| NSPECTI ON METHOD AND APPARATUS, LI THOGRAPHI C APPARATUS, LI THOGRAPHI C
PROCESSI NG CELL AND DEVI CE MANUFACTURI NG METHOD BACKGROUND OF THE | NVENTI ON
1. Field of the Invention [0001] The present invention relates to nethods
of inspection usable, for exanple, in the nmanufacture of devices by

| i t hographi c techni ques and to nethods of nmanufacturing devices using

| it hographi c techniques. [0002] 2. Description of the Related Art A

| i t hogr aphi ENSPPETHIN METHODMND APPARMTUERNPITHOGR ARSI a8PARATIS onto a
substrate, usually onto a target portion of the substrate. A lithographic
appar at uL T EOERAREI PROSESSIRH BLL AN REVICE MANIEA 6 THRING MBI
circuits (I1Cs). In that instance, a patterning device, which is
alternatively referred to as a mask or a reticle, may be used to generate a
circuit pattern to be foBASKGROBND OF VIEHISVENAYON of the I C. This

pattern . transferred onto a target portion (e.g. conprising part of,
one, oﬂ'@g@égiq‘e]{ﬁ’ivﬁ@)onon a substrate (e.g. a silicon wafer). Transfer of

the pgjoog] nm@?&wﬁ edchMorVdctatds B MMEh R thsBedtRVi®atil, HAMNAIIOR: aRNsi ti ve
material (resis provided on the substrate. In general, a single

subst r ataguiagiure wenbalihegmphik tevhnigupnaehio methegstof puntifaghisingldavicesar e

successij.vel. atterned. Known |ithographic apparatus include steppers, in
whi ch ggg%iltﬁg%’gbmtﬁ%ﬁqug% is irradiated by exposing an entire pattern onto

t he tajme] priéserp@dn &MBe ReAkd A40d scanners, in which each target portion
is irradiated by scanning the pattern through a radiation beamin a given

di r ect Adithegraghic apnasgtinige raachinetthe @ppligsi 4 dessgdpaiicomoris laypubiizaim iupeplly wato

substr I i I . 1 i i 10 s :al possi bl e

o tr anspes BphEn d il dfhl LANBRtEh Bpkidhd oah bEGLT R eldli® Bi08, 20

I pr i ninangfatthee qdhtegraredaidcoitd (1€s)s ibidbriattence] H PABIming devidgwHich woni t or t he

| it hographic progess, it is necessary to neasure paraneters of the

pat t er AEAPELS _rﬁgﬂ{@,ﬁ % &} 2 BRsn iR BHoxbe u3pdde eepcrafed eH! RaftesR e e

| ayer s tfrieBe ah TndVid) thfer of HRGEE TR aHEM & %e%%ﬁ&@ﬂr&}‘frﬁofa%r 36h (e.g.
ormed in |thogga IC

measurenents of the m croscopic structures

pr oc essasprisimgpartdiy gne, lve sesml diessaannibtsgatel(egt a sheam wategcOpesfeantthear i ous

i nspection .toal One formof inspegtion tool .is a scatterqmeter jn which
. boanPITH SRS Inagtheatiad 15 o Stielatas e feread (et rievidggon
subst r gleQuidttdd PRkl &Ssifdle bllRtraeadill R0REI0S ndtRbHEM RthcBRAMA PrtidRABMN ed.
By conparing the properties of the beam before and after it has been

r ef | ectréguesessivdnpattareas. Bpownditkagmphicoanparatusdnglpdpuenriess irowhich eachtpreet at e
can, ooy ) g0 BP0 P ol SR O
associ sdagnerwiih kvhighoavoh saufs poaion ipireidendd BsscadiviBg Ml patitymaBSugh a $shitioar onet er
are kpown, Spectroscopi %e §‘§c%}n:[1igr’9crlr1'?éc%[)ﬁ \9, irleect clafr br oadband radi ati on beam
ont o t RELiFssyen diregtign (¢ g ) synchronously scanning the substrate
paréllel 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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| nmeasure the spectrum (intensity as a function of wavel ength) of the
radi ation scattered into a particular narrow angul ar range. Angularly
resol ved scatteroneters use a nonochromatic radiation beam and neasure the
intensity of the scattered radiation as a function of angle.Principal
conponent analysis is a known nethod used to obtain, for exanple, focus,
dose and optionally contrast information fromscatteronetry data w thout
t he nemdasiortha speonmuiisensioyak byfuiatipe of iweecl crglonsthectliabion efatteted intaraget

bei ng nmeasyred. This js achieve inting a calibration.arr of

Car oot BB Tpiew wapler ridee Apeuery sBied ollondRs b roa bR

cont r agfia¥sh Yesin arf AhREOIR AT LIRS Akt a8 a B&ickieh aed on each
target in the array. The neasurénment results are then deconposed into a

set of angte Prdupiped cobpeient hnahysig igadnowikmesiiod ussd thebtpini foriepampleolvpesm doge
functions, whi.ch d nd.on the.tar attern used d cqefficient values,
known S8 qnH ornRRE RtoRatati R s dre e el R nlTotd s “can ¢ hen be
used t@mpRsitaRhilphténsiel ratdnefshion dIetaveret bdige fenduial. TraclSichidoskhand
optionally contrast values used to print the targets and the principal

conporiHiting4| qakibration agey pliargetous: tegfoybstetrptolbiferofons foampd aptionglyues for
a tar g@c;[ntlg%tlv%u%g. S&t@r&ﬁ%%&%sﬁ&rﬁei{sg%% theh ﬁ:e}fém&é?ﬂl oh ek Eﬁ%@q?ﬁ' the ke a
e ep n

|
scatterone ry neasurenent, erm ne I nCl pal conpon val ues and
appl y Themeéeuirentsht rasaelteire drshiepompaosetl et adet afidrihogénal basss fuacthoisqumosan be

found in U S. Patent Application_  Publication 2005/0185174 , i.ch is
her eby?si (AE BRFEPE CERPPROT! fECHARS, PSh f%ye‘i“ﬁ%&’éﬁ%r&?t 1{3&9@4186%@ saelliieinsn p
bet we e, e g tﬁééﬁiﬁcgg%lgﬂﬁﬂm elrv %Es.as}gtﬁgtﬁaﬁl%chnﬁﬁa@ cAhef 8ONEATH Vval ues

i s dependent on the ure un ying the target. Thus, the calibration
array esteblislbe relgidnshipedetwrtn ieasamied fonuse dede dndyetionallywinthst valugetssd&re to

S T R S S T e
pr ocesgntrh@@Rlkes forlal thigkedriRed Bf a $ro8uddonNEaialt i€ ONP abaRiarptahyed £ t echni que

is that unintended variations in the undérlying structure, e.g. |ayer
t hi cknisgieromeiranicansempel: dpeminhthepainpipaleompenguiyetucased ardy thewlerivetbst r at e

I ke

scat t epupliehtioh TG 1BAT ANRI eWBichis heaeHydh@eporatet i ity etiredyitsirefegenkes s
sensitive to varjations, in the underlying struc[ure. 0007] According to an

enbodi i#8f] oFhemletiphshémbstyien Bepginpid Omneag iUy a3l Psre dasesndgonias
|1 t oGy APRICqdHeRGER 3n e Wchille Andellh ttgcgégéeﬁ”ﬁh&aﬁleth%ﬁﬂra%ﬁ B 8ned 1R

substrate conprises projecting ani a reference pattern onto a
r adi atprontedenishtdsvedliayath laferan ghidhliagtis are todebstasated imegghumafacturiofg ti nes

tof Orp@ocl?e}gs,tip 1% nloic f)glsgl%liea or}iegseg{lg fe astlsonghif)) ldgrri\?e!di tIr(}/m %Ile a%leri itrjlro%% ip?oQ:ess ina
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 of a
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 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
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patterns, wherein different values of the paraneter are used to form
different ones of the 2 calibration patterns and the reference pattern
conprises first and second parts having different sensitivities to
variation in the value of the paraneter; directing an inspection beam of
radiation onto the calibration patterns and nmeasuring the radiation
reflected or scattered therefromto obtain a neasurenent result for each
part ofaldaaiongmiteips and te rplatanee pattesu bemprises figst ahésecnpdpartsdrmying dierantt f or

the first.part of each.calibration pattern.fraomthe neasurenent. result for
the setORINE (O SITARE 1 feyalifiafdheBFemfiat ABR PP per it of rASN R al ity
of di f bRbaRd tdibratid PAHEAIBIY meRsHh Hic rAEeENPRIENE] 8AGIRANAE] tHaeefbnd fer ent i al
measurenent results’into a set of basis functions and associ ated

coef f i ebtainasmegstiraptanaiesilh fprachepart olrashrgibbationatienabubrcing thhe
coeffi ﬁllegsnutr ?n'%%s\{lﬁl She %frstt gﬁ o?géc%%%fiﬁr%fi b Cﬁbﬂlgthg%ehﬁ%g n?fr shﬂ?or
ref erence par{1 era-onto g T REt A Feh-gengi Y Ve ayer of a su SFrare to form

a t ar getfe spednidgiatt, of theegicdtivdhealibadtion pafterh he opamangitielity sfsktleremiflor m t he
target pattern is unknown; directi naﬁ@ar_l i nspection beam of radiatiqgn gnto
the tBicaBropent resuls; desornpesing ¢ash of fe differeaital siasupnentresylts intq a setiod basis

ther ef s, ARLARed A BRIen TRROMERRDL (AU EAGMRRC 0!t e

t ar get ern; subtracting e target asur ene or the first
part otodffidemtangetalpatdfehepdramatet; peojedmgen inegsol theprterenesuattemfoto £ he

second part of the  target pattern to obtain a t et differential
measur SERTIYE layRE o ?rﬁts%trﬁbe tp e & fagest patgetns whelsipt ?V%%%ﬂb%ﬁaéﬁwe%s ul t

i nto ayg@tto Brnf@ekdrbGipants ieWhitdoRlny iRebtRg Bh WMspbiton REmRAsdadoanmtd 4es and
using the relationship between val ues of the coefficients and val ues of the

par ametagget pattern endmensveing ifee radiation offletted opsaatianst] éherelsw to obthivrafenghie t ar get

n. [0008], A di nbodi f the i ' h f
Dbt o nisgr et Sl R phel P s TRRRPTER s mabilf P YERY B O
|'i t hogfapiM GrsPpRESSEe BYgdMph€din Fohdihg@irg@ahdaSirRmdasreslERR Y JebdrRithatbfahe

substrate conprises proj ectl_ntg an image of a reference pattern onto a

radi at {aegst paiais tq oRtein|adireet Gffewntal mepsurement waHE deenrepasng the rgety of times
to forps . ' og e ' i . S,
wher o S AR OARERRLE i 8 SER cBomBlohls Bkt Rle LR, RAKBEST.
of t heahhsidy tht redatighipdiehsecandiveh ef the fce¢fineatspal veluns chip paramstet tar St and

second, parts _hav | fferent sensifi vit%i es to variation in the val ue of

.
the pafSFaiae @eaﬁail's&fit agametprussd (9 o5 heRFsH PSR ati on onto the

cal i br gjgog) R&ldr&hBE%o ADEDEAREAI S9hd HSefiBM Al @lbetlifda flibratal t ered
therefromto obtain a neasurenent result for each part of each calibration

pat t er imctigufr useini mepstiieg mpasuernehi lithoguphicfpooceshley fhick i tgettpatiérndas h
cal i brﬁt i on. g tternbf rqm t he. measur.enent. resgtlrt For thettsecog)d I%ar . of the
r especPTPETERG BrafioaHats SYPRPIS PEISHI& AR "8 ST o SRUER PPE BRETRHPT
measur ediifite E@%ﬂéﬁé@aliﬁﬁﬁi@ﬁ}@@&tﬁaﬂs a?@lﬁﬂaligf oftthgesdb ffcﬁxﬁf Bﬁﬁieaithdgtfa’:}ﬁlwlﬁmﬁ a
results into a set of basis functions and associ ated coefficients and

obt ai nplwgplidy pledalibragias Refterbo twheegin 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
3




val ues of the coefficients and values of the paraneter as the calibration
function. [0009] According to an enbodi nent of the invention, a nethod of
measuring a paranmeter of a |ithographic process by which a target pattern
has been printed on a substrate, wherein the 3 reference pattern conprises
first and second parts having different sensitivities to variation in the
val ue of the paraneter, conprises directing an inspection beam of radiation
ont o theéerenme gettern sampysas fastdindsecond ipags hiving didffierent sansitizitics ta eatiapipn stdet er ed
t herefr n1%§ obtain a tarﬁet .ne€surenent.re§ult {or. ach gq%ttof t he

tar getVﬂgléfi? Prparatsier, £OMPRECT HEFCt s JLSHREHLY PR AL PHEEET P1OfRe A4 £ v st
part opatfehfaridah&ftiriRedhe @4dlatidoeTié&l dracgeiredafoan®tbtdies trpetf or the

second part of the target pattern to obtain a target differential

meas ur@fastremcas ipsult iceenputoiige tanget palteyat Subaﬁqtmﬁgthtﬁr@rf meppwEeRArEeiulty esul t

ot i . ' . tci
ol +br st i AR G UEASh bR F06h B PaR HGtlubRBlrki 0! B Sn R i
coef f i aigenpstednth obadib@sargét diffrentid hesamiremerit@ehdtt dédvniposinhchestatgae of t he

parameter used to formthe target pattern. [001Q] According to an, .
enbodi HERtENEH REREUERFRTEFEhintea bl BT nEoRe AaR PO ReRiotB nnd dsise
proj ecf &a{?ﬁrﬂf&n'f{ﬁ?&%n%} &sgﬁ%ga%?el ﬂsﬁiﬁa%eﬁ%m% [Rf 6f BRCEeRRich&ald QMuls &f
radi ation- sensitive %yer a substfate to forma device ayer |nc?ud|ng
devi cethspamateter ésdatathiae thenghbic of et faeammetersisad) teafokmtthogrgeppattenpr ocess,

wher ei e reference pattern conpri.ses first and second. parts,havin
Gt orBALIE AGPRIGE f b e A s T sriohed S pn SRS ineRihd "ot ' e
li t hooscaRitsEs pidfRERS o iride@F i d3GicaPattdds REFA G cR@PMBE dndsth AdiMdnont o the

target pattern and neasuring the radiation reflected or scattered
t her ef seosttivolayen ofiarsubstrage peformealsvice e ineludingrderioe steemtbrepand a Bfget t he

t t pattern; subtracti t he.target t | i rst
bar ¢ oS o BORERFk Rt SHbRAER: FERTN SR corhitel alsfind R0l 1o
secondpRamavief difieetiaegsiivifed tbeatlatioh i@ bievaudof Py@ahetetblithelitoiiaphic

measurenent result; deconposing the target differential neasurenment result
i nto aPreedss; difecipear ingpesHen beam of fsdiatiag ontohe taagst pyttesn aphBesURgaEtS ons and

usi ng i i i K L3 i i t ues of
e a0 a e e O e e B B e R et B ™ e
par anethe targes getiérn; Subtractinpeht arge mepatrerment refulidod fhe Acgt padiof thet targatpattern

enbodi nt, of the invention, thod of inspecting a device.layer

manuf SERDRRIAESF BeRT BT Al dorhs sl pyt HEPE el daling 10 4Pl et

par amef;iftreffialli@shretHaag-aRNidecorRf RREIAC &9%39 bifR@shtiaDmbiiiddgert Feshi @t @ \skC e
| ayer a target pattern conprising tw parts h

¢ err 3 \ | aving different sensitivities
t o t heofpaeHicentsmultiplying aplucaity ef asistfenctions et ehing s edibratioorfendtios spectra of

the two par.ts;, obtainin differen S eﬁ%run1fr t he .ttwo sc rometric
spect 1 aPraRpE gt Botp B Gk kTR s S AR P SR IR e T TS
obt ai ndeddrnliRABE vole of BRMateh @& tisedIRY fodth fig: targéepatRm.f or the parameter from
the coefficient using a caljbration function obtained by_printjn? copi es of
[0011] According 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




the target pattern using a plurality of different values of the paraneter
and applying regression analysis to difference spectra obtained fromthe
copies of the target pattern. [0012] According to an enbodi ment of the
i nvention, an inspection apparatus configured to determ ne the value of a
paranmeter of a lithographic process used to manufacture a device |ayer 4
on a substrate, wherein the device |ayer includes a reference pattern that
CONPr bfi @Subdtiatd, whbebin hedevide Pyet mchids nglaeddpaten tha wampiiséstiiretsnt o
variation in the value of the parameter, conprises_..an illymnation optical
syst efreesof pruhaing & aronbsansifiitics &ywmtation thibsg vl of A BB ROPBI S ch
Part_of i Sinh el G RRN Ehfipu @4 RS @6 uh Alp&Roh Rk Y SiRATGAQh gured o
g Pecte r

pr oj e8t 'TadS scattered by each part of the reference
pat t epprt@the refeldice pattin;taprofet i morsizal systeonenfigercd peprojest ragiationgeflsgtsdpar t s;

a spectrum subtractor fi dt bt ai i ff th

i ML e o e T R R e T S e

anal y%ifﬁ}ett&o?ﬁﬂﬁs;di ngt;&{gﬁﬂ GEbtraSRE ChA i EPtoUbkAh B diferbRRShedtign fogfthé mient ; a
g d calibra

menory stori tiron function obtained by printing copies of the
t ar getscqatdmetric ysictre; @ quialyred donfigaked ¢ 47dy e Freresalon agalysis {hde gHiafcer and

appl ying regressi.on analysis _to difference s } f copi es
of t hEPEARFEE QMR @trlﬁ?S%O ‘?18065{1%15? B StorY &8 $e ghélgoé&?%na@gﬁcu %b?‘{eﬂl%@al ue
for theing @cgﬁésefff th@@afl%t bhere 0ghf k phemity andiffohet valakd bf the paambtenetd on.

BRI EF "DESCRI PTI ON OF THE DRAW N ?0013 Enbodi nents of é?tfg‘% i nventti on wll

now bepplingriegressionanablipisde diffessrse spentieybiajiadron diesogife tariggt pattern;
acconpanyi hematl ¢ ' | ' N Dhe'BEBILRAESdTHEDOI S
i o aed bRt SR S G DERLREE b OR ki RRUAERRAG S e (B IRLRICE

| i t hoghRpRAtien appas@t us according to an enbodi nent of the invention; Figure
| b depicts a lithographic cell or cluster according to an enbodi nent of the
invention; Figure 2 depicts a first scatteroneter that nay be used with the

invention; Figure 3 depiigtHixGePIMINCRTHE DRRMING At may be used with
the invention; Figure 4 c}epi cts a calibration matrix printed on a substrate

in a moots)d Bmiswlidemgof the amvensobwifl newbe described,ibywem afenamplegabs ¥ithdepi ct s

a target printed on a production substrate .. i an
enbodirﬁéfﬁncﬁfo ‘?‘ﬁéc‘i Wﬁﬁ&‘eﬁ?a&ﬁiéavgnﬁgelﬁi%qlgl g"r&% ﬁ@%@lﬁgﬁé 50 g@gor di ng
to an ‘ﬁ&ffe&@icgﬁ%oﬁdin%ﬁé‘mi, ayeHwIeh: Figure 7 is a flow chart of a nethod
accorcil ng to an enbodi nent of the invention; Figure_ 8 depic

patterns usdigir lademstanpiteogsiphic mperse aserding tagn egbgdiment &t the Svention;

Figure 1b depicts a lithographic cell or cluster according to an embodiment 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
embodimént 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.




enbodi ment of the invention; Figure 9 depicts dinensions that can be varied
in a test pattern used in the exanple of Figure 8;, and Figures 10 to 12
depict simulated test results in the exanple of Figure 8. 5 DETAILED
DESCRI PTI ON [0014] Figure la schematically depicts a |ithographic
apparatus. The apparatus conprises an illumnation system (illumnator) IL
configured to condition a radiation beamB (e.g. W radiation or EUW

radi ation). A support (e.g. DHBEAK.BRBESCRWTEMfI gured to support a

tt ' i . g.. K ) d ted first iti PM
Cont | JPE aguedasaumicdbeprons CHBSRan AR dLth PR e soBgTtsBe v t
cer t aifjyp aﬁﬁ'ﬁ%ﬁl’teqm (udsRRde) AL ordfBlik&l toQoRditien Wadde@ftiohaleh®)B te\./%. UAF is

configured to hold a substrate (e.g. a resist coated wafer) and is
connectdidtitroonEE¥ cedidtipgs Atshpprst (cRs\aguaskitehie)dd Ticonfgred ot ipporh 8 PRESTHIALE he

substrate i.n accor e with certai par.anet . r.0j £cti.on (e.q.
a ref r‘%&”tcie\;%gp? Bﬁagaiq‘g‘ﬁn&%ﬂ%n%&gtt% ﬁ)%rﬁfoéiglﬂ??rgjl\? é:(c)fﬁ% rgdp{r%oajcggr? tegy%)tgﬁ{ggr n

i npar tfe phierhing dewdé At dcodrdR@Aivith BattapabiranbieRg Adabitee ibleqBigoa tvafoR [4héd)
portion C (e.g. conprising one or nore dies) of the substrate W [0015]
The i Wik senfigmedtpdiobde mbpirptede-aorrovist sastes wafere &V ard Spopaesteddig g ra: s,
such as_.refr LV i i clr, e trostatic
or ot HEP B ot Bl ig Eebiskaly pURARFhcRun L RELHBTRGREL M BhERL 07

di r ectparghape. Agncibaionagstemndk. gt acifaiciianprojcdBdiblenT hstet)fiocdnfgumddot s, e. g.
bears the wei%ht of, the patterning device. It halds Mw atterni ng device
in a rrEAisela pHie pEiRd fo B rediation beam B by pattgRingevigy %Pﬂﬁ%r?gta%ﬁéw Ot he
desig i r I.C4; ot her conditions, such as for
exarrplrbe(ﬁk'e({oﬁgjrrﬂ Slé‘?mﬁ‘gto’?‘?ﬁz&d%?mﬁﬁé“ﬁg{w ce is held in a vacuum

envi r doAsit . Thendumirmpion systeam mayeéncheddreaniovatypevefoaptingl cosipsoentasteh #c or

ot her clanpi ng _techni ques. t old the patternin evice. The.support nay be
a frd agﬁ’ea‘getﬂﬁﬁtf‘@: %?e%@xaﬁ%foé{la%ﬁﬁl% I‘??et‘réﬁ}s%téc i{%éea tRes H‘g%%tb(iag as
r equi rc%%poﬁeﬁs,sama?e&mﬁmio@m%%ﬁ 16 Batct! MpHahl/Br i@ dRvItoa. IS at a

desired position, for exanple with respect to the projection system Any
use of[00hd tBremipperésunpos, ccg. begrashe weishieinthampitesaing deyicedt belds é&‘r‘no nynous

with the nore.general term" i i ! . - rni ng
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devi cepftthalithegfiphie appatub,tntd e tomditiah, aichain fivemample whahgrat herthein its
cross-section such as to create a pattern in a target paortiop of the
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portion o e su nple 1f ‘the pattern inclu
phase-fsdrhé bt o pbicg fitrexaapler which oadyl ledixedir gtovable 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.”

[6017] The term “pétteming 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 LLCD 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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features. Generally, the pattern inparted to the radi ati on beamw | |
correspond to a particular functional layer in a device being created in
the target portion, such as an integrated circuit. [0018] The patterning
devi ce maybe transm ssive or reflective. Exanples of patterning devices

i ncl ude masks, programmable mrror arrays, and progranmabl e LCD panel s.
Masks are well known in |ithography, and include mask types such as
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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 liquid is
located between the projection system and the substrate during exposure.

[0023} Referring to Figure 1a, the illuminator II. receives radiation from a radiation source SO.
The source and the lithographic apparatus 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 IL 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 1L, 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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is an excinmer laser. In such cases, the source is not considered to form
part of the lithographic apparatus and the radiation beamis passed from
the source SOto the illumnator IL with the aid of a beamdelivery system
BD conprising, for exanple, suitable directing mrrors and/or a beam
expander. In other cases the source nay be an integral part of the

| i t hographi c apparatus, for exanple when the source is a nercury |lanp. The
sourc e(cSﬁnmm&iy yefered|th asrimates and tz—mmemg@smeuvalw)tdf the m@n@@aﬁm@mv@m Bpsk em
BDif re e referred to as 31?13, on sy 0024

1 i FRR0T B G S SRRl R Rt B iy bRyttt
I nt ensdthyr co%p%hémp k108 zﬁfmielgﬁhtdirqﬂl Al aQﬁbn@ﬁi%@B c@en@e;r ﬂluhﬁmat@tmh)e&s\ﬁseﬂ e
outer and/or ‘inner radial extent 7 (conmonly referred to as a-outer and

a- i nnegonditngberadiaioy pewn, toheve adesitst upifomybyranddntennity; fstabwins ip its greghe of
t he |Ilup1 nator can be adjusted. In addition, the illum nator IL may
conpri ¥&"Virious ot her conponents, such as an integrator IN and a

conden®ers5ICrheliaiatibh bernd Btio incitityit iethepeterhing devioe (d g, pmaﬁkhleiAr)adhah iion beam
to have a desired uniformty and intensity %Etrlbutlon its._cr.oss

sect i difld poYEsIPRYTE(GdPatk %Wel%’&hﬁﬁi }S§’aftﬁElF thegtiemuneievicsy HPHBE devi ce
(e.g. %?%QWm N teSradiBbh Ot BHRsSY R tﬁ@ BDie ct18’§§}|fstérﬁ‘bte MEh. and
tr fhe pa F AVer K

is patterne tterning devic Havi n rse he nask MA, the
radi at foﬁﬁsebﬂaarbeermﬁcs esargdipotign € h’éthprsnbs@ata Wn%;hsthe mdRif thensiceind pdstouses
tion C.of the substrate W _ _Wth the. aid of. the

the b t
seﬁonﬁﬁﬁ?o@}%tn%aﬁgpasgr%w (5 8, BR P HEORERE SIEVIOR ngarencaderion Conap G SERsPDe
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the ragitRidéspbctle &R path &F the radidion bﬁﬁﬁh@@lgcaﬁterﬁ'@dchmﬁvﬁketﬁéﬁmﬁ@mﬁiask library,
or during a scan. In general, novenent of the nask table MI ma %/1 tef\1 realized
A

with tlitraryspridusines scamglnsgensiab maygacat ticbarmsek bleiNIT srvRy)roalivg

hort - f t
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one di @eisgbdiafvdl@aheM ke amﬁlktrMQd oédﬁpy dedikatéd fafRIPHtionR S 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
rﬁay 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 beam 1s projected onto a target
portion C at one time (i.e. a single static exposure). The substrate table WT is then shifted in the
X and/or Y direction so that a different target portion C can be exposed. In step mode, the
maximum size of the exposure field limits the size of the target portion C imaged in a single
static exposure.
2. In scan mode, the mask table MT and the substrate table WT are scanned

synchronousty while a pattern imparted to the radiation beam is projected onto a target portion C
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may be | ocated between the dies. [0026] The depicted apparatus coul d be
used in at |least one of the followi ng nodes: 1. In step node, the mask
table MI and the substrate table WI are kept essentially stationary, while
an entire pattern inparted to the radiation beamis projected onto a target
portion C at one tine (i.e. a single static exposure). The substrate table
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proces on a substr nve onal ly these include spin coaters SC to
deposi 00284 £¢ sHoayen Figuite Ve thpBthe giabhicappawiek bp. fexpe padof ediletraphitickl]
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deposit resist layers, developers DE to develop exposed resiét, chill plates CH and bake plates
BK. A substrate handler, or robot, RO picks up substrates from input/output ports I'O1, [/02,
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 contro} 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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the |ithographic 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,

whi ch al so controls the |ithographic apparatus via |ithographic control
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radi atd@Rn@Al0 (fe. 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 oblique-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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substrate W The reflected radiation is passed to a spectroneter detector
4, which neasures a spectrum 10 (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 nay be
reconfigured, e.g. by Rigorous Coupled Wave Anal ysis (RCWA) and non-Ii near
regression or by conparison with a library of sinulated spectra as shown at
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magnetic- and transverse electric-polarized light and/or the phase difference between the

transverse magnetic- and transverse electric-polarized light.

[b036] Using a broadband light source (i.e. one with a wide range of light frequencies or
wavelengths — and therefore of colors) is possible, which gives a large etendue, allowing the
mixing of multiple wavelengths. The plurality of wavelengths in the broadband preferably each
has a bandwidth of &) and a spacing of at least 264 (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 wavelengths in paraliel. A 3-D spectrum (wavelength and two different angles) can 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

EP1,628,164A, which document is hereby incorporated by reference.
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filters. [0035] The detector 18 may neasure the intensity of scattered
light at a single wavel ength (or narrow wavel ength range), the intensity
separately at nultiple wavel engths or integrated over a wavel ength range.
Furthernore, the detector nmay separately nmeasure the intensity of
transverse magnetic- and transverse electric-polarized Iight and/or the
phase difference between the transverse magnetic- and transverse

el ect r[i003T ol Eirel tzmzet oni gfbbtrath ¥0 86y belsignajing vidri dathpaimted sugh thas ditar devqlopreentone

with a,wde range of .light .frequencies or wavel engths.-,and.therefore of
col or e ?sﬁ&g’%ﬁﬁg?f Wi‘ﬁcrﬁmﬁilwg% _efgel ﬁlisd‘éay&ltgﬁ’@ﬁg%yﬁf F%W%’&t‘{ fhe S%[Fﬁ%i??eng of
mul ti phig pavehsRet Rhosti8o BE WRltHvkYo @baiBrk 8nGHdsst] sach hefdenadiand

preferably 'each has a bandwi dth of S), and a spacing of at |east 281(i.e.

twi ce dvedayahainesigtabetsatiahaiinithe)ithogspher projectoanpastuso ttor, serhethitonrietiensoe

differe rtions of an.extend radi ation.source.whi. e been split
usi ng IP?%%%%?@B’G%H%@et?rnwﬂﬁgn‘sﬁgtge%ﬁeg@ ¥ g8t {/Oéla%lsglgtptn é&%%%% ra can be
neasur@gssit ARkdulzh R i6 ppeyat an@inliscitcimpRhedsite balchlaid rEle®ide phratirety/efieel engt h
and two different anqlpes) can be neasured, which contains nore, information

t han aprintedl iepsst direatly fom Scageronweiryifgidyi Tasansiragtingrihe prantpd tangeh Sus BAIMSEh

i ncreases ir -Thi S 4 CFk] i detail i
ey o Ron g HerBh T ER AP ARRcrdle HiRerHBRC T BE, BB Gifll 2 o0
The t adcgdromptrs vhlibritiing alW paafobeeditogietive ag cinpircdal fisk petivadregtaserometrdbtaaf t er

devel opnent, the bars are forned of solid resist |jnes. The bars may
al t er rand; dpdergntyalucs of B napanectend aigssy (Ldiss theﬁ?é’r‘%aﬁb Qa&en GaPESFReRs chosen

to be senRichi WRich%s @eseas&lr%s{,ivgth 1 REEI RS FighhE ) B, hPGYS of APSQ@mpIMET | ay,

chromati c aberrations 1nt hographi c projection apparatus, etc., such
t hat vaethad fonieriving fodus andldescavduep dirvanssatieromietty datarmif esintediengele ' Khes as

variations.in the printed.target. [O Al t hough it is possibl.e in sonme
or T corieraionda BE Bt G Ower BEVASE (A Wi es BPesss. 8 AY Shlifuh &
di rectdppidniprvsaatdn@eomet ry data by reconstructing the printed target this

is always a conputational Igﬁsj ntensive task and is often inpracticable.
Ther ef 9939] i n areeybodimhaicy thesinmentioncthe tasedpatiep cOmPIBISEMOSHERPAR@HBAY or ned

to derjive an.enmifi [ . r : [ ent

val uosv S RisETR G R G B e R bR PR el 1Rt IR ST

pr esendxaniply/gidiinahe twhieshpdrendescgitiad biglGanhariavh theeshargeded ol Fitgwaties 4
to 7, by way of an exenplary  nethod for deriving focus and dose, val ues

f r om s@HdifEsrentessish eraoreshorh foptyray. ebhese prgshowsfrsmor bindhe epandsd A1 i ed
to ot herg: - ' ' S, IORS, in a
St ai OB ey Qe O h B B e A LD e

t ar getrepatii@r sv thanthey desottpumt bampe st to magdifvhe focps amt dude aensithatyiod g

val ue l?afrs 56] gucﬁ%ﬁ%tr %}r(an?f;le Iﬂr{g s%asﬁﬁ;[fityaéﬁhg ga?revxrf]i%hlatlolchdSq\/%Hgtiiocnails inclrgasg €
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 setting, the two printed gratings will be effectively 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, ¢.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
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exanpl e shown the two conponents are gratings Gl, & that have the sane
period and duty ratio but different assist, or correction, features. These
are shown in nore detail in the expanded part of Figure 4. Gating G has
bars 10 and assist features 11. The assist features 11 are sub- resolution
so that they do not print but are selected to nodify the focus and dose
sensitivity of the bars 10 such that, for exanple the sensitivity of the
bar wi sibktrite nfageial) orémif@pﬂoosms il@eisradmeabs%dne&m’ﬂh@mndeﬂeingetmci:ttlie\dnttizet o} dose

vari ati i s decreased, r ef er abl tantl elimn Gati
G ngatbrienaiuas g BaePhrinudy shed o Beieyng sf i e biRucudl o
feat ur §%sdi6s. SBleAMI8dying YEhet@e id &ksfr@lﬂ?@ﬁm@(ﬁ aeﬂolsmh@eﬁe Jf%k%h‘éﬁlﬂ%h dyt y of
the bars 20 and increase sensitivit dose variation. The bar and assi st

f eat ur@041]z eeﬁenﬂebdppmgmaafth@@hbmtzpherrﬁia§kepa9r2em&eg@¢ﬁ1 neqattenppietar @ is at a

01 1 cct VR Tmaft hasfror 608 Fspoia ik Wor ¥ e et Mo tictoer

conpr i senkiivédh@g®riopeiedt stegfapbe afkttdd2or bSlimped ff £pbsteppdstin@lHaky. of tines in
an array on a calibration substrate CW Each different instance of the

t ar get Cpricrsshi thedimesnbion arnyzhe applind toapiems Eamieret nkrihe Fulrstaigsodhal Sipse
setti ”&?y intbS agg mt%ﬁfag aPatterd el Qe LS altZ ﬁtcﬁb ﬂVsﬁBﬁzﬁ ﬁBte 'I%teh*h%vdevé#tﬁ&c es

are con gure i'n-one direction in focus varies
and i nmederepidneof piiodmidnmxposexr@, d1ycus@hnlsf?aﬁharbemw sﬁhuﬂd@ea;hnmgs)uwmtab@ts

referredto as Gl(i,j). .and whe relndlces r unni froml

o m adneRSBE R VRyEr CHibRNg h s S ameghifble et BhHAH OB, B s

arrangﬁgmesmbéﬁ%% zﬂ.gdgqj fReys-energy matrix (FEM. In the invention, the
b

cal i bration wafer are silicon (or other sem conductor or 12
subst r{d)ﬂ)ézlnaﬁzezhlpair)ofgratMgwélp@apwéddsayeﬁpscfla&rerwadwm GipBa. [fEneingnider | yi ng

t t t bst rat houl

he. urifEnT g segRGePERE oF e IPARatacE Fate SUnSeY B gul Reng T Raufr prRgrBand ©
St r uct Yrehdrs 0 48S praddéobrdinites @fth@ﬁﬁ]flﬁ%lah@ ¢1.apecusd Gt Aed caldrbdaidred sadh ay .
[0041] "After devel opnent of the ca ration array, step S2 in Fiqure 7, a

scat t ethetibeesreShicptsy ehulgig@qabwhgggmtgd with eredgtesmined paramatggarluen theie array,
t S f t | t
2 t gg nszc)e/ltt% 8mgﬁ§ ts;?ecﬁ‘% tag {h%g?&;ﬁﬁ t %énglcglrgultt Yuill %'grgsa's ttﬁeb;?aﬁar}lag O%%e%,r 1212 lme n

t he i nhendxamplafyudamdaippd,ivat ﬁ@n}ﬂ@d;ﬁr@d@mﬂmMWsr dtlus, R1oand 2 mapderate so
that Step S2. nmay in that case include a pattern transfer step such as an
etch. Pressulasdolevsiot ed however that measurenent of production exposur es,

di scussed f @%{)@ﬁ@%)@% )bezegq(ggpgg%l(g% targets in the s@ye

state as use ation n ste ny sul able form of
scatt er onet eRz(Bsp)efR@(Q,(p)t%s%é(Qw)stZ? BéCB @bb¥eC2(fmy be used. [0042] @xch

bngut avhcte BRI Shieror Pt e Fede R Bl bt Bestions %042 68082
and RZ2ani ¢, dveddstisd foP tlﬁés @1 G226 spebRil&alaidt die 8 Bnda@ &Sl Ratigmnof the

pupi | plane 11. Because and & are designed such
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 Al, A2, B1, B2, and C1, C2 are only
weakly dependent on underlying structure. Taking the difference between the two spectra yields:
AR =RI-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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that they are effectively identical when printed with predeterm ned
paraneter values, their scatteronetry spectra at those values wll be
identical but will vary as the paraneter values, in this exanple focus and
dose, vary fromthe predeterm ned values. Thus, RI and R2 nay be expressed
as follows: RL (0,(p) = RO(O,(p) + Z.A 1(0,(p) + Z2.B1(O (p) + E.C1 (O, (p)
(1) RO, (p) = RXQ (p) + Z A2(0,(p) + 22.B2(O (p) + E C2(0,(p) (2) where
RO i s (step Soef Thekitenfusgtant is anca¢ rdblust, pribeldt srlessenkitpertarvatiagias amthef unct i ons

A, A2, Bl, B2, _and,Cl, .C2 describe.for.grati the. tral
Var i aningRLyinE vt Hahp FSGHS CouT B R P ST TSRETTT on and
dose VakHnifded thatasRartdnbyed, HARPRs ik ih oM bndipal MBSDoReRS Falgdid, 0Nl y

dependent on thé underlying structure, the inventors have determ ned that
i n nmarparted dest Squarss porlpsighnd ma-liRar pafal laast sq@@presapodgtisgonl y  weakl y

depen on.underlying structure. Taking the dif ! 1. the two
spoct A104fle LMt entirke 6ot Espol B b WL SLERES PR L0 ™
C2) (4bllokeD44 pafrropmrdti gedtinl TCANTOR, Restical aforhe tidaalib@tién gratiags Gy m RO
is elimnated. Thus, In this_ enbodinment of the invention, in step.S4 the

two spedtaracesed Waterr Y dnentats spbstiateduryiedhe pryusesia pradutipn eXRA U f%r ovi de
a set qQf differ t ! tlwpdemg' BNCH Qt%fgﬁr as

I nput (%Irn%l%lé%psgﬂﬁg}aggsic%ﬁ%%eﬁceb%téégrsla ySi sﬁéﬁf rst tgfire idg fﬂg‘rE g%éggsggect ra
ar e ddaegppesedlenshigblr pscadn tobeotgtintdil hasthtreo nd esiessivanmsetof siisolf sdabp
S5), then the re|ationship between focus, and dose val ues . and . .pr.inci pal
conporfékte: \ﬁg&fé@%@ﬁ%f"’é‘? Redo ! Of’sd(eé{ﬁ[ow Of P ?tﬁqtppégemﬁﬁ’@tr?%ﬁ ¥s nore
robus tdevhl'apéﬁglt a f)(gslg—'e)?pdsﬁﬁ,sbﬁg ?éﬂﬁgﬂn}éﬁ, §t%3 4 |fdrRe thele Et@% Modefeliddng
structure,“than a function derived from single spectra. her rel ated
regresi¥dd4f Ihetipriil§ukssaattyroaictas Shéisarspd tyeltainsrentyal fergn cankl af dlee tworgrhtingsar

princi onent angl ysi rtjal.,l,east, squares anal ysi s

non- | 1 TakrTRARH o 8l abimeedislsdivad Spubhosiiieful Nndit s, a
COr I eSRABFABA pRICeSS &%, difibreficd dpkétfilnh & RBljecRdtd Fihd@pal comPpondn® bhdyed it i pai r

of target graPlngs TG 1, T&, identical in formto the calibration gratings
Gl, compesedXgor 845 intost w9p oS1ortlmenss tnsmcipgbeamparenidiplyeshiremavhighsdiddeof a
producti.o r ' i - i.ce

Bt ruct (rAReERRES fock hug SAETRIEs bpin Bl iU AYARRE A

sui t abdtered peg t4tuiast DB)8hebi &1 Rigores td Waichttiesoattérometer examassitae use of
silicon real_ estate. If the calibration was ge forngd on_devel oped

seni - | 80#H: Bremplanidaresieafteds dat may bgayd iggadhess ascy ge e isttmEop vl
per o diRelhe 3dERbedlith PURAW B TILNESPSIZBE WAk IBel 106 12 Ii8RARNulaRaSt ep

S13 the scatteroneter SMis used to obtain spectra fromeach of the two
gr at i ngsults. Two reference patterns, one of positive polarity and one of negative polarity, are shown

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 Sa1
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 pattern
(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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TG 1, T& and these are then subtracted in step S14 to obtain a difference
spectrum As in the calibration process, the difference spectrumis

subj ected to principal conponent analysis: it is deconposed (step S15)
into a set of coefficients (principal conponent values) fromwhich can be
obtained (step S 16) 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
scat t eseopitividy phttere (daslast ling, squaresR] Fimueng sheys therqpposifgaensiivity tollgfochngbe

ot or dReBReORaR S gl a bipel fFERRE ol lne TR BB 2t e

r esul t @osmosined sdendParddd inhil-CDRee pdrametetstreailyudkandble/w i eadientdters,
negative polarity, are shown in Figure 8 as A and B respectively and

conpr i % 6apbasjaep rdyeat paitprietrsieasithed gbaq aig upefelipanadhody &f fbe inyeidienon a cl ear
backgr @H&ﬁo OR 1z rsgédiﬂ(??efé}gn& Halde BQ&{@&RM Bk t(ﬁ@% bySd of 1&88%8@1851%;5’%?5 to

contro cus a ose sensitivity resulting in four grati
posi t i mehpmaaniatiyreastd Chviostoiildiggaipractated thaethe lidtographvwppaatu€dedoribéd and F in

Figure 8. Thus there are positive and negative gratings wt hi gh focus
but | oWFrHBERAYSIANE PHhey FRRJCAMRPSpBH £F 8@_ fﬁﬂ%?%@gﬁp?%eg@%tgff ?mgé_rws{qmg% ow focus
and. i ghdaleakd 36081 phtikhs FASARAMO dblaifirBdha, ikl AGMAL IRl e

assi st  features an cings Sal” and Sae between assist features and main
| i nes displaysgLEdrs) abintfdmamhgretie hedds, ctedi shedld brampratdedibstpin thenantextvdift i es.

The linew dth W itch P. of.th t ,is.varied to. t hat
The ! S hamatte RbsRicns oy upSorthiforR  Pale At 5 el BV SR bR B e
eXpos ednbiyrAoi With e nite B4R Ubths ‘RUGEES or [FRBADporibAU h&pddiveROWhe t he

sensitivity to defocus, represented by variations in sidewall angle of
the hishstride refersechisihersin myty haprasessed.dasiforg of piies cxposared iy casrapleisdrack i
focus- R ] i r B houre 11
shows PRADERibiehty RS Fh Ryst A1, n Bres U D dop T R et OF e
hi gh dasgelsgntiol hnﬂ/tbr)(/aéﬂﬁﬂiegﬁflﬁh o8 Whkrk iap;ﬁ%cablrej megiseﬁ)};utaﬁdreirhm?f bwagiizd 14
sensitivity pattern ashed |jine, squares). Figure 12 shows the opposite
sensi twpﬁlyaltdootia@fr %‘Eﬂ&at%PmC‘fﬁé@igtt‘PQ}%q:(”H@%g& aut’%gf@,te WY, BF BOFeSA MOEYRAT ve

pol ar i §ee(RP k&eqnw;gie Reorddi t%g?ﬁgé% glﬁﬁ{-fa LR, sb gﬁ%@ﬂe te G Atd GVRl Herd g and

m d-CD are paraneters readi tal nabl e w scatteroneters, 1t can be
seen tdist refattod esuisstas tlasdreideadntboveulipte mreedssdd layersret hods of t he

[ tj 1] Al th i fi f de in this t t
e uslOB | R RRGH PR Hbmaarte v P APAb FLIE 0ot oA Ceoodief Bl o be
appr ecindifdntibipin thd BodtbAt R SpaRH ii&o@ﬁ?ﬁyﬁt gfoudia&psrﬂph@@htemﬁﬁha iRt d1Am8y

ot her applications, such as the manufacture of integrated optical systens,
gui daneusgdin diberanpliestiopat foeexpnplompring ddhagcapdgnandrivhaserdeicestext allpmspinel

di spl | disnpl e h , etc.
't St S e Bipltk i AR o ol AR R RS 1
appl i c@ifinedithe pattymusetalf or heubkeatasThewahatraphyrof tigh @ittehitnedavioayaybise

consi dered _as . ) o .
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 1s 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 ion 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
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synonynmous with the nore general terns "substrate" or "target portion",
respectively. The substrate referred to herein may be processed, before or
after exposure, in for exanple a track (a tool that typically applies a

| ayer of resist to a substrate and devel ops the exposed resist), a

metrol ogy tool and/or an inspection tool. Were applicable, the disclosure
herein maybe applied to such and other substrate processing tools.

Fur t heinyenttipa msapbieke thedommytl beompuiergysgdmnpntainihgone @rsere stgrenessanipl e i n
order to,creat mujti-layer 1C so that the termsubstrate used herein
my S aatte bl oo ieten b a0k PEbe et aPhE Eh ik Rt iR el

| ayer see.d 9&bidbndctd entahors NBETtE of SHRRPMSE) HRihghaviea BB utBBse &refio the
use of enbodiments of the invention in the context of optical |ithography,
it shobe@ibe appreciated that the invention may be used in other

appl i cahkgn for e Le | ' | . . . t

o T oua D0pE" Pt s R et ety RO v R A PR, FRAASEL,

t opographent v chepaillct inthegridhmingadificitfonn ety bbenadatd teinvehdal eddeoried
substrate. The topgography of the patterning device may be pressed into a
| ayer Witheu departing Hpm; tagsqope ohthe f Pt RfieVeupon the resist is cured by
applying electromagnetic radiation, heat, pressure or a conbination
thereof. The patterning device is noved out of the resist |eaving a
pattern in it after the resist is cured. [0053] The terns "radi ati on” and
"beam used herein enconpass all types of electromagnetic radiation,
including ultraviolet (UV) radiation (e.g. having a wavel ength of or about
365, 355, 248, 193, 157 or 126 nm) and extrene ultra-violet (EW)

radi ation (e.g. having a wavelength in the range of 5-20 nm, as well as
particle beans, such as ion beans or el ectron beans. [0054] The term

"l ens", where the context allows, nay refer to any one or conbination of
various types of optical components, including refractive, reflective,
magnetic, electromagnetic and electrostatic optical conponents. [0055]
Whi | e specific enbodi nents of the invention have been descri bed above, it
wll be appreciated that the invention may be practiced otherw se than as
descri bed. For exanple, the 15 invention may take the form of a conputer
program cont ai ni ng one or nore sequences of machi ne-readabl e instructions
describing a nethod as di scl osed above, or a data storage nedium (e.gqg.
sem conduct or nenory, nagnetic or optical disk) having such a conputer
program stored therein. [0056] The descriptions above are intended to be
illustrative, not limting. Thus, it will be apparent to one skilled in
the art that nodifications may be nmade to the invention as descri bed

w t hout departing fromthe scope of the clains set out below 16
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WHAT IS CLAIMED IS: 1. A nmethod of neasuring a paraneter of a |ithographic
process by which a target pattern has been printed on a substrate, the
nmet hod conprising: projecting an image of a reference pattern onto a

radi ati on-sensitive layer of a calibration substrate a plurality of tines
to formby the lithographic process a plurality of «calibration patterns,
wherein different values of the paraneter are used to formdifferent ones
of t hWRATIBICUHAIMEDE:t erns and the reference pattern conprises first and
second parts having different sensitivities to variation in the value of
the paraneter; directing an inspection beamof radiation onto the

cal i brati on RahdRSF MedumRAS PirkR@tel BEa lifRddiphicHRodee! bewhiE aQkiresCaiitcar ed
therefromto obtain a neasurenent result for each part of each calibration

pat t er ks begbprinied ion g subwratre wunethetheorppesing: for the first part of each
l'ibrati t t g . t of th
Cespecti ve ol AL oMl P rcsBRASORFARTbb SRtk dlenlilife RERPREL PO, ©F 11

meas ur edlididtioheabdtiase a placdicpoximes todotin by tHellhslirfighis protésala plmaktyrafiment
results_into a set of basis _functjons_ _and associ ated coeffj cients an
obt ai nfigrationgatiemsyerein deferen yalpgs gblhe paramster agatsest & ga%il FIgnt Q&P Bbs of

the pa{h@@ﬁlﬁ%ﬁo&fwéyg ténﬁ@hear?fééémgE)Sﬂémtcgﬁlpﬁgés%r?t%ﬁ s&%tnﬁg{aﬂs H&;iﬁ’% &ifferent

radi ation-sensit ayer o strate’to forma targ pattern, erein
t he vataneitioftics hevpmtiamit te vabedf tle facametedhe target pattern is unknown;
directing an, inspection beamof radiation onto the.target pattern an
measuring ¢ KrHRE R FBRFUB PFER PE OB CHS P ST His OGS Cad B s e

t ar get ARASH IR Jr SSietedtBre8&GH0 BBaln Phncadub@ndn@F @k fRadabiepii oBsRAr acti ng
the target nmeasurement result for the first part of the target pattern from

t he tealipeatiompaienmmenent result for the second part of the target pattern to

obtain a tar ifferential neasur nt. resul t.: de i et
ot ferentt a1 St RE fRb Bmer FARHISIRE Br B oL cneHRERERAGH Pl o bt
pl ur al inkeysuedmdd sésalt fornté k@bsd padofitie dgptitivercalighiignsdiicth adhiean phablitgs of

the coefficients and values of the paraneter to determ ne the value of the
par anelediffgcatialiacasgiementieslisi get pattern. 17 2. A nethod according to

claim 1, Vmen?&:&)ﬂlgo%iﬂ% Eﬁ:ﬁ‘lr@f 'ﬂ%‘. difEreRlis R dshibnteht L%Q.H{S\?ﬁ}%tai PoPsisGhfidions t WO
parameters of t I'tf hographi c process are varie ereby a relationship
bet weemdvakuestedtoefficients and obtaining a relationship between values of the coefficients and
values of the parameter;
projecting an image of the reference pattern onto a radiation-sensitive layer of a
substrate to form a target pattern, wherein the 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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each of the paraneters and the coefficient values is obtained. 3. A nethod
according to claiml1l, wherein the paraneter is selected fromthe group of:
focus, dose, and/or aberrations of a projection systemused to project the
i mges of the reference pattern. 4. A nethod according to claim1l1, wherein
the first and second parts of the reference pattern each conprise a nmain
pattern and assist features. 5. A nethod according to claim4, wherein the
mai n pPat t er nd wéthodecdordisg toaeleins bovhmeip aintferming thedunabityerfealierapion pasiermsar e
substantial |l y identi but, .t he assist features of. t.he first part differ

Fr om cite npcestet PRle Rhastiinit R-BRET Veris M AthE R pbiofines AvaPRIMSS <l ai m
1, wheaeh Bf #HRQatdnicdrs andthe@eoMidicRavdlGesdb obfimet ef erence pattern are

sel ected such that for a given value of the paraneter, each fornms a
substantially identical pattern in the radiation-sensitive layer. 7. A

met hod, accordi ng t | ai , repn t ct ur rd vi h rget
patterh i s AR EaEb R ol SR Bl C AT ot A AP bF

pat t erfagus, BoseAaibtudrafiorgifaipiojedich ateinarsad tooprofeuntht iafgds of thegeferdhce
measuring a paranmeter of a |ithographic process by which a target pattern
has be¥#°P¥i nted on a substrate, the method conprising: projecting an
image of a reference pattern onto a radiation-sensitive |ayer of a
calibration substrate a plurality of tines to formby the Iithographic
procest a plAmnadthddyacobrdingab ichuimtli, eherid therfnsg andhewed pads 6f tbe esferenad ues of
the paraneter are used to formdifferefnt ones of the calibration patterns
and t AP Ch GUBPHsE 3 BRI RRPRIrandssiFG TFAPSng second parts having different
sensitivities to variati-on in the value of the paraneter; directing an

i nspection beam of radiation onto the calibration patterns and neasuring
the riadi atidmetlfd ascordthede chdmtd, shertin themedfin patteres dfihafirst andessend parisnt

I h f .cal i brati .18 ' h
roasur B AR e RSy el BB BL R TR BRFRATR M O ¢ ne
meas urfesrR ke dseSthehtut @loftineses@udpat. part of the respective calibration

pattern to obtain a plurality of differential neasurenent results;
deconposi ng each of the differential neasurenent results into a set of

basi s § uncti Qus AfioaRnRah Al 1CORLILEHETS ARYRE Bkl Hind Bl Onshi p

bet ween val ues o e Cco icrents an alues o paraneter as the
cal i bratteonare seledtedsuch Ihat Aormegihadvadiie obihs pajangtea, qaelt forels @rsubdtamially
| i t hogr,aphi rocess by which a.target pattern

1dentlcafpaetem in tﬁe radiation-sensttive layer.

s A method according to claim 1, wherein the structure underlying the target pattern 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 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;

18




has been printed on a substrate, wherein the reference pattern conprises
first and second parts having different sensitivities to variation in the
val ue of the paraneter, the nethod conprising: directing an inspection beam
of radiation onto the target pattern and neasuring the radiation reflected
or scattered therefromto obtain a target neasurenment result for each part
of the target pattern; subtracting the target neasurenent result for the
first part ofubtipetingghgmeapaement mesuftdon thaéirst part géeachwakibrebowpattereSomithe or

h d f.th bt ai. ihff. j
o or BRBHEORES ol Kiaho Rsaes RGT b BetepfulsRifafol R wuntif Rl ccu

i nto acf@EffeRhtiflandsukiRbt deils; and associ ated coefficients and using a
calibration function ex ressin%‘the rel ati onship between values of the

coef fi ci ent sdespaposing eacheit thediliprentipenessuremenicieailisiiple assbolhasisdupatiophe

par a”Edén‘%lr assOiT S bR QEM é@cﬁlﬁgﬁlgﬁta} I%»g‘lt&ég%ﬁgb % cerf VAR Fend UM AGHLANY

met hod, conpr1 S nhg: proj evice pattern and a reference
pat t er valggstod the pasthetet aythe eqlibrationefundtiyyer of a substrate to form a device

| ayer including device structures and a target pattern using a

| i t hographi c process, wherein the reference pattern conprises first and

secondg part SAt eh(?l?%ﬁ]lﬂéafs{ngﬁiﬁﬁ' barafeiaek bF Y gfﬁroglcs;lﬁlf% é)Y@d’e'séilg)i QBich R thl36e ﬁéﬁlﬁ:ﬁh}? of a

par anmeter of ogr aphf ¢” process; an inspection beam o
r adi at hasrbcompontet en hanlgtatey stheeimthamneferreaspatienyednipaises &kt and sagondpdrisct ed or

scattered t efromto. obtain a target asuyrenent result for each.part of
The t b el UG Ko iadob i R e Ert MRt i kb oFBRNRE | et
part of the diadctigf aRBHsh&iidn beMot RRliatlodldae) thERAsM HaftEtant @fdbirideQhec t he
second part of the target pattern to obtain a target differenti al

neas ur eadiation reflagted or desttereddkerafiomtie obtainyetargst ficasuserner resw dei gashpdit of esul t
into atggt qf EQ%fficients mul tiplying a plurality of basis functions and
usi ng Q PP dration function expressing the 19 rel ationship between val ues
of the coeffiadtredting thothirycd heasureheitiesuldoaietfest pun oddicanipengatichefrvalthe  of
the paraneter used to formthe target pattern. 11. A nethod acc?rdin? to

cl ai m terEet MepsuReRent seyilar the serone pist of thertangel pagterndg obisan yivgdt ditereifdl pased
upon the determned value of the parameter. 12. A nethod according to claim
10, further conprising repeating the projecting, wherein in the repeated
proj ecting td&eompusingthevalgeediffereatiganaseesentoksutlhiatqa st e basisfuvetidnedndased

upon the .deter ed value of the paraneter. . . .
P associated coe &ents an usemg a cali ratri)on %ncnon expressing 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.

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 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 a calibration function expressing the
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13. A method of inspecting a device |ayer manufactured by a |ithographic
process to determ ne the value of a paraneter of the |ithographic process,
t he nethod conprising: obtaining scatteronetric spectra of two parts of a
target pattern in the device layer, the two parts having different
sensitivities to the paraneter; obtaining a difference spectrumfromthe
two scatteronetric spectra; applg{ng a regression analysis to the

di f f erwslitionspebetvgen vauesnidhaceeflicienis andypduesob dicf pasdnaeter todletermingghavaleg ue

for th araneter fr.am.the.,coefficient using a calibration function
obtaiﬁ%HR%QmEWF§¥P%€q8§%FE?6§FEFHEh9§rget pattern using a plurality of

different values of the paraneter and applying regression analysis to

di fference spectra obtained fromthe copies of the target pattern. 14 A
net hod! laccordimihadracepraing te glaimg Oy Birther pranpyisig AWPAHBE 6@ ihadeice

rreasur]%g&rbtdgedl%fo iﬂ?é(?éi' I A 1‘?%3*‘*9‘9{’%9198‘?;- at | east one variabl e sel ected

fromt groupof wavel ength and ang scatter. 15. A nethod according
to claim 13, wherein the regression analysis is selected fromthe group of

princi pal conmponent analysis, .non-Linear prjncipal conponent analysis,
partial?| east mf‘é%f@%@%@ﬁi% @nhﬂﬁlﬁl&h@q RYSHE rga?amlarf 9 RGP MPRedn in
model i i repkBted Plbjé %éﬁ&f’ﬁﬁ PR USpaE AR B Do Cesd B EITE s potitheie Of
a par arretreeée o?%gbj ({Efﬁ?hograp ?lc procezps&1 useﬁo%nu?sacture a gecgf@pcoe | ayer
on a sddtetmisddeyalwhditles partthetedevi ce | ayer includes a reference pattern that
conprises first and second parts having different sensitivities to
variation in the value of the paraneter, the apparatus conprising: 20 an

1T um mati ons eRkhdadf 18eE@IB £ dedby e thanafadivi@Chy AlthbpapRie prdesdrgam of
radiation on to each part of the reference pattern; a projection optical
syst endetgnfingiie edlue of ppajagieter pé tiedithamianhes preessadhemethodicospaigingy each part
of the refer : t j hi ctra
of the two parpanStBkle el SufydBh 7S Pl ot Bl AL AR i BE O

spect riw gareMatifg diff@ent Semithdtien®tthid garspaet,ra, an anal yzer configured to
apply a regression analysis to th%r difference spectrumto obtain at |east
one coef fi ciGining aditieregcespestusy Tamdie fe stafteRmetictnceltobt ai ned by

el Ues of - RE T B B TP Fer emce
spect raeffitiaitned fromthe copies of the target pattern; and
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.

14 A method according to claim 13, wherein the scatterometric spectra are measurements
of intensity as a function of at least one variable selected from the group of wavelength and angle

of scatter.

15. A method according to claim 13, wherein the regression analysis is selected from the
group of principal component analysis, non-linear principal component analysis, partial least

squares modeling and non-linear partial least-squares modeling.

16. An inspection apparatus configured to determine the value of a parameter of a
lithographic process used to manufacture a device layer on a substrate, wherein the device layer
includes a reference pattern that comprises first and second parts having different sensitivities to

variation in the value of the parameter, the apparatus comprising:
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a calculator configured to calculate a value for the paraneter using the
coefficient and the calibration function. 17. A |lithographi c apparatus,
conprising: an illum nation optical systemconfigured to illumnnate a
pattern; a projection optical systemconfigured to project an i mge of the
pattern on to a substrate; and an inspection apparatus configured to
determ ne the value of a paranmeter of a |ithographic process used to
nmanuf act ur e aa idewineton eptier! system enmifigredtte dirodian énspeqtioa bgam; of sadigfjasron to

includes a reference pattern that conprises first and second parts having
di ffereé%?p%r&ﬂétﬁf:i‘#%tef‘%sp §™variation in the val ue of the paraneter, and

the illum natieRcmi dptidht syMEIeBhiisure@ts profcetdiation rdfiReied orBcdteagddntdacn beam
of radiation on to each part of the reference pattern, the inspection

appar getof torefarénse patten pnisj adatecoT to phiaimicatgrememccpasraRitBe T OPHFoj ect

radi ation refl| ected or %Pl{ DGR Pattern
onto a det e@tsgf&fuén %‘%’ttréﬂ t(é?é%ngf{g[%gerd&%tb %%Qggﬁegétnf g‘fs%%c t eﬁér\% pis; a

spect rsdmegoiRbiRGpetraconfi gured to obtain a difference spectrumfromthe two
scatteronetric spectra; an anal yzer configured to ap. a reegressi on

anal ysi s t o ankaalyrercenbgied Qe drastession Aakyss Bih SOGREPLHE P ci ent ; 21

a Menmpy.. plreggggngc&qth&g&ati on function obtained by printing copies of the
target pattern using a plurality of different values of the paraneter and

appl yi ng r egresmoorstangaxsiibration fidictibe pbianed bpednting oipties afdbe fargehpatteen
copies of the targef pattern; d a calcul gtor, configured to calcul ate a
val ue WBI8 A HEr B}f‘%rfjéffg‘fmﬂ@;l’r?é 0? ﬁ@ P@E?&r?t?f&“gﬁmim re@ﬁgl%a}qa&Fgﬁ on

functi gferef& spotkd SIREERRBINGhE 8 lies TARPLbSL Patierd sd@at er configured to coat
substrates wth a radiation sensitive layer; a |lithographic aE ar at us

confi gured tacatoupdereonfraged tovilolathe vekugifer the naremstsr v5ips thegpetficigps and
substrﬁte .coat e Qﬁ) the coater; and a devel oper configured to devel op

i mged Féﬁ%l%%tﬁp N8 | i t hogr aphi ¢ apparatus, - wherein the |ithographic
apparatus conprises an inspection apparatus configured to determ ne the

val ue of a parameter of a |lithographic process used to manufacture a device
| ayer Ioh a jA liwgsephistapparais, EUITBEE ayer i ncl udes a reference pattern that

conpri ses TSty ARduse 8]9[%11 %fetn? configured to illuminate a pattern;

a projection optical system configured to project an image of the pattern on to a
substrate; and
an inspection apparatus configured to determine the value of a parameter of a
lithographic process used to manufacture a device layer on a substrate, wherein the device layer
includes a reference pattern that comprises first and second parts having different sensitivities to
variation in the value of the parameter, and the illumination optical system is configured to direct
an inspection beam of radiation on to each part of the reference pattern, the inspection apparatus
comprising
a projection optical system configured to project radiation reflected or scattered
by each part of the reference pattern onto a detector to obtain scatterometric spectra of the two
parts;
a spectrum subtractor configured to obtain a difference spectrum from the two
scatterometricrspectra;
an analyzer configured to apply a regression analysis to the difference spectrum to

obtain at least one coefficient;
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having different sensitivities to variation in the value of the paraneter,
the i nspection apparatus conprising an illum nation optical system
configured to direct an inspection beamof radiation on to each part of
the reference pattern; a projection optical systemconfigured to project
radi ation reflected or scattered by each part of the reference pattern
onto a detector to obtain scatteronetric spectra of the two parts; a

spect r um subd masiooy stadnd 4 calibeationdundstoai abtandi Hyf winding eogipecif the targetpaitethe t wo

scatteronetrjc spegct. an .anal yzer confi e 0 a L essi on

anal ys¥¥rg %pllt“ﬁaé tﬁPfﬁﬁ g@@‘}%ﬂgﬁe‘g‘%ﬁ’ﬁmf% %Eéﬁpﬂi’%‘fg Weg]%ﬁ{o%ﬁ%a oePficient: a
menor ym%%bé‘ﬁbe%tr&abﬂameétﬁloﬁﬂthfeléaﬁ%é Qf'th@%gét'}ﬁﬁerﬂ?’arﬁl“ nting copies of the
target pattern using a plurality of different values of the paraneter and

applyi ng r egr edsilatnr canfighiedits calouldicfa wlumive theperandcerasmgitheepefigamtend

copies,of the.ta attern and a cal cul ator configured to calculate a
val ue 'ihSIC ]‘thf{gt ﬁ“g using the coefficient and the calibration
function. 22

18. A lithographic cell, comprising:

a coater configured to coat substrates with a radiation sensitive layer;

a lithographic apparatus configured to expose images onto the radiation sensitive layer
of substrates coated by the coater; and

a developer configured to develop images exposed by the lithographic apparatus,
wherein the lithographic apparatus comprises an inspection apparatus configured to determine
the value of a parameter of a lithographic process used to manufacture a device layer on a
substrate, the device layer includes a reference pattern that comprises first and second parts
having different sensitivities to variation in the value of the parameter, the inspection apparatus
comprising

an illumination optical system configured to direct an inspection beam of
radiation on to each part of the reference pattern;

a projection optical system configured to project radiation reflected or scattered
by each part of the reference patiern onto a detector to obtain scatterometric spectra of the two
parts;

a spectrum subtractor contigured to obtain a difference spectrum from the two
scatterometric spectra;

an analyzer configured to apply a regression analysis to the difference spectrum
to obtain at least one coefficient;

a memory storing 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; and

a calculator configured to calculate a value for the parameter using the

coefficient and the calibration function.
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