Met hod of measuring focus of a |ithographic projection apparatus Field

[ 0001] The present invention relates to a nethod of neasuring focus of a

| it hographic projection apparatus. It also relates to a nethod of
calibrating such a apparatus using the mnmethod of neasuring focus. Backman
d [0002] A lithographic apparatus is a nmachine that applies a desired
pattern onto a substrate, usually onto a target portion of the substrate.
A lithographic apparatus can be used, for exanple, in the manufacture of
integrated circuigts, (I . In.that instance, att.ernin devi ce, which is
al ternatively refl\g?tpéﬁ%ﬂ?e%“réngrﬁ’ﬂs aﬁ“?"éf"i‘@? Eprﬂﬁﬁf‘%ﬂi@éﬂ U0 generate a
circuit pattern to be forned on an individual |ayer of the IC This

pattern can be transferred onto a target portion (e.g. conprising part of,
one, or dd¢ldral dies) on a substrate (e.g. a silicon wafer). Transfer of
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subst r at erajettioncapptuatus. B ale tslaek toof methdil a€ enibritiggeath @@pﬁatMusﬁﬂg’:\the are
successi vel ﬁ (gmtter ned. Known |ithographic apparatus include so-called

st epper s, M§tHodipl BEAsEERKACHS-get portion is irradiated by exposing an entire
pattern onto the target portion at one tinme, and so-called scanners, in
whi ch each target portion is irradiated by scanning the pattern through a
radi at i orBdzkgmoundh a gi ven direction (t he "scanni ng"-direction) while
synchr onousl y n t he substrate 1.1 el nti - l1el to this

di recti on. [ﬁ@&j ‘ASB%OE@QE}\CB‘PBM?WSH ’ﬁ‘é‘? ipe 1thfre‘aP;Bngt %@%n’f’ BHERENS A t er ni ng
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[0003] In the manufacture of devices using |ithographic processes, each

mask pat tfer wians)le iy fhiegrdniujecpire p Bistesthterheiccuith éICishﬂrg that p)@tancempaﬂerhmgus I n

practi cey the tar rtion he subs
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feature or features in which variations will cause undesirable variation
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(resist) provided on the substrate. In general, a single substrate will contain 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 pattern onto
the target portion at one time, and so-called scanners, in which eaéh target portion is irradiated

| by scanning the pattern through a radiation beam in a given direction (the “scanning”-direction)
while synchronously scanning the substrate parallel or anti-parallel to this direction. It is also
possible to transfer the pattern from the patterning device to the substrate by imprinting the
pattern onto the substrate.

[0003] In the manufacture of devices using lithographic processes, each mask patternis
typically projected onto the target portion in focus. In practice, this means that the target
portion of the substrate is positioned in a plane of best focus of the aerial image projected by the
projection system. As the critical dimension {CD), i.e. the dimension of a feature or features in
which variations will cause undesirable variation in physical properties of the feature, such as
the gate width of a transistor, in lithography shrinks, consistency of focus, both across a

substrate and between substrates, becomes increasingly important.




substrate and between substrates, beconmes increasingly inportant. 1 [0004]
The use of an alignnment systemto nonitor focus has been proposed and

i nvolves printing focus-sensitive alignnment nmarkers at known positions
relative to normal alignnent markers at various different focus settings,
i.e. positions of the substrate relative to the projection system The
position of these focus-sensitive markers with respect to the normal
alignnment markers is neasured and an alignnment offset (AO can be

det er mi ned whi i representative of focus .errors., [0005] The quality of
f ocus control ﬁo‘hﬁl}?&ﬁgﬁgﬁ‘? l@wngsxsgen%@d&%ﬂ%ﬁ@%éﬂfgwn@]mmﬁ%@ d
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for future.lithographi rojection tool designs, three potential drawbacks
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The current L\§004Wp mahRedingahe édtteat DUT t&ehateh @diiBs 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 measurement technique. 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 tbp. Finally, and more importantly, the current LVT test method requires light
being transmitted through wedges. The current LVT test method can thus not be applied for
future maskless or EUV systems.

SUMMARY




future maskl ess or EUV systens. SUMVARY 2 [0007] It is desirable to provide
a new nethod for doing leveling verification tests which has higher focus-
versus alignnment shift sensitivity and higher spatial sanpling density.

[ 0008] According to an aspect of the invention, there is provided a nethod
of nmeasuring focus of a |ithographic projection apparatus, the nmethod
conprising: - covering a test substrate with photo resist; - placing the
test substrate on a substrate table of the |ithographic apparatus; -

exposi ng a pl i .0 rificatioon field t he test. substrate, each of

the verifi cat ?JL@I"?ml%@?Slvfe‘elh&'%Pfgwﬁ& A geyimpihod {3y cgmeJevding va GHORERer s,

wher ei n_t haicheis highat foos- Ve@heSi ALREHPOSEHitHStyREd h%h@trﬁ)%zfl%ﬁﬁhgﬁgdén??gs
al i gnfrent o et

of fset FGQ - devel opi ng the photo resist; - neasuring a
for each of thE08k Ar¢Eding dmamesprerod the inverdios) theiengpomiledrasethed ofil i gnment

of fsets f ’ verification. markers into defocus . data using a
t ranspose e?sglglg f(g%lrs bgshpg)% lc'gggg&&qnnaé)pﬁrgﬁlg, %ﬁeﬂtbold RUBEEE there is
provi ded acovetihgd et subsiratb fathi ghgtaresikt; t hogr aphi ¢ proj ecti on appar at us,
conprising the t hod of neasuring focus described above, wherein the
def ocus daPicig thedest sulstrats ans subsirate table offthe Hhoriaphis gprastine pr oj ect i on

appar at us. FBIRE%{?I I'D)ﬁﬁy% 0 iments..of -t he

i nvention %plﬁlﬁhgg e e()gl\;lrs%eaé% ngéﬁ \?\/ay 0 %ggg{ﬁ%%ée’ %%‘1%35??9 Wt h C?té(fneftieelglscze to
t he acconpamyismg splheiist oforedfieationgsarkers Whiietin Gerveeif patodifielisraed @peneaising
synbol s indieﬁatte ‘co(Hesgo di gg parts, and in which: [0011] - Figure 1

depi cts a? PiCREGMABhIEY B&%ﬁt s whi ch may be used in conjunction with the
i nvent i on. ddveRpals the Phaibk&isg shows an exanple of a FOCAL reticle used to
expose a plurality of verification fields on a test substrate; [0013] -

Fi gure 3 shewsrag poskgtimhent offsaidonaach of the wetificatioOGhirkerar ker M|

- 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

H

wherein the defocus data is used to adjust settings of the lithographic projection apparatus.

BRIEF DESCRIPTION QF THE DRAWINGS

[0010] Embodiments of the invention will now be described, by way of example only,
with reference to the accompanying schematic drawings in which corresponding reference
symbols indicate corresponding parts, and in which:

[0011] - Figure 1 depicts a lithographic apparatus which may be used in
conjunction with the invention.

[0012] - Figure 2 shows an example of a FOCAL reticle used to expose a
plurality of verification fields on a test substrate;

[0013] - Figure 3 shows a possible structure of such a FOCAL marker Mk1
which comprises horizontal and vertical chopped bars;

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




whi ch conprises horizontal and vertical chopped bars; [0014] - Figure 4
shows an exanple of a focal curve; 3 [0015] - Figure 5 shows an exanple 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 neasured alignnent
of fset for one single row of calibration marks of one calibration field;
[0017] - Figure 7 shows possible positions of the calibration fields on a

test substratg:, [0018] -. Fiqure 8 shows .an exanpl e .of a calilration curve.
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the invention, The apparatus conprises: - an illum nation system
(i 11 um na¥aopitiop withvif thgdieldd to condition a radiati on beam B (e.g. W

radi ati on or adi at i9n) . ort Structure.(e. g. skt abl MT
constructed t Elldgagp'ort aﬂé‘gft%srhﬁ‘l}v%é%ga \Iillioc,fél n%eea. %;r.ed %é&%%ﬁf%ﬁﬁ%%n%e@gﬁﬁ%ct ed
to a firstowpekiatibaren m2Msedohie galltedtidndfi@dgcuratel y position the patterning .
device in accordance with certain paraneters; - a substrate table (e.g. a
waf er tabl e) WPOLAnst r uckigeret’shawr gossidepetiiensef the qglibrtion Eglds pn adest ed

waf er) Wﬁﬁgtrﬁgnnected to a second positioner PWconfigured to accurately
position the substrate in accordance with certain paraneters; and - a

proj ection sysk@i8](e. g. Eguefdrshowsve eparopleof & calitrdivg cyst enm) PS confi gured
to project a pattern inparted to the radiation beam B by patterning device
MA onto a target portion C (e.g. conprising one or nore dies) of the

subst r at epit ANOEB P esOrEPiridym nati on system may i ncl ude various types of
optical conponents, such as refractive, reflective, magnetic,

el ect r omagnet i W01Y| Bgunedswcherhatically detiets an ppansplo bf o pithogedphicquejpctitent s, or

any combi bl on gk 29) ve L8l 685k it ARGk TH3IbERMAL Mnpadiat i on.
- an illumination system (illuminator) IL configured to condition a radiation beam B (e.g.

UV radiation or EUV radiation).

- a support structure (e.g. a mask table) MT constructed to support a patterning device (e.g.
a mask) MA and connected to a first positioner PM configured to accurately position the
patterning device in accordance with certain parameters;
- a substrate table (e.g. a wafer table) WT constructed to hold a substrate (e.g. a
resist-coated wafer) W and connected to a second positioner PW configured to accurately
position the substrate in accordance with certain parameters; and
- a projection system (e.g. a refractive projection lens system) PS configured to project a
pattern imparted to the radiation beam B by patterning device MA onto a target portion C (e.g.
comprising one or more dies) of the substrate W.

[0020] The illumination system may include various types of optical components, such

as refractive, reflective, magnetic, electromagnetic, electrostatic or other types of optical

components, or any combination thereof, for directing, shaping, or controlling radiation.

[0021] The support structure supports, 1.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




[ 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

| i t hographi c apparatus, and other conditions, such as for exanple whether
or not the patterning device is held in a vacuum environnent. The support
structure can use 4 nechani cal, vacuum electrostatic or other clanping
techni ques to hold the patterning device. The support structure nay be a

frame or a table, for e | e,. whi ¢ch be fixed or ble as required.
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Masks are wel |l known in |ithography, and include sk types
bi nary, dicrterenar snepllst asestSentires. Geaomlint the pattere thnyired do tivirddiaticasbeasl willas

various h i.d sk _types. .An.ex | e of , a. progra l.e mrror array

ol oye. At R0 pirtiSRRe AT i dePigP b p R o etec iR fuch

i ndi vi duadslay ifitegrod cgoui@as to refl ect an incom ng radiation beamin
different directions. The tilted mrrors inpart a pattern in a radiation
beam whi ch i s [PE33]eagttemingdevier magbe anymigsive oupliectivhExaamissof paifeseingon
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conbi nation thereof, as . ) .
and attenuated phase-shift, as well as various hybrid mask types. An example of a

programmable mirror array employs a matrix arrangement of small mirrors, each of which can
be individually tilted so as to reflect an incoming radiation beam in different directions. The
tilted mirrors impart a pattern in a radiation beam which is reflected by the mirror matrix.

[0024] The term “projection system” used herein should be broadly interpreted as
encompassing any type of projection system, including refractive, reflective, catadioptric,
magnetic, electromagnetic and electrostatic opticél systems, or any combination thereof, as
appropriate for the exposure radiation being used, or for other factors such as the use of an
immersion liquid or the use of a vacuum. Any use of the term “projection lens” herein may be
considered as synonymous with the more general term “projection system”.

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

programmable mirror array of a type as referred to above, or employing a reflective mask).




appropriate for the exposure radiation being used, or for other factors
such as the use of an imersion liquid or the use of a vacuum Any use of
the term"projection | ens” herein nmaybe considered as synonynous with the
nore general term "projection systent. [0025] As here depicted, the
apparatus is of a transm ssive type (e.g. enploying a transm ssive nask).
Alternatively, the apparatus nay be of a reflective type (e.g. enploying a
programmable mrror array of a type as referred to above, or enploying a

reflective na 6 he 1ithographic, a atus maybe of a type
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froma radiation source SO The source and the |ithographic apparatus nmay
be separ gh#t astiurie sychfasra substeatep npistbesubiivegesion digeid butaathexwilymeatsdbar . | n

such cas 1] el s .not copsi dered t farm t. of the |ithographic
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i I'l'um nator er wt eam very ’system requrred, my
be r ef er rfenn part afthedithicgetiphid appasyistaddithe 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 IL, together with the beam delivery system BD if required, may be referred to as
a radiation éystem.

[0029] 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 (commonly referred to as G-outer and o-inner, respectively) of the intensity distribution
in a pupil plane of the illuminator can be adjusted. In addition, the illuminator IL may comprise
various other components, such as an integrator IN and a condenser CO. The illuminator may
be used to condition the radiation beam, to have a desired uniformity and intensity distribution
in its cross-section.

[0030] The radiation beam B is incident on the patterning device (e.g., mask MA),
which is held on the support structure (e.g., mask table MT), and is patterned by the patterning




[0029] The illumnator IL nmay conprise an adjuster AD for adjusting the
angular intensity distribution of the radiation beam Generally, at |east
the outer and/or inner radial extent (conmonly referred to as a-outer and
a-inner, respectively) of the intensity distribution in a pupil plane of

the illum nator can be adjusted. In addition, the illumnator IL may
conprise various other conponents, such as an integrator IN and a
condenser CO. The illum nator may be used to condition the radiation beam

to have desied uniform a intensity djistributio injts . .
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spaces between targéet portions ese e known as”scri ane al i ghnent
mar ks) . Sicoufyatedjcated nargett poati orsnthey mawibic ddcanadrie spaeanbaweerdiagget partipnoftheded on

t he mask . the mask alignnment mark e .|l ocated between the dies,.
a%(nown as scrlbe-ﬁlme gl?gnment marks?. g{%ﬁaﬁy, in situations 11?1 wl\ﬁgh more than one die

is provided on the mask MA, the mask 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 one time (i.e. a single static exposure). The substrate table WT is then shifted
1n 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.

[0033] 2. In scan mode, the mask table MT and the substrate table WT are
scanned synchronously while a pattern imparted to the radiation beam is projected onto a target
portion C (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




[ 0031] The depicted apparatus could be used in at | east one of the
follow ng nodes: [0032] 1. In step node, the nmask table MI and the
substrate table W' are kept essentially stationary, while an entire
pattern inparted to the radiation beamis projected onto a target portion
Cat onetime (i.e. a single static exposure). The substrate table WI is
then shifted in the X and/or Y direction so that a different target
portion C can be exposed. In step node, the maxinum size of the exposure

field lim 1 h i ze,.0f t.he target. porti.o i ed in a.singl static
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test using the well known FOCAL reticle. First a wafer is exposed with full wafer coverage

(verification) fields at a predetermined optimal focus offset FO. The purpose of the focus offset
FO is to be in the most focus sensitive part of a so-called focal curve, as will be explained in
more detail below.

[0037] Figure 2 shows an example of such a FOCAL reticle used to expose a plurality
of verification fields on a test substrate. The FOCAL reticle comprises a plurality of markers
Mk1...Mk247, which are named FOCAL markers. Figure 3 shows a possible structure of such a
FOCAL marker Mk1 which comprises horizontal and vertical chopped bars. The bars in the
structures may have a range of line widths and pitch sizes. Due to the particular dimensions of
the structure, the line width of the chops will be focus sensitive according to the well known
Bossung principle. As result of this, a FOCAL marker not exposed in focus will have an
alignment offset. This offset can be used to determine a focus error also referred to as defocus.

[0038] The verification fields are exposed using a predetermined focus offset FO. The
particular focus offset FO is determined by looking at a focal curve C(dZ) already exposed on

the lithographic apparatus. An example of such a focal curve is shown in Figure 4, see curve 40.




test using the well known FOCAL reticle. First a wafer is exposed with full
waf er coverage (verification) fields at a predeterm ned optimal focus

of fset FO The purpose of the focus offset FOis to be in the nost focus
sensitive part of a so-called focal curve, as will be explained in nore
detail below [0037] Figure 2 shows an exanple of such a FOCAL reticle used
to expose a plurality of verification fields on a test substrate. The
FOCAL reticle conprises a plurality of markers - Mkl ...M247, which are
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focal curve. In an embodiment this transposed focal curve is determined by transposing a

section of the focal curve of the lithographic apparatus corresponding to the working range 42,

see Figure 4. The transposed focal curve is in fact the focus sensitivity of the apparatus.

[0041] In an embodiment, after the verification fields have been exposed, additional

calibration fields are exposed. In an embodiment, the calibration fields are exposed with a

small shift with respect to the verification fields. The shift prevents the marks from overlapping.

In an embodiment, the calibration fields are fields exposed with predefined Rx, Ry tilt offsets

per field. The tilts will make rows/columns of calibration marks within the calibration fields to

- be exposed at different focus height. In Figure 5, an example of the Z position of the calibration

marks Mk1..Mk13 of one particular row are shown as a function of the X-position. In Figure 5

a Ry tilt (that is a rotation of the field around the Y axis) of a substrate surface 50 with respect

to an image plane 51 is introduced by a tilt of the substrate W. In Figure 5 part of a lens 52 is

shown which defines the position of the image plane 51.The Ry tilt of the substrate W around

the Y axis will introduce a Z defocus for FOCAL markers in each Of the rows of the calibration




[ 0040] After the exposure of the verification fields, the test substrate is
devel oped and then an alignnment offset for each of the verification
markers i s neasured using for exanple a standard alignnent sensor present
in the system Next, the neasured alignnent offsets for each of the
verification markers are translated into defocus data using what is called
a transposed focal curve. In an enbodinent this transposed focal curve is
determ ned by transposing a section of the focal curve of the |ithographic

apparatu t,h r ure 4...The
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of posi t iGRPEHOR gREcss g selipleon warks Mayahiodegapossgstity aiocanpidsegperaield.0042]
By exposing a [ph4u)aty &Xasgﬁn%ééﬂ)pﬁﬁ}sg‘%}héhﬁ: 1 a\%&rﬁmg't& Lh%1 enkn cjﬁ‘éc@ﬂd
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smal | offsets accurate focus call tlIon curves C erlve
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. to (alignment) noise ratio. Also, the presented method uses a standard binary mask which
images standard FOCAL marks. Hence, this method will be fully compatible with future ways
of illumination (as in maskless and EUV). Standard binary mask are very easy 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.
[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 (IPD) ATP test
- Rx calibration (requiring a higher spatial density then supported by LVT)
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map. To do this part of the calibration curve is selected and transposed.
This will result in a sensitivity curve dZ=S(dX, dY) which can be used for
calculating the dZ for each mark in the test substrate given the
(measured) values for dX and dY. [0043] It should be noted that instead of
using a Rx, Ry tilt for the exposure of the calibration marks, the
calibration marks may al so be exposed with a focus offset per field.

[ 0044] By neasuring defocus using the nmethod according to the invention, a

focus versus ' nt if1 sensitivi.ty sope 50 times higher than the
present LT 1 QORISR b PRI e shid TR GhgRat A OF
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st andar d 9984 nar ks. Hence, this method will be fully conpatible with
future ways g4l AkEH] L.on.: I ]Eg¥) ndard...bi na mask
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has a hi gipperagpan ilelmadivictirbuf [Gnitchoutd bk snddietod thaeths ligtogrphid dpearatus

nethods;wﬁ$7.%§;ificatign ks per field conﬁared to 55 verification nmarks
of LVT, EiPegiberein way hevepthgr grpkicatigns, sugh asihomapyfactursrof dnfeerais OPtisab 045
It is not : : i O i i rayat. i .
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R0t A Ao T B
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or

[0046] The nmethod is also suitable investigating fluid lens tenperature
i npact on targgeagiondyrespepiveily g hasultimieaetered murasein owmly bapeacessed, bfdre er after

t t | Ed OV ' . 10047 t hough . i fi
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apparatus, described herein my have ot her applications, such as the
manuf act thselesprs l}ﬁp’é@ Yy dg appligdctg such and other substrate processing tools. Further, the

substrate may be processed more than once, for example in order to create a multi-layer IC, so
that the term substrate used herein may also refer to a substrate that already contains multiple
processed layers.

[0048] Although specific reference may have been made above to the use of
embodiments of the invention in the context of optical lithography, it will be appreciated that
the invention may be used in other applications, for example imprint lithography, and where
the context allows, is not limited to optical lithography. In imprint lithography a topography in
a patterning device defines the pattern created on a substrate. The topography of the patterning
device may be pressed into a layer of resist supplied to the substrate whereupon the resist is
cured by applying electromagnetic radiation, heat, pressure or a combination thereof. The

- patterning device is moved out of the resist 1eaving a pattern in it after the resist is cured.

[0049] 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.
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systens, gui dance and detection patterns for nagnetic domain nenories,

fl at-panel displays, liquid-crystal displays (LCDs), thin-filmmagnetic
heads, etc. The skilled artisan will appreciate that, in the context of
such alternative applications, any use of the terns "wafer” or "die"
herein may be consi dered as synonynous 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 typi |y applies | ayer of resist to substrate and .
Gaver ops. 1 he SO tetaBP Gen e Becioptir 1581 aires BARY hSuGomBination
Wher e appifiveabheypdshd opéas %blﬂﬁb‘ﬂi@%’ci‘ﬁ{cﬁidﬂlg@ﬁ%é%ﬁ/e%ﬂleétﬁ@, hagueh and ot her

substrate processing tools. Further, the  substrate may be  processed nore
t han oncesledtigmagnetioging elagtrostetis ontisalgomposents.nul ti -l ayer 1C, so that the

term substrat 1N al.so ref to a.substrate that .already .

cont &t na. i ¢ TSP SA RS Sl BaRer Y She st b&indiel b PROGTRNAL oy
have beerbemgecabavhattibe inventitsiemaf be gakadi oeRbSisothah e deserBat. Fenedathpld)e
cont ext OE opti cal Iithoa{a hy, it wll be appreciated that the invention
may be usBHLVERHIERY BEpiicdarm 8ha compRicraFEMECONAIDA 1§ PR IR SEPIRceSHd
where t : -] o g { | it 1 n

pr i nt 1 bR R ok AGHbink T 8 dRIEG e R o o
pattern onehtedegrscmisuldsttoamemomin endgogagrraptiyal disk) hevipasichrarkdongutedevi ce
may be pressed into.a lLayer of resist supplied to the substrate whereupon

t he resié?ogﬁn“%%?gﬁmﬁ?Lapplying el ectromagnetic radiation, heat, pressure
or a conbi nat ijofs3] MBleRRécripfiBes aRAE bRTiHAG6 bE Afisk 2 VDU irdilhe OTmishR wisi st
leaving a patternin it after the resist is cured. [0049] The terns

"radi at i O¥'apawanttbeantkilledin the peithmt srdifigetiess mhy be wpéstoshe invbwimrasmagnet i ¢

radi atio Lacludi | traviol et ( radi ation (e.q..having a wavel ength
of or agdga%%%ggﬁ {hgg%c’?epﬂ@,g f%%%hefé%eoqﬁgi a?ﬂﬁseg?w%g%“?ene ultra-violet
(EUWV) radiation (e.g. having  a wavelength in the range of 5-20 nn), as
wel | as particle beans, such as ion beans or electron beans. 11 [0050] The
term"lens", where the context allows, may refer to any one or conbination

of various types of optical conponents, including refractive, reflective,
magnetic, electromagnetic and el ectrostatic optical conponents.
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[ 0051] While specific enbodiments of the invention have been descri bed
above, it wll be appreciated that the invention nay be practiced

ot herwi se than as described. For exanple, the invention may take the form
of a computer program containing one or nore sequences of machi ne-readabl e
i nstructions describing a method as di scl osed above, or a data storage
medi um (e. g. sem conductor nenory, magnetic or optical disk) having such a
conputer program stored therein. [0052] The descriptions above are
intended to be illustrative, not Iinibhﬁgmﬁghus, it wll be apparent to
one skilled in the art that nodificati y be made to the invention as
descri bed wi thout departing fromthe scope of the clainms set out below 12
CLAIM5 1, A nethod of measuring focus of a |ithographic projection

appar at us - sai & Tatbefhef meashRg oot alithegaphjc araiestion spprsatnaseidwidtodohot o
resist; plkagifghsaid test substrate on a substrate table of said

| it hographi ¢ apparatus; exposing a plurality of verification fields on said
t est subst r at esovernha afst sbbitaty edthfpho@tresist; fiel ds conprising a plurality of
verification Wﬁrkers mher%in said verificatign fields are exposed using a

pr edet er ni ned 8%&%&ﬁ@#§5?‘ﬁ@?ea%ééﬂWﬁ?ﬁﬁmgﬁpéS%%Bﬂ@gW@§¢§¥Pmﬁ@&suring an
al i gnment  of f sgofifg a?ﬁﬁﬁlit?lg)f §él‘ifﬂ:aﬁ@% ?élﬂgéﬂ R0 (PG Re eﬁéﬂ%hﬁt\)eﬂﬁ%%tg%

b
measured al ignment offsets for each saird verification markers in
def ocus delds esnprising a plareditoskctrifioetiin warkes, whereldstahiodrificatbondiiaids 4re cl ai m

1, wherei ' edet erm ned, focus..offset FOis selected so that a loca
val ue of %&?gé%’sgﬂ&%%r?%tmn?do%ﬁs ?:ffﬁ’g%aof said |ithographic apparat us,
i.e. C(FO, isdevtiephglshidphatom@itrum val ue of said focal curve, i.e. C(O;
3. Method according to claim2, wherein said predeterm ned focus offset FO

is sel ected sdMEISHARE Fxplensrcatieftet frraeh olrai varificeéoroharkaisd | i t hogr aphi c

2??2;"?" ‘éé IS SHRSTLARE YR thdhshrlel §A%h e Bers WO R NG SARGE AHUNY, 52k d fogus

defocus data using a transposed focal curve.

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

less than a maximum value of said focal curve, i.e. C(0);

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

working range around said focus offset FO.

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

transposing said predetermined focal curve.

5. Method according to claim 1, wherein said method also comprises:
exposing a plurality of calibration fields on said test substrate, each of said calibration
fields comprising a plurality of calibration markers, said calibration fields being exposed with

predefined tilt offsets per calibration field;
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4. Method according to claim11l, wherein said transposed focal curve is
determ ned by transposing said predeterm ned focal curve. 5. Mthod
according to claim1l, wherein said nmethod al so conprises: exposing a
plurality of calibration fields on said test substrate, each of said
calibration fields conprising a plurality of calibration markers, said
calibration fields being exposed with predefined tilt offsets per
calibration field; 13 measuring an alignment offset for each of said

al ibration field; 13 me nrent of fset | .
Cal' brat on cupveiie honeREElfl e RB T G IAL OB B e Rl on °

curve to cahbrdeionsaiad transposed focal curve. 6. Method according to claim

5, wherein said calibratign fields are eﬁfosed‘mﬁth a small shift with
respect to saiFIRHIRS & S3L0SHIom rusing sa galibrgign @rtacal i brating a

l'i thographi ¢ RERLESHELAR cARREE i ; S met hod of
nmeasuri ng focus é@%o?diﬁg tC)%ﬁéﬁwﬁ%ﬁkﬁ%g§%?ﬁgggggyagg%%gggdata is used to
adjust settings of said |ithographic projection apparatus. 14

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.
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