Method of measuring focus of a lithographic projection apparatus Field

[0001] The present invention relates to a method of measuring focus of a
lithographic projection apparatus. It also relates to a method of calibrating

such a apparatus using the method of measuring focus. Background

[0002] A lithographic apparatus is a machine that applies a desired pattern

onto a substrate, usually onto a target portion of the substrate. A lithographic
apparatus G cselolal g el JndmBIRRHIRCHS clisepmipd drculs
(ICs). 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 formed
omiemnl individual layer of the IC. This pattern can be transferred onto a target
portion rising part of. one, or seyeral dies a sub tratef; g. .
Siicon 0t TR B R eSS I KR RS i Bporape
rauizecie st unalicplad (relsisy provideti@hlitietingosucita aprprasralising the
S%Qkﬁ&&'@?ﬁ@&s\’)’ﬁhﬁ%&%@ a network of adjacent target portions that are
successively patterned. Known lithographic apparatus include so-called

steppers, in which each target portion is irradiated by exposing an entire
patiekarontithe target portion at one time, and so-called scanners, in which

each tar oftion is irradiated by scanning the pattern through a radiation
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transistor, in lithography shrinks, consistency of focus, both across a
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is measured and an alignment offset (AO) can be determined whichis
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lithaesapbitd endsderaeay verified by using the Leveling Verification Test
(LVT). tia] benefit of this method is that the read-out of the wafer ca
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working quite well. However, for future lithographic projection tool designs,
three potential drawbacks of the LVT method may become relevant. The
tighter focus control for new systems put higher demands on the signal to
noise ratio of the defocus measurementitechnique. The read-out noise of the

alignment system, and the positioning accuracy of the reference marks are
important contributors to the




measurement noise of LVT, due to a fairly low focus- versus alignment shift
sensitivity (typically d(X,Y)/dZ = 0.4). This low focus versus shift sensitivity
can not be further increased due to restriction of the height and angle of
wedges). Secondly, the LVT test has a restricted spatial sampling density
due to the fact that each defocus measuring mark requires a relatively large
wedge on top. Finally, and more importantly, the current LVT test method

requires b&{8Q, £ BE AN IRE tRTaMaR YedaBSnbhfoF WEeRbkes feRosed and

method can thus not be applied for future maskless or EUV systems.
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off-line read-out tool may be needed. The LVT 'LEES a special reticle with glued glass
wedges on top, to locally create non-telecentiieriination on a double telecentric lens. This
non-telecentric illumination is used to cause arktshift in X, y as function of defocus z of the
aerial image of an XPA alignment mark situated lagma glass wedge. By measuring the
alignment shift of this defocus mark with respeckPA reference mark (imaged without
wedge on top), the defocus at the moment of exgasan be determined.

[0006] Up to this point, the current LVT test has beenkiray quite well. However, for
future lithographic projection tool designs, thpegential drawbacks of the LVT method may
become relevant. The tighter focus control for sggtems put higher demands on the signal to
noise ratio of the defocus measurement technigue rdad-out noise of the alignment system,
and the positioning accuracy of the reference mar&smportant contributors to the
measurement noise of LVT, due to a fairly low fecusrsus alignment shift sensitivity
(typically d(X,Y)/dZ =0.4). This low focus versghift sensitivity can not be further increased
due to restriction of the height and angle of wejigBecondly, the LVT test has a restricted
spatial sampling density due to the fact that efbcus measuring mark requires a relatively
large wedge on top. Finally, and more importarttig, current LVT test method requires light
being transmitted through wedges. The current L& method can thus not be applied for

future maskless or EUV systems.
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translating the measured alignment offsets for each of the verification
markers into defocus data using a transposed focal curve. [0009]
According to a further aspect, there is provided a method of calibrating a
lithographic projection apparatus, comprising the method of measuring focus
described above, wherein the defocus data is used to adjust settings of the
lithographic projection apparatus. BRIEF DESCRIPTION OF THE

DRAWINGSY) 1t is[A04PAERMBoAisuRRta AL FEHeRtiaP dulhARGRR ARSEIREGsts

by way of example only, with reference to the accompanying schematic _
dMFRdE B h R 5o R PEaR SOIEHRTD RNA ! SBALASGRARY density.
parts, apeboswkiebrdPiglib] afrigsisect slapiciavalitivdg taplicsAfiparatuseyoie of
Mk deein copiunglion i the nvention, [D042] Eigure 2 shaus an
examp'lje of LESCAR Tt RSESNS Jexpose B P raﬁty Bf Verification felds on
a-tesveling rdest [D0I3aEiyltre @ steowsisi;possible structure of such a
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- exposing a plurality of verification fields onethest substrate, each of the verification fields
comprising a plurality of verification markers, whe the verification fields are exposed using
a predetermined focus offset FO,;
- developing the photo resist;
- measuring an alignment offset for each of théfication markers;
- translating the measured alignment offsets fahad the verification markers into defocus
data using a transposed focal curve.
[0009] According to a further aspect, there is providededhod of calibrating a
lithographic projection apparatus, comprising thethnd of measuring focus described above,

wherein the defocus data is used to adjust setthtd®e lithographic projection apparatus.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] Embodiments of the invention will now be describieglway of example only,

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

[001]] - Figure 1 depicts a lithographic apparatus whicly ime used in
conjunction with the invention.

[0012] - Figure 2 shows an example of a FOCAL reticleduseexpose a
plurality of verification fields on a test subseat

[0013] - Figure 3 shows a possible structure of such @&lOmarker Mk1
which comprises horizontal and vertical choppedpar

[0014] - Figure 4 shows an example of a focal curve;



[0014] -Figure 4 shows an example of a focal curve; [0015] -Figure 5 shows
an example on how a Ry tilt introduces Z height positions of calibration marks
of one particular row of a calibration field as a function of the X-position within
the field; [0016] -Figure 6 shows a graph of a measured alignment offset for
one single row of calibration marks of one calibration field; [0017] -Figure 7
shows possible positions of the calibration fields on a test substrate; [0018]
-Figure %@[%VKIS an exgnele oh SwHRTSHAN S nB BARY Bl iduces 7 height

DESCR
positions of calibration marks of one particulawrof a calibration field as a function of the

X-position within the field;
[0016] - Figure 6 shows a graph of a measured alignmésetdior one single

row of calibration marks of one calibration field;

[0017] - Figure 7 shows possible positions of the catibrefields on a test
substrate;
[0018] - Figure 8 shows an example of a calibration curve.

DETAILED DESCRIPTION

[0019] Figure 1 schematically depicts an example of ajthphic projection

apparatus which may be used in conjunction withikiention. The apparatus comprises:

- an illumination system (illuminator) IL configusté¢o condition a radiation beam B (e.g.
UV radiation or EUV radiation).

- a support structure (e.g. a mask table) MT coogtd to support a patterning device (e.g.
a mask) MA and connected to a first positioner Rifigured to accurately position the
patterning device in accordance with certain patarag

- a substrate table (e.g. a wafer table) WT conttduto hold a substrate (e.g. a
resist-coated wafer) W and connected to a secositigoeer PW configured to accurately
position the substrate in accordance with certanameters; and

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

[0020] The illumination system may include various typesptical components, such
as refractive, reflective, magnetic, electromagnetiectrostatic or other types of optical
components, or any combination thereof, for dirggtshaping, or controlling radiation.

[0021] The support structure supports, i.e. bears thetweily the patterning device. It
holds the patterning device in a manner that dependhe orientation of the patterning device,
the design of the lithographic apparatus, and atbeditions, such as for example whether or

not the patterning device is held in a vacuum emvivent. The support structure can use



[0019] Figure 1 schematically depicts an example of a lithographic projection
apparatus which may be used in conjunction with the invention. The
apparatus comprises: an illumination system (illuminator) IL configured to
condition a radiation beam B (e.g. UV radiation or EUV radiation). a support
structure (e.g. a mask table) MT constructed to support a patterning device
(e.g. a mask) MA and connected to a first positioner PM configured to
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parameters; a substrate table (e g. a wafer table onstructed to hold a
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include varlous types of optical components, such as refractive, reflective,
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that the pattern imparted to the radiation beam nmyexactly correspond to the desired
pattern in the target portion of the substrate gbample if the pattern includes phase-shifting
features or so called assist features. Generalypattern imparted to the radiation beam will
correspond to a particular functional layer in &ide being created in the target portion, such
as an integrated circuit.

[0023] The patterning device may be transmissive or raflecExamples of patterning
devices include masks, programmable mirror arrayd,programmable LCD panels. Masks
are well known in lithography, and include maskeysuch as binary, alternating phase-shift,
and attenuated phase-shift, as well as variousdhytesk types. An example of a
programmable mirror array employs a matrix arrang@nof small mirrors, each of which can
be individually tilted so as to reflect an incomiragliation beam in different directions. The
tilted mirrors impart a pattern in a radiation beatich is reflected by the mirror matrix.

[0024] The term “projection system” used herein shouldtmadly interpreted as
encompassing any type of projection system, inolgidefractive, reflective, catadioptric,
magnetic, electromagnetic and electrostatic opsigatems, or any combination thereof, as
appropriate for the exposure radiation being useéyr other factors such as the use of an
immersion liquid or the use of a vacuum. Any uséhefterm “projection lens” herein may be
considered as synonymous with the more general‘{@mjection system”.

[0025] As here depicted, the apparatus is of a transneiggpe (e.g. employing a
transmissive mask). Alternatively, the apparatug beof a reflective type (e.g. employing a

programmable mirror array of a type as referredltove, or employing a reflective mask).



[0021] The support structure supports, i.e. bears the weight of, the patterning
device. It holds the patterning device in a manner that depends on the
orientation of the patterning device, the design of the lithographic apparatus,
and other conditions, such as for example whether or not the patterning
device is held in a vacuum environment. The support structure can use
mechanical, vacuum, electrostatic or other clamping techniques to hold the
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example, which may be fixed or movable as required. The support structure
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pattern in a radiation beam which is reflected by the mirror matrix.
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[0030] The radiation beam B is incident on the pattermiagice (e.g., mask MA),
which is held on the support structure (e.g., ntable MT), and is patterned by the patterning



[0027] The lithographic apparatus may also be of a type wherein at least a
portion of the substrate may be covered by a liquid having a relatively high
refractive index, e.g. water, so as to fill a space between the projection
system and the substrate. An immersion liquid may also be applied to other
spaces in the lithographic apparatus, for example, between the mask and the
projection system. Immersion techniques are well known in the art for
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the first oner PM. Similarly, movement of the substrate table WT may
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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 magk alignment marks may be located

between the dies. [0031] The depicted apparatus could be used in at least

one of the following modes: [0032] 1.In step mode, the mask table MT

and the substrate table WT are kept essentially stationary, while an entire

pattern imparted to the radiation beam is projected onto a target portion C at



scanned synchronously while a pattern imparted to the radiation beam is
projected onto a target portion C (i.e. a single dynamic exposure). The
velocity and direction of the substrate table WT relative to the mask table MT
may be determined by the (de-)magnification and image reversal
characteristics of the projection system PS. In scan mode, the maximum size
of the exposure field limits the width (in the non-scanning direction) of the
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between successive radiation pulses during a scan. This mode of operation
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Iit&o{g{%@&q@@%@gbw@tus is provided which can be explained as a

way to perform a focus/leveling test using the well known FOCAL reticle. First

a wafer iQ0BRhESEARIRRIING ARHET vaVistiahs Rrelivcalmeys fesganades of use or entirely
peRieieimitrR OBl fasyalebisrt &tbldyipurpose of the focus offset FO is

to be in st focus sensitive part of a so-cajled,focal curve, as will .
expiain LN TR BB D04 PG IR B dh Bforaphic
spo@i@;m(aapa@mﬁemp@/ldﬁdxptﬁs@ eapl m&@p&amiﬁwimgmdmoa totestleveling
S ; HRIRg The T RAbw B @ merise srar Bl uralisy QQ%Q%WtW&-mM@?Zverage

which are named FOCAL markers. Figure 3 shows a possible structure o

sO@rifcptrohiielda et NWWHWHHWBH@@WI‘% a%ﬂ@%@kﬁ@ﬁ%l%ﬁﬂ%@c“s offset
bars.id fiedearstie thR Stfoetisresrsigydpae @ @ure eddhewyidthasantl BE@xplained in
sizes. %e _Ii%theﬁjarticular dimensions of the structure, the line width of the

chQdS e foRs sensitive according to the well known Bossung principle.

As resu[0o8ThiBigneQGALwWaakexampéxpbsechia fooGA Wik el tarexpose a plurality
Alg0maRLAlS e A5 L R AR ARHS SR IORESRIBIOR GhIBRYSSSITBLARR of markers

referred to as defocus. [0038] The verification fields are exposed using a

pMH%thW@&E%ﬁW. MrRieST ORI TOPES NG SFEEE of such a
bv@m}xmgwaAt@mai olww? @dﬂ%)i?@@ﬁ@ﬁ@maﬁﬁﬁﬁ%t%gﬁp@ﬂraﬁwﬁhe bars in the
apparatus. An e amp e Of Such a 1ocal curve, s .snown in Figure 4, see cyrve .
R R r R R R e R D e iR PSR it sions o
offses{(@ojuré nieasneadithO CAhahkss as | Hbeunc tensifveedocasiohg. tntregued! known

* SolSEity (OFHRTSE IBAIMHIR FORRI SRR Bhoce A IPHRGNAIRER an

us range 42 is indicated in whi ere is a unique relationship

béf@@@\%h@@iﬁnﬁ%?%@éi%@ed&@@&% e EhO Y6 RITEffaisoRefegred to as defocus.
detirlmifm@auvhékv%ﬂﬁﬁtﬁ@ﬁr@%@%@&ﬁbmhg wiﬁréﬁﬁméﬁt4 bR 8@ ffset FO. The
usable focys ran rough out the exposure, see Figure 4. This means
GRS ot et R R T LB IRRLt el B e 0t rposed or
diweQitnagraiite dppaiagusnantexfisatiaofenctmaifairte isshenonvhiElyisedtsee curve 40.
usable for the method. In an embodiment, the focus offset FO is selected so

as to be in the middle of a working range 42 where the focal curve C(dZ) is

substantially linear since this is the region of maximum focus- versus
alignment sensitivity. 8



[0039] A typical value for the optimal focus offset FO for a projection
apparatus having a NA = 1.2 is about -120 nm which would have a usable
range of about -200 nm. [0040] After the exposure of the verification
fields, the test substrate is developed and then an alignment offset for each
of the verification markers is measured using for example a standard
alignment sensor present in the system. Next, the measured alignment

off et {Ql Ak Orféﬁé?e\ﬁ%@ffﬁﬂﬂﬁer@@f'&eésgﬁ‘éﬁﬁﬁﬂﬁjaéﬁda@WP&H%@?é%) of
using what is called a transposed focal curve. In an embodiment this _
traIFE5HERY R EURAERS dftdinfiion Bl dpivripuURHd U adie bt fReys elfset is shown
cunve refdhentithagnsgdia BpRaaivsheolsesp offdigitor dngaur kingdragai42 which there
sge Figis: o Hs ansnasedoral el s ndagh e docussenivie of ke ro i
appara us! Ef 891% n-an emboo‘?me%t, Brler the verificatior fieldS have
béeteenipesesl)chiddirion binsatispated FElGA hreaksawdvithimhembadimieats range 42
therealbratiethieldsalpL Reseg i arsmallshluvipicanreaidBib&etermined focus

verification fields.gﬁ?g shift prevents the marks from overlapping. In an )
eRiissER RRNREIRAIRATNPRIRILZTR RERISReHEHIRA GNP PEHRRALHED RiyfIZ Is zero
tilpitsatsreriLbialsle Theanidisnathdnakedio vislcodirms ot agldiredtanonadaected so as to
within the calibration fields to be exposed at different f height. In Figure .
o A b op R R RS T Thear since
pérsdsltre oegiarehoaxinagafhoust versfithaliynpesitiilivitys Figure 5 a Ry tilt

(that is ﬁo@é}“ﬂ%\‘éﬁﬁﬁﬂé’ BIAHE S R X 8{{&?#@%@@%@%@%%{% having

resglect 0 an image plane 51 is introduced by a tilt of the subsStrate

FROYR B hArSARP N LN I Wkichn @k e i R StidPryf tReGMAYe
plane Siod4op Retithef dheosubsisatre Varsatid ik Lssvél batrathigedavloped and

B R e RS R B R e SRR SR e
shtandadyediphroé¢iat serssuwessignntbatsyftut ftteome atnotd aignmdiei dfisets for each
PEpitiRRiCAbNaHIR et fhaaacaliniadRe iRlt J&?ﬁg%’ﬁ‘zﬂ%@%ﬂlfé%’%%?alésposed

may be exposed at center positions of a substrate 70, seé Figure 7. Exposin

wigsalfisey frd 308 BheAETh IS EapRReserHiRels &t Eelrreipepduititaposing a
saBiG bstrtfoicafiesiialie teetiegtdpHdmiataorres fORdRI Y BEORBINENY range 42,

lurality of calibration fields with tilts in Rx, R d Il offsets, t
ot QAN oh B BRPESR  FE BRS SR O, D BRARratus.
data politetAnexamphodinsenth atealiveativificative BHds slveeam éxFigede Riditional
T@Qiﬁ%%ﬁ?%@%@&%&?éﬂ% ‘éﬁegﬂB&%\ﬁ&&ﬁ]ﬁ)FHudﬁe}f&%%rﬂg%%’%ed with a

fields information into a defocus map. To do this part of the calibration curve _
iss5ead sl W fpsRspbiShe TRIGAIpa I & Bk BRRVBN SLIRR XS fEpPyeriapping.
Winielh eafbBeiteed tae @Wégﬁ}%ﬂbﬂﬁdéa@ﬁééﬁbgg?gh}iﬂ ﬁrf@j%ﬁg@hﬁyrgsﬁm offsets
iven t easured) values for dX an o t should be nated that.
LTRSS ) oo e Sl R Tt DI A0 T ron feds to
Cbétﬂaﬁosematkiﬁfpmwdtzmbbfﬂ'g_pbﬁeﬁigdmbrﬁdmnslefmemepérp‘w_liﬂon 01_‘ the calibration
qgéﬂgs%)f@eﬁ\ _'3&54%(361% X ﬁc%é? %‘iﬂ%m%ﬁ&ﬁrﬁfé‘ﬁ’é %B gﬂgﬂnlrﬁFigure 5

[ :
focus versus alignment shift sensitivity some 50 tlmesﬁﬁ?gﬁ}gﬁ 'E’I]an é1e present
Lo RistBdtamide PRy ef(Rerirlg arquoitatyissiensitrisy RsuRia syfaeanafl with respect

fubiem %@blﬁ%@lﬁgz f@trr&i.ﬁllg@btgyx_ﬂliﬂﬂﬂﬂ@ﬁ&ﬁﬁféiﬂ_@”@ﬁ@lﬁ@ 5kéﬁi:1’ar'ijof alens 52 is
presented method uses a standard binary mask which images standar
; b e i

K[ WA DEedN T RORTAA S Vil e B3 al graround
il Matxanwglsritrodaskle sdefiok B4 ) FE1aid akabisi mapa chask e eoves pEsycalibration
to manufacture with relative low costs. The presented method has a higher
spatial distribution of marks than the state of the art methods; 247 verification
marks per field compared to 55 verification marks of LVT, which will result a
higher resolution of the defocus maps. g9 [0045] It is noted that apart from
providing leveling focus information, the method according to the invention
can be used for:



Chuck Deformation Map (CDM) calibration (with a higher spatial density) 2D
Grid plate calibration (NXT) (requiring a high spatial density) chuck-to-chuck
focus plane offset ATP test Image Plane Deviation (MD) ATP test Rx
calibration (requiring a higher spatial density then supported by LVT)

[0046] The method is also suitable for investigating fluid lens temperature
impact on focus. By exposing at different numerical aperture different

tG{BRe(ARIIAISE MDA D saingloz4 st dihengh fRREions. Figure 6

reference may be made in this text to the use of lithographic apparatus in the

mAEGGERN REE MEFRURAGYIHBR e tiePiR fifiRiyiafRid X Rositans Of
deamsnbmdm&r@ksmayrmyaubtbwranabpanbm&mhf@w&wemﬂawtaﬁmgéd at center
|nte rated ptlc e nce det erns netIc

R SR A T A R b T gt proosea
magﬂ@h@h@gu@ efcndsﬁ@elqﬂearaetsmwwm@elg@ thes| rﬁlthlée;datext of
such a'%é@]‘%&ﬂ&%‘&%lﬁ%% QBHB%E?JN\%M@R%% fig" FE&%GHB SR

be considered as synonymous with the more general terms "substrate" or

"1aHigatSRfRaledepre folRraieR %M%ﬁ&@%%@éﬁ'% Hherarthdipiilution of focus
PHEe$RAGtsDAID Ex A pléesex st il 400 & xER B AdaCH (Bidoad Bwathe calibration

el aRls 8 ayer oL esist 109 3 balale 80 Sereione e xPRRed gerocus
00 pplicable

I'eSIS a metrology 00 an OI’ an mspec ere a
diselpsteedhdhisrparbgfiibeapplidtionstioveivteithandutmsispesprodddsing result in a

t%ﬁsu’?%’i?‘@ur&@%i”@?&'i@w}ﬁla‘? IRERSSEHIALEIIRAY e a7 1Rl XRMRIS K in the

in order to create a multi-layer IC, so that the term substrate used herein may

alsstreHBrFtls Sisitihe @ﬁﬁt”‘éﬂ’&&'&l?’ FYREIAETHMiple processed layers.
[0048] Aliba]gbsirrisd eig@Ernermatdryer b@m@ @@@lﬁm\tﬁé@m@m@ of the

emhodiments of th |nve |n the context tical | raph
o e A GO P T e S e L e o e el
imprint [€6084} dpyhmeasd mgeiefdces:osutw(ﬂmlmmmsl aottirditiystdoveptioal a focus

Qg (RPgHR SR WOOGHIRNK SO ReN AR RARAHEHB%ARY PP AefiiGRed,
the pattern created on a substrate. The to Fyﬁé)'graphy of the patterning device

nPpieRIp e Ao adayBisstarRaiMiauip liBaNEB ivsHa Ry Sinereapan aador signal
resigiligidEse) P iaRRBIBI ARG USSR IREERLISSs BeasnaeeassIfu9 Bask which

e L MR S R e R e v
"lwd dmthiursdod inéasiim enesitigsasdl By pesSiaedbrthoynagake ticer atdigteasy to manufacture
'%IW#B%MH%W%&QWH@B&%%%%%élﬂéﬁ@ﬂa?g}é@r‘@ﬁﬁﬁgﬂa Of 1 A0R 3 ﬁ%‘iks than

8, 193, 157 or 126 nm) and extreme ultra-violet ( EUV) radlatlon e

hmﬁ@mmgmqwm ratQ¥SISBON AT IRIE Fag paieR e peampdlication marks
SYEN\AF, iR iR ANS SSUMl eatigRPeasBiution oferdefocus maps.

[0045] It is noted that apart from providing leveling fecdaformation, the method
according to the invention can be used for:
- Chuck Deformation Map (CDM) calibration (with aher spatial density)
- 2D Grid plate calibration (NXT) (requiring a higipatial density)
- chuck-to-chuck focus plane offset ATP test
- Image Plane Deviation (IPD) ATP test
- Rx calibration (requiring a higher spatial deysiten supported by LVT)
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[0050] 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.
[0051] While specific embodiments of the invention have been described
above, it will be appreciated that the invention may be practiced otherwise
than as described. For example, the invention may take the form of a

computed ﬂgfﬁ@rﬁ%@al%‘§ﬂaﬂ]@ﬁ%ﬁﬁ9é’§ﬁ§%ﬁﬁ*@ﬁl@ﬁ§'ﬂé’h@pé@é@ﬁ@'@npact on

instructions describing a method as disclosed above, or a data storage.
BBW%%M%BHHUEFWHBWW%%‘H&%?r&ﬁﬁ&éﬁ%{%ﬁk’f EG N U

cobiplied. program stored therein. [0052] The descriptions above are

intende str |ve not limj t| Thus, if will be appar oones d .
in the aﬂ‘)%%‘a 00 P gatl"S ns ?ﬁ%re eer m%%én %e mv%en ﬁ)%“gs eﬁscn% H {ﬁographlc
mﬁumlad@@rth&grfmmfmemw tihahsialevetsestood bebibe Bhograghit.apparatus

MEIBGThel HERMIH Ry Gther UPBREARYS PIRIRRIIRR ARBRIAL 3 $3Kbrated optical

method comprising: covering a test substrate with photo resist; placing said

tééisé‘%ﬁﬂ&r%déﬂfé &@s@ﬁéﬁ&?&ﬂl@%ﬁﬁﬂ@fﬁﬂ@%‘ﬁﬂﬁ%ﬁﬁ?&(@ é%é@ﬂ@' displays,
pligfiaitite gEuefiqatos fiedspraaiiiesigaicaies aaclsslyeafeationill

;:galpgpz eciate RS & R o SR PR MG O TEID BRI ¥RHIGENRE water or
“die” hereln may be considered as synonymous \kighnhore general terms “substrate” or
“target portion", respectively. The substrate nefdito herein may be processed, before or after
exposure, in for example a track (a tool that tgihycapplies a layer of resist to a substrate and
develops the exposed resist), a metrology toolaaradl inspection tool. Where applicable, the
disclosure herein may be applied to such and stihiestrate processing tools. Further, the
substrate may be processed more than once, forpéeamorder to create a multi-layer IC, so
that the term substrate used herein may also tefesubstrate that already contains multiple
processed layers.

[0048] Although specific reference may have been madeeatmthe use of
embodiments of the invention in the context of cgitiithography, it will be appreciated that
the invention may be used in other applicationsef@mple imprint lithography, and where
the context allows, is not limited to optical ligraphy. In imprint lithography a topography in
a patterning device defines the pattern createa sabstrate. The topography of the patterning
device may be pressed into a layer of resist segpbd the substrate whereupon the resist is
cured by applying electromagnetic radiation, hpegssure or a combination thereof. The
patterning device is moved out of the resist legrpattern in it after the resist is cured.

[0049] The terms “radiation” and “beam” used herein encasspall types of
electromagnetic radiation, including ultraviolet\(Jradiation (e.g. having a wavelength of or
about 365, 355, 248, 193, 157 or 126 nm) and exmdtra-violet (EUV) radiation (e.g. having
a wavelength in the range of 5-20 nm), as wellaatigde beams, such as ion beams or electron

beams.
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exposed using a predetermined focus offset FO in a predetermined focal
curve; developing said photo resist; measuring an alignment offset for each
of said verification markers; translating the measured alignment offsets
for each of said verification markers into defocus data using a transposed
focal curve. 2. Method according to claim 1, wherein said predetermined
focus offset FO is selected so that a local value of said predetermined focal

curve of 5gig] HRRAERRNe APPHINHS e cSife Dl MRS $IBRAReBENPEREIR combination

value of said focal curve, i.e. C(0); 3. Method according fo claim 2, wherein

s BrOYSBMEHBLORIGH BAHURCRENTS R RIagivfa SERFHredBRINsIRd
fagateunvegpksaidiithograpbistapaiailcosswisantially linear in a working

range af Ub“l‘i %‘ﬂéc%c‘é%iﬁysé‘?ﬁg% rm‘éhM?ﬂﬂd %%%%Wdﬂ%%f‘é@s% e Se. it will
said tra Sposed 10cal curve 1s aetermine by ransposing said predetermine
fduahpareeiatedvethibe dvsariingnaychemracitherainestiamastdescaled. For example,

CRMBRARSTon nEPARIEE RIHFAYL bR iRRdiEdanmAif dest SiiPsEalRiences of

each of said calibration fields comprising a plurality of calibration markers,

sHENBraRIIRAG IRSBERT e H8seiPineAIREi R EIoORe S AEENS pBT * SRatiOrROe
fighddium Reg N Gt aben menisifsaiden@rcboebemil) plavaltysatiealibsaijsuter

markers to reng%[I calibration data; determining a calibration curve using said

BRI Sipted therein.

[0052] The descriptions above are intended to be illugganot limiting. Thus, it will
be apparent to one skilled in the art that modifices may be made to the invention as

described without departing from the scope of thents set out below.
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transpose said calibration curve to render said transposed focal curve. 6.
Method according to claim 5, wherein said calibration fields are exposed with
a small shift with respect to said verification fields. 7. A method of calibrating
a lithographic projection apparatus, said method comprising a method of
measuring focus according to claim 1, wherein said defocus data is used to
adjust settings of said lithographic projection apparatus. 8. A method of
calibrating a lithographic projection appakatis according to claim 7,
comprising: covering a test substrate with photoresist; placing the test
substrate on a substrate table of the lithographic apparatus; exposing a
plurality ohweritiaasfandigiasngridbestes asithstiaishicjaetionl dppararifisafiim method
fields comprising a plurality of verification markers, wherein the verification
fisfdSErR" (posed using a predetermined focus offset FO in a predetermined
focal cueoetegel dpitgubstipt@tbittepiaiesistiring an alignment offset for

each of t;Shaeci griigaten Q&R on 20BGI4IE &Hﬁ&%ﬂﬁ&{?&#ﬂ&%ﬁ&ﬂ&tus;
offsets for each of the verification markers into defocus data using a _ o
transpo§é8%8§l%ﬂ%“%@f verification fields onid&est substrate, each of said verification
fields comprising a plurality of verification manse wherein said verification fields are
exposed using a predetermined focus offset FQpiredetermined focal curve;
developing said photo resist;
measuring an alignment offset for each of sartfigation markers;
translating the measured alignment offsets fohed said verification markers into

defocus data using a transposed focal curve.

2. Method according to claim 1, wherein said predained focus offset FO is selected so
that a local value of said predetermined focal ewfssaid lithographic apparatus, i.e. C(FO), is

less than a maximum value of said focal curveG(@);

3. Method according to claim 2, wherein said predeined focus offset FO is selected so
that said predetermined focal curve of said litlapdiic apparatus is substantially linear in a

working range around said focus offset FO.

4. Method according to claim 1, wherein said trasgal focal curve is determined by

transposing said predetermined focal curve.

5. Method according to claim 1, wherein said mdtalso comprises:
exposing a plurality of calibration fields ond&ést substrate, each of said calibration
fields comprising a plurality of calibration markesaid calibration fields being exposed with

predefined tilt offsets per calibration field;
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using the defocus data to adjust settings of the lithographic projection
apparatus. 9. A method according to claim 8, wherein the predetermined
focus offset FO is selected so that a local value of the predetermined focal
curve of the lithographic apparatus is less than a maximum value of the focal
curve. 10. A method according to claim 9, wherein the predetermined focus
offset FO is selected so that the predetermined focal curve of the lithographic

apparatysis sHRGAN AU FRARbHR & WPEARE SRESRAE) SR ENS {A6HSRIRES to render

FO. 11. A method according to claim 8, wherein the transposed focal curve
iSCAERERHARERBY transposing the predetermined focal curve. 12. A method

accordigter piainy S farihetionmprisinging s pefitg dapiyrality of calibration

fields on e {651 subetae ach.oftns calbiarion deids qqmprisg.a plurality
of calibragion mar ers, the Glibration neids €ing exposed with precf’\éfined tilt
offsets per calibration field; measuring an alignment offset for each of the

pirality \a GRPLREBRIMGHKRAR ECNAIRI SRIIDARY ORidAl e SISFEWXASR with a small

calibration curve using the calibration data; and transposing the calibration

R YEiRdRERE thio PRI NER OIS/ fve.

7. A method of calibrating a lithographic projectigmparatus, said method comprising a
method of measuring focus according to claim 1,reimesaid defocus data is used to adjust

settings of said lithographic projection apparatus.

8. A method of calibrating a lithographic projectiapparatus according to claim 7,

comprising:

covering a test substrate with photoresist;

placing the test substrate on a substrate taliteedfthographic apparatus;

exposing a plurality of verification fields on thest substrate, each of the verification
fields comprising a plurality of verification manise wherein the verification fields are
exposed using a predetermined focus offset FQpiredetermined focal curve;

developing the photo resist;

measuring an alignment offset for each of thkfication markers;

translating the measured alignment offseteé&mh of the verification markers into
defocus data using a transposed focal curve; and

using the defocus data to adjust settingsefithographic projection apparatus.
9. A method according to claim 8, wherein thedptermined focus offset FO is selected

so that a local value of the predetermined focaleof the lithographic apparatus is less than a

maximum value of the focal curve.
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13. A method according to claim 12, wherein the calibration fields are
exposed with a small shift with respect to the verification fields.

10. A method according to claim 9, wherein the ptedmnined focus offset FO is selected
so that the predetermined focal curve of the litapfic apparatus is substantially linear in a

working range around the focus offset FO.

11. A method according to claim 8, wherein thasposed focal curve is determined by

transposing the predetermined focal curve.

12. A method according to claim 8, further compgs
exposing a plurality of calibration fields drettest substrate, each of the calibration
fields comprising a plurality of calibration markethe calibration fields being exposed with
predefined tilt offsets per calibration field;
measuring an alignment offset for each of thegtity of calibration markers to render
calibration data;
determining a calibration curve using the aaliilon data; and

transposing the calibration curve to rendertthesposed focal curve.

13. A method according to claim 12, wherein tHécation fields are exposed with a small

shift with respect to the verification fields.
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