceoﬁsoc‘fpn%élieé?c,m mﬂ‘iwe%’%é%‘?‘f‘ﬁ% ides
appar at §&ihleRRARE MspRtiBn apRfatR leafikd PRoPERich IIPERIRFSseO Restst TYBSIniAERately
Conventionally these include spin coaters SCto deposit resist |ayers,

devel opsfte thEetwsurey dloyevex tuslatnt mwigstn theitiesist e atversy 10M condath aikberp ey

BK. A substrat dler. or robot, RO pic up, s ] f ' t / out put
ports 1f8%Y Sﬂagl?? ﬁg’i‘?ﬁ?ﬁe@ rf"ﬁ%%vﬁ Hdee oS w?ff%l‘ﬁfﬁ‘ P%roéﬂﬁ : I%s%fg%glg h gl%éatﬁléa%# us and
del i ver gxgol&itd@diafién beptonowhRl hate adt — dddiendt kil egeah Hpaans havesuffidibese
devi ces, which are often coIIectlveIfy referred to as the track, are _under

the contensitivay tamakessefelgneassremsnistof ey Jalgnt ihages Thersdie mespTPRPNEMa Pt he
Cober o BRSPS RO SRR gL AR ERS el BB

apparatus via l oéra contr er ent
appar at ¢sposahsudetrape sl pdrehses ivexdaiias behwanghpotedand upexyosabpanty of the resist.

efficiency. [0029] In order that the substrates that . d, by th
|ithogrébﬁalscs[ta$fp§%%«m§ew © S5 My ec,reférrééwso?ﬂaﬂ%sﬁg 1Eisg FFf??SlP‘F){? make

desi fablln%astupedléngSP&le QR4 rééfmﬁllragé,%%whfblh%%ﬁ%ﬁeﬂh@efﬁc;swsr #&Poseds

overlay errors between subsequent layers, line thicknesses, critical
di mensi parts f@D) resist kave beén rearaved sorafter apattarn erdnsfacktepssueh s stchimg. Jhedatiee t o

exposures of .subs ent strates, .especiall.y. if -the i ection be
done. sovs R SR R Bt R StRhere SERELY wbubdss oL SAEFBLENSGL &7 1
to be gyhaeadn. Al so, already exposed substrates may be stripped and
reworked, to inprove yield or discarded, thereby avoiding performng

exposur 93t Eighes % dapseis ¢ peatterameterivhigh mayibs vpediin the pregery invgntion. It

comprises a broadband (white light) radiation projector 2 which projects radiation onto a
substrate W. The reflected radiation is passed to a spectrometer detector 4, which measures a
spectrum 10 (i.e..a measurement of intensity as a function of wavelength) of the specular
reflected radiation. From this data, the structure or profile giving rise to the detected spectrum
may be reconfigured, e.g. by Rigorous Coupled Wave Analysis (RCWA) and non-linear
regression or by comparison with a library of simulated spectra as shown at the bottom of Figure
2. In general, for the reconstruction the general form of the structure is known and some
parameters are assumed from knowledge of the process by which the structure was made, leaving
only a few parameters of the structure to be determined from the scatterometry data. Such a
scatterometer may be configured as a normal-incidence scatterometer or an obligue-incidence-
scatterometer. .
[0032] Another scatterometer-that may be used with the present 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 reflected surface 16 and is focused

onto substrate W via a microscope objective lens 15, which has a high numerical aperture (NA),
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case where only some target portions of a substrate are faulty, further
exposures can be perforned only on those target portions which are good.

[ 0030] An inspection apparatus is used to determ ne the properties of the
substrates, and in particular, how the properties of different substrates
or different |layers of the same substrate vary fromlayer to |ayer. The

o ¢ nePIFHBES! ot B3y s bt Gog Hfebldl CHARREARRARE,
measurgRMes Withindmefiefiabadkhes biatl. the reficnatiidation ipaneshasitstasughe

properties In the exposed resist |ayer immedi atel after the e(ﬁ%ocf%ge.
Howev epartisihereflattismetsurfaesy ko inko 8 Aetegtes] &in order tg hgxs ii*qsaweéé?ﬁcfl?a}g‘t “Gfere is
only very small. djifference in,refr ' ' ; heroRANbstRbf t he
rest st THpIreRER Be 2o 2B ee%ac{(ﬁ{ug%‘%gk) ?{@%bgﬁgﬁ ’tt}glgl\gﬁ\;\%tch ﬁgve-lﬁ%t - and
not  al {hei|ARRSSLINOM, BERaFaRtitspupaRarihiy isend be seimwiged withauxdiampkesicstadi|
measurenents of the |atent inmage. Therefore, rreasurerre%%%?n‘% bﬁ 4iqken
after stoemostothgpgeistiee Hagaupskplane ipths) Plaps yvipeh thedadiAERqst ﬁmt EPHY step
carried out .on expose t OS] 8aaRs ulBiRhlharioriiel MeRHHon.
expose‘gefﬁ’r‘?attt?naé'ﬁgeoséﬁmg%lr&fggﬁ%@taﬁgu@g ?dslﬂt?&{ At ?Fﬁs 1stag(‘a,grtihe | mage ??1 t he
resi st TRBYetbof i@ ipesfeablytawasdis@niiohatdetettor ko thas a ave-dimpensiing] enguéar geatisr

neasurenents of the devel oped resist inmage, at ich boin i t
xpos esbectnum{or e of Bienpiess s bretonal e oty ShnE st ey
pattern tl{earﬂéz(sﬁf)eld.s HER d%%ﬁ%}{ Q? g%%t | R exdfifle] @t &redy ofOCBiIoP CMOS stisots, snd he

possi b4 1568 r'ewor y substrates but may still provide useful
| nf or My @n intb OB tifie gtirfor xadepé, ci0snillisseondsened ffe®&r whi ch may be used in

the present invention. It onprises_a braqal i N : j.ation
proj ect¥83b (e G%Fgffgﬁf%oﬁeé'ggﬁé ?er?xgwpgﬂg%s%g% & y%érn({a egt ed
radi at Lomdos ABSRAHis! Hhéh SRS AR ¥4@eon dhe blaiciplitenbiipasofit is

e

[ a nmeasurenent of intensity as function of vel engt h)
aﬂgtaaﬁ f \t(\%rﬁ‘%r

spectrum 10 (i.e.. m
of t hetrspettbdthroughfthe beasa splitter a3 o srfereppeopaaithiod ClrRee JFQE

profile givi rise tao th cl, configured, e.g. by
Ri goro{fif w$) 2y ]\SI\%F@ pﬁéﬂgﬁﬁgﬁé&(@&@gg%{ ﬁf;arl}-e Fiﬁ%\iggﬁeétrgegr_essi on or by
conpar jea] Watdet af intdpfepinge ltersilons avasidblte stlect aagavshmgth oftinterast dhe siAsef
Figure 2. In general, for the recon uction e. general Jfarm

st r uct of, 62y, $0R n GAR DG EVER Héé"efﬂp%‘Pgﬁ%t%Q(ﬁ §§(§i¢ ’é‘naiﬂﬁwge&%‘?né’%ﬂ&t%%ag%ﬁ ELH%_ % he
proces ' 1tBRAR pritRRVdoRE beoel iktdadwi paedierete@r s of
t he st ?aﬁ%fﬁl)r{gey %%@é&%%?ﬁﬁgﬁriﬂr@oé t he g;cg?t gr onetry data. Such a

scatt efitemt er nay be configured as anormal -inci dence scatteroneter or an
obl i que-inci denge scaiteroneter., .. | . I maybe
sed wiioaB h 158 feeut T oL AERORE Mo iniBy 11 SRR OE el o b g Tk RlrlgiPlor oY

narrow waveleﬁgth range), the intensity separately at multiple wavelengths or integrated over a

wavelength range. Furthermore, the detector may separately measure the intensity of transverse
magnetic- and transverse electric-polarized light and/or the phase difference between the
transverse magnetic- and transverse electric-polarized light.

: [0036] Using a broadband light source (i.e. one with a wide range of light frequencies or -
wavelengths — and therefore of colors) is possible, which givés a large etendue, allowing the
mixing of multiple wavelengths. The plurality of wavelengths in the broadband preferably each
has a bandwidth of 8% and a spacing of at least 28X (i.e. twice the wavelength bandwidth).
Several “sources” of radiation can be different portions of an extended radiation source which
have been split using fiber bundles. In this way, angle resolved scatter spectra can be measured at
multiple waveleng’ché in parallel. A 3-D spectrum (wavelength and two different angles) can be
measured, which contains more information than a 2-D spectrum. This allows mere information
to be measured which increases metrology process robustness. This is described in more detail in

EP1,628,164A, which-document is hereby incorporated by reference.
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In. this device, the radiation emtted by radiation source 2 is focused
using lens system 12 through interference filter 13 and polarizer 17,
reflected by partially reflected surface 16 and is focused onto substrate
Wyvia a m croscope objective | ens 15, which has a high nunerical aperture
(NA), 10 preferably at least 0.9 and nore preferably at |east 0.95.

RS T FER N TN N

refl ect teShatidrt 26 el ® flsHl @ rdisHBRACTRE bak8 niah aﬁéﬁﬁﬁvél?b@ ai¢Bed iR thE albstrbte.
spectrum detected. The detector nmay be |ocated in the back-projected pupil
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posi ti o BE rdlaen@phrameted @fill AeSifefiehanghes aé viriitiode it@e pritel Eﬁ?gétnglﬂ ar
position defines the azinmuth angle of the radiation. The detector is

pr ef er a1038h Adboeshnit issraspible in spwe copumHandga o enleulde slensnspasameters g al ar

scatter f

of - scat PR GrbetBreka o LERRYERT Bl By i BhERTABY RSyt UEELAR S5y

be, for conspurmichallintaisivytask afdGo often (hdactic@bRo I‘Hlerﬁiblfé 1nrfﬁahya;ﬂeﬂld$ﬂsegrr@t | On
time of, for exanple, 40 mlliseconds per frane. 00331 A reference beamis
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of , sayinvéltRmn cah I8 applRPho cﬁl‘{&'ﬂ)afaﬂ’{@érs oﬁyﬁﬁlogﬁpﬁ%mceggguéﬁ% abBRations, in a

interference filter hmay be tunable rather than conprising a set of
di f f er estraightforeasi maungr.at i ng coul d be used instead of int erfer ence

i gnt 2000, Rl SR BERLE Rt BTl PR RIGE R Bl PP by S BEHhBRE,

separ at @hen @int6d b thp idaleated 6NGE Paraficter BF Bidrastace exaltiatly 1mued1emgﬂia range.
Furthernore, the detector may separately neasure the_ intensity of
t r ansvePEEplaghpne the iwe ﬁ@FnP%FrﬁléS\ﬁé? geatippeEt r §2 Hyé bays the gamps @?ﬂodaawé/d@léy ke
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NN NIRRT T NG TN W E
pref er g}y 1@ &R that, for example the sensitivity of the bar width to focus variation is increased
whilst the sensitivity to dose variation is decreased, and preferably substantially eliminated.
Grating G2 again has bars 20 and assist features 21 but in this case the assist features are selected
such as to reduce or eliminate focus sensitivity of the bars 20 and increase sensitivity to dose -
variation. The bar and assist feature sizes in both gratings in the mask are determined such that
at a predetermined focus and dose sefting, the two printed gratings will be eftectively identical.
[0040] As shown in Figure 4, the target pattern, comprising adjacent gratings G1 and G2, is
printed a plurality of times in an array on a calibration substrate CW. Each different instance of
the target pattern is exposed at a different combination of focus and dose settings. This is step S1
shown in Figure 7. Conveniently the instances are configured so that in one direction in the
array, e.g. X, focus varies and in the other direction, e.g. y,.dose varies. The gratings can be
referred to as G1(i,j) and G2(i,j) where i and j are indices running from 1 to m and n respectively,
m and n may or may not be equal. Such an arrangement is known as a focus-energy matrix .

(FEM). In the invention, the calibration wafer may be bare silicon {or other semiconductor or
12



has a bandw dth of SX and a spacing of at |east 25). (i.e. twce the

wavel engt h bandwi dth). Several "sources" of radiation can be different
portions of an extended radi ati on source which have been split using fiber
bundles. In this way, angle resolved scatter spectra can be neasured at

mul tiple wavel engths in parallel. A 3-D spectrum (wavel ength and two

di ff I b d, i Gh i .e_inf i h
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e T 01 Qi RIACER A OMBINRS proHinticl PedlRP & hb RHIiy MDAt af broanctckP
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1, 628, docunment i's hereby incorporated by reference. 11 [0037]
The t asustraten Shiwtdedyieg\Wmetyreie dasitablt simglanirress the agsp ohthecabibreHos AERY- af t er

devel opnent, .the bars are.fornmed of solid resi.st.lines,

al t er nHOHE| f}ﬂﬁ’é‘?%'te@’ﬁ@&n? ?lf[%e Pﬁﬁ”@mﬁ% gt.ep gﬁ'ﬁ%bf%?g@ta %%E%rggx%@ 8 [\T/gﬁosen
to be senshildifurt SRR Y 84 t8izeOin tho hehg Step SSUTNheScitataactetBseffichndyl ay,
chromatic aberrations in the |'ithographic projection apparatus, etc., such

t hat vsenisiitviepths developnivat step svayrite quaittafzarde Liitad tagmoseetposweeks-ves as

variations in the printed target. ,[0Q b ' |

ci r cunbPRYE y’ttae @g?rglﬂna{?@’ ‘F%@@‘Sﬁ%‘“ B%?e]énrrgét# &é]? %Y%P 1ng t%?f‘%?%%ﬂe? g?‘&‘é?’ tep &
di rect hyhis o s&aticAidemiakvmidrRid ¥teh@acas il th. nig shdéd pe noteddotvavagebatt hi s
is alwayS a conmputationally intensive task %nd S oféggpi npr.acti cabl e.

Ther ef preesurémentwi produetirsorxpasyray discsed Sdirs PR e shqubd Be PEHEd aPteonp‘éF%eg*r med
to derive an egfg#’e;a'ﬁélgéd fok chﬁlll}??ﬁd’fp af s%@ﬁit :ﬁfy‘%ﬁﬁ%ﬁw fotat &f scafdlofiefd Qe8NS

val ues™of e tHE® er o nterest. Thi's I's the approach taken in the

" pr esenihosé AeAbédIboviihghbd wedescri bed bel ow, with.reference to Figures 4
to 7, by way_of an exenpl ar met hod for der.iving, foc d, dose val ues
from sl:(é’f‘@br Eagt pajr of grafingp Cﬁ&%m%@eﬁ %Feﬁg‘?‘%nv?ﬁ%&triuﬂbgi’tﬁgnl c?gr?n%“elgrappl i ed
to oth ééagt%% forthd dhd QUFAPRIT5 g ite OGS BSed LA RS vall@krfakdtionsof § Mnd
strai gﬁs?lgrrgévar rranrtlée}ro. ﬂ[0?#339] I'n an %‘Bn%odi nment of the invention, the

t ar get ppahéredrand gnave comdingtes of trepowdmianet HatBecakserS handh i aredesigied prdal

val ue Qf the parangeter.of .interest. are entially,l t -he

exanpl a&bf@mpet CFWSV E%HB%"A “a pgpgadgvflglfﬁlﬁgét m X@&?ﬁlgke?%gwgé’?}?%psane

per i odsangrstny spadtiat tHoeé vautsS @ilERE ideastas but will way peticipammdieataliesn These
are shown in nore detail in the expanded part of Fi ur§r4. g;ati ng 3@ has
bars 1Gimerimpe fosus srsbdage.eary fromthe prrdsieanined yples s THYS. Rland 7 mpvEY) ut i on
so that trhs%ngéj olilllggvs.pri nt but are selected to nodify the focus and dose
sensit?’\{/‘?f:y 0 { € “bars 10 such that, for exanple the sensitivity of the
bar wi dt h t oRfl (icpis= Ra@,@t+ BrA 1(8,¢) et eRaNOm) WRiA160,0} he sensitivity tdlHose

variation is_decreased, an fer uhst ially elimnated. G8ing
& again hasRE&H® “_288&#@ *aggﬂpi(gﬁ";é?ﬁ%@@f %3{2(@%} this case the ass(?}st
feat ur g§.RrMe) RhELNELion spectra at the predetermined parameters and functions Al, A2, B1, B2,

and C1, C2 describe for gratings G1 and G2 the spectral variations due to linear focus variation,

quadratic focus variation and dose variation respectively.

[0043] Although RO is in most cases strongly dependent on the underlying structure, the

inventors have determined that in many cases functions A1, A2, B1, B2, and Cl1, C2 are only

weakly dependent on underlying structure. Taking the difference between the two spectra yields:
AR =R1-R2 - 3)

= Z(Al - A2) +Z%.(B1 - B2) + E(C1 - C2) @

[0044] From which it can be seen that the dominant error term RO is eliminated. Thus, in this

embodiment of the invention, in step S4 the two spectra obtained from each pair of gratings are

subtracted to provide a set of difference spectra. -

[0045] The difference spectra are used as input for the principal component analysis: first the

difference spectra are decomposed and expressed in a suitable set of basis functions (step S5),

then the relationship between focus and dose values and principal component values is obtained
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such as to reduce or elimnate focus sensitivity of the bars 20 and

I ncrease sensitivity to dose variation. The bar and assist feature sizes
in both gratings in the nask are determ ned such that at a predeterm ned
focus and dose setting, the two printed gratings will be effectively

i dentical. [0040] As shown in Figure 4, the target pattern, conprising
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step Si  shown in Figure 7. Conveniently the instances are configured so
t hat i ntesheiques wey Rlon besmpheyed axamplesdn¢judemontlinegs pringipd sompensnh aplesist her

direction,. i . dose.varies. The gratings n rred to as A (ij)
and o ol e oSy R i HondheatbRbIRRy StPestaodeBhEL na
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known as a focus-energy nmatrix FEM. In the invention, the calibration
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simlar across the area of the calibration array. L [0041] After .develo nt
of the taesioreneblsm saitplly spegtiap igbe crbt&lm"glﬁ%tﬁ?t tﬁ%feé%? ?}Ecre%‘sr‘?éet‘éﬁeo RN rds ed
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scatterGheter I's sufficlen sensitive, the develophient step may be
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maybe applied to p rns transferred info the substrate so that, Step.S2
oy Tar chs @b 3b4 Shescatdpier SV et 8ot SPefbifh ogh Qs RS, o
be not eg oYM JHHAE ard BES SERABRH iRbtep SPIUCHAM LHRPRBUESHeckhBiC USSL the
further below, should be carried out on targets in the sane state as used

for cal cditastiorproess.she giffigenwa ppestiunsisisebjtetedricprinaipal cempemant pnalwifs i ias

t hose descri bed ove,..mybe used. 100421 .Ea i.rof j .

provi degecgrqugg%g?ﬁp\@ 3 %ﬁ% talsﬁtrﬁsfelﬁlof’ffkﬁe%tﬁ émg‘gl%gl nég%ﬁpé) r gntrvgg%%i/ﬂé%% wifich & be

scat t er gpined (@ép 5@ fovpeandhiowavaltesiyousing Beiftnctisr defdedindtdpSopmhichtie

functions of 0 and ¢ B where Q _and ep are coordi nates of the pupil plane
@28 ¥

11. Becstossd ime dafpda thogesindigure Suervhich Hie scatlsometer sfpppgdsfe| y

I dentic e | ' ' # / e ;
scart er BodPls BxBabak R b PRARE! BETRORRTRRAAR IR e XAIHER, it ention yall
t he par asmebedesaibeé svith referdritie so Bigangs|Setofl@cafwhich Fipses, 10/arly showmsimblated
predet erm ned_val ues. Thus, Rl anfd

(0, (p) @Sﬁﬁ- 6" W refetgnoe patf(ems( e o Izglztggﬁ okagi%bsu? +(§)1}r§ n%gﬁ?v?eﬁ;o?al(r}i}?ygé sh%lwn
in Figure 8 as A and B respectively and comprise a simple 1-dimensional grating formed of dark
lines on a clear background or clear lines on a dark background. Assist lines are added to control
focus and dose sensitivity resulting in four gratings, two of positive polarity and two of negative.
These are shown as C, D, E and F in Figure 8. Thus there are positive and negative gratings with
high focus but low dose sensitivity and positive and negative gratings with low focus and high
dose sensitivity. As shown in Figure 9, the linewidth W, of the assist features and spacings S,
and S,; between assist features and main lines can be varied to achieve the desired focus and -dose
sensitivities. The linewidth Wy, and pitch P, of the main features is varied to ensure that the
target pattern behavior is similar to that of device patterns to be exposed in a production exposure
process.

[0049] Figure 10 shows the sensitivity to defocus, represented by variations in sidewall angle,
of the high focus-sensitivity pattern (solid line, diamonds) and the low focus-sensitivity paitern
(dashed line, squares). Similarly, Figure 11 shows the sensitivity to dose, represented by

variations in mid-CD, of the high dose-sensitivity pattern (solid line, triangles) and the low dose-
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R2(0,(p) = RA(O (p) + Z. A2(0,(p) + Z2.B2(0,(p) + E C2(0,(p) (2) where RO
Is the reflection spectra at the predeterm ned paraneters and functions A,
A2, B1, B2, and A, C2 describe for gratings G and & the spectral
variations due to |inear focus variation, quadratic focus variation and
dose variation respectively. [0043] Although ROis in nbost cases strongly
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whi ch (l:)% rlllsgff 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.
[0053] 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 ien beams or electron beams.
[0054] 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.

[0055] 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 -
15



obt ai ned (step S16) focus and dose val ues by using the function derived in
step S6, which is stored in a database DB, shown in Figure 6, to which the
scatteroneter is connected. [00481 Exenplary target patterns that maybe
used in nmethods according to the invention will now be described with
reference to Figures 8 to 12, of which Figures 10 to 12 show si nul at ed

results. T referenge patter [ L i f

negat i vEvgsoaTes R fE B LA SonrRReByaBr SRt Bt bbte SBCor

CoNpri s@acind-raalshid idtiensiseRaibdsgd inetholl s dizdioséd abawk; orlaidasstaagemedianr
background or clear lines on a dark background. Assist lines are added to
cont r ol (e.§ swnisondittaigBemenERERSICIO) oplical gtsk}]]@a‘i“ﬂg fUh 2 CYrRPIch gLSgmsto
positiwg-polarity and two of negative. These are shown as C, D, E and F in
Fi gure 8%%hus there are positive and negative gratings with high focus
but | OV\{hodsgle ‘PlRN@dstiipidng aboet 10 Sittided tabelilegadvey rotdimitinpgThud, ittwilidw f ocus
and hig ose sensitivity. As shown in Figure 9, the |jnew dth vqgﬁf t he

assi st dpvarent wsongralilladde et thal modifigatipgs it Redapdede dhesinvention 35 descgiRgd rmi n
i nes ca | ' [ and dose sensitivities.
The IingﬁPﬁﬁﬁ%@éhggg%g}?%E&§¥§g?mfﬂ%ﬁ%€%ﬁ tgggﬁfes is varied to ensure that
the target pattern behavior is simlar to that of device patterns to be
exposed in a production exposure process. [0049] Figure 10 shows the
sensitivity to defocus, represented by variations in sidewall angle, of
the high focus-sensitivity pattern (solid line, dianonds) and the | ow
focus-sensitivity pattern (dashed |line, squares). Simlarly, Figure 11
shows the sensitivity to dose, represented by variations in md-CD, of the
hi gh dose-sensitivity pattern (solid line, triangles) and the | ow dose 14
sensitivity pattern (dashed line, squares). Figure 12 shows the opposite
sensitivity to defocus of positive (dashed |line, squares) and negative
polarity (solid line, dianpbnds) patterns. [0050] Since sidewall angle and
m d-CD are paraneters readily obtainable with scatteroneters, it can be
seen that patterns as descri bed above are useful in nmethods of the

i nvention. [0051] Although specific reference naybe nade in this text to
the use of |ithographic apparatus in the manufacture of I1Cs, it should be
appreciated that the |ithographi c apparatus described herein may have

ot her applicati-ons, such as the manufacture of integrated optical systens,
gui dance and detection patterns for magneti c domain nenories, flat-pane

di splays, liquid-crystal displays (LCDs), thin film magnetic heads, etc.
It should be appreciated that, in the context of such alternative
applications, any use of the terns "wafer"” or "die" herein may be
considered as synonynous with the nore general terns "substrate" or
"target portion", respectively. The

- 16



substrate referred to herein may be processed, before or after exposure, in
for exanple a track (a tool that typically applies a |layer of resist to a
substrate and devel ops the exposed resist), a netrology tool and/or an

i nspection tool. Were applicable, the disclosure herein may be applied to
such and ot her substrate processing tools. Further, the substrate may be
processed nore than aonce, for exanple in order to create a multi-layer |IC,
so t hatViAd IBGIAMERIPat e used herein may also refer to a substrate that
al ready contains nmultiple processed |ayers. [0052] Although specific
reference may have been nade above to the use of enbodi nents of the

i nventilon i nAtdethodnf eeasurigaptairdter dfeHdhegppiic pracestivlivhicha tagpRa¢EEt ed
that the jnvention na be used i.n .other. applications, for exanple inprint

| i t hoghapPRpen W%%‘bﬁ%@e’éﬁﬁ%%dﬁmfngi s not linited to optical

| i thography. | edtiﬁﬁrah%a%é SHOLERRRY pAtEARAL ARRVatioR-sensifivé Rwai ofa devi ce
defines the Ba tern created on a substrate. The topography of the

pat t er palitgatitavinbetraray phealityoftined t¢ fore by thajithogeirhierpsess aphBpi®tt o t he

bstrate wh t kSt ' : '
L DR e AR AR M ST

moved Qi c.fbraibg ph€sh$ind RaYiB@ne: Rateletdnprives firdfahé sedond passhating differentd.
[0053] The termnms "radiation" and "beant used herein enconpass all types of
el ect r semihetiésgo varatioatin ke value el pgratietatavi ol et (UV) radiation (e.g.
having a wavel ength of or .abo : HEelcY freRs ahd heddfirirdnee
extreme ultr 1r§c/(9 S 1’6%@%’ raeg?na%?g%laggéapmﬁg%far%g alo\}\lfajr\%eleerﬁgat hin tﬂ%(rat

range efdi&ioaGreNedted @Sscutdrbd Agrdiimnt iocdteaih @anesusueit esult for dodapart of eashect r on
beans. [0054] The term "lens", where the context allows, may refer to any
one or celdnpliempatieAiof .  various types of optical conponents, including

refractive Lofleah] %ggg%&@mﬁ{e%ﬁesﬁ{ RFSORROPA! bEcachedligheo! paskafivn the

opti cal conponen e specific e di ments of the invention have
been desasirbeedntaboiefor e satdnd Haet ofdlpprespdctive dalitvation pstermipaabizing Phslipe

practi cgd, the_r¥\/| se than as described. For exanple, the 15 invention may
t ake tREJHISTSRtGE MEAEHRTIL £ i 0gr am cont ai ni ng one or nore sequences of
machi ne- r ead@blRnidifieled6it bOIRE deRRg 6t b hiegsemelthechiasniaset oedisdbnatensor a
data storage nmedi'um (e.g. sem conductor nenory, nagnetic or tical disk)
havi ng asdiessosiatsdepeffisienisrang ohtninng p selationsBindigt™eqorrbiess of e Pelladions pishs
above ar e i n%ﬁgdgcé teferbe illustrative, not limting. Thus, it wll be
appareﬁf?uf’%o SPEYM Y in the art that nodifications may be made to the

i nvention as pegsainghadmayé diheteferepar pattietn ntomradietioeegmeitior layseott ai ns set
out bel ow.

substrate to form a target pattern, wherein tile value of the parameter used to form the target
pattern is unknown;

directing an inspection beam of radiation onto the target pattern and measuring the
radiation reflected or scattered therefrom to obtain a target measurement result for each part of
the target pattern;

subtracting the target measurement result for the first part of the target pattern from the
target measurement result for the second part of the target pattern to obtain a target differential
measurement result;

decomposing the target differential measurement result into a set of coefficients
multiplying a plurality of basis functions and using the relationship between values of the

coefficients and values of the parameter to determine the value of the parameter used to form the

target pattern.
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16 WHAT IS CLAIMED 1S: 1. A method of neasuring a paraneter of a

| it hographi c process by which a target pattern has been printed on a
substrate, the nmethod conprising: projecting an inmage of a reference
pattern onto a radiation-sensitive |layer of a «calibration substrate a
plurality of times to formby the |ithographic process a plurality of
calibration patterns, wherein different. valpues.of th raneter are ysed to
form di £f er en?l‘ B}qg@a@pcor Wét‘é&gfrﬁrlaw B ?W tgﬁﬁ?qﬁgyrog‘fg@%éﬂ@é‘pﬁ TN
CONpr1 Sy gaérﬁﬁktem tﬁ@ﬁ@l’%@raﬁﬁﬁ%ﬁo&@é’ hiBSafbd WRERDY a r@SiGshipteh & vakes of
variation in the value of "the parameter; directinhg an inspection beam of -

r adi at i eschofitle pananetatsisod dhd arefipacittenives smdtameedsuri ng the radiation
reflected or scattered therefromto obtain a nmeasurenment result for each
part of each «calibration pattern; subtracting the neasurenent result for
the first parp Rémesdbordhé By @hiPD PRLLRR: fAANLEPR sclBRA WoRlBRlprdpd#l t for
the second part of the respective calibration pattern to obtaina plurality
of di f f facentdosd, andas areeratings ofasprojestionlsxstamp vsridiig peeiedt the images df the sefengnea|
measurenent results into a set of basis functions and associated

coeffic® and obtaining a relationship between val ues of the
coefficients and values of the paraneter; projecting an inage of the
reference pattern onto a radiation-sensitive |layer of a substrate to form
a target. patt&mgthesheagcerding teeclainn Lievhsrein e fost anveteeend past of he wfamgnche

t ar get ttern i s unknown: djrecting. i hspection beam of radiation onto
t he tar%"g%nb?ﬁc é’Pﬂlpgﬁ%aH@é%%ag%er%g?dn%glsfg:a%ug%ion reflected or scattered
therefromto obtain a target nmeasurenment result for each part of the

target pattern; subtracting the target neasurenment result_for the first

part of>the téArmehodeacowling ordam hevhordp i mpppelipgsehthefagiand spepndmggs
second &ﬁﬁ% re%reﬁ%kepa Es@@sttz}n?iraﬁ%‘i&nﬂgl %'uf'tg@ fa%s%t@f@értm%% b Bleqntd differ
measur enent result; deconposing the target differential neasurenent result
i nt o a feh thé asoefdatoesrfithe savohd ppityi ng a plurality of basis functions and
using the relationship between values of the coefficients and val ues of
the paraneter to determ ne the value of the paraneter used to formthe

target @atterRmethod according to claim 1, wherein the first and second parts of the reference

' 'p'attem are selected such that for a given value of the parameter, each forms a substantially

identical pattern in the radiation-sensitive layer.

7. A method according to claim 1, wherein the structure underlying the target pattem is

different from the structure underlying the calibration patterns.

8. A method of obtaining a calibration function for use in measuring a parameter of a
lithographic process by which a target pattern has been printed on a substrate, the method
comprising;:
projecting an image of a reference pattern onto a radiation-sensitive layer of a

calibration substrate a plurality of times to form by thelithographic process a plurality of
calibration patterns, wherein different values of the parameter are used to form different ones of
the calibration patterns and the reference pattern comprises first and second parts having different
sensitivities to variation in the value of the parameter;

- directing an inspection beam of radiation onto the calibration patterns and measuring the
radiation reflected or scattered therefrom to obtain a measurement result for each part of each

calibration pattern; -
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17 2. A method according to claim1l, wherein, in formng the [
calibration patterns, two paraneters of the Iithographigc progeg;alalrey °
varied whereby a relationship between values of each of the paranmeters and
t he c_oeff|C| ent values is obtained. 3. A nmethod according to claim1
wherein the parameter is selected fromthe group of. focus, dose, ahd/or

aberrations pg{ﬂE a Bhe %Cntl\é%%ﬁ&e%{a{ Iesy ! ?0 U firs Pﬁ:ﬂ* Gf:éacﬁ '891\3] H@tﬁ?ﬁaté&n 5@ the

ref erence cor |ng erein the first and

second ;pak{8maht JeElﬁt f‘o?ﬁfers%&ﬁﬁ ARBIfHRE respatiite cﬂrmatm@aaenauomb 0
@turaligbid
assi st ]T%%at ures. 5. A nmethod apccordl ng 1te?ﬁ:cl aim4, wherein tﬁg mai n

patternfdrffereﬂtmlmeauemmr@seli@nd parts of the reference pattern are

substantial ly, i dent I
From the assteroTEnaeh o b EEREY tp oA Tl g o e el i m

1, whengy stbEﬁtJd' doetfichnes ailﬁ%miimﬁgﬁtrslamﬁnsﬁﬂ‘;ebmé@r\@m of et oeffirientsand
seI ect ed such that for a given value of the parameter, each forms a

subst avaluah bf/theipaemeteras theqetibfaop AcHENr adi ati on-sensitive layer. 7. A
nmet hod according to claim1, wherein the structure underlying the target
pattern is different fromthe structure underl ying the calibration
patterms. 8. ApfdEidaed nﬁafasmbigal prragetar ofd lithpgtaploin prm&ﬁt hyoyhich @ target pagen

nmeasuring a pa t f hog
nas bedws pm%régg&f asGisaerubeo T he e R oS R i o SpRd gl o'

i mage r SRS I
cal i br ‘l‘”(r)lﬁ d%f%{eﬁ ESIR%IE {?:bafl?t?@h gl th'???r@se IO'? gref or m%éwtﬂlﬁerﬂ?t?ﬁé}fgrﬁglsﬁ?gc

'PL gcess a 'Pl lﬂiﬁbaxﬁg/amrgspecabm beamt pHradjstion entesthe {gugat Patiergiand sjeg ties of
par amet er sed to f i fferent on f
and { nedianen wdeaepar arre ipTwess e S Boabdfaf R RBILRR pBRCECL 0

sensi tigyl L1683 ph@ehariation in the value of the parameter; directing an

i nspect1 on beam of radiation onto the caljbratjon t.erns
the radi ati cubiradtingdheidrast msemrereens gesuhdpeihp St BR&%E%‘ tﬁ"gS?Wﬂ&% Surth?g

It f
o kSRR b 13 P R0 Bl oo

ITs h'calibration pattern fromthe
measur geRbreimbtdsult,or the second part of the respective calibration
pattern to obtalnaplurall y . . . .

decomposing the target differential measurement result into a set of basis functions and
associated coefficients and using a calibration function expressing the relationship between
vahues of the coefficients and values of the parameter to determine the value of the parameter

used to form the target pattern.

10. A device manufacturing method, comprising:

projecting an image of a device pattern and a reference pattern onto a radiation-sensitive
layer of a substrate to form a device layer including device structures and a target pattern using a
lithographic process, wherein the reference pattern comprises first and second parts having
different sensitivities to variation in the value of a parameter of the lithographic process;

directing an inspection beam of radiation onto the target pattern and measuring the
radiation reflected or scattered therefrom to obtain a target measurement result for cach part of
the target pattern;

subtracting the target measurement result for the first part of the target pattern from the
target measurement result for the second part of the target pattern to obtain a target differential
measurement result;

decomposing the target differential measurement result into a set of coefficients

multiplying a plurality of basis functions and using a calibration function expressing the
19



of differential neasurenent results; deconposing each of the differential
measurenent results into a set of basis functions and associ ated
coefficients and obtaining a relationship between val ues of the - :
coefficients and values of the paraneter as the calibration function. 9. A
met hod of neasuring a paraneter of a lithographic process by which a target
patter ?elaﬁk?;ﬁh@ﬂ?é?w@éﬂ V&S FthecoriRGédtahed valieIofittie pdiemetef @rdenpminethe ealne
conprises first and second parts having different sensitivities to

var i at iof thei pardrhetesmatied éo faofn thentargeipaitemer , t he nmet hod conprising: directing
an inspection beam of radiation onto the target pattern and nmeasuring the
radi ation reflected or scattered therefromto obtain a target neasurenent
resul t (for eaghRRMlacirdinghs clakth 6} fupdEt eomiprisingbideastingg rejeetidgathgdevice
measurenent result for the first part of the target pattern fromthe

t ar get lapeabased mpnn thealstdrmifedrvaluecofdbe paramplsit of the target pattern to
obtain a target differential neasurenent result; deconposing the target
differential neasurenent result into a set of basis functions and

associ ghed coefdetfolieRtstdmpdo YRimg Oafigder bunaprishng fepeatingahe projEctsg,iwigreihén

rel ationship between values of the coefficients and val ues OL t he

par anettles repeated prsiaeing therromianl ealuss ofraparameten Rl By Progessds Yo 1adobsed Heen heget
pattern,.. 10, devi uring method, conprising: projecting an image
of a dEWF@E“E P?geﬁﬁgﬁ: agiggérence pattern onto a radiation-sensitive

| ayer of a substrate to forma device |ayer including device structures and
a target pattern using a |ithographic process, wherein the reference
pattern conprises first and second parts having different sensitivities to
variation in the value of a parameter of the |ithographic process;
directing an inspection beam of radiation onto the target pattern and
measuring the radiation reflected or scattered therefromto obtain a
target measurenment result for each part of the target pattern; subtracting
the target measurement result for the first part of the target pattern from
the target nmeasurenent result for the second part of the target pattern to
obtain a target differential neasurenent result; deconposing the target
differential nmeasurement result into a set of coefficients nultiplying a
plurality of basis functions and using a calibration function expressing
the 19
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rel ati onshi p between val ues of the coefficients and val ues of the paraneter
to determne the value of the paraneter used to formthe target pattern.
11. A method according to claim 10, further conprising accepting or
rejecting the device |ayer based upon the determ ned val ue of the
paraneter. 12. A nmethod according to claim 10, further conprising repeating
the projecting, wherein in the re%@g‘ jecting the nom nal value of a
paranmeter of the process is varied on the determ ned value of the
parameter. 20 ABSTRACT | NSPECTI ON METHOD AND APPARATUS, LI THOGRAPHI C
APPARATUS, LI THOGRAPHI C PROCESSI NG CELL AND DEVI CE MANUFACTURI NG METHOD

In a scatt eINFRECTIONSMREHON ANEY ARPARATES gHIT QHRAPHIEASHARATUS,

et x ardraRG eABRIC PRSI, B FURD T RIE ARSI G RIFDBD
applied to the difference spectra to obtain a calibration function that is

|l ess sensitive to variations in the underlying structure than a
cal i brati on Humstaiteremstricingdad diffarentiab tasgeta withtdiftereat Sepgtyisies foaramnetsisget .

Fi gur eof'L Biterest are printed in a calibration matrix and difference spectra obtained. principal

component analysis is applied to the difference spectra to obtain a calibration function that is less
sensitive to variations in the underlying structure than a calibration function obtained from

spectra obtained from a single target.

Figure la
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