LI THOGRAPHI C APPARATUS AND DEVI CE MANUFACTURI NG METHOD FI ELD [0001] The
present invention relates to a nethod of detection and in particular to a
met hod of stage positioning. The invention further relates to a calibration
met hod for calibrating a stage position of a |ithographic apparatus and to
a lithographic apparatus. In an enbodi nent a stage positioning systemis
provided. The invention further relates to obtaining a calibration map for
a property of a lithographic apparatus. 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
can be used, LITROGKARHIE, APPARAT NSIANIEEN KO MANUFNCT ERING METHOD Cs) .
In such a case, a patterning device, which is alternatively referred to as
a mask or a reticle, my be used to generate a circuit pattern to be
formed on an individual |ayer of the IC. This pattern can be transferred
onto a target portion (e.g. including part of, one, or several dies) on a
substrate HIELY a silicon wafer). Transfer of the pattern is typically via
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di recti on calikation s@piod NEropetity €£4 lithagraphicl @pafighr onousl y scanni ng the
substrate parallel or anti-parallel to this direction. It is also possible
to transfer the pattern fromthe patterning device to the substrate by

i nprinti n%A@KG%}t?SW onto the substrate. [0003] It has been proposed to

make use measurenent systemin order to measure a position
of a stage (sudhoe A ligwgsiphatappsiafigds o maohint ehiat iapygied @vdesieedspaaige) onto at he
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apparatus. In an enbodi nent the encoder grid i's connected to a reference
st r uct ur e whi¢h ishlietniativedgredpindddo ap p araak asa refiblel mag he nsidito genesate a hizawdspatiem
connect ed t(t) Be %ohrl%eato% A igc%vf’%i%alt lgyer of the IC. This pattern can be transferred onto a target
portion (e.g. including part of, one, or several dies) on a substrate (e.g. a silicon wafer).
Transfer of the pattern is typically via imaging onto a layer of radiation-sensitive material
(resist) provided on the substrate. In general, a single substrate will contain a network of
adjacent target portions that are successively patterned. Conventional lithographic apparatus
include so-called steppers, in which each target portion is irradiated by exposing an entire
pattern onto the target portion at once, and so-called scanners, in which each target portion is
irradiated by scanning the pattern through a radiation beam in a given direction (the
“scanning”-direction) while synchronously scanning the substrate parallel or anti-parallel] to
this direction. It is also possible to transfer the pattern from the patterning device to the
substrate by imprinting the pattern onto the substrate.
[0003] It has been proposed to make use of an encoder measurement system in order to

measure a position of a stage (such as a substrate stage or patterning device stage) in the

lithographic apparatus. Thereto, a (e.g. two dimensional) encoder grid is applied to a first part



follow its position. In another enbodi nent. the encoder grid is connected to
the stage and the encoder sensor heads are connected to the reference
structure. In order to calibrate the encoder neasurenment system a
plurality of calibrations is performed, which may result in a |ong
calibration tinme and may result in |loss of accuracy by stitching together
the different calibration results for the various frequency bands. [00041
In applications of a |ithographic apparatus marks are used for different
det ecti on Hh ] ' I
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[ 0008] Enbodi nents of the invention will now be described, by way of

exanpl e og , 1{,h reference to the acconpanying schematic drawi ngs in

whi ch cor g reference synbols indicate corresponding parts, and in
whi ch: [0009] Figure | depicts a |ithographic apparatus in which an

enbodi nent of the _
[0005] It is desirable to provide an improved detection method for detecting a property

of a formed structure on a substrate.

[0006] According to an embodiment of the invention, there is provided a method for
measuring a property of an extended pattern formed by one or more lines generally extending
in a first direction wherein each line comprises one or more features, comprising

using the one or more features for measuring with a sensor a property of the extended
pattern at different positions along the first direction by changing the relative positions of the
sensor and a support structure for supporting an object comprising the extended pattern.

[0007] In another embodiment of the invention, there is provided a lithographic

exposure apparatus comprising:

a substrate table constructed to hold a substrate, at least one of the substrate table and
substrate having an extended pattern formed by at least one line extending in a first direction;
a controller configured to move the substrate table and to control measurement of a

property of the extended pattern along the first direction of the extended pattern.



i nvention may be provided; [0010] Figure 2 depicts a view of a pattern
projected onto a substrate, to illustrate a part of the calibration
according to an enbodi ment of the invention; [0011] Figure 3 depicts a
raster obtained on the substrate according to an enbodi nent of the
invention; [0012) Figure 4 illustrates the neasurenent along the pattern
projected onto the substrate illustrated in Figure 2; [0013] Figure 5a
illustrates an i nage of an alignnment sensor output signal in accordance
wi th an enbodi nent of the invention, the alignnent sensor applied to
measur e t hd : ePHEMRAWINGS 4, [0014] Figure 5b illustrate an

i mge of an aIi nsor t put_signal i ccQ ce i t h anot her
enbodi ment of t eﬂi?]r:%neﬁr?fmeﬁl}s #ngenﬁ?rg@ﬁgog%?gesgnﬁﬁ%@%g% 'eéa‘?ﬂ?ﬁa of an
end sect i omwithfrefarenemntb dieti an@mipanfing vhemaic LMY HDRBICIE EdiraBfFhdRB rélirdnd et
mar k; [0016%n§i uret7 illustrates an.e;%kgection of an extended pattern
according £ %‘flﬂlé?“m%ﬁ%m?&f@d& igure 8, conprising Figures 8a,
8b, 8c and 8d, [0pb9Hisaé eeeH@dEhMbirahid dppir@hdniwiich SNPIBR R Rfe@ SChemati c
enbodi ment _of a substrate having an extéended pattern with respect to the
| i t hogr aphf¥eiaanaythGorovidsd18] Figure 9a illustrates a patterning device
for form ng ext@omRdiRad S &R a REF O Hafbdin hdjcefdd SRDA Lyenti on,
[0019] Figure 9@_ 1iiﬁl lljég'?ér at gs ; subst gte a.ei ng Iggtgg%%g{i}g’ggpltugehlraﬁgb%cordi ng
to an enbebheesibragen eqeerdinge an ¢robpdimeppoibhe imveptions 9c il | ustrates anot her
enbodi nent of j V| . ] e atterns, 3 Figure
9d illustrates g@? Eggﬁ'&gaﬁn(getp E}Lgsrd %&n%%gfa}rgg% mc%ltg g%bsggt% ? g"gﬁﬁ’%%ma%\?‘i“@gfm& ovi ded
having a paﬁth@iﬂmer@bl_l;one or nore extended lines; [0021] Figure 10
Lipustrates Schesmirfdkd Vinfubl M SGARAGE A MOpiRnlToRRPSHORE O the
substrate illustrated in Figure 2;

[0013] Figure 5a illustrates an image of an alignment sensor output signal in
accordance with an embodiment of the invention, the alignment sensor applied to measure the
pattern depicted in Figure 4;

[0014] Figure 5b illustrate an image of an alignment sensor output signal in accordance
with another embodiment of the invention;

[0015] Figure 6 is a microscopic image of an end section of an embodiment of the
extended pattern and an alignment mark;

[0016] Figure 7 illustrates an end section of an extended pattem according to another
embodiment;

[0017] Figure 8, comprising Figures 8a, 8b, 8c and 84, illustrates schematically relative
movements of a schematic embodiment of a substrate having an extended pattern with respect
to the lithographic apparatus;

[0018] Figure 9a illustrates a patterning device for forming extended patterns
according to an embediment of the invention,

[0019] Figure 9b illustrates a substrate having extended patterns according to an
embodiment of the invention,

[0020] Figure 9¢ illustrates another embodiment of a patterning device for forming

extended patierns;



[00221 Figure 11 illustrates an enbodi nent of a flank scan; [00231 Figure

12 illustrates schematically a further enbodi nent of a detail of an
extended pattern; [0024] Figure 13a illustrates an extended pattern having
focal mark units and a diffractive pattern thereof; [0025] Figures 13b and
13c illustrate a diffractive pattern of an extended pattern according to

t he enbodi nent of Figure 13a; [0026] Figure 13d illustrates another
enbodi ment of enbodi ments of focus sensitive marks that can be used as a
basis for an extended pattern; [0027] Figure 14a and 14b illustrate
schemati cal | y enbodiFigard Xl ihéstthies fustherensthin embodimentanfid peltepang davivs; [ 0028]

Figure 15 ill. sct rates aﬁé‘rgghr)]n%r ergbeoedi(eng%tl. of a patterning device, [00291
Fi gure 16,pr88ﬁf) lfsfnﬁg = gures PSR OENE 18D, ™I ustrates schemati cal | y a
Pref oc/ LVT net Hoak1] FRORO0 iFusgateeschematichliysd flak @Ganatcoeditpdianembodifed of\af er
stage inte fgr ometriﬁ E'OSi tion neasurenent arrangenment, [0031] Figure 18
illustratés® ecé‘l’?ﬂ nt of a wafer stage encoder based position

rr?asurelmagt ar r[ﬂﬂl!;?ﬂ%ﬂfde,ll[i@lg&&%esﬂ@iﬂ:fo&inieﬁﬁof&mnﬁisdagﬂ ust Iriate an enbodi nent
of a calibratian t hod, _an 0033] Figur OA and B i strate an

enbodi ment of J?l@gﬁgﬁg“@aﬁlzi%‘fsg?tieﬁ?ﬁ%%tﬁ@gfa%ﬁ@@%ﬁéﬂﬁ%l [ 00341
Figure 1 %Hgﬁag@ilngy depicts a |ithographi c apparatus according to one
enbodi ment of the invention. The apparatus includes an illum nation system
(i1l um nator) 11024 Bigpseddn Blystratesas sutended patiern kayingvwhmpdkawiteanda. g. UV or
EWV radi atg;@n .4 m.A0) tklder suitable radiation), a patterning device

support or support structure (e.%. a mask table) MI constructed 4 to
support a pat t ¢8035hEisuey 1 theand d Igillugiragadiiirapiveaatiors ohameesteaded patternf i r st

posi tioni %gcoqc%}{%f’oethggﬂlbo gn'(lg ig‘_qet@a.accur ately position the patterning

devi ce in"accordance wth certafFn paraneters. The apparatus al so includes
a substrate tald026] Biggre 13d mfteatestaasthe)embfdiorent'of einbodimtes sifppsstdsitive
gggﬁte(r:? gé%?aalgsgthg:g%xglﬁ%us%&' ste'{ Iga%fs?or(alel'egt’en&drpg e!n?;t -coated wafer) Wand
[0027] Figure 14a and 14b illustrate schematically embodiments of focus sensitive
extended patterns; |
[0028] Figure 15 illustrates a further embodiment of a paiterning device,
[0029] Figure 16, comprising Figures 16a and 16b, illustrates schematically a
Prefoc/LVT method,
[0030] Figure 17 illustrates an embodiment of a wafer stage interferometric position
measurement arrangemetit,
[0031] Figure 18 illustrates an embodiment of a wafer stage encoder based position
measuremént arrangement,
[0032] Figure 19A and B illustrate an embodiment of a calibration method, and

[0033] Figure 20A and B illustrate an embodiment of another calibration method.

DETAILED DESCRIPTION

[6034] Figure 1 schematically depicts a lithographic apparatus according to one
embodiment of the invention. The apparatus includes an illumination system (illuminator) IL
configured to condition a radiation beam B (e.g. UV or EUV radiation, or any other suitable
radiation), a patterning device support or support structure {e.g. a mask table) MT constructed



positioning device PWconfigured to accurately position the substrate in
accordance with certain paraneters. The apparatus further includes a
proj ection system PS configured to project a pattern inparted to the
radi ati on beam B by patterning device MA onto a target portion C (e.qg.

i ncluding one or nore dies) of the substrate W [0035] The illum nation
system may i nclude various types of optical conponents, such as
refractive, reflective, nagnetic, electromagnetic, electrostatic or other
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functional |ayer in_a device heing created in the target portion, such as
an i nt egreBd ethet condifiqns, sushas forrrample whsthgrnyg naeihe patteraipaievice &nkeid 53 ve or
reflectiv . i I i .
rror ar it ERifeRa, AR bEOLRY de YLD R WP BRI (RERR, BOERON i

| i t hogr apley pthanclampirgtekhniaek td lyded thegpatttrniigs duiviver \The abtieningldevige support may

Prase-Sh 1L iRy AGRES BN Ss ST Lo SRl L enar ol T ek

ar r angenmenbyiel st may EdsBfcthat@RE Patinitl deticE &t 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.”

[0037] The term “patterning device” used herein should be broadly interpreted as
referring to any device that can be used to impart a radiation beam with a pattern in its
cross-section so 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.

[0038] The patterning device may be transmissive or reflective. Examples of patterning

devices include masks, programmable mirror arrays, and programmable LCD panels. Masks



be individually tilted so as to reflect an incom ng radi ati on beamin
different directions. The tilted mrrors inpart a pattern in a radiation
beam which is reflected by the mirror matrix. [0039] The term "projection
systent used herein should be broadly interpreted as enconpassing any type
of projection system including refractive, reflective, catadioptric,
magnetic, el ectromagnetic and el ectrostatic optical systens, or any

conbi nati on thereof, as appropriate for the exposure radi ati on bei ng used,
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such casesnask IO FErethet piloseLhenh HEARG 4 fibbi@dtéNor mask). In such “multiple stage”
machines the additional tables or supports may be used in parallel, or preparatory steps may be
carried out on one or more tables or supports while one or more other tables or supports are
being used for exposure.

[0042] 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. Such 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 can be used to increase the numerical
aperture of projection systems. The term “immersion” as used herein does not mean that a
structure, such as a substrate, must be submerged in liquid, but rather only means that a liquid is

located between the projection system and the substrate during exposure.



part of the |ithographic apparatus and the radiation beamis passed from
the source SOto the illumnator IL with the aid of a beamdelivery system
BD including, 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 nmercury |anp. The
source SO and the illumnator IL, together with the beam delivery system
BD, if required nay be referred to as a radiation system [0044] The
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(which is not licitly depicted in Figure 1) can be used to accurately
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MA B passes through the projection system PS, which focuses the beam onto a target portion C of

the substrate W, With the aid of the second positioning device PW and position sensor IF (e.g.
an interferometric device, linear single or multi dimensional encoder or capacitive sensor), the
substrate table WT can be moved accurately, e.g. so as to position different target portions C in
the path of the radiation beam B. Similarly, the first positioning device PM and another
position sensor (which is not explicitly depicted in Figure 1) can be used to accurately position
the patterning device (e.g. mask) MA with respect to the path of the radiation beam B, e.g. afier
mechanical retrieval from a mask library, or during a scan.

[0046] In general, movement of the patterning device support (e.g. mask table) MT
may be realized with the aid of a long-stroke module (coarse positioning) and a short-stroke
module (fine positioning), which form part of the first positioning device PM. Similarly,
movement of the substrate table WT or "substrate support” may be realized using a long-stroke

module and a short-stroke module, which form part of the second positioner PW. In the case of



and substrate Wnmay be aligned using patterning device alignnment marks M
M2 and substrate alignnment marks P1, P2. Although the substrate alignnment
marks as illustrated occupy dedicated target portions, they may be | ocated
in spaces between target portions (these are known as scribe-I|ane
alignment marks). Simlarly, in situations in which nore than one die is
provi ded on the patterning device (e.g. nmask) MA, the patterning device
alignnment marks may be | ocated between the dies. [0047] The depicted

appar at us agfeé%& (ng%@;tggd idh _@Hagﬁé??ﬁ{e paREm e, &e?g;efs%ﬂ%f;\%@? abnﬁﬁg)gd%li\‘}r} hg?%a%]#g; K

In step no the patterning device support . g. _ .
support" amhected ts alsbont-atreke adlator\ifilgor treyibstiat e Pattgpiogtdevige &g .apask) MA

essential ly, stationary, ile,an entire pattern.inparted tg.t radi ation
beam | 5 pPl SEEEHeR b Higpt Bof sl B Ao mprks 1 VG, g o
static exp@suhaR)alighhenSMBRE Pal B2, LAl RN heubstFat® sl gradedt fdlRek iflusiatedhen
shifted in the X and/or Y direction so that a different target portion C

can be expeswy deflisated spgeiodationshibey mayibmlesatidin spaces hetwesiptasgst poftioas (these

l[imts the_size of A taraget porti i . Sj i .
exposur o QRSP sbitfe- AL ARl bl SitBAE o by fiohk BB R tin one die
tabl e) MTipgrovidedsk tieupiperding davicd (B, BlABISIVAL thetpahibminidevice abighstntahaks

support" are scanned synchronously while a pattern inparted to the
radi at i on My lpeatsd bytwesnahc digso a target portion C (i.e. a single dynanic

exposure). The [!)(Yﬁ??qihggfé,?gdgbﬁ%&:uhggulﬁfbeh@d RUPRaEAE JF AR B modes:

"substrate support r Y, e patterning device support .g. nmsk
table) MI or "j@ki8] duppoii stepaodbethe gettarnimp dedich yupoe (¢ gempskaghle} MRoT on

and i mage reversal characteristi the projection systemPS. |In scan
mode. |t he TS TRV e B Sutnsnie e Brieor Rl HPRET CHNGR BRI SnaT:
non- scanniyigledh eRGkipaRdm Shphid&l b MIBLiaRSE bdadisiphojdctdd Hdth @ mﬁgﬁ%hforﬁz BQSH4T €,

whereas the length “of the scanning notion detéermnes the height (in the
scanni ng timedte. ammglostatihexpoanrgk (Thp sultsirete. tatfloF6D pr Bubstratcsvppere’ is thegehiftede

patternin eyj ce support. (e.q. tabl e) M. or. "mask su rt{" is, kept
P acent i ar iy B ERUGP Bl Sa i S Bnddh oBsG et RS 0 R step shdes iR
subst r at e p{zakhem\WzeQt thesdkpdbura el dSUROIhk size Bf RUMSGeOpori 60N A g¥dinl Lsifgle
pattern inparted to the radiation beamis projected onto a target portion

C. In thi §taﬁﬁdéposg@ner ally a pulsed radiation source is enployed and the
o o8t amTeol < pagg5 5 19, Sl MBI B LSS TR T
"mask support" and the substrate table WT or "substrate support" 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 or "substrate support”
relative to the patterning device support (e.g. mask table) MT or "mask support” 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 target portion in a single dynamic exposure, whereas the length
of the scanning motion determines the height (in the scanning direction) of the target portion.
[6050] 3. In another mode, the patterning device support (e.g. mask table) MT or
"mask support" is kept essentially stationary holding a programmable patterning device, and
the substrate table WT or "substrate support” is moved or scanned while a pattern imparted to

the radiation beam is projected onto a target portion C. In this mode, generally a pulsed

radiation source is employed and the programmable patterning device 1s updated as required



radi ati on pul ses during a scan. This node of operation can be readily
applied to maskless lithography that utilizes progranmabl e patterning
devi ce, such as a programmable mrror array of a type as referred to
above. [0051] The lithographic apparatus conprises a netrol ogy device such
as an alignnment sensor for neasuring one or nore properties of the
extended patterns while noving the substrate table supporting the
substrate having the extended pattern relative to the netrology devi ce.

The netrol iceis a ed to co . 03|t|on of substrate
tabl e and,aﬁ%’;@ MR 8{%‘3 SHaEARRC ﬁjﬁ%r tﬁ‘%ﬁ‘&PPV 1 ngﬁ‘fee?r?&ccesswe

al i gnment S&R86K piBY% RFingfa @Y THCREY Borekaton R BR DY ﬁle@@n%mgsa

di odes and |nter?eroneters) or of a diffraction based type such

di scl osed lithogEmplgabasdizey progran@Erblie pRROnYdevhée hucras arpewgblylmahblzm@@dabyy
reference in their gatlret Some enbodi ments require specific types such
as diffracdtitdHPHELE “PQ&%% 0v[eC)053] Conbi nations and/or variations on the
above descr i beq0®HeBheditht&EpIAE afptrathLdmpiikel heh@mllogiitsceGlich BLan@nalend
be enpl oyed. [0054] Her eunder form ng the extended pattern_and auxiliary

el ement s #eRsondeigneasuring epser megdirppprtierofdhe exerded pattersp while envingsthe

expl ai ned f i

o oper Uy SHORRL BblepBiHah te SENEHL BT 1R oxPaalFbRh Ria B e Birdlony

be made t aleaivealhegnem@slbgadieliceak abargiet ancombined pos{1fi&55f]thd: substiate ndiddandgnitha
method is prOV|ded for calculating a calibration map (1 dinensional, 2

di mensi ona# ﬁFﬁ%ﬁﬁbﬁméﬂW%ﬁ@FgﬁHH?“Eonpr|S|ng detecting a property of an
extended patter SELAR qﬂqu f4ern
inafirst dir g(ﬁig The 8’ i ﬁeggﬁﬁﬁ%b%%ﬁggg}gﬁawy per pﬁ.%cil I cu ahe

[ 0056] An dodmsphé 1mérfanmebersalmdeﬂa ﬂa‘ﬁaarqm asedstypoysurinag diecldetdan [EPAI90B5 Yuore 3

as forned, t sfrate as sho ure 3, u5|n ttern devi ce
VA as. Shoi B #ragttonhich efe 7ty Bheed Werdiese o i Ay Pt abr e
w il be ex lﬁkﬂﬁgmﬁgbﬁkgg&ggﬁ(ﬁﬁﬁﬁgbﬁgﬂkggﬁksthe ext ended pattern. Fornlng
the extended paftern patternlngldeV|ce [ 0057] An enbodi nent of the

o

met hod and | i t H8F3 Shimebiagirms andier vasimtions e theabayadsscribies resdes st qygntivehn

on the Su%sftfrr%tltemo&s%lflusemayaf%o%te%m%lcpat.term ng device (e.g. mask) MA

[0054] Hereunder forming the extended pattern and auxiliary elements arranged to
assist reading the extended pattern are first explained. Thereafter several embodiments of a
method of detecting a property of the extended pattern are explained. Specific references will
be made to an alignment and calibration method.

[0055] In an embodiment a methed is provided for calculating a calibration map (1
dimensional, 2 dimensional or multi-dimensional) comprising detecting a property of an
extended pattern in a second direction by moving along the extended pattern in a first direction,
both directions being generally perpendicular.

[0056] An example of an extended pattern is shown in the detail of Figure 3 as formed
on the substrate as shown in Figure 3, using a patterning device MA as shown in Figure 2. First,
embodiments of the patterning device MA will be explained, thereafter embodiments of the

extended pattern.

Forming the extended pattern; patterning device



having a pattern, which pattern is projected onto the substrate Wvia a
projection system (not shown) and making use of an irradiation source to
generate a radiation beam (also not shown in Figure 2) that can be used
for form ng an extended pattern. [0058] The patterni ng device MA according
to the enbodi mrent of Figure 2 conprises five equidistant points. In an
enbodi nent the points are separated by a distance equal to the size of the
poi nts. [0059] The distance between the points, that is the distance in the

y-direction, ¢ 53?% erb L9 f@ﬁ%ﬁﬁatﬁg‘% %\H n%i{h§gf%8hi§;$3§m @5mﬁ§%§‘if6nenpg 581r?m

The size of th S can var I'nan e

- 0.5mMm e exfended patictie oh thdwabdirad. aiges Qidepicts pareirtimgdevide0@R. numsk) MAOS mm
range. [006Q] In the enbodi ment according to Fi ?ure 2 the points have a

r ect angul B#Via%a patternwhigh pattesnds prajreted fpFne sHstialsnleria p BFyediion §ysta (ot

direction Sh‘ﬁﬁ@%ﬁ?m ﬁ‘%%(ﬂftgﬁlgé BEXMY R BBA sdrbd to%r%ge St:%%!&i%ﬁ b alsoBt :§I‘R)w§i jgur e

9a. In an e poi nts have a squ ape. The shape of th
poi nt s i sFapap?)atat canfbensedios forudihgarextandedgpatistnr at e, wherei n sai d

t t i f d t 1 t th i t ed i nt 00 In.
erbodi ment ¢ holQIAB] b PHEFraiEb CELCRRCA i mEA TG g B P PR Eri e
sets of pﬁb@%@iéﬂ’sﬁn@f)#{ﬁ{sﬂn% bddithéR iNboiRQ Sl depRdtcdbyldWstRadel Al t3he

device MA. The sets © poi nts can have different sizes, e.g. different
si zed poi size obihd peitfis.er ent di st ances between in the points. In an

it oront i o LRSbTh BERee bebi o fin Q% K s BsBbEhiibs T Plort Sl Py e

si zed |in@sm b t6 8Mmah,|if¥h cMBadiHichNDone NS, PHRPThE sies oDthe bbintsdan atiyfgom
devi ce progerti es with respect to illumnating different sized surface
areas on a0swyetlOgne, i gospodimeni Oampoddmentin gpembedimest e distanca§ize iset  of
points arg.Rasi E&mﬁgw%%%&lsdﬁngg centerline 20, indicated with a dotted
line in Figure 2. 1 n an enbodi nent a single set of points conprises at

| east three pol0068] In theanbpdiohdnt acoordinglioipire@ttht paiats Havy g rquedangblar stapd, inn a
particular epbodi nent at | east seven points. [0063] I n an enbodi nent.

pat t er ni ngt g@hpdimenthaying thy ZeTicnED | hﬁ%gngamm arcyshiapytbignd will be

R 1SRRG YAt b AT\ 0 08¢ e i v
appl i cat i ofitheghofrfteisadapted to form a structure on a substrate, wherein said structure is evenly
formed throughout the projected point.

[0061]} In an embodiment the patterning device MA comprises multiple sets of points.
The sets of points are clustered at different positions on the patterning device MA. The sets of
points can have different sizes, e.g. different sized points and different distances between in the
points. In an embodiment the centerlines of the set of points are parallel. By using different
sized points, extended patterns can be obtained having different sized lines. This can allow
measuring lens properties or illuminating device properties with respect to illuminating
different sized surface areas on a substrate.

[0062] In an embodiment the points of a single set of points are positioned on the same
centerline 20, indicated with a dotted line in Figure 2. In an embodiment a single set of points
comprises at least three points, in a specific embodiment at least five points, and in a particular
embodiment at least seven points.

[0063] In an embodiment a patterning device is provided in the maskless mode. The

maskless patterning device can provide patterns for illumination that change during
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enbodi nents of a maskl ess patterning device are feasible. In an enbodi nent
t he maskl ess patterning device provided points of variable shape, |ength
and inter-distance during illumnation. [0064] In an enbodi ment the

maskl ess node conprising a progranmable patterning device is used for
form ng an extended pattern by noving the substrate table. In another

enbodi nent the maskl ess node conprising a programabl e patterning device is
used for formng an extended pattern without noving the substrate table.
The points . roLn i r I ‘o L QV
sur f ace o fiSe PRILE B Bhped U RaE EuPLSTEAIRY o s PMEouat: S R
ext ended patticdimemnof debhsdédspgttanpoReide\arofeatibie. fmamaabeihemdre masitlésr n

al lowing calibration of the pr.ogranmahl e patternjng. device. [0065] Figure
9a i || ust reREIng geyicedrayided PRIDE S varrte Hiang, langth and iierdiptanesfurigst ¢ er ns
for formng,ap:6xt ended pattern according to enbodi nents of the invention.
Goup M is a set of rectangular shaped patterns positioned at different
angl es on the {Jéb8éHriniangmbedinoant 8@ mSikiess grode podpriting aprdgramsetietpattemest e
patterns in a direction x11 by novi a substrate,in . directio x11.
Siboroup SFvat wendenpageer koL Pulrt B Piecbe St € dpalivhie |
the subst rtRdiment MVBELIES Hode ROmpAshE 4 préorBmBiabRGaemimeddgRdl astdatr t 0
group M 1. During irradiation three extended patterns wll be created

si mul t anedomhipg @n cxisadesipastermawishoBynagving e yabstrats ehleethe printseif the patterning

si mul t aneous] y, three extended patterns Vi simlar err.orsmn: .

a1 T onent ALIEY Bt B RRATR B vE it I ol 13 bflerBog BRUEE P metngd vl
subsequentalidet fofhinganRRichAEl pterriaicddiédligd propedRaiiiiye foredakbhddd falted
property relating to the error in alignnent, such as a positioning
property. allowsw) calibratign phthedrogrgmeiable paftormpgidevtice- t hr ee ext ended patterns

can be created hel I i i i - I

posi tioni ng mﬁﬂpmgﬂI@%ﬁ??%gﬂ%ﬁ?ﬁggéggéc[é:ok#ﬁgbE%%@%Fﬁ%HﬁgpgﬁghﬁﬁgEgﬁég ed
ext ended adrhiag an extehdee! whitterciccordsngktbEmboidineras peiht imehtion. Thioap M1 is a sat dfow
scanning the created extended patterns.jn a subsequent detection hod and
al | ow detr%véﬁayf%ﬂahaﬁeﬁ@av@ﬁé BPIHgPedal diffeerianeles pa e RIYETIng feer % e

. . ( , ! : t _
: gg fgﬁg'u Y%rglé{]lg[g fé '39132? %Qee?l 10 ;élqueﬁ‘%e' Hﬂ!itt%ﬂﬁ in §IRBLER 6% fgflglsi&igggtsﬁﬁgtﬁte QA& LHiorA

e patterning devic irradiating a
posi ti on odlt$ebgsuipsifipatternd v i2gilbertain getendédmattspaon AMubsteate Hehssibstratatie W
I's moved Vr\ii:lgvréd acjiél'ording to x12 in a direction perpendicular to group M11. During irradiation three
extended patterns will be created simultaneously on the substrate. By illuminating three
patterns simultaneously, three extended patterns having similar errors in alignment/calibration
will be created, that can be scanned for errors in a subsequent detection method for detecting a
property, in particular a property relating to the error in alignment, such as a positioning
property.
{0066} Using pattern groups M13 and M14 three extended patterns can be created
wherein a possible alignment/calibration error in positioning will be shifted with respect to the
‘position along the created extended pattern in the directions x13, x14 respectively. This will
allow scanning the created extended patterns in a subsequent detection method and allow
detection of the repeating error at different positions in the respective directions x13, x14 in the
created extended pattern.

[0067] A rectangular shaped pattern in the patterning device allows irradiating a

position on the substrate during a longer time span. While the substrate W is moved with
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respect to the patterning device 30, a position on the substrate wll be
illumnated linearly dependent on length L11 (and the velocity of the

novi ng substrate table). If the patternis longer (LI | is larger), a

hi gher speed of the substrate table W5 is possible, even though a simlar
exposure energy is irradiated at a certain position of the forned extended
pattern. A longer pattern will allow noving the substrate table at higher
speed. [0068] Further a possible error (in positioning or the like) will be
aver aged t tr at e.
o oxaRgRr S e B e8I DT R ek RO

di r ect i ondgeoadend nn@eﬁgﬂx Ei g(and tﬁ)avelwﬂyl ofrthasmbv:nlgmubstﬂam:table) uf t}bermatﬁgn(land

| ower exppsu he for ridq lLine t the ition. The | ower
aver age &Pﬁ s(%nl {m’ 6’@?’{ Qﬁffgegﬂlebg@ Sfrafq tap \&g[ﬁ #’ﬁ%{ o ';Lﬂ'ég}é"i'(t ended
pattern t§gafilaé @ibé%ﬁre%&l%@tlﬁ ﬁ'rdd'fhtecﬁat%l&%ﬁﬂl%ftloﬁ‘?ﬂ'ﬁfetﬂoﬁﬁed@&&ﬁﬁdfp@ﬁern. A

detecting a property of formed extended pattern and subsequent
calibrati bmg@lfpaﬂer@rvél/%ﬂwv moawgrth%@[stmhéﬂmﬁt atrhagheaippricd. appar at us. [0069] In

t he enbodi nent ure 9a ext.ended an be f.Q d on a
Substrate w tniESP Eidtamatib s PR sR PR o BRLE AP 6e Pl IR

pat t er ni ngogigt eBhd/Preateli @RiEAHedpHitehtsn the REbivatd. Bi i Htig @‘dted%nﬁﬁdﬂm"@adl ng
to Figure 9a _conprises a group M1 and M23 of rectangular shaped |ines

equi di st apessiplegraerdn posiHening iy the Yoi dimelioneaceemding taligka fegvillerengRedosa the

di fferent er f ion
of  or oupt figTedin |57 sBRubI PR ofthedlield SR g FRFDRuiiph B doncrROLE

di & ect2 |3 o] g_exlgﬁfnfe(at tlmqnbyltlon basluxs: 4 &ruhart Iﬁn{aﬁmﬁ‘h dhepaitéreied pateech grmdczmgaa dﬂ:ée_tc]fuel in2 1t
and x irection conprisin |nes a ave n _expose urin ifferen
time intef %trsgquepﬁéetﬁ?tmm pid faridgteciing ¢ BWHE“%PF ﬁxe forgad; exrf‘é’gsfi and

i1 1umi nat fape Ratlof o a1 bARAILE flelBnogHiRcasupRRuT e variations in

]
t he forned itendat mar ks can be red in a subse uent detection
met hod. In t he [(0\6B} Emthe enbdéinent awnrdisg e igire %expiosdadepattenms aarcke Wwomed on a

di ff t ths of th t h tt devi ce . b
used for SURTHERIHGH BYrBRBls o R Al of el biiBEr S § Sapgaranie CYss M- T an
enmbodi ment a paigze| Fulwer' e padning déﬂm@ﬁbc%lﬁg\@qqgﬁe%eélﬁpﬁiesgrgsr@hﬂ MDes.

In this enbodi ment the forned extended pattern will have a variable
di ffract i end MR3wolffiecctiingalat shaped kweswqmdlsmx@lmnwddﬁw lpagth ef the destangsladshapsd ent

e R R e e T

di fferent gfcmtps BN ndevIR3 By @RSididhe hebstratettdiste Hi rht: RP B Al £XPAiseetion k@p&ithf&lyof

the fornmed grid lines. 12
resnlts in extended patterns extending in the x21 and x23 direction comprising lines that have

been exposed during different time intervals. The right-hand side patterns of M21 will have
less illumination than the left-hand side patterns. These exposure variations in the formed
extended marks can be measured in a subsequent detection method. In the subsequent detection
step the exposure variance due to different lengths of the patterns used in the patterning device
can be used for calibration of Z focus in the lithographic apparatus.

[0071] In an embodiment a pattern M4 is used to form an extended pattern of grid lines.
In this embodiment the formed extended pattern will have a variable diffraction in the direction
x4 over the extended pattern due to different exposure duration of the formed grid lines of the
extended pattern. The stope of the diffractive pattern, similar to Fig. 5b, will be slightly

different for each zero crossing due to the different exposure lengths of the formed grid lines.
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[0072] Anot her exanple of a pattern to be used for form ng an extended
pattern according to an enbodi nent of the invention is shown in Figure 9a
as pattern M3 formed by triangle shaped points. Illumnation of the
substrate using triangle shaped points will result in an extended pattern
of grid lines, wherein each line initself will show different exposure
properties. In the enbodi nent according to pattern M3, the fornmed |ines of
the extended pattern will have a top side that is illumnated during a
much shorter p t f liSe an RE ad to
exposure pr opeﬁ?ﬁeﬁ %ﬁ%&ﬁ?@qﬁ% % gfgrrrrletgbg??%n%g%})ﬂé? er%hté% pla‘é‘:t‘lgﬁ be
det ect ed awcbrdmgso andmbndimes;lubﬁﬂaq uerhtice tsesbbivonn Figepe 2nab patatn Mérfoﬂmecﬂged

in a subsequ nt calbrat n.ste a galibration f.ar .
ol b at | HGSHEY theed by UfTRn b wiiBises e Hatels dagut pifsaviflgrsute in
obt ai ni Ng gsieftchaéd parRadbNBM ﬁné(soﬁvhel%ﬁlr éEcHQIne ﬂ?ﬁ&“)ﬁ%ﬂ&h@%lﬁ@kh@é@%hlﬂg The
points can have a circular form an hourglass formor simlar shapes that

have di f f erepsrti¢sehghp gmbndmmt a¢cpschng $¢) patlierrel/Bi, the. fofragizliries lofi theervostdnded

oL ooy pgub A E R SEEARLS SRidhalod dTLSE'S SuithisnbilG BRRb Ha it difiias

extended op ﬁietrﬁzirﬁ 19 Thiseileibtole’pSsubpiopertioy preséit othe forinitd exteddédGattern that
enbodi ment shown in Flc?ure 9c the patterning device 31 conprises two

si ngl e poicAR 8e detectedand meagysrdiar whirsyprsistechpr sispepd that pr begised dpa

conpri ses t of at |east
Tk the S Eao SEREGIn 200 LolBlon SARRL A foritha B0 0L 0
substrate by nj0073y D1ffere&uﬂmp6cap@ntsaabé posdible fofr obtaining tinfilae embbdinetat for
patterns f SI ng] e l.ines novi ng substr te tabl e WI' supporting
a substr a C{“‘FPCPE% B’é‘E?al{ tm&a?ﬁ"e?‘ﬂpﬁg:aﬂg@ Yoo "‘Frrfo’é!%raé‘ﬁlqu&%a%? 3orm of v
ext ended I f ormed

si mul tanegg‘gl?ag Sﬂépegmagﬁg%en%f%l& ?leh %&@%g@%@ 11llrﬁlm:algﬁst rated in Figure 9d a
patterning dew[ﬂibﬂ:BEn amthq:rramvaodadeﬂtaﬂllustgated mbmatlcalb'fmcfmrﬁﬁc rihe patextisgded

i nes 36, .extending over a di e that .is,.at .least .100x .t he wldt of t he
ine. P gdfgeear Qs oafapil 3P onrb Lunmaibt Vatan e BRY Bhdorming fe Sfaded

ext ended ghﬂ?&ﬁ 0B Gh&ibeiste Fornid by HRiNle IRE. QanEBjerHBchﬁméntVHhG{vh iRFighre 9¢ the
OOnm 1000 0077] Projection"of the extended |ines 36 onto the substrate

will for mpatfﬁﬁr@mgéiﬁu@@l?’l gompasas twmsmgter@@angikﬂmmqﬂmrwrbgdmnémeem@umg

pattern u atterning. device 35h SLA of gﬁiedll

e aavant Bpage SRS R SV EEL R ol SBPr B BBt of B
the points. ThJS pattern will, if irradiated onto a substrate by moving the substrate table WT,

form multiple extended patterns of single lines.

[0075] By moving a substrate table WT supporting a substrate W with respect to
patterning device 31 in direction x3 1, two extended patterns extending in direction x31 will be
formed simultaneously.

[0076] In a different embodiment illustrated in Figure 9d a patterning device 35 is
provided having a pattern of one or more extended lines 36, extending over a distance that is at
least 100x the width of the line. Figure 9d is a schematic representation. In an embodiment the
extended lines 36 extend of 200 mm or more and have a width of 100nm-10000nm.

[0077] Projection of the extended lines 36 onto the substrate will form an extended
pattern onto the substrate. Forming an extended pattern using a patterning device 35 having a

pattern of an extended line is advantageous in a specific embodiment of the invention refating
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to e.g. a nethod for detection of and/or correcting for |ens-heating, as
wll be explained in nore detail below. [0078] In an enbodi nent the
extended line 36 conprises a nodulation in direction y35. This nodul ation
can be a regul ar nodul ati on such as a wavel i ke nodul ati on having a certain
wavel ength (extending in the x35 direction) and an anplitude extending in
the y35 direction superinposed on the extended |lines 36. [0079] During the
projection, the substrate Wis noved in the direction x while the

pat t er ni ng, devig&nddyor etdSior BuhBSr ciictille $AUSRShehfe, RS WIEbOek iR in more
irradi ated onto the substrate Win exten%ed form in the case of the

enbodi mendetaitbedodi ng to Figure 2 as substantially parallel lines as the

pattern includ luraljty of e.qd. eqguidistant points. 080] ,.The. x

G roct i on can DB7RKY 8 ubdmiafe Pra™ivie b SRSkt phgictas..ny
di recti onTRik nidiRildtRAGaH bE aker @i tnsdiditionSuER kSa Warklike mddulaivhodyingatceithig X
direction is a direction wherein both |ong-stroke nodul es are operated at

a gener al Mpvelenath fextgneing in thexsHbiimchignendran ampitede exiendingdn sy I ydigsclipmgl e
novi ng di ! f tage W5 results in a conbined velocity
t hat coul %‘ﬁ%}elhj%tai%4or['i}ﬁrgr§§%éﬁ%ée&§%§g’§' of a single |long-stroke nodule. This
will allow qui {0gp] Duviegert profectihie tedubstrat &9 & Mb/end thddireebiyn a vguicaker

formati on of the extended pattern using the patterning .deyice according to
an enbodi Aelming dgyice, MA & ot apving whickpaysesthe pafte gtﬁ‘ﬁéﬁ\{?teﬁﬁé‘t%‘i%f:ecti on

Xi s per pe&fﬁs&h‘ﬂeaﬁ if thﬁﬂ&d%ﬂh,ﬁh'tﬁ@@asg Or @k e%rﬂ)g)dﬁﬁ‘ént alordifh B Bighfe PAL L €r ni ng

device MA. In an enbodi nent the points on patterning device MA can
have a pasdistantially parekididipes asvhe pafitorn tdpdudes glpdurelitytofie.goequadis@hopraim

corresponds w x-direction. [0Q82]. An .ex | e of. a patterning device
30 havi ng non L‘%f’ﬂﬁ“&? étﬁiﬁre?tfo_r’i’e"?nibg a&)ﬁ Wf]tioﬁ of%eéﬁﬁggr@&@ ﬁplfaﬁaéu% ﬁ’&@ﬁ%’ of
t he gr oupdMtiohdf HdiBhE s@k il BbRRIroRAMbEAIR SINAM b dRASHL Shd W Blectidavd g€ 30

having a pattern of points and in the illustrated enbodi nent of rectangul ar

shaped | diredtiondherei bothdprg-sinalarmodilensys opeiated atia peneralbrgimilaepaiaght | i nes
o410 51 S BB Blse R TSN nSLANRECLRR i BB e,
enbodi mentesalts Bxd @sigaedall bty thatSohlaryeeds i Nnimwdthe kpded of hRingfe BAPSdbkeEnt i n
a first step a pattern device is provided having half of points aof the
pattern aswdplsi E@istvﬁll aHgw quicker movement of the wafer sgage WS and thereby a quicker
formation of the extended pattern using the patterning device according to an embodiment
similar to Figure 2.
[0081] In an embodiment the direction x is perpendicular to the centerline 20 of the set
of points on patterning device MA. In an embodiment the points on the patterning device MA
can have a parallelogram shape, wherein the angle of the parallelogram corresponds with the
x-direction.
[0082] An example of a patterning device 30 having non equidistant lines is shown in
Figure 9a in the embodiment of the group M2. In Figure 9a different patterns on a patterning
device 30 having a pattern of points and in the illustrated embodiment of rectangular shaped
lines M22, M24, are shown. Groups M22 and M24 comprise eight lines of two sets of lines at
similar distance. Groups M22 and M24 can be used to form extended patterns of non-equal
distances grid lines.

[0083] In an embodiment an extended pattern is formed in two steps. In an embodiment

in a first step a pattern device is provided having half of points of the pattern according to any
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14 of the enbodinents illustrated in Figs 2, 9a, 9d, and in a second step
the other half of the points of the pattern is provided. By form ng an
extended pattern in two steps an extended pattern is created having
overlay errors that can be detected in a subsequent detection step and that
can be calibrated in a subsequent calibration step. [0084] In an

enbodi nent a double lined grid pattern simlar to groups M22 and M4 is
used for performng the two stepped formation of an extended pattern,
wherein fir -gr.i dhin f a [hrst oextended pattern ar o} and._.in
 second. <t 35 IHEAEYE HlfETegin fies 2 g ol T €5kl hEh Proltifor bR BT fhe i
Formi ng t he tiaxpareded ppatideal. By fBubisg aatetich0QBidtehhia thorsme apakieadst patered
either by noving the substrate table W with respect to the patterning
devi ce MA CEeatest biving avstlpy eruets that cagy bagetesicd is aspbigauens deteetion step anddhat tan bg of
an extended;:.d : enerally extends in the first
direction?gyﬁbgﬁfggkg%%Pl%ggggﬁ&?%g$eéted by an x-direction. [0086] In an
enbodi nent gri d0084]ds asxinbndimegt & dowblé iinad grill patietn dmilar © droupyd22isndg24 is
pattern of %g i di stant points as agomn.in Ei ure(ﬁ. In an Snbod}nent t he
boi nt s ar S PEROITEINS (UEHNo-SEPPEA AOTRRAR T pRETIERdFd Rattem el b e

equi di st ankid)ih@O0G 4 firkhdiSended PafidrRlaREFB PR ol LAZREGES HeNFidlihel BBthe other
enbodi ment” of Figure 2 are extended in the direction of rfovenent of the
subst r at e egteabeédpatteon isdpmmedn ext ended pattern, in this exanple providing
substantially parallel lines. Using this technique, a raster may be
created on the surface of the substrate, as schematically indicated in
Figure 2. [0088] The substrate table WI is noved in the first direction
with a generally constant velocity. In particular formng the extended
pattern is started only after accelerating the substrate table to the

desired C%@%@ﬁ@%gﬁﬁ%S&#ﬁﬁI%QQP%J$#£b§ﬁ%iOn is stopped before the substrate

table is e ‘const’an city inthe first direction results

in a constant illumnation per irradiated area of the substrate W 15

[0089] In a furéher mbodi nent an_ext end p%ttern formed on the substrate W
i

conprises a dil%&hilihgdermed nafferngforied eighar ok mstrang e isustiafedable Wl arthy

0 SEOM! HEIE UGBS R DEYREOIFR Y, DPUL 1 SYR8LR S 2D
form of an extended line onto the substrate, generally extends in the first direction, in this
application indicated by an x-direction.

[0086] In an embodiment grid lines extending in a first direction are formed using a
pattern of equidistant points as shown in Figure 2. In an embodiment the points are non
equidistant and the formed pattern is similarly non equidistant.

[0087] Thus, the projected positions according to the embodiment of Figure 2 are
extended in the direction of movement of the substrate (table) to form an extended pattern, in
this example providing substantially parallel lines. Using this technique, a raster may be
created on the surface of the substrate, as schematically indicated in Figure 2.

[0088] The substrate table WT is moved in the first direction with a generally constant
velocity. In particular forming the extended pattern is started only after accelerating the
substrate table to the desired constant velocity and illumination is stopped before the substrate

table is decelerated. The constant velocity in the first direction results in a constant illumination

per irradiated area of the substrate W.
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on and off. Use can be nade of a pulsed | aser source. [0090] When
illumnation is off during formati on of the discontinuous extended

pattern, a dynam cal property of the lithographic apparatus can be changed,
e.g. the nmoving speed of the substrate table or the power (dose) of the
illumnation system [0091] The substrate table WI' mi ght be

accel erated/ decelerated while illumnating the extended pattern. This wll
result in a dose variation along the first direction of the extended nark.

This can be us@gggrﬂﬁ?hﬁ{h@} &ﬁb&hﬁleﬁtpini&?énicl%‘ét?@rnff&‘ineﬂ ahd aibBri Re cShpask

or structure. n order to create lines in the direction accordi ng
to the enbdicomittuoshbumor discobtigursgg@d)dnts.Huch haligsantimrous ngenl@agl% edemeanbe

rotated b O degrees.(or alternatjv .an . atternin vi.ce .or.. ot her
bort of ¢ He Tl T et ot eblay T8 A e ireeffo i ik Bl

i rradiati gRand bE. S¥b&hNRIRadeSofMMPRAd MseNGukdd. s ¥ direction so as to extend
the pattern along the y direction as shown schematically in Figure 3. As

i lustrated i n[@098] Svhearifemination & ofEduringlgrmpiégn ofghe disperitinues efndedst er |
each of the,.lines of .the raster,includes. ' S '

bar al Vel P Syt Bonp 3 BE Hed st € albpli ebethadatir ikt otg
Fi gure Sasgyed 2Ptheatbstdid taBR or@ddp@idredoden ofmbe éllwigination Heteaw. According to
the invention it is not necessarg&for t he secondé/ég‘ge}]endgd patterns.

accordi ng to FI§tEThe pupsiratedatic & havight bgapqsistate ergtgd pyhale allyminating g ged
atterns. r . J ]

B | moveRe gtipatEfh, R vl efn ook ghiin BLOG BAS i iR o HRSAIAANRL

proj ect ednfast. tTiscanrbetused ®eadarthinh the opiimal dosatfier 4 dertzinetype ofiedrkpatstrecmraray

be neasured al h d directi i d to.. h iti f
Uhe oxt ended pUlUB2F i et Rereats fesdn ealmeaor S reoBiige Faido FRPPRST SoBsR x
and y di Fgg%}és%rﬂa}{ tlli%epégl%hﬂﬁé gdi@ndaf6d #3%:@3 BH00 HQ%&:@ ®r BRGNS Ively lRkIREt T ON

met hod is ssible "all'ow ng detection of a relevant property in nmultiple
di r ect i onpattamsing deyiae oF athérgpartzof the satiediattemingdeyiceandy e applied), Whilp dugidbibe.

[ 0094] An.ex | e,of f or.med tfern.on a substrate ving no
caui ol st it iRacte syt A oy bh oy drefiaties sepd B iR lhnene
Fi gure 9bdsbQith8 skbivid &hembti@xlen d%dxelﬁ._mlmﬂfaﬁ ithd enditgedGRré bathil@avicwe
formed using a patterning device 30 having a pattern of points or

rect angul af a pirapetbe r4s6oo%h phthgdineneiohe raster included 8 phueldly wp substagakhnparatle]

Figure 9blilness, Enocl;rﬁ‘eardt'o a@ﬁi\é’lvg fhe response image as illustrated in Figure 5a or 5b, as will be

explained in more detail below. According to the invention it is not necessary for the second
extended patterns according to Figure 3 to extend exactly perpendicular to the first extended
patterns.

[0093] The pattern may further be projected on the substrate while moving the
substrate in the second direction so as to extend the projected pattern in the second direction,
and this extended patiern may be measured along the second direction in ordet to measure the
position of the extended pattern in the first direction. Thereby, deviations in both x and y
direction may be detected and calibrated. In this manner a detection method is possible
allowing detection of a relevant property in multiple directions and in particular a
multidirectional calibration is possible.

[0094] An example of a formed pattern on a substrate W2 having non equidistant lines

is shown in Figure 9b. Substrate W2 is illustrated in Figure 9b showing different extended
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mul tiple extending patterns. G oup G2 conprises extended patterns of
different lengths conprising in the shown enbodi nent four |ines or eight
| ines. The extended patterns formed by four lines are equidistant. &2
further conprises double extended patterns conprising two groups of
equidistant grid lines. The doubl e extended pattern can be fornmed in two
strokes or can be fornmed using a single pattern in the patterning device
conprising simlarly spaced points of two equidistant sets of points.

et ontied TAAPPREAd PATRR IR K8 cnRURslieX GO SR IOME B MR PY 0500

ext ended pairteonsctagxilentiapg. in the xI 1 direction. Each of the extended

patterns of group Gl1 can_ be fornmed usi n\g the sane _pattern of four points
in the patter nilﬂ%%év%smb%w%aﬁ%t@% £reasRowam Hewr 9ods forpsds hayinsc11
whi |l e irradiiati 1 : LN
order o fauapleiichie kbt Tty oM A Ifted pRRGE iR Pt

[ 0097] | n camptikieg iethectowe embblimana fave linagomeghtdmes diprexsadedpatmsdbrnét ee

groups cQnsisting each, of fo oi.nts. In this enbodinent the conplete
oroup_ G 1 DY TalsRRa Gy tiop B bty ihis TR0 Mok o T PRRRE B o
WE Wi th 1 esifsof bQuilBRnPatd BREY THe dOWIE 8xthed patedh AR be ThatidNB Blvo kSokes or
advant ageous "as the three extended patterns are forned during exposure

each havi sgn bhéoragdusiog asiipde paitermin the ppigersimgulerice gpwmprising simlaelytspacedposur e

grid errors. .in.the si.ti.oning system During nmeasurenent of a property of
t he extené’gaﬁﬁoé}‘ttfwgreﬁgﬁﬁtwtggs Ogg%lﬁfsate nmeasurenments can be perforned for

each of the ex{ena¢Einat verithedBhead E_dgl@[]_?'ﬂ}l-l colprRBigIbut RB68s dTRRSY eRIEBMdS
can each suffer fromdifferent positional errors, resulting from e.g.

measur e sPaEerys faamed ep theysubstraie V2. Ceur Gk captisastree pigndgdpagpms epending
each of t rﬁ?thﬁ)&tl? ﬂﬂ?ﬁ%onpﬁ%éheéﬁhggﬂeﬁdeg'jb'aﬁ@llﬁg 6t %ﬂg'tu{) ﬁ}l 1 can be formed using the same

(conbi nat 1 on/ convo I on) can be used'to extr e exposure gri errors
from t he pettandétbudpbmis iArthe patrgphiag déviseiahovdng telsnbgiate tableSWaVin diractids x11

7,102,736 that is .included reference in its entirety. [0098] her
groups wi g atie e %ﬁ%gﬁag@{ PgyIRgdhs bsrale ngea‘@efflag ebiP fgw%_rsewﬂé
rotating Eggtmtgx@gn@h@Paﬁﬂbpﬁ}e%oﬁgﬁ_ to position the group of points in

the respective directions of rornmed extended patterns or by rotating
the substrate {M97¢In duotber cextivdiiners the darteting dpdte evmpnings devti af¢hi80 gooppr | ses

the point %0%?&%@%5&90? fI(])UId ;I)c];lIltesr len%iscgrrll’b% }nilgnrﬁhesgo%]plgt% g%u%“(e 11 1%‘ formed in a
single stroke along x11 of the substrate table WT with respect to the patterning device MA.
Such an embodiment is advantageous as the three extended patterns are formed during
exposure each having the same or substantially the same errors, e.g. due to exposure grid errors
in the positioning system. During measurement of a property of the extended patterns, three
separate measurements can be performed for each of the extended patterns on said group.
Although these measurements can each suffer from different positional errors, resulting from
e.g. measure side grid encoder errors, the same exposure error is present in each of the extended
pattern and a suitable filter (combination/convolution) can be used to extract the exposure grid
errors from the recorded data. An example of such a technique is shown in US 7,102,736 that is
included by reference in its entirety.

[0098] Other groups within the G1 group can be formed in a similar fashion either by
rotating the patterning device in order to position the group of points in the respective

directions of the formed extended patterns or by rotating the substrate table. In an embodiment
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[ 0099] In another enbodi nent the patterning device conprises four groups of
points arranged along a centerline extending in directions yl1, y12, yl3
and yl1l4 according to figure 9b and the patterns on the substrate W2 are
formed with rotation of the substrate table WI or patterning device MNA

[ 00100] In an enbodi nent groups of extended patterns on the substrate Ware
formed in a single operation in the expose stage of the |ithographic
apparatus. As the substrate Wis exposed under the patterning device any
errors i ngg GredthetReRAI G ompRsEhE gBinPaOéétédd iNQifiéBs dRtBonsisabh 8 Whupi th
respect to the patterning device are converted in errors of the extended
pattern fdtloed on the wafer and in the case of formng a group of extended

patterns, in e in .thes I oups. 0101] .1 n an _enbodi nent of .

7 hoar aphi ¢ 20D R Aottt g P dieseeons as s YopPee Ry piboints
subst r at earrdiped sldhglarRhRrlirfe dXR@hg iddde@id@Sil 1 12, 913 drdvey IBUssrdB g0 tiRale 1S
measured with a positioning device such as an interferonmeter, encoder-based
or a phot Beihestithe pattaIny oB (hst substrate Wahate Agrsradrin rofafiongafihe subsleate tabieWsor
controlqumg¥mﬁ§hghggthe position using the encoder/interferonmeter. As a
consequenge, i naccuracres, deviations in the encoder grid, in particular
the expose encp@aoopri d, In@yerhbadisikeat @oupi of edeviial paemsah thbeubstraesWatke t he

raster as_created on the substrate. An ex | e of such devi ati OEI of the
line i s dEpmed e Finglermperation inythe exaerg stagrs oftieilthearanhis apperajtsy &sdbe sbstrate
result of A | | t ' ice
and i1 part TP et ARARHRP ARk 8P Ce M chrdrPRREE goiedit Rl Rt o
pattern fherwafer tabic WiE withiredpeattte tiwi paktefnind dewvicamye emverted meimoks cfithe cdesied by
posi tional encqding errors. dur.i novemnent, of the substrate tabl.e. [0Q102]
" an embBRIHRAENEH 80 i AR R ISR SomROB P &Pl FRSRLIEBSeS, iegPRdl |
a single ppefabueh by illumnating M2 according to Figure 9a. |n another
enbodi nent the double gridline pattern G22 is forned in two steps wherein
first equidi st {001grid ki mesnbidiment ofstlithographie apparausrduriag trradiggioa the

equi di st ant_, grou of ,a second oup creati t h | e gridl.i .ext ended
pattern cowiSUBN e AE R R s ElER b monfioh O s splitet 6B&aE A T

Fi gure 12medéirédRkA3]pobifiodinkidedice Slickihs af ifiteife@eheR] drrbderYAsddsorf OpHvRstioddn a
second st%? ossible at a very nmuch |later stage, the second extended

pattern 9f G’IBg)mtermdn apempodisant the ghbsiragroigbleiinergitrolled by setting the position using

the encoder/interferometer. As a consequence, inaccuracies, deviations in the encoder grid, in
particular the expose encoder grid, may translate into deviations of the lines of the raster as
created on the substrate. An example of such deviation of the line is depicted in the enlarged
and schematic view in Figure 3. As a result of moving the substrate table with respect to the
patterning device and in particular without moving the patterning device, the extended pattern
formed on the substrate will follow any errors which are caused by positional encoding errors
during movement of the substrate table.

[00102] In an embodiment the extended pattern of double gridlines G22 is
formed in a single operation by illuminating M22 according to Figure 9a. In another
embodiment the double gridline pattern G22 is formed in two steps wherein first equidistant
grid lines of a first group are formed and thereafter equidistant groups of a second group
creating the double gridline extended pattern G22. A schematic detail of a double extended

pattern is shown in Figure 12.
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error (overlay error or stitching error) the gridlines of the second
extended pattern are shifted. [00104] &2 is an exanple of stitched marks
formed using the extended pattern technique. By stitching two extended
patterns an expose error can be nmeasured continuously making all sorts of

i nterpol ati ons obsolete. This can be used for both calibration by printing
two lines in each other and as nmai ntenance test by stitching a second | ayer
on a calibration substrate which already contains extended pattern(s).

[ 00105] In an jment the.overla ttern (secaond forned extended .

pattern) co rrpﬁlﬂgg@ lthe J2 r?gﬁré'q%?pd Fg&egﬁ‘f& ﬁ’ﬁ“ﬁ’é”s%}lﬁggﬁnﬁdg irh? fe"8’fl‘Il SRy ble
errors howgyeeryaiuchaRpoage, B deebill c:a6iiRa Pufidn o0 i$R2mes. A 94 FBElL of Mpdkitional
subsequent detection nethod the shift of the second pattern wth respect

to the fi 8o fRierlay srrener Sischinsertore thegittlisapalihe serong exispdesnasigrif ase shifted.
00106] | t nbodi o US] i ice.35 ing.t
I e U ik IR R e e T

| east one tédhnéquanBy stitchipgtivo exteadedipatictrsin expbevertor oasbandagpiiref erably grid
lines, is fornmed usin ,aafattergjng evi ce conprjsing an image of the.
line, |in&SnupRpusly @al%aa lifegs of miqrpRlationisiakispitiy This ¢ be ysed;for bath galibration

r epeat edl A . s t he
I A e i L e i TR R
showi ng deulibriatiomsubstateaviadi drdady chmtahe ek @hdahsatteags)shown i n enl arged vi ew

of Figure 3. 7] Wthin the sco of the invention, for an l'icatjon
an er ?or resul[ 38#3’5]“ rom Ay © Pi’ﬁﬁ‘gf}‘eroé(f: %ﬂ?ﬂ%&??f@dl f?’?ﬁ?ﬁfﬁ%{?@%gﬁ‘@ﬁn an
be trans| abhriottRe tdige QpiARIRDiNRAIALS Rsult Of FRHAaPBrdR BofE PG ah Rk RndE@REES

of relevant paraneters are: substrate table properties such as positioning
and r el at iapeorgingite (BRiinEprmodit Inal subsdquentrdetegtion methadvubasheftiof thessesonshpatistm ens

h i ng, -at | ' d_waf h ' d |, I duri
xposure. WAL R0 fen S8 B abBid o O8RFuERY sltestseldiF Sl br e

using the exterjogmbepat t ernnan@BSRbodImER, 8dig 8 batt@BOde RO BS atdordiHbes that e
cl anpi ng during exposure. [00108] In an enbodi nment of the invention, any

pat t er n m&nbedingns shewn ind'igwe Sdethe exisadedpaierneorapisapgieidesshoreling and iant o
t he substr i i i . poi nts
spaced apliitens? 4 BBl ig SRS Blmed Unpy ichinh BLicB0 "
movenent ebmplisingabsmhagd & thalipgtlines andsdr @idplingsalfithe/paferning atvied 33 isnead i s

created, which allo a. 19 hi ghl sensitive detection by an alignnent
sensor,  efgpeaitf Lﬁg\gﬁs@n@fcap Qe ab Shriprtinded epdest fgmed o the substraté 1s formed

as a result of the lens heating error, e.g. also showing deviations comparable to the deviations
as shown in enlarged view of Figure 3.

[00107] Within the scope of the invention, for any application an error resulting
from any parameter relevant in the irradiation step can be translated onto the extended pattern
formed on the substrate. Examples of relevant parameters are: substrate table properties such as
positioning and relative positioning, but also illumination driven effects such as lens heating,
reticle heating and wafer heating, dose control, focus during exposure. A further relevant
parameter that could be measured/calibrated using the extended patterns according to any of
embodiments is substrate clamping during exposure.

[00108) In an embodiment of the invention, any pattern may be applied to
project and form the extended pattern(s) onto the substrate, such as a point, etc. Making use of
the plurality of points spaced apart in a direction substantially perpendicular to the direction of

movement of the substrate, a pattern of a plurality of parallel lines is created, which allows a
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princi ples or CCD canera techni ques. Making use of the alignnent sensor
allows performng the calibration making use of existing and accurate
sensors of the lithographic apparatus. Alternatively, other position
sensing devices to detect the position of the line ((CCD) canera

techni ques) or parallel lines along its length may be applied. [00109] In
an enbodi nent a reference substrate is fornmed having a predefined set of
extended patterns forned according to a predefined set of paraneters, using

e.g. condy j : i f 1 j i } : t he
R B R R L
a | it hogr ppidipleappECat camerd @GOdiQhes! Makingust ofthealiguuiemesnsos alowa peréfrarience

substrat e can _be exposed in .subsequent step form ng.further extended

Lt or s U GAlGHoR RRE Rt BLEr ST Aoa rem st he ot B e

substrat eAlt@Hﬂti"vély,aotﬁé{%‘é‘ﬁiéﬁ%nﬂﬁ‘% &SAde o ARENUEL SOt o ofGRd Tkt @CTDY) chmibdaod
ec

e.g. overlay errors can be detected and corrected for. [00111] An extended
pattern atechridilesyor paralieldingodiong s lengthemas b appdiefli rst direction and can

! Idinoodone s legtionas be sl |
cat tern. wi ot IGRRF o 2opth o SffeaiPkl syt AR G AR A B8RTeq

nul tiple etieadendddataiems Formdductsdingttba pastRfiaed $8bE phrhimers asinjaye a
varying width and/or can have actively generated deyiatjons in_a second

di r ect i ongopingdeIPlcgiae af @ nafternme devicgiacersdingio any ot the abeireedepditted on t he
substr at CeipBo@hefit SRARLBIEAE bl bd udcl GOMRbAR agﬁ?%ggg(ﬁ%c ftfrdrh e

ext endi ng genera directio avi n east 35x,
in a further epigadopent atafedet ehBodireni suchi refesmce fubstrive cae bb expiavedin at

| east 200 x tines the cross-sectional |ength of the lipe. [00112] .An
ext ended PRRSEQIH! $18P [OR0E _?Tcﬁ"ﬁeéﬁ?d E?t?é‘fsegmﬁlgﬁrie}qeﬂﬂ‘?‘f%ﬁe% can g%)g’c“ing?i Afng
devi ce haﬁie@?fgge?ffg %l?osﬁ?rfé, HRY n%l%uheﬂﬁu&ﬁ%ﬁeﬁﬁ&@nfeﬁﬁh%n%r ERliteReonf théthbd e.g.

di rection. In an e the extended pattern on a substrate
has a | engtdrlayrertohecdni bestetatiodentlicomedéd frose to the width of the substrate

at that |ocatigp. 0114], In. a nmbodi nent ..a referencg substrate

conprises at | llﬁfwo %W@ﬁBﬁ%?ﬁ?%ﬂ%@nﬁ% (ﬁmgﬁ{feﬁ&@mﬂ%ﬁs&pti ons
and ext engdirf@ioa\4al cén tEhSfe tRalor niire £AE 1ind Botd @hdle Wae LADBlA] exferiiea phiical
bal ance between calibration tinme and density of calibration data nay be

achi eved whithin the seapeaf theanvengioa tpo.tAs bubstrateghi cemptisel yltiglerixgandp patesnor 0. 5
20 Further the one or more lines can have a varying width and/or can have actively generated
deviations in a second direction, perpendicular to the first direction. A structure formed on the
substrate is an extended pattern if it comprises at least one line extending generally in a first
direction having a length of at least 35x, in a further embodiment at least 100 x, in an even
further embodiment at least 200 x times the cross-sectional length of the line.

[00112] An extended pattern is in an embodiment created by illuminating a
patterning device having points and moving the substrate table WT in the first direction.

[00113] In an embodiment the extended pattern on a substrate has a length in the
first direction of close to the width of the substrate at that location.

[00114] In an embodiment a reference substrate W comprises at least two
extended patterns extending in different directions and extending over a larger part of the
substrate W.

[00115] A practical balance between calibration time and density of calibration

data may be achieved when a raster having a pitch of substantially 8 micrometers or 0.5
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mllimeters is chosen, although other pitches nmay be suitable equally well
dependi ng on substrate size, calibration speed, required accuracy, etc.
Form ng special purpose patterns [00116] In an enbodi nent an extended
pattern is used for obtaining a calibration map, preferably a two

di rensional calibration map for a specific non XY-property of the

| i t hographi c apparatus such as z-grid calibration. Non-XY-properties are
properties related to another aspect of the |ithographic apparatus than
primary posil . rhi h X.and .Y rdinate wel.l as Rz
bosi 11 ont ol s ChoBR SR EHAGC ARG BY Lo RO AR SRR plRbng B
property subftraassiZe, colbdiinasedasylitadticogacy,@X117] I n an enbodi nent a
speci al extended pattern is formed in accordance to the nmethod of formng
an extended pattern in order to allow obtaining such a calibration map for
the desir . ﬁﬁﬁﬁ- extended pattern is forned using a
specific ?ﬂggh?ggg%%giﬁnﬁ%a r#%gsthe desired property. A specific step can
be an additional step in the nethod for formng the extended pattern, such

as adding a we ring.exposyre, or a partjcular patter.n faqr. fornm.ng.the
ext ended patt _eﬂ_ﬂf‘?"gﬁ wi [ 115B CEbpfinrensan CRlet YOS %ﬁ?ﬁé@rqb}a}lwnga ibration
embodi MeNtrgars pFftably RADUI REENSna AP afch Wb ' BPREEE nbR X8y - ﬂ)%@ﬂ? bf the

ext ended pattern aIFow measuring the special paraneter. [081 8] I'n an

enbodi nentlitbogrprhi¢ apparatasinch ae nigridoelibiagondéeh- K -properties are prepeatiestrelated to

10 b A58 RRIN R Do PRREHTE bl SR B Y

enbodi mentcsoflingarH3 il s poiitiohiaat Ali 85an@sle of 8 hog X0 prpert9fis 4 f&oﬁda&‘ﬁs
di scl osed herein. The special property can be a focus paraneter such as Z
or Rx or Mysitippgpragertysughaefiseendimai Pesiiéoning. med ext ended pattern can

o st fisaicise pes ended pat t
et hod. A oi nollPrbt 1 ocapsERiHdhla thecil BeRA Bl Ro i im htiapee o

me I'i'cation nu

60/ 996, 506Ghe maihdd &6 farnemyg an axaeridedpattat ibyrdee tcesliive ebtaiming sich arthiiration map
herein. [00120]. I.n .an enbodj ment, shown in Figure 13a, the extended pattern
119  conprPisibe desiredinronertye Tho spegiad exigndad pattery 1s fmedusing a spagidic sigp to pliowhi s

00! ey PRk i, ARSI e GBSt
forming the extended pattern, such as adding a wedge during exposure or a particular pattern
for forming the extended pattern, as will be explained in detail hereunder. In some
embodiments similar measurement steps as with respect to a ‘normal’ extended pattern allow
measuring the special parameter.

[00118] In an embodiment a special measurement tool is used to detect a
parameter related to the desired property. In both embodiments the extended pattern allowing
detection of a special, non XY -property, can be formed using embodiments or combinations of
features according to any of the steps disclosed herein. The special property can be a focus
parameter such as Z or Rx or Ry.

[00119] In an embodiment the formed extended pattern can comprise focal mark
properties which will allow a single shot focal method. A single shot focal method is known
from US application number 60/996,506, said document incorporated by reference in its
entirety herein.

[00120] In an embodiment, shown in Figure 13a, the extended pattern 119

comprises a main line 120 and several adjacent fine lines 121. In this embodiment of a special
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formed using a suitable patterning device, while noving the substrate table
during illumnation. The special extended pattern can extend over a |large
part of the substrate. The special extended pattern is formed using any of
t he di scl osed nethods or equivalents thereof. [00121] The fine lines 121
have a smaller wdth than the main line, the wwdth extending generally in
the second direction, here y 110. In an enbodinent the main line 120 has a
width L120 in the order of 5 m specifically 5.8 m while the fine lines

121 have @xt\éﬁ&gd?bah@r#bggﬁnaﬁ gﬁ% } 96 artdfine m%ggzﬂeheﬁ@mﬁ? lﬁfﬂ?gfﬂ%&%ﬂtxﬁ@aﬁ@ﬁ)re”m

and in a specific e i men -400 nm and specifically 0.2 m The nunber
of fine | foresdiusingasnitatde pitiarnipg device whilelboriimgethe swhstratedable damng/illumination.
specifica ei ghteen, A conbi natjon of mai n_ | ipe an ne, or_nore

0 acent - AP et ehiadhefiSeap Sriehy atbradetE par phSsiiRral” Thf tocTih Sxgnaed
enbodi rrenPa@erﬁ ACRIMERLLnd Bhsf of QB BIsERSS BEHBIPr eqiiBialents tA&80f120. I n an
enbodi nent the unit of a main line and fine lines is forned in a pattern

ten to thirty {0H23] adj adbatfine iges B2 ke hemallepwidth thea themaia\Jinet be widthnes.
00122] Th t ended t X i i . k
i to-) TetpilhE BEFRARE ReGRLu G OIBA R fiHB. e PRESARGRPOE Main RECL A BEK

movenent @hyidihd.1268tbHeroade off hing sgevificiglyS®psynile Hedirkdrmas 1 Dahdyvewuniitith iean
extend over a | arge Iength in said first direction, e.g.. at | east 8x, in
an enbodi Hermrdesof 2845008 o, imen enbrdimsnt 40heDG e and g spegiicem H&%% #ha

focal mar 11t v B iS4 L i . i i : j nt
fine || nebmtidsppGREREY e Ifh, B ByighBsh o€l 67 B Aigh Ao iFuim A
speci al  ex¢rncpeedi fiedlyatightédme AvdodtHination @fi d maimlindwndsse onthodé adgadenbiine limesan

enbodi nent e extended attern conprises several_ focal mark units
aral | o | 8l Trpleried Lot RBENBI KA e lUER CTRRE AT APt SHek R cy HEr s agve!
di recti onmag §hds820! RSN ddhid tREGNEHE SbinAIncldd A8 Iinkd Biolhddaa e fAReRH
the extended pattern. In the enbodi nment according to Figure 13 a, the

mut ual di $dndndlirty tivied adjaeeviman ta dwthan spscifinaliyhesverteomidmes.r ecti on can be 10

- 50 m preferg@h bout . 15-20 gm_ [00124] Dur. hg exposur inline
120 1 5 forned SIHEPRI Ty /TR eEndhAnt o consalroE ot SRR asto R ARk Lo
in the ar ypitd Mee MSdaP malingnik2R idhd\vh B fBrsSdiZetibilabe disecBiBn OF Alovy¥mehtdfge: Wi t h
respect to the resolution of the lithographic apparatus is an exanple of a

standard selisirgieriele deing eposwe. Thodecs parkenitsicha extepdaver 2arge lgaglyin spid first
e IR Y T e
[00123] The focal mark unit, comprising main lines and per main line several
adjacent fine lines, can have a width L119 in the order of 5-50 um. In the formed special
extended pattern the width extends in the second direction. In an embodiment the extended
pattern comprises several focal mark units parallel and next to each other at equal mutual
distance in the second direction, a direction generally perpendicular to the first direction of the
extended pattern. In the ¢émbodiment according to Figure 13a, the mutual distance L119
between the units in the second direction c¢an be 10 — 50 pm, preferably about 15-20 um.
[00124) During exposure, the main line 120 is formed generally independent of
focus, similar to known marks used in the art. The main line 120 having a size that is generally
large with respect to the resolution of the lithographic apparatus is an example of a standard
alignment structure.

[00125] The fine lines 121 however are examples of focus sensitive marks that

are formed during exposure dependent on the focus of the exposure. If the exposure is out of
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focus, the fine lines 121 are forned, if any, only partly. The fine lines
can have a wdth in the order of the desired resolution of the

| i t hographi ¢ apparatus. [001261 Finer lines will be nore sensitive to
focus. The better in focus, the nore fine lines will be formed. The wi dth
of formed fine lines is an indication of the |ocal focus during exposure.
In-an enbodi ment a set of fine lines of different wwdths will allowin a
subsequent mneasurenent step obtaining a paranmeter related to the | ocal

f ocus.

nave. i  1BPEnioel R g ha' imedh TamsoB Ao ABe op Abeenrrkee ropBET

such a setordérfRiRsddsired fdoR@ish of e | apti& @fpardluan or der having an ,
i ncreasi ng or decreasing |line wdth. th decreasing line wdth, the fine

lines 121 becorl@0kfe serdnenlings vall bemese sepsigive i fpsus digibeiteri in oqus, the more
nmeasur abl ; Iy pffr i [ (41 -as: W |l r4. bed in
Test o] Syl TSR, 7 SR AR REL LB o S ARY L1

uni ts havidugingieRpssuree Xi ameinBediin@nt Heet bf fiat lidey fdifferenawnidtizosilltdlloneie a
adj acent to one another in the second direction, wll result in a
di f fract i VEDEAPER IRFESHORRE! SO aaramster Igtsdiodhe saligeys i on of

ITBX| mum i”t?”S['Pbi/z f the,dif ﬁgﬁﬁéﬁ‘%ﬁp@liﬁ@é rzﬂvxédnl, r&%@%@pofq{heg Bes haal
focus, especially of the Férme I ne Fnes, The ditfractive properties can
be neasur eliffarct lupesidils. brapane odimedtitir @fjacent fimplings 0042 ]a s8¢ dro pasitiomadknenni t

can be fornmed. usjng a patterning device having .suj.tabl ints therefore,
wher ein t 8 e@%@b?fﬁflaniogﬁeﬁﬁwag%lﬁ%@Sﬂg&r@e_ PeiRg I%W“flr—é%ﬁfiﬁ?fsawh%
adj acent  ty@dM) eheAMRAIRRE 101 bbdden S8RV e folll. ThO k30 kedsRivitis negheshisrent
t he patterning device can conprise a collection of focal mark units,

wher ei n i -8ty neseberingdifiraciive progerigsias vAllglesaitkdan defaid hefepoddr. mark unit in
the patterning &€ conprises, gne. main point and several,fine poeints, the
b0 nts posit1 olU28a; acdbt Rens iR Rare e AR ak pat PBRE lfise
focal nar lextépiing idfie fkSArRE6S b PositidiRd atijadentRO bt Sndtidd? il theR@bdHdSdifktion,
different size, in particular of different width in the second direction.

Duri ng expulueslidng difissbvupatermintbessrond flireetions whereinathe ppsiipe of maxigwin j r st
direction: o SubsE e Y hbia j
Gi 1 ect i on ndpfifics AIAFERALE phtert Rl 8bSerd e Bl BEE IR BriGobhEling

of a patt dines.Mhedidffiacivd propérdientancheanedsagideant @séd tordédte & Balibratich mgWN i n
Figure 15. Patterni ng devi %e 150 ;i s .shown having.points 151 and 152 for
forming the mdP¥A% ne 17blogabmarkmnit saneds fopmed Esingsr paticanipe devirgpaving

i1 um nat isﬁﬂa@@ﬂoiﬁis%ér@fbré?%ef% @k sthiblfrate is moved in the first direction, the points formed

adjacent to one another in the second direction.

[00130] ‘In this embodiment the patterning device can comprise a collection of
focal mark units, wherein in the embodiment according to Figure 13a, each focal mark unit in
the patterning device comprises one main point and several fine points, the points positioned
adjacent to one another in the second direction. Other focal mark units are also possible. The
fine points can be points of different size, in particular of different width in the second direction.
During exposure and subsequent movement of the substrate table in the first direction, the
points will illuminate a pattern extending in the first direction, forming a focus sensitive
extended pattern.

[00131] An example of a patterning device for forming a single focal mark unit
is shown in Figure 15. Patterning device 150 is shown having points 151 and 152 for forming

the main line 120 and fine lines 121 respectively during illumination and similar moving of the
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23 substrate table WI in the first direction, in Figure 15 indicated wth.x
150 Main point 151 has a wdth 156 for formng a main line 120 having the
desired width. Points 152 have a width extending in the second direction
for formng the desired fine |ines having smaller widths. [00132] Fine
poi nt 153 has a larger width than fine point 154. Al though four fine
points 152 are shown, it will be clear that nore points are possible.
[00133] In an enbodi nent fine points 152 and especially fine point 154
ext ends shafeabll @Y"f bl Bk s rd?rg(%ﬂoqln 'rf(ﬁiggretllg%dibﬁe& RanSESOMipSiRCI10hs 2
allowing a longer 1llumnation o the Substrate during exposure. Due to
| onger | emddth 156 forferthingst maindmetl 20 hating the desiréiewstie dtodnts d52 bavtei aowidth he

rel evant part of .the substrate will. be exposed for a |onger tine. .This can
Cnhanco.  PHENSE i he sctfearb et on e e daiesiitne s Bdot el ety
extended patt efgp18gfor di PehelRirdti193 hds3Rlatger Midth SR TleSoftt 194.f&mgﬁmiﬂdeve

ext ended pattern conprising a single focus sensitive grating. Suc a
si ngl e gr pvintsgl S2zame shoya, tevilidwdldap that ewde peintsiage possidsi al nmeasur enent t ool ,

such as a sca try.system ,.Wthin the e,of t.he i-nventi j

Further embod: PSR nowtt B R eh] ituotfiad SRR Pinslafy SOYEOLLES: blidags
gratings appd irttle Figst dirsettatF130ehaCHAREiREnd Sirddiion ARLWAG adbngdr M uhingtiemof
extended pattern, allow ng focus nmeasurenent and subsequent calibration.

[00135] Athstsbstrasawrplacxppse e adensdr dengéh indhe Nt dirpetiondhan indhesqsapd er n
conpri si ng: r - [ . as
FocAL e isCefR e A plh M sl GRG0 gkt i i QR Gnfiuted ©
a patt er nitedopmingithgfiky efealrésyT marks. A PreFoc/LVT mark can be a standard
alignment mark_(for extended patterns_points in the patterning.device)

i Il uninated byl¢dd4l el ecggf: F’g’o‘ihl"r@ﬂ‘i‘f ofgnsteaylep patiEn g ré)‘ﬂglt‘b%‘goﬁatﬁ@n mar k
on the pa i L. y P ; b Sankiki : hN
Flgure 136 ane PRa R, Rl BREREd baftr CopRine TR R0l Sn e BidiBE el
can be usedinigte grasngednaxsdf laesused fortread-bwinmatsheciad mexaethentiokl, sush as ar esul t  of
t he wedge the extended pattern wll focus. sensitjve. . The fornmed fogus
Sensi 1| deSelrmmILY Paero e hetsore o the GLPRi TR hdmu ek by e
[00136] Agifxamah@f ShgR! fiRls&efiiie rﬁﬁﬁéﬁ%tpﬁﬁéﬁ @fa JuWJirABAIESrBASLd the HikHAlSTd
in Figure 13d. FOCAL marks are shown on the |eft-hand side conprising

mul ti pl e $wtEngén extefidsd plattenny adlayving focus medsusgmentwind subpseqeend palitrating. | | nes.

Ivo,Loeal et KSLE o ¢ SRR AEh ) oo SR SHREL Al el '

a

direction exte e ure from
comprising a mark having a wide line in combination with fine lines such as FOCAL marks

(partially chopped lines), see Figure 13d, left hand side, or a pattern comprising PreFoc/LVT
marks. A PreFoc/LVT mark can be a standard alignment mark (for extended patterns points in
the patterning device) iluminated by non-telecentric light created by wedges on top of the
mark on the patterning device. A pattern of PreFoc/LVT marks is illustrated in Figure 13d on
the right hand side. A patterning device as described above can be used in a similar fashion to
form the extended mark. As a result of the wedge the extended pattern will be focus sensitive.
The formed focus sensitive extended pattern can have a negative or positive sensitivity.
[001306] An example of simple FOCAL marks and of LVT marks are illustrated
in Figure 13d. FOCAL marks are shown on the left-hand side comprising multiple sets of a
focal mark unit formed by a wide line and fine lines. Two focal mark units are shown in detaii
in the encircled part. The first direction extends in the direction of the lines, in the figure from

left to right.
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left to right. 24 [00137] Using the patterning device having a suitable
pattern and noving the substrate while exposing the pattern can be used to
form an extended focus sensitive pattern, wherein focus sensitivity
results in a XY displacenment. As a result of "bad" focus, the extended
pattern forned using a point or another simlar shape in the patterning
device, will show displacenent. [00138] In an enbodi nent focus sensitive
extended patterns are forned in two generally perpendicular directions on

t he substrate. | S,al | ows .obtaining.Z califration, .as well as Rx.and Ry
cal i brati on. [ OBEEE) n e BRB e St e el fls Welgrn el ot
pat t er ni NGudQVAtE &hilé 88pdsing the paterS ¥AEPERRdRAFIBT 4h SX&RIed ifdt@hs isehsithe dattéml
direction and having focus sensitive displacenment in the second direction.

Pr ef er abl ywhareinffocugsensitiiginresdtsdn 8 pi adispleegmend. A feult ofbadnigces, theriapded
only. However this. is.n . l. di A

SO o e 0E) RPREO AR A Bk RRAEL P Safomp

ext ended pHiglademment.n an enbodi nent the different extended patterns are
formed in a single operation, during the sang novenent of the %ubstnate

table in the fOPEI8Idi r edhiogembodynrns faons sersting sdanded pRiffampAre damey ip fvo
ext ended g%%‘hln%ﬁ? 8%&1@%&% GRDGA Sh he SRR LS XHSRISEal ! £ EdlibtatRndidwal

focus sensitive en pattern 131. [00141] Focus sensitive extended
pattern 13k RoamRly calibkdtmnsubstrate is positioned as a result of a

conmbi nati on of s during e sure. Simlar.to the narmal' . extended
pat tern 130, t HIRLs s dREPEmARIERem A R SSRT Y FRLTER 402 SRIRPRE S VIR t he
first di rgqlidseRax d3Cndathavibinl extdiRModh IR ASLARGY BN ad hAEng 858 deritivect | on
y130 as a result of grid errors or other causes. Further focus sensitive

ext ended phisplanemenBin the sagpspilimensivnaPrefesaly thepfocny sensifive displaeersernd anig the

direction %%%fﬁ% g re®yléiggvf cUS. errars, As a result of height

vari ation - fF 21 PR FAVES éd%}&ﬁﬁgﬁgYSysten)fpr a substrate table),
the focus sensijnpyd]ext endesd enfbdtiingém aVbéds sERMNASWIded Patterd i SPraeSENt S.
The additional displacement can be nmeasured with respect to the "normal'

ext ended pambinationyGthumstandard peendedmarien. buan emiadimentibe fdiffezent axtepdest i on
map for hgjaﬂ i) 0%}3(? {1'1 f‘ﬁﬁgl@&?&%ﬁ&f Cﬁl?i%lk tﬂ{ea&ah%r}nml;e%e}ég% thE s@tiRteltdhle in
S scnena y an-exte ng two

illustrat Ica nded pattern conpris
the first direction. Figure 14a illustrates schematically an extended pattern having a standard

alignment extended pattern 130 and a focus sensitive extended pattern 131.

[00141] Focus sensitive extended pattern 131 formed on the substrate is
positioned as a result of a combination of errors during exposure. Similar to the ‘normal’
extended pattern 130, the focus sensitive extended pattern extends generally in the first
direction x130 and will show displacements in the second direction y130 as a result of grid
errors or other causes. Further focus sensitive extended pattern 131 is displaced at least
partially in the second direction y130 as a result of focus errors. As a result of height variations
(z-direction in a xyz coordinate system for a substrate table), the focus sensitive extended
pattern will show additional displacements. The additional displacement can be measured with
respect to the ‘normal’ extended pattern 130 and can be filtered out, resulting in a calibration
map for height variation and exposure calibration.

[00142] Figure 14b illustrates schematically an extended pattern comprising two
focus sensitive extended patterns 132 and 133, wherein the extended pattern 132 has a negative

focus sensitivity and pattern 133 has a positive sensitivity. Both patterns are preferably formed
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focus sensitive extended patterns 132 and 133, wherein the extended pattern
132 has a negative focus sensitivity and pattern 133 has a positive
sensitivity. Both patterns are preferably fornmed 25 in a single operation.
Any focus errors will be shown mrror symmetrically with respect to the
half way line in between the adjacent extended patterns, while XY-encoder
errors result ina simlar shift in both extended patterns. [00143] The
focus sensitive extended patterns can be fornmed in at least two directions
over the ; : i har, i i gur e
3 i o gy LR B8 R R oSl b kit o BRI, SR g T e
of the subhslfwatdine Re petssicen thef adjaremgxtdndedpitende drhjga e encddeddrdets rdsnltama

enbodi nent, q nmethod for calibrating the method conprises formng
nul tiple é%‘gﬁg}élgelﬁi’ﬂ "r’ﬁ"s“dieapétﬁﬁg%quent runs. An extended pattern is

formed several [pG148pS. | ThaRoQRRAMITRMxtdnI8d P&iEnLoah &R ASEN MR b stitdvof OF med
multiple times. The sanme extended pattern is formed using a patterning

devi ce wi thections pivérahe surfarn g€ thersubstiatssimilanto theembodimesot shtosvn in Riguse 3. This
patterning.device is used repeat.edly. 0145] I.n a. further enhodi nent a
speci al p%@@ﬁﬁwg??gtﬁﬁleadt a‘ﬁgﬁpﬂ‘){l@)‘?@[&gaﬁgﬂ% f/ahbf% e ﬂ?%sugﬁtg%%quent st eps

of the method. This will allow obtaining a neasurenent results for each of
the nultiple extended patterns and will allow repeating a calibration and

i n parti clRepeating forgung thecextenstedtnagt¢rnesul t s for obtaining better results.
[00146] In a further enbodiment the repeated steps for form ng the extended
pattern are performed under slightly different circunstances, in particular
wi th a differei@did] t hoglaphembadipenpéilismsiabd fr.cabbfafiag drtmskbédiporppriseget er s
for the |lithographic apparatus can b used while formng a sim | ar

extended fpyes multipleedender patieras Snmbsequeniiyay Abeyeded PalerAds toraed seyveal
pat terni ng,flevinGh ehfbogﬁmgéﬁ{tﬁedsa%%%e e %&feﬁms Sfthed R LL e srfle AN

i [@t?fﬁ
enbodi ment several, . ten exten atterns are P%?ma adj acent to each
ot her, [ Oeiwiddedattefnas fethedxtsmgdarhttpatingedavicecrith beinfilar emengeintent. i\ fifelaestt Z

set up. The .hei.ght paraneter  of, the substrate table is adjusted using the
set up mﬂgp%‘gtsdgt‘}mgmfam‘% Vé%?ese%zfﬁbeé’?eﬂ%s such that the substrate table

W is arranged [tﬁmé]of fer end nb@lepBhBodHMERNGpEIRARMS Re 8RNI AUYRKEAUS RipedtBdlyNY
of the substrate table during exposure. This allows form ng extended

patterns fomeddn sitiskquiint stepserfithsmeipd pEhiswili allew abidinitd awsasimémirgsgitaioror e
specific each of the multiple extended patterns and will allow repeating a calibration and in particular
averaging calibration results for obtaining better results.

[00146] In a further embodiment the repeated steps for forming the extended
pattern are performed under slightly different circumstances, in particular with a different
lithographic apparatus set up. Different setup parameters for the lithographic apparatus can be
used while forming a similar extended pattern. Preferably the same extended pattern, using the
same patterning device is repeated under different set up parameters. In an embodiment several,
e.g. ten extended patterns are formed adjacent to each other,

[00147] The formed extended patterns can be formed with different Z set up. The
height parameter of the substrate table is adjusted using the set up modules of the lithographic
apparatus such that the substrate table WT is arranged at different heights during exposure and
subsequent.moving of the substrate table during exposure. This allows forming extended

patterns formed with different setup parameters and allows obtaining a more specific

calibration for a parameter.
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calibration for a paranmeter. 26 [00148] Repeating form ng a special purpose
extended pattern is preferably conbined with variations in the set up of
the paraneter to be calibrated with the special purpose extended pattern.
By varying Z during different exposures of extended patterns, these
extended patterns are fornmed under different Z setup circunstances and

these extended patterns will allow nmeasuring the results of the different
setup circunstances. \Wen e g. LVT nmarks are formed, the shift of the
resul tant LVT xten att rn will di r as arying
of “the 2 set ugOoltls ol iosnsEily ErEinapsr b ReR et fylecdis mhaRRNh o

the |ithQgrdpidGriaPPalabl$in thQ 0 4Plof e PRamslPR tedalibiahal Wik gedpstigat t er ns
fornmed using these repetitive steps for formng the extended patterns at

di fferent mmsg cuigaded patter. Byerpnng etuipg diffarenexppairiraf eyteadepaticHsathicsm
fields. Fur enﬁed -ﬂ{%%? ﬁ'er?nde grt&ﬁ'él%ﬁii% ﬂgggwggﬁg&g %uﬁ& ﬁl@ge é{% B4 al I ow

obt ai ni ng “An |np ove etmeen arane er to be

cal i br at eghattérs wall SD@@lrﬁdaﬁuﬁfglﬁérdﬁﬁm obdt Weffsre shtmlplcixﬁmhahn&hl Wl’neﬁeg Lva Z
Rx and Ry paraneters An extended pattern on the substrate La&% [ 00150]
an enbodi mRHks K fesmcdnthsahiitefiths Festlgang Svienadkrarignded pattsra wilofitichas a result b

subst rat e 2y fine BRR 2P THEAGKs AFHRE ibdedlont, ARARRGLN: A bhheex! ended

pattern an fore e substrate ta ed pattern can
be formed lnlwgaphibsipasdtes.t hat is positioned onto the substrate table

outside the su ng devi ce for. support the subst The substr

Crabi ey W) caRBdas ¢ie' a8 fmonaist o diianicg DAL REREh L e RSP RO s 1
The ext endgds patihRhig MM LhshdRH Datisa et&lﬁbﬂeﬁt g&m&ﬁ Wit diyeeht {ipTesh bSi ng
any of the echnlques descri bed above. I n an enbodi nent the

ext ended pegar@edrasmhbﬂaaos tiblsts rEm“élet éﬂbsteextended paderns formgd Voﬁledlﬁ"ﬁenhseélm er
installing,the I|tho hIC its on facj t

ot ended SUbRERFEESE ER Rk Rieh i Ra i ARl 8 Barnlflerid bERbHIRL iny o g
pattern canpbéfic @ﬁ@ddﬁwnt Bétw@éﬂ £ h6@dnbdl 3hifodsl the &, Rakhd Ryl paraniaék!t | onal
callbratlons [ 00153] Extended patterns on the substrate or on the

substrate table formed according to any of the described nethods are in an

embodi ment, o @y diGf St b W MafsesRMed 27

[00150] In an embodiment an extended pattern is formed and positioned on the
substrate table. This allows direct detection of a property of the extended pattern and therefore
of the substrate table WT. The extended pattern can be formed on a substrate that is positioned
onto the substrate table outside the supporting device for support the substrate. The substrate
(table) W(T) comprises the extended pattern(s) as reference marks.

[00151] The extended pattern on the substrate table can be (or was) formed using
any of the techniques described above.

[00152] In an embodiment the extended pattern on the substrate table is formed
in an operation after installing the lithographic apparatus at its operation facilities. The
extended pattern can be used for maintenance during operation. The extended pattern can be
used for on-site calibrations, in particular positional calibrations.

{00153] Extended patterns on the substrate or on the substrate table formed

according to any of the described methods are in an embodiment of a detection method scanned
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along the first direction of the extended pattern. Before scanning
auxiliary steps for inproving said scanning can be perforned and wll be
di scussed now. Exposure nodul ati on [00154] In an enbodi ment the extended
pattern is forned onto the substrate generally extending in a first
direction. The extended pattern may be formed having a nodul ation. The
pattern extends generally in the first direction and a nodulation is
superinposed in the second direction. Applying a known nodul ation to the
pattern c

pr edet er mgﬁeg%euﬁﬁpﬁhréca ﬁgt@% ?1 ?éa%éét H})I e al )éwﬁlr%d% gg}gﬁﬁ% efolrln Ifmvmg
measur ed salglsednnn@méaetphﬁ“ormdiﬂmit\imﬂrbachsdnmom can be renoved from the
signal. In an enbodi ment a reciprocal novenent in the second direction is
provi ded during the form ng process of the extended pattern. [00155] The
ext ended Eﬁgbﬁh@:ﬁ&hﬁQﬁ&Fd on the substrate by noving the substrate table
along a first direction, that could be generally parallel to a direction of
novenent of a |ong-stroke or short-stroke nodul e or generally parallel to

an axis of the er st coor di na st.e I er

enbodi ment  si mh‘ﬁtlﬁﬁﬁou 117“ E%fﬁte%ﬁee§te§ %%’Eb‘ég]‘afmegrﬂn&o 'tuhﬁéglé%"’éended
pattern byegdraty) éﬁé}ﬁ%gsﬂn)a RV tibh eT R sdndad ﬁaﬁe@bhﬁy Ha f&ﬂﬁfbd&ﬁ@ G

di rection perpend| cular to the first direction. Said noving in the second
di r ect i onmednlagent He padis axtesids g@pj@alé}t inrthe first doeiipnsiad a@mOdl&i@nst roke and
short-str 0 Ny e

ogul ar - pAELOSER ol LR dindc o R A GHPRE TEP b P RH Pl iR Rk e

an anpl i tﬂdelom‘e redUcEbRr Allyingta kneaatand pﬁedefenhhed sthinak enkesubetrave esbld 4lso gri d
| ines of the extended pattern. In_an enbodi nent the nodul ation has a
| ar ger anfRdvUEERROIseTAdhdBeRAUERT signab Aingsdbe medykatien @ﬂ@pwnékta@rhﬁrﬁ@ww free

first dir of
the grid Fllfeneél%%;ttﬁti\/gfrl %Bbfeggj%ggf&gﬁ]b%dﬁfg%%%&eqﬁ%ts (%J%Fﬁtl o Jl t %ﬁﬁ%
second di thedbrmmgipsoqesoat tHe dxtbydedgpeemt i ng t he short - stroke rmdul e for

nmovi ng the sub tab onI [00158 Sl n known dul atio

super i nposed oi‘i‘iﬁ%ﬁe ext f g ‘Eﬁgtﬂaét??i” ﬁﬁ@a@ﬂb‘g%ﬂ}‘gﬁl’ R%ﬁé’ﬁ?%teof
the extendgg pahd Eﬁ&t daglihnedbéRlld 5O ig&ﬁfhlﬁ?a%féi)w‘é &teckiBh of dvthent of a
measur enent signal and can Subsequent rrected for, resulting in

noi se r edlmigistroke o2 ghdrOGacke mdewte dfrgencleﬂg pante b anpeidef the gloleal sNadarestage

di scussi o Qoordln@feg Syfge

r%dln afurther embodiment simultaneously a modulation is superimposed
onto the extended pattern by simultaneously moving the substrate table in the second direction
perpendicular to the first direction. Said moving in the second direction can be the result of
operating a second set of long-stroke and short-stroke modules.

[00156] In an embodiment the modulation can be a regular pattern such as a
sinus wavelike pattern. The modulation can have an amplitude of, preferably at least 0.5 of the
distance between the grid lines of the extended pattern. In an embodiment the modulation has a
larger amplitude. The modulation can have a wavelength extending in the first direction, which
wavelength is preferably more than 10 x the size of the grid line pattern.

[00157] In an embodiment the modulation in the second direction is provided by
operating the short-stroke module for moving the substrate table only.

[00158] Since a known modulation is superimposed onto the extended pattern,
during subsequent measurements of the extended pattern, said modulation can be accounted for

in the measurement signal and can subsequently be corrected for, resulting in noise reduction.
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anot her exanpl e of exposure nodul ation. Formi ng auxiliary elenents [00160]
Further to formng the extended pattern on the substrate, alignnent narks
can be forned on the substrate by using any of the known techniques. In an
enbodi ment alignment marks are provided on the substrate prior to formng
the extended pattern. [00161] Alignnment marks, at |east two, preferably at

| east ten, are forned on the substrate and allow aligning the substrate in
a certain position with respect to a zero position. Aligning the substrate
is a knowmn neth d uses the formed. alignment marks on. th substrate.
Fromthe ali gneﬁgb%@. tio “#herr%ferﬁeg%ssw@%ﬂeﬁh%bam Seion o Gishre o

ext ended Qﬁbﬂﬁﬁexmgﬁkgf&ﬂ§$&§gﬁ&h@hﬁmat a known |ocation. In subsequent
steps of the neth the relative position of the extended nmark with
respect to the alignnent narks is known and can be used for locating the
ext ended tern. 0162 an enbodi rent the extended pattern and
alignnentqﬁHPWE §P 81‘¢% a single operation at the expose side of the
| it hographic apparatus In an enbodi ment the alignnment marks and the
extended pattern are fornmed on the substrate in a single imge exposure

step. Both the B#&Hded p%ﬂﬂ@r 0 toraing thg axtepdedngiiRe Qi the d@bﬁ@lat?p@égmwﬂé
single st exﬁ?r# Aﬂf/ beol%%héc# S0l sﬁﬂs%%gé dlﬂgus%ﬁqr 1S of‘tk?e ﬁ\{&}]eatlgxl%u%n t% ok@fnllent be

present in mar ks

[00163] | ralignfrent 1|nenks ardyndiided bn Hﬁ’l Jubbtic phb]gﬂrfeﬂﬁlngﬁhid@{tﬁﬂiéd lphliﬁerﬁxt e nded
pattern are pro ected onto the substrate by noving the substrate table to

respective posi . Traligpaent magks, gt ]Gf*StttW@ ﬁﬁﬁem&é@r least tegy preifarmsdon the
| at
rel ative ps%gt}at@&.am a%mtgé{rg@@%ﬁba@téf@%e %mgq*&gmh m¢§§$ec L £ agh 85&?%%

extended pattern is orne an unde on Wt espect t
al i gnnment Abgilisg thetsubstaltd rs\aeknbumnmtgod el wset dred“eﬂn@halimmnt maakssmrtbé e step

t oget her mar.ks.. Any correction posjtional errors
b 2 ot ect ulptmit v R patisbrt Sabvae totraite pil DPa s e Pl
detecti on si@mhealBéiRte £al idbatlbORion! ﬁpsubg&ﬂé&ﬂepk Bf eHe ﬁ&ﬁ@@tﬁ%&@lﬁtﬁé ]t)

two or nore marks are formed near a begin |ocation and an end | ocation of

t he ext endddhqxuiersled matihwgh respedt 4o thielaliglmeniaharks e §nown agd oo hexsedithe tbeating
pattern al%gnnten% p[ah These marks can be used to align the extended
pattern R H g SUbstrate before any of the properties of the

extended patterpoiégel f anhen@BAdsHINGSht the extended pattern and alignment marks are formed
in a single operation at the expose side of the lithographic apparatus. In an embodiment the
alignment marks and the extended pattern are formed on the substrate in a single image
exposure step. Both the extended pattern and alignment marks are developed in a single step.
Any positional encoding errors in the alignment marks will be present in the alignment marks
and similarly in the extended pattern.

[00163] In a further embodiment both the alignment marks and the extended
pattern are projected onto the substrate by moving the substrate table to respective positions.
The positioning of the extended pattern is only a relative positioning with respect to the
alignment marks. In fact the extended pattern is formed at an undefined position with respect to
the alignment marks. This allows forming the extended pattern in a single step together with
the alignment marks. Any correction for positional errors are detected and/or measured and/or
corrected for in a subsequent detection step and/or calibration step.

[00164] In an embodiment at least two or more marks are formed near a begin

location and an end location of the extended pattern. These marks will be referred to as
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The marks are positioned parallel to the extended pattern. The skilled
person will be able to provide different techniques for aligning the

| it hographi c apparatus with the extended pattern forned on the substrate
hel d on the substrate stage. [00165] In an enbodi nent the extended pattern
alignment marks are positioned at one or on both sides along the extended
pattern on the substrate. In an enbodi nent the extended pattern alignnent
marks are forned directly in line with the extended pattern. Such a

position i ' j.aur . ' . ' of an

ext ended 5’3 eﬁ%&%ﬁ 8’%‘, al e regl} %‘ark[rsm%eg g]fﬁ%sgdr’é{é %F 21 P %ﬂ%@lﬁﬁ;&ﬁ%}gﬂﬁgg ﬁjgt?ée}n as

ext ended pahiedion tid sulpsiiEeatbefide ksy of the propeaies of ths ubiehdeal pattadn ignlfard medseged. an

al i gnnent _device of the i thoqrag}hi c apparatus can me_ﬁs(gre t he, gosi tion of
eh Ae gigte

t he mar ks Thomagks 358 pesiored Reralichp s pxlspdidl pstiete L perse Whbg #hle to
substrat e 8%(%@60&1%{%%7%8%?%& fBlealﬁgﬁ@g[ﬂg gg%#ﬁ{%p?mﬂg W}illetht ek Rhadli pfeehd on

102. [001 In an e t exten gnnent nmarks are
posi t i onefornedron thasubsttatsdeld anthasulstipesidgeon near t he ext ended centerline

of the extende ern hown i n i e. 7. Preferably a zero mark 111
is used )a(ts ext i‘"ﬁgﬁ pattiﬁ?ﬁgﬁ?‘pﬂ%ﬁé’ﬂftﬁh’gg{?. dedshaligy lgnme?"bw ArHRELNE e nt
scanni ng Qo SEhaRAeHdRAIbES Mhe 3kicd BBt RS ke bibstdic. BPAdeRBstEmeht the he

extended pattern 110, two positions are obtained. A “straight' line 112
bet ween t khetengaskyiatterradicoment malike arecformedbdirestly fim Bnewith e extandad pettoyatSush @
110. [00168%1..| n. agl enmho irren‘% multiple zero marks are fornmed on the wafer
close to PPHEORRCERABAY B¥f%¥n. In an enmbodi ment sets of two or nore marks

are formed to io0liG6pt € PRsiré b QRGwHEin &fiiebdn G BRXidndedpattdie 1€X vt
pattern. In an enbodi nent an extended pattern alignnment mark indicates an

of f - cent emapkss Ui a5p fasmed o8 tssubsiaelg 2patterded pattprnahicamseidnarkntin pirgarse
focent N ; ; g
0 cent e, RAst i f %@t{ ﬁ&%gﬁ?g%ﬁ%}&g 'agélpf 8 n@é 'llttﬁo%{)a&(ﬁ ¢ Sparafls clan%qéam r

peak zero crossin scalr dccording to an ambodi nent
of the i npegitibwof the nvirkd 10leat dsth ende efltheleateadedteatterm ] Gfoarel alighahd substrate in

Pre-nmeasurepent steps (alignnent) 30 [00169] I.n an_ enbodi nent the net hod of
det ecting Oﬁ{ég%i?é}ltﬂ}ﬁ %ﬂ%erxdﬁgp%ﬁar%ﬁ@éa thepgﬁ @‘3“??“86 fises first aligning the
R L
for an end section at a position near the extended centerline of the extended pattern as shown in
Figure 7. Preferably a zero mark 111 is used as extended pattern alignment mark. Using an
alignment measurement scanning both extended pattern alignment marks 111 at both ends of
the extended pattern 110, two positions are obtained. A ‘straight” line 112 between the
positions can indicate a centerline of the extended pattern 110.
[00168] In an embodiment multiple zero marks are formed on the wafer close to
the extended pattern. In an embodiment sets of two or more marks are formed to indicate
positions or another property of the extended pattern. In an embodiment an extended pattern
alignment mark indicates an off-center position of the extended pattern. In an embodiment the
off-center position corresponds with the position of one of the two near peak zero crossings for

performing a flank scan according to an embodiment of the invention as will be explained

hereunder in more detail.

Pre-measurement steps (alignment)
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perform ng the nmeasurenment along the first direction. The substrate can be
provided with auxiliary elenents, such as marks, for helping to determ ne
the relative positions of the extended pattern and/or the substrate table
with respect to a sensor in a first and/or second direction. [00170] In an
enbodi nent detecting/ neasuring a property of the extended pattern forned
on the substrate (the actual neasurenent scan) can be preceded by noving
the stage to a ‘zero position and subsequently perform ng a stage align
and/or a global trat n, coar. [ .ali

step is used t apture ﬁﬁe sggﬁ? ?ﬂﬁl Yer cg§$§§%gﬁa§8@§2%53ﬁ?“@ﬁ%%ﬁ
substr at e ygitei6h dosnpeisesvirsaslégningg thk yultsnatigndtthe priesdedtpagitin. AHEKRE ROSIDEiE3IHS

for fine mafer align. Such alignments_are particularly advantageous if the
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of the extend atter L th hi cur cy. Determ ning the first

Gi recti on et Gulor e SuoadlsAaF MY neptlod atheAT Y iy pBTReAEd of

t he subst rgfg:idabl € al ong one of the aX|s of the coordinate system
corresponds with the first direction of the extended pattern. [00171]

Rot ati on of thd0&LAdt r at énwbn@om@mdemﬁmg%mb@urlagepmm@f theetktanded | nd

he fi di f h ded
bstr ot o FtCE TR S b oS AR R bloRh embaigtdDlcat Be B ERRRLTE Ohg W
al i gnment sk kS a ‘defo’PosRivh Qe RS qEetl peBbkibingaetdpeSlikh aA®er 210bXltabsiede

centerline positions on both ends of the extended pattern, and positions
t her eof aredige.dniasembgdingmt psgarse wafes Rligesep istusedto samuae thejsubsiesia. iAdier sparsg

t he nmeasur, 0 t t

mar ks oan T ARrens FABale s RRGHS aGRRACR' B ueh (IR ks DRGUER e

t he di r ectfinerwaderchligheSywhagdighinesrs aef partieulsrky addathopaistithe sufisnatd 1Eﬂmdﬁdlfﬂoﬁﬂ
is collected and processed in sub gquent steps in_an enbodi nent aof the
met hod ac @oP#iRg SRl epio .thwhﬁtr%wa fﬂ @W@ﬁﬁe@%éﬁﬁ&pﬁ ugii} laﬁfﬁ%?mh% ks

can provi ﬁ!’% B QB LI9 é?}l&‘%av ﬁ@cﬂf'a%gl(ét ééieeél Qx‘i‘d/&%ét‘?&ﬂ%gst@abhﬁﬁ theQinedtafer
of f-center position. e mar ks ca te properties of the gulatlon
in the extabpoeedntsept ‘dlermarks:mie nassunefl oo deteingine dietdirectgalpokitian d)ffthe exteadedngt h

or anplitude of. the nodul at{on. .. T .
P pattern with high accuracy. betermmlng the first direction is used to generate a coordinate

system such that movement of the substrate table along one of the axis of the coordinate system
corresponds with the first direction of the extended pattern.

[00171] Rotation of the substrate table WT and the substrate may be used to find
the first direction of the extended pattern.

[00172] In an embodiment the substrate is scanned for auxiliary marks such as
the extended pattern alignment marks. In an embodiment zero marks are positioned at extended
centerline positions on both ends of the extended pattern, and positions thereof are collected
during a quick scan of the wafer, in particular at the measure side of the lithographic apparatus.
Positions of the zero marks can indicate/provide much information with regard to the position,
the direction and the properties of the extended pattern. The information is collected and
processed in subsequent steps in an embodiment of the method according to the invention.

[00173] Extended pattern alignment marks can provide a position of a centerline

of the extended pattern, or an off-center position. The marks can indicate properties of the
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[00174] In an enbodi nent of the invention, a prescan or alignnment scan of
the extended pattern is performed in the second direction. This prescan is
used to determne the position of the extended pattern in the second
direction. A conbination with a second prescan at a different position in
the first direction is used to determne the first direction with increased
accuracy. [00175] The prescan relates to a physical paraneter of the
extended pattern in the second direction. In an enbodi ment the paraneter

i's detect ﬁgdmauamﬂ ek@nae%%@ﬁ; Q% sgﬁfomgﬁa{ Sl ﬁé}g%f@{o'tﬁé RevdesRRBPNENt

in both t expecte first secon I rection. I'S 1's advant ageous as
scanni ng amphtudebfithevedduldtammge angle to the expected first di rectl on will
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well as in the actual nmeasurenent scans ésuch as the flank scans), the
det ect ed peuiher eithe cxtcndas napt)%rmath)@cm ingosien bd sambinatioie Wit asaerad PrpsseR er n

crboai montt® SRR pefitin BEERRL RO Pl R liain i DREER o B R ™"

gridlinesagcaracge seen as a grating. Flank scan positioning [00177] A
nmet hod accor di E[ﬂ)éto an enbodi ment of the inyention involves detecting a

property of t h#WMYPkended Thapressan relaten ép aphysicabparanetesediboexteded pattern inthe
lith -
| thogr ap E'éc%nd gﬂQ&foﬁt @%9@?9%%&6915%6%&@ IHSVIh?ﬁl ag&ﬁﬁ%ﬁl fst

pattern, exten|ng|n ection, 1S rreas
direction ddiberdtelyemmneﬁag amatrtpemnt 1ﬂ'bothﬁbesemctaﬂ dingy ahdheccbnd directobinr Ehisiion

the substrate table is npved in t flrst rection thereby changi t he
rel ative % [AEPOHSAS SFANHE a&lalfﬁlﬂﬂié Y larg ef”f‘@"@@t@%ﬁdﬁ’?j’cﬁi"a‘% ?J&f %“S‘He
[00178] | ﬁqa@ﬂlegjwﬂgh HPﬂﬂE exﬂéﬂ@e rcﬁﬁéﬂﬁrl? fhuRf @fpﬁéth Yhe fY8CIhd @8conB UGBSt InYwidf only

diffracted i ation, directly related to a physical property of the
ext ended psd soananhnnhlycnnWMncﬂdbé,rthtsos arelquhgcgr‘mab effrcogme nteyhostf  t he ext ended

pattern in the d di t. The neth ows 32 neasur i i cal
property of thgﬁﬁgggnded Bﬁi gglﬁ pFEiSﬁ:H’eEH"?S F Plt@vqtgfgneﬁ%g?r{l?rﬁ%ceg}sgﬁ%
extended BRtfMkRcdm), theddbdiad I@bélﬁg ihteRsit gb Qﬁ%%]m&b&eé GadHbd e @kteatdd
enbodi nent of the eXtended pa tern ornmed on the substrate conprises

det ect i onpaiteracempipws ayetalf griglizesiretoiding touardsdhe dignmest serswniiad eprhodinent

The the alignment sensor is of the diffraction based type and the gridlines can be seen as a grating.

Flank scan positioning

[00177] A method according to an embodiment of the invention involves
detecting a property of the extended pattern using an alignment sensor of the lithographic
apparatus. In an embodiment a property of the extended pattern, extending in the first direction,
is measured along the first direction of the extended pattern. To measure along the first
direction the substrate table is moved in the first direction thereby changing the relative
positions of the alignment sensor and the extended pattern.

[00178] In an embodiment, the measured property, such as intensity of diffracted
radiation, is directly related to a physical property of the extended pattern, and in particularto a

physical property of the extended pattern in the second direction. The method allows
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scanning is performed along a generally straight Iine positioned at a
reference position of the relative positions in the second direction of
the sensor and the extended pattern. In Figure 4 an exanple of such a line
is illustrated and the reference position in the second direction is
indicated with Y. The positions may be referenced to a center point of a
canera image formed in the alignnment sensor. [00180] As a further

pre- measurenent step the extended pattern is positioned such that a

desired out ut .of the. alignment S d, whi ¢ corres s tg th
reasr enerfbebufE opITiE ariRgTRe Peeeredrs PREeh FHEFGBLEN 7 PPy Ra dBne B of
the paral | &lerddedBsterRin thlGirfieRfecd@pk zero crossings ZCl and ZC2, as
outlined in nore detail later in this docunent. [00181] In an embodi ment ,

firstly, the su981f¥te |sTtmammng1@ﬁar§medlmema>f theecdendespniterp dermedionsthe

al i gnnment t
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parallel to e secon ong-stroke and short-'stro e for noving the
subst r at e ihdibhted withHy o« Esppesitidne mayHe referénche toeancbintar pbima ofiacarherampagy forhed

| i t hographi ¢ appar at us. 00182] The alignnment scan is preferably perforned
by novi ng Phteé‘s table in the second direction, or at |east a

movement havi ng 0@1signpone&§aﬁﬁﬂtehsreslﬁe&tlfbméiﬁ 51%5%&&&&&@5&@1@%&&%@@ an

enbodi nent a position encoder or i1nterferometer provid i nk
obt ai ned duth that a destred autpat nf the aligpoeittsenser arpchieved whsthremrmsspoinds ethe

ot endod PRETUERER BEPLHAR g IR A IPF Spoine Rt PENAR E b BeP i AERorby ks ©

posi tions drfhd MQr pEkORED SHotseedsiZ. arld @2 as 000REH Bbrel s arK irehtiedcument.
patterns are forned in parallel. In a S|ngle stroke in the second

direction, difflPatllve pdﬂ@éﬁﬁ&oﬂwﬂﬂh‘é@éyr’fh%llbétr@eé'i&@ﬁu@@dﬁ'&t}t@?tr% can be
bt d.
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[ 00184] Agiﬁﬁﬂéﬁ)&'@m@‘edrdtﬁh@fsuﬁsheteairlsglﬁﬁmtﬁtablemsafrdmgtt@ﬁlg Bigyreed, tbdt(imghet he

second direction, i.e. a direction perpendicular to the extended z}tterdﬁ
(i.e. the diffrastiye gqoaﬁaqes af ‘@ﬁ@aﬁem are used and preterably measured. This may be performe

by moving the substrate (stage) in the second direction, as schematically indicated in Figure 4,
preferably perpendicular to the first direction. The second direction can be generally parallel to
the second long-stroke and short-stroke module for moving the substrate table with respect to
the reticle and/or the mainframe of the lithographic apparatus.

[00182] The alignment scan is preferably performed by moving the subsirate
table in the second direction, or at least a movement having a component in the second
direction. Simultancously in an embodiment a position encoder or interferometer provides to
link the obtained diffractive pattern to a position on the substrate/of the substrate table.

[00183] In an embodiment the substrate comprises multiple extended patterns
extending in the first direction located at different positions in the second direction. In an
embodiment these extended patterns are formed in parallel. In a single stroke in the second

direction, diffractive patterns for these multiple extended patterns can be obtained. In this
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directiony in Figure 4) is depicted in Figure 5a. As can be seen in Figure
5a, a peak nmaxi num output signal is obtained, which occurs when the

al i gnnent sensor is aligned with a centre of the parallel lines. Mving
fromthis centre towards an outside edge of the parallel lines, a

spatially periodic pattern is obtained alternately providi ng peak maxi num
out put signals and peak m ninmum output signals due to interference
effects. [00185] The illustrated exanple of Figure 5a shows a response for

a grid patfern 0k hgﬁ]ﬁ%g%la frf e LiJARS dirla O%QS ﬁ%&?l ticd qﬁgk%?ﬁggg
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This is advant as ndi ng t he eak is less relevant. [00186
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maxi mum sensitivity) as the derivative of the.intensity to the y position

(second disp#iaily pgyiodis priteyrdsebtained pécrpptalylpsovifingtpgals mgrimymp oyiput Sigralgandned
that the ggﬁ?}ﬁ‘ilﬁ%uh{‘&ﬁ@?ﬂ %én%?s &%%og{t&fe‘%é&%%?ﬁ‘ééé so that the peak m nimum

intensiti are regls eaks and the peak maxi num
intensities ar E[O{Il@g] ster d&eaﬂusmmﬂlekamplepﬁzﬁl@lrsﬂa sHoats o degponkafil a ooikl pattern
intensity profiles corrprlsez rossings (figure 5a) The diffractive -
property iog%lm fewgrigdings. é@ﬁgp t, op gxigadad The, iﬁl%lg@%ﬁ 8?§|1H§§1%2@eilsand

ZC2  ad] agenf Ix% fhid Q‘Eb&ﬁﬁl\eﬁﬂ e p%hoﬂ’i%%ﬁuﬁﬁ%&i g@g@gggzgﬁ%ag}mg d%vﬁ’l%gi:‘ﬁﬁr@t

the position o maxi mum-out put t par al I nes
contri but stable@eah‘e Tihist ie advanyagaoust dsdindemkthe ngiximmng petleisjesakelvadnne, wher eas

t he zero val ue e cr ss'n obvi ously renmn he st ance
bet wgen t\rge gez@ilsgnd th ni"i’e? @Fa\él‘s"ééj Oidém‘é‘i%g@’téfﬁ‘fc“o[lm%"ffreﬂ@g%?di ng to
an enbodi pRRMical ph eﬁ?@ﬁk& TREfHst al&cﬁbﬁﬁﬁﬁ%@xiaﬁdedopﬂe}ﬂ AR @ﬂletr&%ms(;ftﬁ;hzﬁaﬁ in

the direction perpendi cu ar to the lines as close as possible to eit
of the neaerapwil akmgshesasend digectipA(nithiszganplstihetecoidad pepety aksg tlef ﬁménce

P00t 111 T e R A b B e B PRI ™
maxi mal  abldnBite #QbIM dird¥iY¥n ETHifrdctivé pRpEAY ok XERRERDbAAE ABKIR Fihe
intensity profile over the second direction (maximum slope = maximum sensitivity) as the
derivative of the intensity to the y position (second direction) is highest at the flanks. Further on
it will be assumed that the measured intensities are pre-processed so that the peak minimum
intensities are registered as negative peaks and the peak maximum intensities are registered as
positive peaks so that the flanks of the intensity profiles comprise zero crossings (figure 5a).
The diffractive property is particularly sensitive at the near peak zero crossings ZC1 and ZC2
adjacent to the position of peak maximum output. This is because at the position of peak
- maximum output the largest number of parallel lines contributes to the intensity at the peak,
giving the peak value, whereas the zero value at the crossing obviously remains the same. The
distance between the peaks and the zero crossings is constant.
[00187] According to an embodiment, the measurement is preceded by

positioning the substrate in the direction perpendicular to the lines as close as possible to either
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a result of encoder errors, such as the deviation of the extended pattern
in the second direction as shown in Figure 2, may be neasured at this
position with | argest accuracy. Hereinafter the scanning position in the
second direction Ys formed by the near peak response zero crossing
positions will be referred to as "flank scan' positions. [00188] In an
enbodi nent of the extended pattern conprising nore than seven gridlines,
such as the -exanple according to Fig 6, a prescan result simlar to Figure

5b will be . obtained. Here the ' f. the peaks of the di.f.fractiv

ot tern | ST PEREFE st by AC DR SO SE PR ORE L1 by
11, ZC 12 apdmén skasifidiy Raht akeRiodSeppenticBlag B- fic BRet flaP Be bBtalle, asSLIGRbS
direction for subsequently performng-the nmeasurenent al ong the extended

pat t er n i rthe telyporfsg cwive shaydwtaimal 4t this pembninyperews aniht femmedsxtanded pattern as

performed, th cond scan shoul d be .perforned at/pnear a.zero-crqssin
havi ng an JSIILTEoRs S0P Ri dhe G o e sl PRt uf B 3 B3l ony
ZCl1l and ZetRowinth Bgh 2, ¥ 1 Medstired af thid haitidnball iatgsnt adciics Jdereinaftébe
second direction provides data wth respect to Automatic Gain Control

settings. STEdRE Resitianiysheseronbdisestion Yahernissldty the pear Sl ESPRISA £RI9I CrOPHEL he

enmbodi nen osi‘iigﬁs ffﬂfegé;%?é?reﬁ%taguﬁaﬂksscﬁﬁ : n%.n t he second direction.

During the 'sc gnhrent” sensor w output an electrical signal
correspondi ng t[60188¢ nedsunembbdingmsbf the eXtendedepaetr canprisshgmnate than sesven t o

oasur e 0BG SIS DI KR 1SOFE AN BIFSG S BEmiar Rgh g Parrs
The gai n igpHelsefs : i |42 i i : O
intensiti eogjt gi egﬁg%@&ggéghsﬁgﬁ]étog%@fég%éti oe\)\ﬁlh%%s’? Eg@%t ensi tyyOfiﬂée at

i ts m ni mshoyzeero)krassiags AEY 0 ndMl Is @68i2tand iAGA3 dan bataksh e s nefeicnes posiioo i
the gain is determ.ned by scannin ver fiducial. The fiducial c Lises
a 11 duci alsSssRRiEpchopfor hsgaEaly BROTTg Dremednirapnt alone e SdEd PEETR iy
the nmaxi mype AREJIRAELAUM, isBdRATrés A9 1aklEsdah SBdrfor@eRant s&ahd seitshb@d behan
the intensities expected during the actual neasurenent scan in the first

di r ect i on patfpEieddtincansezergerdssinghavipg e pposiie swe nExamples efrpessible so t hat
t he signal_does..not i t i intensities, giving maxi mal Signal to
Noi se Rat i°8m§%tl%sx?§g@g%ﬂgi@ﬁi\}{%d§?z@?a?’a;fgg{] In order to construct an
intensity versye01s9pi t i onn gifgiadr embotigmsit tHeasawin thBeecoal dgseimtpro¢ides data

nmeasured by the alignnent sensor and the position of the substrate table
are sanpVath rggpeekigchytymetie Gaimeontrohsettinge Toosecsstings san bosavedandussddesi ti on

and int en%igtrxXI control. In the embodiment, the extended pattern is scanned in the second direction.
During the scan the alignment sensor will output an electrical signal corresponding to the
measured intensity. This electrical signal is used to determine the gain of amplifiers in the
alignment sensor during the actual measurement scans in the first direction which will be
performed later. The gain is determined so that the signal does not clip at maximum intensities,
giving maximal Signal to Noise Ratio when the intensity is at its minimum (zero) and
maximum sensitivity. In an alternative embodiment the gain is determined by scanning over a
fiducial. The fiducial comprises a fiducial marker. The fiducial and fiducial marker are
produced so that the maximum and minimum intensities are higher respectively smaller than
the intensities expected during the actual measurement scan in the first direction which will be
performed later. The gain is determined so that the signal does not clip at maximum intensities,

giving maximal Signal to Noise Ratio and maximum sensitivity.
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sanpling is inplenented by a trigger scenario. In an enbodi nent a netrol ogy
device of the |lithographic exposure apparatus conprises an alignnent tool
that receives a synchronization signal and a scan state signal froma
synchroni zation driver. During the scan intensity sanples are measured and
position sanples are received fromthe positioning system Intensity
sanpl es and the positioning sanples should be conbi ned. To reduce the

i nfluence of the acceleration overshoot, a tinme delay is inserted before

t he position/l g(gﬂu)ﬁ Sarrpihjl é&g]etsttoacro}lﬁrucg-%ﬂ ﬁlte%g{tg‘g?fgqs]pog%%g%%qanlgﬁ'ﬁensmes of the

Vc_settling' const an ocity set ment usi ng
an al i gnnelignrsanbedim baasged by thef dligagiehpensurdad she pdshmnméalteqmbatkats tapheadrei s
maxi m zed for, the hi ghest order é_i .e. 7th order) to further rove
accur acy. SPlshaksrasily theseme tige) A4k sy %@aaﬂabeﬁ“@e%aaﬁlm%@ sifch

det ected Qéfrgﬁfné if it lenﬁﬁﬁﬁ%gtanﬁggér%gﬁa%cﬂ A oRIGRS b N&rdI QS AARR of the

posi tioning 0192] I'n an ment an autonatic gain setting is
per f or rredhﬂwgmphlceaphsurd epEcdtiocongirisel en ebxgrmmqubﬁtalt ecpivad osgnchimmifatipgt

di t |1 tti f h
fir et ubr sietilgna dson s e tho B SR HameidarifRier dhiine Hits RE e TG S .1
amount of yRahiLNHRY and F@ﬁtl&hﬁﬁn &Ehré: %@ilvga ﬁ‘oﬁﬁhe ?&sn‘féﬁu@g‘ﬂ@ﬂznp ﬁt&ﬁd’lﬂ%aﬁa‘plés

fit into the nunerical aperture of an nment sensor, for exanmple in a
CCD sensopnd thegopitiagag samplee shoald be mmbllnf:d {Ieenadyasshe mfluance ofﬁhfr fosgleration

it i | eovaRiohiyor AURR el el BRIRARO SR SHb A AR ETELAE I “one.

or multi pH@@eﬁ@ﬁd&dsdﬂt&hg%ﬂt&natﬁﬁt\Fe&&ﬁiy(gﬂﬁ;mg,t the sane time. This enables
calibration updat es and nmai ntenance features. These mar ks should fit
within the numf0193] apein i @nbadimeet uMeRIREERMEYSERSPF based en diffgetanargeshe

ext ended ﬁf%:%%lg— e%lpgg'x%ff ks 11119}(1 ”FBPfHe %’fe Iiéretf %tﬁﬁgﬁ@qg e nﬂﬁro%ef I TSt

al i gnnent i gnne ta sca ende attern i s scanned
gener al | yaalengy. Hmmb(ﬁuhemnh@ﬁeakhmak sigesl is ﬁﬁxmﬁlzem&)reacﬂﬁdedmbmdmeﬂ"ms
that is generally along the first direction,.(x direction according to the
enbodi ment™ isﬁé‘?i’rlb’gh HPTEPETYe A9 StaggposHl di ment the substrate table

such s depi ét [IDRF | 0" i LSRR MRHIC PR s@ind (ReROMRd Ripe il
wi | | resulittettioneofchaegended patignalangube Sisydaéctioh. Tie alidmsgcmwtmg gain settings
for each scan along the first direction.
[00193] In an embodiment the extended patterns contain an amount of patterns
such that the complete set of extended patterns will fit into the numerical aperture of an
alignment sensor, for example in a CCD sensor. The image of the pattern will then resultin a
periodic (sinusoidal) signal. Then it will be possible to perform a periodic (sine) fit while
scanning in the second direction.
[00194] In an embodiment one or multiple extended patterns are read out at the

same time. This enables calibration updates and maintenance features. These marks should fit

within the numerical aperture of the alignment system.
Measuring along the extended pattern

[00195] In an embodiment, after a prescan such as a first alignment and/or an

alignment data scan, the extended pattern is scanned generally along the direction of the lines
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sensor (as the alignnent beam position varies according to the arrows at
the center peak in Figure 5a). The output signal of the alignnent sensor
now provi des a continuous signal along the parallel |ines providing

i nformation about any deviations in the parallel lines in a direction
perpendicular to it. A cause of these deviations of the |lines may be found
in errors of the encoder grating (i.e. the encoder target). Calibration of
t he encoder stage position nmeasurenent system can be performed using the

i " : . y iy e
Gocoment . 1008 B Ree GRS dBerliy b1oBE (RRSPUIREHoY B freckBy abbiding 1o the
patterns (e&lghditbe exphitedusthgfigired).iln akiegibodin®ni (1 gabstratd iable iotnoved in x

measurenents at relatively short nutual distances is, obtained, which na
reduce i ntErssBPRtThSFEDEr FdsViakigns qfdbe pRrBle Jwen FhatasykBistedin Q}?&Phs%edﬂeew of

i nt er pol atﬁg&@%‘%ﬂel%ﬁﬁ?ﬁi%&e q06 A1 fihéﬁ e Fé Br @k ioB{rbuPQ'gﬁ'&l S feGlipAmeg: to
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cubstr at e esgea) e it Hendatfis Hmmiat 5o LRV RaR b ERERS HghHkne,
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the extended pattern along the first direction conprises noving the
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“locking' th h I - - dul e i :
B A Y IR T e

t he scanniggglem@sibeipeifoimied WienS®e alghénteehdo Butput ﬁ%ﬁhl ol beistpIgnédRtdriin St
| ong-stroke, and short-stroke nodule to a position beyond the extended
pattern fdhisd@cwrenthe wafer. [00199] For scanning the extended pattern

along the fir St[(]ﬁiﬁf(ﬁm i Onﬁurfhlaﬁnt?#,rbg}g @?%Jﬁlg us@Bk gpfu?aligﬁgg%ﬁtﬁlg&ﬁtﬁ%taﬁérﬂmé.é.sthe

starting position’n the firs and 1 n an
subst r at e rasiéd depicedinhdigiht 3),@ Husligbdfonesaremang at edlaively shont mbiaf distahces is

di rection i.le intaining the second coqrdinate at the | ocked position.
The scan ni%a@% SRS EREEfFS @fermslﬁw FHRTS fhat }*19%1[5# e osHipehL B PWFRIELC and
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of the |ong- oke nodul e, eeds of over 250 s and 2 mis can b
obt ai ned. sfilihsngmpproaghl Bywsifammingthit ¢adibeaticeriedhaiquatiora plurality hiexténdsd

glurbgf ? ;? 2 :pa glél(sj a@étg %?ﬁ%?sd[':% H‘%B%ﬁ%l‘%ﬁéglg Ig%jgthf :%3 gegﬁquﬁ%ga 6t alpe}{u%ﬁ{y (B’%’E)gitigﬂs (Eﬂl?e
substrate stage, and can be performed in both x and y direction by making use of both
directions of the raster.

[00197] In an embodiment a scan of the extended pattern along the first direction
comprises moving the substrate table using one of the long-stroke and short-stroke modules,
and ‘locking’ the other long-stroke and short-stroke module in the second direction.

[00198] In an embodiment the substrate table is positioned at the scanning
position in the second direction y, and moved using the first long-stroke and short-stroke
module to a position beyond the extended pattern formed on the wafer.

[00199} For scanning the extended pattern along the first direction, the substrate
table is accelerated from its starting position in the first direction and in an embodiment the
substrate table is brought to a stable scanning velocity in the first direction while maintaining
the second coordinate at the locked position. The scanning speed in the first direction is

preferably over 100 mm/s, and preferably over 200 mm/s. In an embodiment using a near
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arrangenments a line of marks having a simlar length, wuld consists of 300
marks with a 1 mmpitch and woul d have taken at |east 15 seconds for only
the scanning part of the novenent. This is because each mark woul d be
scanned separately, each tinme requiring the velocity of the substrate
table to stabilize before neasurenents start. In between scans the
substrate table would be stepped to a starting position for a next

measur enent scan. Switching between stepping and scanni ng consunes

val uabl e {, h aﬁalo@‘ﬁ% ??mCQ%££tr&%§%%c§9%%P&d9 B 3{/&2@0 mR289b96 BrA can be
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dynam cal properties are detectable when scanning the disconti nuous
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i ncreases. [00203] After reaching an end section of the extended pattern in

t he first chatiginerdyinemical heopsuiiss s midicatedih embedidepe fliscussesbisbovagherstdafferent dat a
is saved i,n a regi ster. of the . J,ithographic exposure apparatus. lLn an
embod nentyTHniFg peTris S8Gebln R R ashe R aR G gt ner
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[00202] In an embodiment in one scan along the extended pattern, multiple
diffraction orders are measured, preferably fifth and seventh diffraction orders. Obtaining data
with respect to multiple orders in a single scan allows interpolation of measured results and in
some embodiments a noise reduction can be obtained. Diffraction orders generally behave the
same with respect to substrate reflectivity (such as wafer reflectivity). As the substrate
reflectivity increases the intensities of the orders also increases.

[60203] After reaching an end section of the extended pattern in the first
direction, the substrate table is decelerated. The obtained data is saved in a register of the
lithographic exposure apparatus. In an embodiment it is pre-processed in order to prepare the

data for further processing. Pre-processing may incorporate subtracting a constant value from

the intensities (so that peak minimum intensities are represented as negative intensities).
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[00205] If the extended mark were to be slightly rotated under scanning a
sinusoidal signal arises. It is intended that the first scan of the flank
scan is perforned at the position Y,,zci in the second direction
(corresponding to line 80 in figure 10). As this is at the flank of the
intensity profile, this is also referred to as a flank scan. The opposite
scan should be perforned at Ys,zc2 (corresponding to line 81 in figure 10)
whi ch obviously then also is referred to as a flank scan. If the extended

mar k happens to ot at as. a result qof i sal.ignnent in any.of the
pre- rreag 5r ement [Oﬁf@gs, aa&erﬂi%nﬁﬁﬁ sigha) ﬁsﬁ’eﬂgﬁ S &egsgéﬁél H"é‘%‘ﬁflt"}lg}e nﬁfg
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spatial intensity profile and noving along the grating of the at |east 35

mm at | eakffradBvapnopeartics mabe s@Onddirattidned §eorregpondiing todtnel&&xst 290mm or at

| east 440 mm | tended.pattern, t.he jntensity.vari ions a f uncti on
of the subs;raﬁ@&@gl e Vmﬁb%ﬁﬂ?&rﬁee%{ﬁv% I??éﬁ?&r“\é ei{‘reﬁ_@&i)?ra’r%sioéjﬁso?{&i‘e\/i ty.
The i nt engdal, ThisI$cABESHY B¢ 54 fHab thedefil-aile vidRRspodhRItRE Positih is ¥ Afgethum
pattern is scanned at relative position Ys,zcl, conprise a noise

conponent .onghpalapaehths sighak payismal slevighor Bnpasitinn reswisdn eapaximuncsvigdpa el n
t he scannipg:. tended pattern along the first direction. 39 [00209]
The rreasurtgérlrlélg%nsﬁg§g§§' repeated starting fromthe other near peak response

zero crossing: [00207¢by, tOwtheRdls heidalibe pbakng o dignal alighnpart & insdnsitivaes ar e
obt ai ned, which allows to account, any differences observed to var| atf ons
in refl ecthosionmolse singg fresleavagve with réspect to position is zero. Any variation in signa

strength caused by the laser now becomes dominant. In an embodiment the detection method
comprises detecting a property of the extended pattern along the first direction at the relative
second position near the peak, indicated in Figure 10 with Y peqt. In the obtained signal the
laser noise is dominant and said signal can be used for possible noise reduction in the signals at
other second positions.

[00208] As explained, by measuring on the slope of the spatial intensity profile
and moving along the grating of the at least 35 mm, at least 45 mm, at least 90mm, at least 190
mm, at least 290mm or at least 440 mm long extended pattern, the intensity variations as
function of the substrate table WT position can be measured at maximum sensitivity. The
intensities as measured during a flank scan, wherein the extended pattern is scanned at relative
position Y z¢;, comprise a noise component. Embodiments of the invention comprise steps to

reduce noise in the scanning of the extended pattern along the first direction.
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the substrate, thereby the two neasurenents allowing to take into account
such fluctuations in reflectivity of the surface of the substrate. As
indicated in Figure 5a the slope of the diffraction signal has a different
sign. If the extended pattern is deforned as a result of errors during
form ng the extended pattern on the substrate, such as schematically
illustrated in Figure 4, the grid errors near the Y,,zci and Ys, zc2
positions will result in signals wi th opposite changes. On an absol ute

scal e the chan e Si
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y-directi on% does not need to be a zero crossi ng si nce the extended
pattern célendykraticms 148y 4% are Hses (Figwag 1 DeAfichdBrst pesscan, posioreAds Hiund 96 at he

The. orid- SpgaoRed A ReGind drd £ ARGRRA rpllriTak bERy o B IRERI PSS,

[00212] Fipatterhs. tFhem pobitibn A @ doaldieaté/h the ydireeibrsinche indahtedtx-y soqrdmaiebl e t o

scan a secon extended pattern 149 in {he second.direction, perfor

prescan, %érscwnfﬂlmﬁgectw& opg Jeedfraflirechien et deriimied b ﬂf]rﬂgl%
The al i 9“ Sm§éﬁn§ﬁé 1ith® Ita %\9 1§£o%ﬂoll€tﬁsucﬁ¥ﬂe&%%¢ARﬁé §1ﬁa‘§!?at?:‘ﬂa%lé WoMs C
in an x direction al ong t pattern 149 towards D. 40 [00213] From

D the su bstavad evitbabspeci te thagdlgmmmvmsorand dirgction parhlba itorthetexteaded padteripr escan
LSt O oD ek 3 A4 S 2 er0-chgseli LromA hore
equal to YB@ations in the extended pattern in the second direction, the signal will change when the
substrate table and substrate are moved in the first direction.
[00211] By moving from A in a direction x, eventually the complete extended
pattern is scanned and a position B is reached. Position B (again characterized by its coordinate
in the y-direction) does not need to be a zero crossing, since the extended pattern could have a
deviation at that very position. In an embodiment the measurement spot is moved in the second
direction by a distance equal to the grid size. The embodiment according to Figure 11 is
different however.
[00212] From B the substrate table WT is moved such that it is possible to scan a
second extended pattern 149 in the second direction, performing a prescan, in order to find a
zero crossing, indicated with C in Figure 11. The alignment sensor is than set to scan the

extended pattern 149 from C in an x direction along the extended pattern 149 towards D.
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direction of the first scan of extended pattern 148. Then a second scan at
a different zero crossing C* is perforned on extended pattern 149 in a
direction towards D*. [00214] The nethod according to Figure 11 will result
in two flank scan data sets that will allow to separate reflectivity and
diffractive intensity. [00215] Scanning a mark back and forth can reduce
noi se i nduced by the novenent of the substrate table, |aser noise, noise
related to control and tenperature. [00216] In an enbodi nent the detection

met hod of det eciyj a property of the extended paitern conprises .detecting
 diffractive pPPRETLy andop Eig whGrE e e B Re W R AT e
si gnal ar emnBERS preeéhn iJ perforaiodah ogier defind & difbrerdebRCdrb R A OR@kieyAdl the
extended pattern conprises a tool, such as an alignment sensor, that is

arranged antpscaisady f seandd persorsddnte Adria Ko e directionicompledelp egeal 0 theuch as
the fifth apd;sey E?ir&rsgag'{ ofﬁéx%a}ag[[ P%}tg&n?l&'ﬂ.fﬁ-{?g%t Ee%/cﬁmrdrsgérpgtrhstﬁff@feﬁpﬁérg | P a

single scan nmul'tiple signals 1esu rom:t active property o
t he ext endeskspgt@efsmpetformablohyxterided patterasl49dan directidit taivasld. D.00217] I n an

enbodi nent a next_scan of__the extende attern alaqpng the first  direction
conpri ses repos[Pb?]cf'ﬂi ng fTW@?ﬁ?‘;%@COf n&s?,ﬁz‘%‘??l ngesgﬁﬁﬁlwfiﬂg‘e% %2 gl
al i gnment g, struchidag) Ha[alW: To PV EYEESS t while neasuring the -
intensity pro‘?llﬂl e yi elsglgag%m sflgfri:gfﬂé o1 thle extended pattern (being for

i nstance 200 nmiPB21]ongerJcaniing s marpbsck ashiortl) che adluice hoisainsloead bt the

position at the other near peak zero crossing,of the diffraction signal

bt ai ned TRENPRGC Al CE ST HES SRt AR PRt FES POaaR B A e 1 or t h
scan of the extjgpzieg] pat tigrf eplRAEnt Hid &tecioh Bdthaiof déicRlifS a pYdpely @R dles S,
and S2. The half of the sumof signals S, and S2 can be expressed as the

subst r at e extsnded patiem gomBiides delsetinge ditbaciiveproperty and preferably myltiplegivdern ef

ori gi nal I S S i I C . f 0 i ct.

At or nat B¢ Etacne o pE plEBS R TneRRRI P acnie Bt R b PR B ES e

twi ce the oxtdndedphttdrsi ndptidesaheolshighak af AllgniBait et NBatfiodrrdnged ahd end

yields a noise term [00219] In an enbaodinent to rEdeQfetEnOi se eyen further
1

sanpl e poiRBETUGAdTPmeEHEe ag]é aPPaEm MRS erdsie audhgisdbg it AnG peventuArdor stan
o nt 5. pert aret it ee el el £ 3 RARNN A ekl f6m B2 GFRIDNRS,
used to r qoogetytdfehaetteeiediphtiera fémedddry gtid lines, can be obtained.

[00217] In an embodiment a next scan of the extended pattern along the first
direction comprises repositioning from Y zc1to Y zc2, (e.g. 8um in case of 8 um alignment
structure) and doing the reverse movement while measuring the intensity profile yields two
signals of the extended pattern (being for instance 200 mm or longer). This repositioning leads
to a scan at a position at the other near peak zero crossing of the diffraction signal obtained
during a scan in the second direction.

[00218] The back and forth scan of the extended pattern along a first direction

yields two signals Sy and S;. The half of the sum of signals §; and S, can be expressed

as the substrate reflectivity. Subtracting the substrate reflectivity from the original

signal S; and S; makes it possible to correct for this effect. Alternatively, the difference

of signal S; and S, can be expressed as the twice the original trend in the signal and

correcting for this trend yields a noise term.

[00219} In an embodiment to reduce noise even further sample points within one

scan can be averaged to a pitch of 1 mm. A full scan can contain 16000 sample points spanning
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[ 00220] Normalization is also a known techni que for noise (laser noise)
reduction. In an enbodi nent frequency transformation, Fourier
transformation, can be applied for nornalization and noise reduction.
Measuring a nodul ated extended pattern [00221] In an enbodi ment the
extended pattern was fornmed using a nodul ation technique or was forned
using a patterning device arranged to be used in illumnating an extended
pattern having a nodulation in the second direction, e.g. as discussed in
conbi nat i i t. ' . | vi known. and Dpr.e rm ned,si gnak., 1o
the subst s i, & e iin BBl laRRefhr AREH oA R GAEh SRR DS Tl o o
si gnal f ocarsieauned ngrddnee gxtrondedtipafieiT. al ong the first direction. Since
the signal is known it can be_ renoved fromthe signal. An advantage of

modul ating t he[®2gRk1  t o Nsamaliediop dtplsna knvmicchgsnior 8pis8 fasar@oisiht t he
Si gnal t o dyaL§&h. Brhd SnbbdIffeRARE e ﬁaﬁ%orﬁiaﬁmq:ouigﬁuﬂlsﬁ%?@@ﬁ,%aﬂE\l, Hpied"
a e S, peak 1

be nmeasured. In the ternative of ‘nmeasuring ‘at t peak

fi gure l1OJortneenalmsion enknoise mdectieess sensitive. [00222] In an enbodi nent
the extended pattern, having a generally extended formin the first
direction, is fornmed on the substrate having a nodul ation in the second

di recti onMdaluAig aThOMIIRD exferldeAFattepRt t€rn al i gnment marks are formed on
the substrate at~ positions that forman extended centerline of an

equi librium position, which serves as a reference position, of the
nodul at ed exte attern, This.allo reading the equilibri.um sj t.ion
"oa ot ool s onABAIET ¢ " ap bR NS SRR S h PR o
di r ect i ontechiiqu@er oy fseded Osiﬁ% o @httdrBin@ e Rice afah@dub bl usediSAEREminatiid g

equilibriumposition (as a reference position). Miltiple scans are_used
since it Fstepdad neteprhayecreedietiondn éhe ssperskdisttione. 2. gpdisrussehin combinatigbnds
to which i g S fr i i r | i . .second
di'rect | oy PP oAb ool el i o RLE FERMML0 ote bilfod

det er m nedawets camlgd edudemoideas theahcakined sigdail fat dcamihgtlicketepdad patem dlong the

first direction..[00223] In ap enbodinent the extended pattern conprises at
| east a sg&%tﬂgﬁctt%gmw b‘evﬁl%fﬁ it dt capibsyemaveyl frem dhg slw&l-%aﬁfﬁﬁg%gsg to

the end Sﬁﬁaﬁhfaﬂn?fhetsﬁhﬁlaﬁ&tt?&ﬂ%t@u%tb %@ﬁﬁghme%?séh%&% tﬁa?th%@i%l LONBRL Raflot he

equi i briumposition and to obtain flank Scanning positions tfromthe
doubl e zeimpreaeesaspaskoftbs titne@n®ntdent vatancandemixtaaimé.dn filrcoatieriativel of meazsting e
dat a V\/nenats t%g ggeilkn s,p.faﬂ% 1g)flgree e[ e %%gé[u?gng]enitsnar% rI]éass %gn%ﬁﬂz%. direction..

[00222] In an embodiment the extended pattern, having a generally extended
form in the first direction, is formed on the substrate having a modulation in the second
direction. In an embodiment extended pattern alignment marks are formed on the substrate at
positions that form an extended centerline of an equilibrium position, which serves as a
reference position, of the modulated extended pattern. This allows reading the equilibrium
position in a pre-alignment step. In another embodiment multiple scans in the second direction
are performed in order to obtain data with respect to the equilibrium position (as a reference
position). Multiple scans are used since it is not known beforehand which phase of the
modulation cotresponds to which position in the first direction. Therefore scanning in the
second direction at different positions in the first direction may be used to determine and
couple the phase of the modulation to the position in the first direction.

[00223] In an embodiment the extended pattern comprises at least a section that

is without medulation, e.g. the first 10 mm close to the end section of the extended pattern in
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[00224] I n an enbodi nent an extended pattern in the first direction
conprises nultiple sections having a pre-defined nodul ation anplitude. In
an enbodi ment different kinds of nodul ati ons extend over different |engths
inthe first direction. Having different kinds of nodulations or different
nodul ati on frequencies or anplitudes allows optim zation for different

pur poses. Measuring along the first direction of the extended pattern using
nodul ati on [00225] I n an enbodi nent of the detection nethod and

l'i t hogr aphi ratus  f neasuring a.property of_.an extended. pattern
modul ot | prete R 8HoR i Fotadls FRRPT e TS otk S RE iclogs FORMH pe
formed w tdiRble 20sAHeANpokRIE 20N cEXBEBbEMe frousihl AifMeiN AddiPWhéds@nning
detection nethod conprise a servo controlled nodulation in ay direction

during dettbeexiendesfpagieryin g sopord dinertiohe ext ended pattern in the first
direction or/a j\ng t naturat frequ f the substr able. .
e Pl Rt B AR bl P B el Bl

[ 00227] In an ment The's ate ta rng a

f r equency. muifigpitascafionseabidgs fédeAnal mabhlatidroimgenes. dh b gmbb&inRAedigkrdn®
bring the substrate table into a _vibrating state. A substrate table W' and

a subst r atlgndyefimediatiogs grtepdayer diffprentdenathdifdnmbist dirqotionfaaming dikfsesnh kinds
frequency dﬁ?ﬁ%@e&%@'n%f ditteYent hﬁ!&hﬁaﬁgmehﬁéiﬁ?? é)tk &n@ﬂhﬁﬁ?&l‘f’dvﬁ%}:{ﬁrﬁi%iﬁ#ﬁ?t rate

table an substrate have a vibration t conprises at lTeast a

pr ef er abl yifferent fneposest part, a vibrating action in the second direction,
perpendicular to the first direction of the extended pattern. During

novi ng of the substrate table and detecting a property of the extended

pattern, M!ass.ﬁmgs;mg% thecd Hﬂ%cﬁb&pﬁf{h%teﬁténﬁgh?a%H uﬁggw&lﬁ&wme nat ur al

frequency with respe to the alignnment sensor and t position sensor |IF
(figure 1). In a subsequent step this vibration can be separated fromthe

signal and w ||l to noi se reducti.qn.. The nov nt .of the.substrate
tabl e i can bdERLct ed AT RS DL M5 fekSRiaB g iR ind pderpiit appateils
neasur ed/ dit flefSufiag a Pesickty O af 8ftend® 2ARL LA Bekarior theRbE PR thYpropsty.
[00228] Fiqure 8 (d) illustrates an _extended pattern 50 conprising ?lve

grid Ii nesthe gxtended patisrmrean b fonmedxypbewt mpdidationd on an enl arged scale
deviations in te[hﬁ% cond ﬂaﬂnﬁ%@& FhsfPmodita iaOHriS%LHeEecﬁ{)n S’l%ﬁl%glcggl Hsd © E%rvbn
shown. At a rﬁlsm}e, a nmetrology as

positioning ar asure evice suc
an al i gnnemhtreabmodulstich ihagtdcabn dirtngaictenida df ppicpertnalolg tHeleted&spdtie

table W .is ved with respect to the netrol ogy, device and, if no
posi ti onal in the st digretion of/aed using the natural frequency of the substrate table.
[00227] In an embodiment the substrate table is vibrating at its natural frequency.

Several methods are available for generating the energy to bring the substrate table into a
vibrating state. A substrate table WT and a substrate W vibrating at their natural frequency will
have a known frequency and a relatively stable amplitude. In an embodiment the substrate table
and the substrate have a vibration that comprises at least and preferably for the most part, a
vibrating action in the second direction, perpendicular to the first direction of the extended
pattern. During moving of the substrate table and detecting a property of the extended pattern,
the substrate and the substrate table will move with the natural frequency with respect to the
alignment sensor and the position sensor IF (figure 1). In a subsequent step this vibration can be
separated from the signal and will lead to a noise reduction. The movement of the substrate

table WT can be detected with the position sensor (IF). The measured/determined position can

be coupled to a detected property.
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substrate table and the substrate are noved with respect to the tool
according to line 51. If the substrate table and the substrate vibrate at
the natural frequency, a vibrating novenent 52 is superinposed on the line
51. The signal received will as a result of the natural frequency having
an anplitude 53 nove back and forward over the grid lines resulting in a
detected signal that is simlar (mutatis nutandis) to a signal noving over
Figure 5a between the ends of arrow 53. As a result of deviations in the

extended patte IS syggﬁ! be
corrected for ?ﬂngktubse Q2|I rg%%%%eﬁ#ﬁﬂgﬁb¥ﬁggﬁ(%Hgéﬁulqﬁ& 1%1%%8
separ at edIt Wascfmmdstbatdetegpmsedlcm apd @ an[AB2RM]scals dogatidrs indtehedommodimedom@y)t o
t he invention Fa}ﬁﬁl racy of 8 rimcan be obt%éned When co‘ﬁrect e{'Wévmth

8

the at |e8%%™g" RINESHTBT IRASIRINESrSShoV A 2iRasrement 299 e UleRods,
i ncl udi ngg&,iBodishat L Bhéﬁﬁé}ﬁ's&%r 134111%%),{1 REMR Rl BSARERSY, thSsudbiab RN €.
Stitched mark neasurenents [00230] In an enbodi nent a first set of

gri dl i nes WE igmovucwith iaspect to ﬂlstmdtm}@y @Nwe&nd,slén@ nasitienal Qlfro@rchlllli th@s is

produced i n th sets rld r er

e por i SRRRAAC dud B Gl ote B0 Sty O3 BRERREEE T Lo oF
gri dl i nessgsBaleniifE kA€ 8@ -substhe: ¢ori fahd pnuRl fitfiedcpta Lishaay ﬁ?otveﬂﬁéletCEZ is
pattern is also referred to as a stitched mark. In case the stltchlng

error is sencomipesed ¢p tadincoil. pae vigeal respivie ayil 2 eesyll b i nesralreqyer® i nes
S posit Rate aPELRERE 5 Dfolt bl A Fordlar@bied 1R 1ARs FAhink s BbLEPGEnATRT K

is per| odi'C e peri secon ets.
case the gt iilsimiar (@futdthensiendisido asignaf mgvmg biverdéigiva\fe batweeq tiad endd iof bmowe

TR i R T
because Ofalaﬁﬁ\@aﬁ%b QRS iy 4 fo?g‘l 5 E\%s%&ﬂy MtioRf Thd Rwki fréci} uchS ca bt Spaard

set of gridlines e second set gridlines Is displaced i'n the second
di r ect i onfroAstha deleoisdgigaalce t he di stance between the gridlines of the

second set of i nes 44.and a first n ur, i ridline of .the first
set of gridli ng@ﬁé smal VsP& %Weﬂwé aﬁ‘f%@&g 9“6 ‘(ﬁgﬁﬁnaﬁ?ﬁ?uﬁ?’yaf# G Fhe
second sephfinedr Wikh BSFeditnih BRGP RstREloaTHARIoh BYtvEE bﬂhbﬁ%f@ﬁe Adi& rfeﬁﬁo%ns et
of gridlines. The stitched mark is now periodic with the period of the

first or setodd, isdudiog 2 yeduwtiondechaigienasubahanentetdrfaceuraty ipeblabublef 00231] 1n
t he enbodi nent an alignnent sensor is used that is arranged to irradiate
the stitched mark with a beam of alignnment radiation and that is capabl e of

measur i ngStitched mark measurements

[00230] In an embodiment a first set of gridlines is produced in a first layer and a
second set of gridlines is produced in a second layer. Both sets of gridlines are periodic with the
same period in the second direction. The first set and the second set of gridlines are interlaced.
The combination of this stitched extended pattern is also referred to as a stitched mark. In case
the stitching error is zero (or in case of perfect overlay) the second set of gridlines is positioned
between the first set of gridlines so that the stitched mark is periodic with half the period of the
first and second sets. In this case the gridlines of the second set of gridlines have an equal
distance to the neighbouring gridlines of the first set of gridlines that surround it. In case of a
stitching error (or an overlay error), for instance because of deviations during the production of
the first set and second set of gridlines, the second set of gridlines is displaced in the second

direction. As a consequence the distance between the gridlines of the second set of gridlines
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intensities of diffraction orders of the beam of alignnent radiation
diffracted by the stitched mark. In the case of the zero stitching error
(perfect overlay), only integer diffraction orders are created (i.e.
first, second, third, fifth, seventh etc.) As diffraction orders are
diffracted wth different angles with respect to the beam of alignnent
radi ation, the orders can be identified by their angle (or their distance
to the beam of alignnment radiation and thus their position on a receiving

part of the .alignne sensor ..as w.ll.be clear.to the skille erson) .
because | irdadudgREpoRTR SIS obledi s tuitiayhgs iamrlenherts BRIRE hewann
the gri dl itRegri@lind dFahé Seond s OF gAlllisiadl iaRESondaiRebhbberid g\ dlRle D BRUAis NGt of
gridlines of the first set of gridlines differs, the diffracted radi ation

conpr i ses griddises. dhgistighed mark isaawaededis witlethe{pgrigd ofithe first o5 sepngd set of } next

to integer '1ifn£{£h%tﬁo%-th% St eIiBﬁy are fractional relative to the first
i nteger diftraction order. eq'ng er the offset (stitching error or

overlay error) [pozsnhavi rg tegebodimshancapnhrhive@asortib asdditheids afrarigeé to
stitched .mark, the larger the intensity of the fractional diffraction,
orders rellHpdigle thestitphed mark yath a begm efpdiznmeptigdiatign ppg that s sapablicdacasuring

[00232] | Qn@ﬁﬁge§ (B}ﬁiif'ﬂarcﬁsn ﬁlg%lﬁersq;f iy béjcllrd 5‘@512@?‘%&% pitﬁi_la%%ﬁ gﬂ?raél.%& b9 fthe%tft&lehnes

are not periodic in exact the sane dire e Intensity’ratio
bet ween t hearkrlaché casebf tha detolsétchinigagenr (patfet 0@k ) onbrideps dficogen ondetshaee

first direction. 0233 usi an al i gnment ,.sensor capabl e. of asurin
the 1 nt endreaed 6t Pt seApa oot SPudth Sy ¢ BEan ATdeH #F FitBer e ogtider -
and the i nfigaghi gl vih fe§Ret toWEbdalt! SOBTenmBhi hARGLA, e SUBRIcan bORIARAL HY
between the lines of the stitched mark (i.e. the overlay between the fi'rst

set of grith#ii ergle Gmdhaindisweeoledhesbeanpbf grdnanheeliation ang ghud dhedr pastii, orh| s

is done b conparing.the intensity of.at |l,east.one..fracti | diffractign
or dor " ane fesst R Bk 8Pl At iRasoY afwifhe PSS pRNR il et R Baeit W ASLAFT
on stit c h ia'lﬁtdh_ﬁﬂ e oY Rk !eﬁkh&r)_&hé @ktande StaBertthe Higlifostof Badcondiadkt 6 dtidlives
schematically illustrated in Figure 12 (or a_prescan of the extended

patt er n G2pd thpstwaccighbongng eridlings o thedirst seeeligndlinep dibre thy fiffrastedrradiation e
‘f ¢ ' e ol . i
Prbod: mentORRSH ket dfBEEOR0Rs S 10575 25,05 5% ey ety alfadibn

posi tion icsddedbel atk fradtional reladveltonthe €irdtintt e dikiotich didee Ghi iphef thelxdfset
stitched extended pattern that is simlar tq the second cogrdinate for a
fl ank scaftstgehiBg gaene ov(e}:léyl CEPL) tﬁ@ﬁémvmg equal distances between the lines of the stitched

mark, the larger the intensity of the fractional diffraction orders relative to the intensity of the
integer diffraction orders.

[00232] In case the first set of gridlines and the second set of gridlines are not
periodic in exactly the same direction, the intensity ratio between the fractional and the integer
diffraction orders change in the first direction.

[00233] By using an alignment sensor capable of measuring the intensity
corresponding to at least one fractional diffraction order and the intensity of at least one integer
diffraction order, the spacing between the lines of the stitched mark (i.e. the overlay between
the first set of gridlines and the second set of gridlines) can be determined. This is done by
comparing the intensity of at Ieast one fractional diffraction order and the intensity of an integer
diffraction order.

[00234] Depending on stitching error or overlay error, a scan of the extended

pattern as schematically illustrated in Figure 12 (or a prescan of the extended pattern G22
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extended pattern. Again positioning in the second direction with respect to
the stitched extended pattern in chosen such that the sensitivity of the
actual neasurenents of the intensity of the diffractive pattern is maxi mal
when scanning in the first direction. As explained the sensitivity can be
maxi m zed close to a zero-crossing, for instance on a flank of a protruding
gridline. [00236] An advantage of this enbodinent is that netrol ogy becones
nore accurate since two extended patterns are neasured in one scan

detecti _ . . : DI TI et ded
(detect | o0, 30} PhgRANGL s LIl SE LA JhEshL Luhoshephanded,
| ayer s whidiffaationtdidersame tinme neasuring their relative behavior. [00237]

Measuring two lLayers at the same_tine ir]creases t he conmmupal [ty &vn
readouts of t h&mfzﬁé] | ayefsan prbodigiegdnsalisomeghisten @r?ﬁéﬁg%’ffp’é‘ tgﬁd* FtB?rat i ons
are equal ref%f%n@e }%Jsﬁﬂ)%% 81 A yith LIRS R4t BhE E'%Bﬁﬁﬁir@&%n%Tﬁfe@%ﬁcﬂ@@e%ﬁded

t
lead to different noise contributions during both readouts. In a single
scan, t hepattdrs ¢hat timilbitoi tbmsdcend banrdidate[f002 88jk swan of & eontea (pet-stgehedhavi ng

a 5th order layer (a x/5 wide grid line) and a. 7th order |ayer. (x/.,7 w de
arid 1 nesenfpirpauti At hasfiofing i dihe hLrgen i e ot
coor di nat gxeN&dqicaan chSscaahenihat @6 séRitivigtoT theddtarad mehiHEHSts bhde figbmdityv e
difference between the two |ayers can be nmeasured by the fractional

orders, sphthe diffifastivapdtiem isnmaxyaak whaen scamring inothg diry dirsctipnmdg sypleinedtha he
| at i behavi. bot h_I i t , 0 Sj
e e oSO R e BRI R e AP SRRGE PSR & [ By b EFEBb o)

share thegfahfe.grid features or mrror features. Sinultaneous read out,
|l eads to a sharing the same grid or mnqr |ocation preventjng an
addi tional err 8#023pbo2401An asdvaptags ok thissartodpemy iDaknetElasy PLOHKS §197¢ he t wo

layers at (RS giﬂFe thd gﬁ% eldfpla&é%lﬁal%qﬂ?%ﬁreﬁqn 6ROSSER tgcﬁﬁéctibp %teBB By ﬁ% ir%ti'n
order. These two l[ayers have'to share the same gl obal watrer coordinate
syst em Dl fingt direction.tThel stiochked bxiahdedpastemn allowtfhveexaepbnpbribirmérg 4 abssateh a
position can be determ ned as indicated above. 46 Controllin ving the
subst r at e 2pgPPENt F@G%@EOHF ??Yﬁﬁ ‘@H%t?di%?‘lfeﬁf“e&“g%ﬂ??%ﬁf H re*a&v g @gi?ﬂvl‘% ling
movenent of thegpa3ypst r alygeaka@itLowoARFers Bt REEAhE iR indrSast @ic TBAMMLEIBh
stage of the lithographic apparatus,” has at |east tw nodes for scanning
t he ext endedoptanf thertwiordayche If a sigledieadsat temperdtweand eithatitinrert equak In a
repeated scan, temperature changes and vibrations will lead to different noise contributions
during both readouts. In a single scan, the noise contribution is shared.

[06238] An extended pattern having a 5" order layer (a x/5 wide grid line) and a
7™ order layer (x/7 wide grid line), then during a wafer alignment method two global wafer
coordinate systems can be calculated for both layers. However the relative difference between
the two layers can be measured by the fractional orders, since information in the fractional
orders is a measure for the relative behavior of both layers with respect to each other.

[00239] Since the two extended patterns are on the same global wafer
coordinates they share the same grid features or mirror features. Simultaneous read out, leads
to a sharing the same grid or mirror location preventing an additional error.

(00240} In order to perform a measurement scan on the two layers at the same
time a ‘flank’ can to be chosen for the 7 and 5 order. These two layers have to share the same
global wafer coordinate system. During an initial calibration scan in the second direction such a

position can be determined as indicated above.
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of the nodes is used for scanning the extended pattern in the first
direction. In an enbodi nent a conbination of nodes is used. The nodes for
operating the novenent of the substrate table are known fromcalibration
t echni ques used extensively in |ithography. [00242] In an enbodi nent the
novenent of the substrate table is controlled while controlling the
position of the substrate table with respect to a reference such as a grid
plate. In this manner the substrate table will follow the errors in the
reference. This node is known as high bandwi dth control. Figure 8b shows
schematically an alignnent scan when the substrate table (W figure 1) is

under hi gle Qapsinh g hdovi ieQubstrhteltiBleext ended pattern is scanned under
hi gh bandwi dth control,” the signal to be nmeasured is the variation in |ight

intensity. During high bandwi dth control a signal representing the |ight

rensity s ofb@igaed | 0o dERSRASHES: Aok BSoRASH S lhihuaNg. AP PYRTT O

As a result of Frrors in ifoning o e su e

tabl e, thgubded tabllecaridabpart)dflaandihe MecasubmichBitaze\Wtinylithggiablic appdramslads anr k
can nove with respect to the mstrolr%gcy1 devi ce such as the alignnment tool
P

devi at i ng l¢asbiyamedesdpysnanming dhy gxte piterp 1 the Typt direction In ppopugdiment gne
enbodi nent . I : t I fis | e
o 1 ndepeaai e 1 i ROt sching Y deldb R HTER et gielifon, BBT LBt
referred atcondénatiodef modes i3anethiTdic mates foraiperalap ve montmalt of thepabdtataratile

wi t hout feedback of the neasured position. Under.. | ow bandwi dth control a
light int éﬁ&%&@ﬁ&ﬁllbr@ﬂ%mﬁwaﬂg eé%tawﬁzgu% h‘é‘(’%’i?i’@hded pattern in the

first directi Oflod!?ﬂth Si 3R ah eDoSERANHRMoRMdnDES % RASEral thlle i O n¥rollEd Ur €
4 shows schematically an alignment scan when the substrate table is under

| ow bandwitdieleovwolling kthe pdsitionerf ¢ sibdeaie bl with réspecidanmefdrenneiauchlasw grid

bandwi dt h tral., the sj |t : is th i.ation.i.n |ight
Pt ensi ty P b i s Ihe Aisoase Sl v BSHERe Fral S S TG ThE modBit
subst r at e kas6n b BigBtafWiRkh BRitiod Flgh® 8BGhow§ Bihefalied yirt dlighnRAsichh Wi the

system the novenent of the substrate/extended pattern is controlled using

t he strokeubmvais teble W Tigus 1biryndgr high bpadiiditoedntiobdf thelextendedypagiern is

(i bt . . . . : on Lhe.
r a0~ Looo e fnddr Rl KRRERD badk ol B RER e Tpeap SRA T RSB AR Gt O e
arranged ftigendi9l DoMbg high baapeiddf cdin®] 8 signal repletediting theall i ghiéivéty éxdianidedlin

pattern, in particular if the extended pattern is formed having a .
modul at i ofepPandenss avibe dicauRe tifl and exRase gHHt Ao resgi ofoipt Kef knewn, errors in

positioning of the substrate table, the substrate table WT and the substrate W having the
extended mark can move with respect to the metrology device such as the alignment tool
deviating from a straight line in the first (x) direction.

[00243] In an embodiment a servo control for controlling movement of the
substrate table is independent from its measured location. Such control settings can be referred
to as under low bandwidth control. Servo control is performed without feedback of the
measured position. Under low bandwidth control a light intensity signal is obtained by
scanning the extended pattern in the first direction which signal is dependent on the expose grid
only. Figure 4 shows schematically an alignment scan when the substrate table is under low
bandwidth control. If the extended pattern is scanned under low bandwidth control, the signal
to be measured is the variation in light intensity. Since the position of the substrate table and
therefore the substrate and the extended pattern is not controlled with a positioning system, the

movement of the substrate/extended pattern is controlled using the stroke modules only.
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substrate table is controlled using a feedback signal fromthe alignnment
sensor. \Wile scanning the signal neasured with the alignnent sensor is
hel d constant. In an enbodi nent a derivative of the signal received in the
al i gnment sensor that represent light intensity sensed in the sensor, is
cal cul ated. As change in the derivative signal is imediately resolved e.g.
by a correctional novenent of the substrate table, preferably using the
servo control in the second direction. [00245] In this enbodi ment both the

expose an I . for gl I L: asur enent
51 ng-t ho PR BAd e A Rut BT e b lep AR 1k iRl B Bl B =

i n Fi gur e d8gendednercai the egpdsigrigh t he ext ended pattern is formed having
deviations in the second directign, the relativ poiition on top of th
grid is mintailtf@d4br céﬁe%F@BO@mgbth?éerffﬂ@O@&ﬁé% & ARPSTRCERPlE S Aanestio By
mai nt ai ni YAy fh%'s?c}ﬂe‘b?tk&os?%ﬁdl ABreled Blohg 9RE54ende® phtfen Ah QRIhMr HRhOExtended
nmeasured of a physical property 1n the second direction, follow ng the

f 1 ank bec pattsn pofosikd bavifig emaduktidatla ameasodacknt rdseive qatd] oo hevifgtben t he
posi tional ,data .that s,,detected, .errors in the extended pattern that
Nere the. PR h1E b oopRansf it okhitek Sepalgfr M ghmaei ey Rouh B sispine
[00246] | fhe dighat BleHSir&PRith e 1RAnfcREschsISE hal @ohsidt Siniah AHANRAGH alderifaleow
the extended pattern, the position of the substrate table using the
nmeasur e gef thestgnabiscdived inhelalignnent seastrehd arpraseatiliglitinfendiy spassitin G seisot.he

extended patte rmed on the.substrate. .lf th xt.ende te i

For med nadh s astsd, A pnin e S WABE i gt PR F OGS B £hhreefianal
sets and e&fveinbl &l ubsrate a4kl Ipk€Brablit usifgodip s¢rivo goitha it e sdaina dietson | |
result in a deviation of the encoder position and the extended pattern

formed on the #2451 [ oobuthis embedimgnt hash theprpercrbd tneerys elgdweuseaifPhg of
o t L0 . o . pe ‘
e ex e“ﬁ@@ﬁ?@gﬁ%& fbﬁgmgqgfag%gﬁle n&slﬁhr@gg bg@ﬂ&e@%pﬂﬁﬁ{ AR FdBle @@f&f&%

t he above nmeni %e 0 S ed on top of extended
pattern ark Fekeisshowndg _Eisgu&a&:, lvehescangl thdugdl tha gxtiehded pattstn id forewtibaning Any

deviation far .the ijmage is..correcied.in 6 DOF and added t.o.an | FM encoder
system s dgyjations 1p the ﬁ%ﬁ‘a‘@ﬁdlﬁ‘éﬂ@?ﬂ e tlyePRattion apyics Oﬁﬁ%ge%wgm&wﬁ% Tret hod

al | ows CcopEBell Rihs€ tdhhe s@Bnd AMIBIRICRRRINS B heMiinidy 4 RBRSE bodifoRWith rdspacrENt
system [00248] The noving of the substrate when projecting the pattern

onto it miythtgropegydopt exchsirpdof oplmsttahpropedty inghe sevond dgestan follovdanethd of

Che 11 LnogoplicoaBReL ok AT it L0 8 Gy Secue Sokil panit i g =
was detected, errors in the extended pattern that were the result of errors at the expose stage,are
directly obtainable.

[00246] If the servo control for the substrate table is arranged to follow the
extended pattern, the position of the substrate table using the measure grid can be followed and
can be compared with the position of the extended pattern formed on the substrate. If the
extended pattern is formed having a modulation, this modulation will be present in both data
sets and can therefore be cancelled out. Comparing the two data sets will result in a deviation of
the encoder position and the extended pattern formed on the wafer.

[06247] In a further embodiment property sampling of the extended pattern is
possible with an image sensor similar to any of the above mentioned method steps. An image is
sampled on top of extended pattern and several images can be sampled along the first direction.

Any deviation for the image is corrected in 6 DOF and added to an IFM/encoder system, such
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grid errors as neasured by the encoder systemw th a high accuracy.
Calibration [00249] In an enbodi nent creating the extended pattern on the
substrate will be perforned at the expose side of a dual stage

| i t hographi c apparatus, while the neasuring will be performed at the
measurenent side. In an enbodi ment the |ithographic apparatus according to
Figure 1 conprises a neasure grid and an expose grid. A position of the
substrate table WI' at the neasurenent side is neasured using the nmeasure

rid. In this enbodi nment .the seco osi t.j.ani n eyi ce PWconprises the
O aur o e S OOBHTS HiLriB ¥R olae GHENE o niarhad oS et At Marent

side may gkffendol&NSsRIEwItR tQpeR$CHY S0k 84sk@nS when performng the
measurenent along the line. In order to enable to distinguish between

t hese sources dP0Z48]or ( efeodevingef the subsitate wheyoprejesting thepdttem ankreit may for

measur enent _Si , the substrate may further be r t by substantial l.y 90
Hoa oea xRl el 0fipat A A Lol bl IEh BEA IR fabebl ABLARNE Fy
bei ng r epeasities hizgh8eEroldoatredaaneilh | soreso Allow tHeastehe fol i @@ tn@Bured BREoRlBY ,
errors in the extended |lines on the substrate may be discrimnated from

errors of Feratedaeasyesshy the crwdenysem WHB aigls#scurasyde, thus enabling to
take each into account appropriately. In order to further discrimnate

bet ween these sources of error, the substrate nay further be transl ated,
and t he naadibratismt repeated. [00251] The translating may in a practi cal
enbodi ment be achieved by projecting a second pattern onto the substrate
which pattern is translated relative to the other pattern, and using the

transl ated pat g%ﬂwi or thg ah%ﬁ%b%&in%@%ﬂé%@r@ﬂ% extclGELRNeAPY AloisBstiaRewlPRI

to displace the substrate on 1ts stage (thus obviatihg an additional source
of err or s)perfpOORER thd axpase seddd Gl dueirtageishqauatae appaates, svho shedneaasutiagowii be

each other with | i ght transl.ation sych.that i ng ot h tterns,.can be
Feadout |1 eHoumeE i ndiu et S s e ghd HeoBARgE sPrfte e ar g
properti efﬁ%ﬁ@ 1R8mpsisck 4 PcsRARSEHIHSId M SPobdidd. | 0PodiBdh dQhe sEbsBEleable WIT 8N
enbodi mrent the second exposed extended pattern is positioned next to a

r ef er ence teemessesingyaside inmeasuraddising the swasire arid. Il thisembiodinent thei sepaiigh aphi ¢
spper 20U oAb NP RL IR gRg e L0020%1 Ao a cont) nuows o
the parallel |ijgesn]is patkaforRiencoadrariderforihidiic GRasuraheltis@RUBNCHIsE ange
translate into observed deviations when performing the measurement along the line. In order to
enable to distinguish between these sources of error (encoder grid at the expose side and at the
measurement side), the substrate may further be rotated by substantially 90 degrees in the plane
of drawing of Figures 3 and 4, and the measurement being repeated along the extended lines in
the other direction. Thereby, errors in the extended lines on the substrate may be discriminated
from errors of the encoder position sensor at the measure side, thus enabling to take each into
account appropriately. In order to further discriminate between these sources of error, the
substrate may further be translated, and the measurement repeated.
[00251] The translating may in a practical embodiment be achieved by
projecting a second pattern onto the substrate which pattern is translated relative to the other
pattern, and using the translated pattern for the latter measurement, thereby obviating the need
to displace the substrate on its stage (thus obviating an additional source of errors).
[00252] In an embodiment two patterns are exposed on top of each other with a

slight translation such that during both patterns can be readout in a single scan without
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may be obtai ned, which may obviate the need to nake use of a plurality of
different calibration techniques, thereby possibly achieving a fast
calibration and possibly obviating the need to stitch the different
calibration results of the different calibrations together, thereby

possi bly saving processing tinme and avoi ding anbiguities between the
calibration results of the different <calibrations. It is remarked that a
di sconti nuous neasurenent is also possible in an enbodi nent of the

i nvention i I ool I t i ght
neasureneﬁ?gﬁégﬂ%%%?%gﬁgﬁgﬁggimgggﬁég Pé?%%§P§§L é%?%?%pgégﬁknm% th ?gspect
to the |i tvhatgyapharcerap@himant the ssvdndroxgosspexiehdedglatiyrnds poditialiedersi tormal
z-grid caljbration are desired for a_lithographi par at us, and

speci fi cafif§rengs extended paiigrp dormied onragtubsfrate PFaﬁﬁgWéEﬁﬁ@m&ﬁB fcAPRITaRIs 3 A iPaTing
a positi off DehaSisSi-H0 BRYLdgean encoder systemincluding grid plates.
Z-grid calibration canh conprise error corrections for z (height), Rx and Ry
of the substr{@®SBhbl e W anionhinuespes¢mi eortingousmehspicnientalong d exteaded
substrate tabl . conprisjng t . gri.d ate i th respect. t he encoder
System. APHIEG (ndliseaRnBl ol fipfics pitregetis tha R AP fshARES S
techni quesa53R oBRintIeWhich nRET JRTHR thi Besdio iMIRldsOBf a FlUFdlitRSt BffbRYELaliBRARAr
and a single shot focal nethod. However the conbination of techniques is

tinme ]E:on?] mt?hmggfm theeehy possikly aghievings-fstivelibrgtiemand paspiblaphvintigitbhnedqddo255]
on i he. i ! ) . :
Cne oy S L SR PR CSR aBOr DRSS,

10
exposure ti1ne ead-

per f or m ngavihgd pro€ésksiniaid mid aRBid gl SibRali Hesttweal theibAibraids resuéis gethe diffdrynt
proportional to the desired resolution. Wth increasing resolution
demands, edlibrafions; b is remaekegithat & discoptiayous meapapmenids plgp Pats]blaIng hod i s

provi ded E%ﬂﬁﬁ{&?ﬁ%@%ﬁf}%ﬁ'd calibration nore quickly than prior art
e net ho

sol uti ons. conprises formng a focus sensitive extended pattern
on a substrate supported by a substrate table by noving the substrate
table with respect to a patterning devjce during exposure, resulting in a
focus sendicighfameaspecipents gag Zegrd g!"b‘%i‘l“t“&rn is exposed on the substrate
while noving the substrate table in a first direction, thereby formng the
extended pattern as descri bed before. The method conprises the step of
forming the ei0@Adkd paHetght messurgmentk (wenortdaate) ofja eulfstriefonsnhstgteatablecus

focus sensitive nmark rks .conpri s& ng a

W o |1 ne T TEBS! AL BRoRPPRC AFHE" P ARLmafcpmgrincal s fud BmhslSRATY b
calibration are desired for a lithographic apparatus, and specifically, but not limited to, for a
lithographic apparatus comprising a positioning system having an encoder system including
grid plates. Z-grid calibration can comprise error corrections for z (height), Rx and Ry of the
‘substrate table WT with respect to the grid plates or of the substrate table WT comprising the
grid plates with respect to the encoder system. A high resolution for calibration is desirable. A
combination of techniques can be used to perform the calibration, such as a level sensor and a
single shot focal method. However the combination of techniques is time consuming and can
take up to 5-6 hours for full calibration.

[00255] One of the problems of current calibration techniques and in particular
Z-grid calibration, is that the exposure time and total read-out time for performing all
calibration measurements and calculations are generally proportional to the desired resolution.

With increasing resolution demands, calibration time will increase further.
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mar ks fornmed according to the single shot focal nmethod, FOCAL marks
(partially chopped 1lines) and/or PreFoc/LVT marks. The focus sensitivity
of Prefoc/LVT nmarks is created by wusing non-telecentric/tilted
illumnation. This is shown schematically in Figures 16a and 16b. Beans of
radiation B froma radiation source are guided through a schematically
illustrated wedge WDG resulting in a shift of the resultant position of
the formed mark. Using a patterning device of suitable points PMA the

ext ended pattergads,fornmed b Vi ng . I Ls - i i t he
formed |ines 0#59%%“nark§§“¥ﬁ¥%ﬁaPFgﬁ%%§b% ggﬁé%g%gggﬁggggﬁg&{%@%%%@ﬁﬁiq
mar k, the tharghtiorendlisiods Thedmsthbdcdimises fdrMingmfdeus sOREE pxtendaipattern on a
enbodi ment the nmethod conprises form ng a focus sensitjve  extended pattern

ext endi ng SRstEts supppried b sulstratetalde by enayingheisubspatedable vaturepact @rh i s
formed | hoHeRENARNRE ditink BepdsARAteIfngh aFbalsiEnsiRatdaed ARLAIA ShRShiA! €
table with respect to the Pthograp I C apparatus and therefore hefght
errors carexpesedamttho$ubistrate fvdrilerdoeng thedebstmad tablerin aAirstidieugors dmselyi foening
extended pattern, all ows asurement of the hejght errors, |.es .of

ol ght e RSl Pe0ia A8 JasIPGH PUTow: Mo Sheth i he sisoat 208 e HEh

measur ere %tenﬁ&@ﬁﬁteﬁ?ﬁﬁﬁ% Rh&Fn &chigie ford8iRBBibAR LhsitiVld GRNC KxaHBlet Bf
t hermal and/ or nechanical forces - image height errors - residual nask

errors [ 0deas]sensitivnmerkd ot merks chmpybing erwide §ne sseantbingiioghwith fipglines and/or
(positional .di.splacenent)  of the. extende tt LR th eco irection
G0 g odarks ifsd SERERh s R CHoP R mRRLLEACKE hilfs BRERAE Pohiet
sensi tive |pgtRmdes PREICAIVIT aiaksS MB¥foduB séris@ii®of IARfoR/IV T Alirk 48 icfdatddaie
been descri bed above. The focus sensitive paranmeter can be_neasured b

measur i ng vainsmepdelegendric/tiled dlumination. bhisieshewnrscheraatically iyFigures dop and ¥@P-o ng
o o ! e : e _ e I
ETSIETR AR T DR
13a. [ 0025%Hdgk WPBGgtseking4@ma ahidk cf4he faliank posdtisrepf the éntredanarkxtdnged

attern forned, froma focal rk unit, wherein each focal mark uni.t
(F:) onpri ses patteunine qeyics of pﬁgab%&%gﬁé’ : , the extengclacf| pattern is formed by mov1l1J1g Ithe

substrate in the direction of the formed lines of the marks. The left hand side shows a single
Prefoc/IVT mark, the right hand side a double Prefoc/LVT mark.

[00257] In an embodiment the method comprises forming a focus sensitive

extended pattern extending in a first direction. The focus sensitive extended pattern is formed
in dependency of the local height of the substrate and/or substrate table with respect to the
lithographic apparatus and therefore height errors can be part of the formed extended pattern. A
focus sensitive extended pattern allows measurement of the height errors. Examples of height
errors are:

- encoder/grid errors

- errors in substrate height measurement

stage positioning errors

- deformation of WT/chuck due to thermal and/or mechanical forces

image height errors

residual mask errors

[00258] In an embodiment height errors result in shifting (positional

displacement) of the extended pattern in the second direction during formation of the extended
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nore adj acent fine lines as illustrated in Figure 13a. [00260] Measuring a
paraneter related to height or Z-coordinates, is possible according to

di fferent nethods. A possible nmethod includes direct neasurenent of the
positional shift using a direct nmeasuring tool such as a direct scanning
techni que for measuring a second-direction paraneter of the forned
extended pattern. The direct neasurenent tool can conprise a scanning

el ectron mcroscope or a scatterometer.. [00261] In a direct measurenent

tool a f Ohg{{aegn.@abtp?efs é)g aﬁ(%)ﬂg{ogﬁs ?e'ﬁsﬁ:ﬁ% &Ly ?(geg }%ﬁ&ﬁlearrgslﬁ) iﬁ%@ﬁﬁ%&iﬂgﬁa&%&‘l@

speci al purpose exten ern such as ocus sensitive
pattern cahichdhase atenzdederibiitdboae. dihededus e@sstivegrearhettioain Heheeakmeddg W dt h
and or steepness of the fgrn}(atd ine can he neasur.ed/ anal yzeg? and can_be

used to cHIFEHIRES PIORTRRIEG cxtericr PatCTAR Hifsearndl direlinR alnedhe BAER bl a
z-grid cahiPuabdtR: ThORRELbenkflivk PrametiiRb e a5 nlzéaggé@uéliﬁga 318 sésfifvel 1 Nes

121, especially fine lines conprising a set of adjacent |i1nes having a
consecut i stelojure guehcisribe examepleotifiputerd3ahe y 110 or second direction, wll

directly show sensitivity. A | of . focus wil] result in {he.nps
i nest 1ines.(BERPSt " mbEpieditas =nd 4t ShenoF Shmbtemtomiantntr G pt FE0ed o
fornmed. Them 4 RRaMhakRinitOwhéeln®eh fddaPmhain@it @mBRe: A%iddmhiRginkiahg bne or
direction is an exanple of a paranmeter extending in the second direction

that can Berhediagnetng hnes agilbségiednn Figprahb. st ep. [00263] I n an enbodi ment
th d- di I i i | t ded
e SECond 1 RGRARD 2 SIBkGid 2o BARM Bl AT, ™

pattern in the di rection. I's a uef or

second- di aeotdiptddiffarsat metholle e posiblemettod mieladek dirost iB&RGiehieeoftae anet er
over at l|least a part . of the length of the extended pattern, in an .
embodi menPoviianel shigusing gcdrertineasaring fogl sugh g a dires seaming tpehnique faygeasygng i n

a further  eaadidEaiorfarkfas! ot died Uidhiatlau b THRGHodt ke RERIB can
direction. Scanning allows obtaining values representing the desired
par anmet er cauprisea dcanjag B2ctidrsminneeopsoca seettedoimeedry srmal | anmount of tine,
al l owi ng nore i measurenents and eventual l ui cker .cal i bratian
002647 1 n an JIHBBE men: ML e FroBREHOY a0 BB BT St o018 FUAME and
used  si ”bét?ém&ﬁdés*ﬁ@ciﬁl%@@ﬂé SRBLP pRPESY Shdiled Pattdrd Wi o3 (ROl SMkivé. SO
call ed flank-scan. [00265] I'n an enbodi nent Scanning along the first

di r ect i onextendedipatiemrsdn bs ianglyzddi Yfithor diresturisanidlevizelit ootslkefoaned madthgnd or

Fi gures S%egpnd oo Pl s C%?arrlllaf}ge& Qned can be used to calculate a property

nessso thé forfied Tifle 0an be measure
such as height and can be used to perform a z-grid calibration.

[00262] In the example of Figure 13a, the fine lines 121, especially fine lines
comprising a set of adjacent lines having a consecutively reducing line width in the y110 or
second direction, will directly show focus sensitivity. A lack of focus will result in the most
finest lines (smallest line width) not being formed, while wider lines are formed. The line width
of formed fine lines extending in the first direction is an example of a parameter extending in
the second direction that can be measured in a subsequent method step.

[00263] In an embodiment the second-direction parameter is measured by
scanning along the extended pattern in the first direction. This allows obtaining a value for the
second-direction parameter, here representing a focus sensitive parameter, over at least a part
of the length of the extended pattern, in an embodiment over a distance in the first direction that

is at least 40x, in a further embodiment at least 80x the width of the mark in the second

direction. Scanning allows obtaining values representing the desired parameter over a large
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extended pattern conprises followwng a line of the forned extended pattern,
that is neasuring e.g. the displacenent in the second directi-on, such as
the line width of a line. In another enbodiment scanning conprises only a
novenent in the first direction and neasuring a paraneter of the extended
pattern at a certain coordinate in the second direction. [00266] In an
enbodi nent scanning along the first direction conprises performng a
nodul at ed scan according to figures 8c or 8d. In an enbodi ment the focus

sensitive gxtended pattern i.s formed using nodul ati on,according to any of
Che. descr IR ARBERRERY Small BeouHOT e AT e BEdr dhe Ik e ismils gid

cal i brati QReReEI0F §iidekrcQliBalopf the methods described herein is performed
usi ng an extended pattern. Only after a height calibration a further

cal i brati on sudf026d] Xy cdhiabeatbodimens apesition trediesgcdnd diepiéorais feyndemnd aged
pattern fqg that purpose measur i ng. i {6 [y € sign of
the focus Sgg‘r]i ia%? it eeerg%oéf Qgﬂggcc(o?ﬁﬁg tocgl feg"g%l“{)ﬁ%bl%adf” ggg{ﬂ%’rd %aa '?S 8% in

combi nati on wi t[po26s] ocus Is@Ashibouknd@biahingQilortighile fius dirdétidnie pérdeited using
sensitive patterns with opposite sensitivity) nmake the fqcus nmeasurenent

p ! €
(nore or Meghser Ipwdwpdwiithmode asoprding d KigunasiBa apf 8p- by ansmbodanentseapnig hat
errors nor | It s r I . d
reasur e a eaogt ptep EQbELeR EIRARE b IRRBT URTHAN oAbl BRe i 00Ra1Rlfe
usi ng a sci. tler displhgeyneny vt thensedof0 A6:8tidnn swathads hiey lentyaith ofxting. he amebdrod
conprises asuring a ,second-direction paraneter. resulting.from .
di ffracti \Pg%ﬁﬁwg?aé@m@fcwls%‘gﬁy AmY§rpese &‘%Qfséﬁ&fsﬂl SRS
speci al p%a%?&er%f%l%’é&&d@&?a&&érﬂ af% EQHidth BSorlifMafel i WhEseb SR Migsrighf f ractive
properties in the second dirfection simlar to a normal ' extended pattern

as illustrated [09266Fi gur dndnambosfingunt scagninGiahirigahe fresh dire¢tivg cvpipniges ar e

i bl 00269] Th C d ext . pat i S in.li 0. and
Fne 11 nedoomhg ol TyET e AP Gor B BEBBEPEPEGL I AP RECodmmsrl T PR on
that can hendewi@shddsd paekra i Rihed usidg AodaldbA Scdoddihp @ adVEMhé Sdtchled
scanni ng along a first direction. If due to severe non-focus all fine

| i nes 121 esthedmentsf focus and as a result thereof are not fornmed, or at

east not complgialsy. "ap an el AL LIS BRFIlob ARy bidES 120

extending in t directron is"v rve

property ahethdt® desdrival hexireizgeefoaéd edimyg ad extbndgdpattd@bOalyrafenh height
nmeasurenent_  of the diffractive property of the forned extended pattern is
measur ed icAlibtiona fuHer aalisatigngych as XY calibration 1s performed by forming an extended

pattern for that purpose and measuring a desired parameter. The design of the focus sensitive
patterns (i.e. combination of regular pattern in combination with a focus sensitive pattern or the
use of two focus sensitive patterns with opposite sensitivity) make the focus measurement
(more or less) independent of XY errors. This will allow isolating height errors more easily
from other positional errors. Alternatively one would measure a property that is only focus
sensitive (e.g. side wall angle) using a scaiterometry system.

[00268} In another embodiment the method comprises measuring a
second-direction parameter resulting from diffractive properties of the special purpose
extended pattern. The special purpose extended pattern according to Figure 13a has diffractive
properties in the second direction similar to a “ normal’ extended pattern as illustrated in
Figure 3 and Figure 4. Similar measuring methods are possible

[00269] The formed extend pattern comprising main line 120 and fine lines 121

will have diffractive properties in the second direction that can be scanned using a method
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yl 10 is shown. Peaks (maxi mumintensities) 127 of the resulting spectrum
as shown in Figure 13b lie at the center line 128, shown as a dotted I|ine,
of each of the main lines 120. [00270] If however sone of the fine |ines

121, and especially sone of the wider I|ines of the set of fine lines 121
are formed as a result of some focus, the resulting peaks in the
diffractive spectrumwi |l shift as is indicated in Figure 13c toward a

position indicated with dotted lines 129. The shift fromcentre line 128
to the ne Lid.on. ' j | ) 71]
LTI Pref ob ukFe RIELENENERY Solihi Rbbe 4 [r ARRIRAr diucl BfaL nbRESR o ¥BE )
of a regulisgs IRdtaresu ofifddas tiasshiiebitlt hkreaf v hioPfoemheod, gpat least notsonipletelynthani ng

LVT mar ks i.1h di fferent dges, ..the focus (Z). conirihuti.on can he,
separ at ed TErBHEACHY E%?P%‘Bh?f%ﬁg‘}ql‘bh‘}es[ I@Qﬁ?pd%&aﬁ ﬁr#géfafﬁmm% evespaiylar to
purpose ey-eRgRdiRablpERy bMthe A¥rRdl ckiREd Rrn. 3¢ ERuEH T 4 Rslilt FEBaBreniinkt !

allow to detect the Sﬁlft of the peak 127 as a result of local focus
errors. [o0hg3jffiaciiverprephtyvifithe formied exisadidapatipurip omeswrsd eritie deqoad dgeetion1 9

is forned tendi ng, i he.first, di.r.ecti,on. . wherein in that first. ..

i rect | onY bt o B ippmapsh ey ph or hhdS fikeatuaRes ey toind igpe
nmore part g3ialieatwhé baiér [idRe 28] dovin R3@Sdolidd lind bfleheéh dfithSalli Hrgtinon the
pattern 119 will have a part showi ng focus sensitivity and a part show ng

no focus sensi f0037@ly.  THihowgvey somd afithe Bneibrasrlil nandrdspeciad it somapddhe wisler 128
foth L . : (rst. di Con. :

Step and. [l ARt pEARHRAAA A BAARLEYY JdB ol bl 0t BT AEpds LBt
121 for tHidfracivaispebernpivill $teft ex isandiesied ai Figure. 13cA0Rdd]a pkitivnindibaed avment i on
ot her errbgdi ments _for_measuring the special_ purpose extended patterns are
possi bl e. 9¢ttaddBigs Aphi Thespiihirampsntea ing F28 todhe preatsedpostipn §92y8ieqtly o

I ithograpggﬁé AORh AP focal al i gnment of the patterning device (mask) wth
respect to tﬁe substrate (wafer) may be required, e.g. in order to ensure

that a foll ow (9271} r adi BVildtrefokc mdrks lead direatlyt th shifipd paterne By aota@tinghdeam
mat ches a .pattern al ready establ]jshe t wafer. 100276]. Thereto, in an
erbod mentiitaLE ARG Q8 R Tof LATPE PRt ASbY OB G, 6T kS | 1 o
POSi T oni {igth ALFEAGYedgs, BRSOLIPLA) RBn@hbuBsESartheSRBMERE Frond tHRIOY (cHRFLRESDW.
[00272] Scanning along the special purpose extended pattern in any of the modes

according to Figure 8, will allow to detect the shift of the peak 127 as a result of local focus
CITOrS.

[00273] In an embodiment the special purpose extended pattern 119 is formed
extending in the first direction, wherein in that first direction one or more parts of the pattern
are formed with- and one or more parts are without the fine lines 121. In the first directionrthe
pattern 119 will have a part showing focus sensitivity and a part showing no focus sensitivity.
This will allow to determine the centre position 128 of the main lines 120 during the scan in the
first direction as a first step and measuring focus as a result of the partially formed fine lines
121 for the remainder of the extended pattern.

[00274] Within the invention other embodiments for measuring the special

purpose extended patterns are possible.

Lithographic apparatus calibration process
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[00277] A patterning device (such as a mask) is | oaded onto a support (such
as a mask table), a wafer (or other type of substrate) is |oaded onto a
waf er stage (or other type of substrate stage). Measurenent of a position
of the mask, a position of the wafer and possibly a flatness of the wafer
are perfornmed, after which the wafer is exposed. [00278] The | oading of the
mask onto the mask table provides a positioning of the mask with respect
to the mask table on a mcroneter |evel. Then, by a suitable nmeasurenent

systemof the I raphi.c aratus, a positipn of 't mask with respect
Cothe skt dOPEATS e dbanLRotPH bsrRtnrn FDgutent i B Pacmie d i BRSO
mask tabl 6yifh tdlpdc® &PBE kubsrate (VAR Rla§ B ir@hiRd Sd. £Mh ofdTBRenuRALRY, RIIsWidAD! e
positi on neasurenent system of the |thograp’h| C apparatus. Hence, the

posi ti on dfradindomekike wafdrvaiina patiomnedasgiation bepm matobedp pattarp alreadyssapliggda
m cr onet er, ltﬁv%! fr[ 00279] The | oading of the wafer on the wafer stage, also
referred t%8 8% Wat er stage, also provides for a positioning of the wafer

on the nicronetf@o2i@vel . THeetpdsiahictibodimdniaise irhade Slaagquérte bEadibiibnwid h
respect to the netrology frame by an interferometer and/ or . encoder
measur emerfehigye g dpsiredausiioning aggriacya dedasaiRiqNRf surlya seavsacsH 18 REgtdspelow.

nanonet er | evel sub-n ?tﬂg;ﬁ l.e: i
position of a r"e)?ieuince 0?9 e @/gfdgfl%gtkséf&g alpg Haﬁl%)gg goraggd ?‘F]tg{%ﬁ%p %‘%rﬁgﬁglﬁ?)sn%
X, Yy and Raaskithbie), hevafsrdodetheonype of eibbkeatonsieaded nnoamaienstagaowother typa of

alignnent sensor in _cooperation.wth.a reference of.the wafer_ stage. Using
Che Sane. SHEHGH HpEMSFOTTH AT £ BHEIOP! R HRP A RIS o eGP ODIe
vaf er, X, fhRRdoRhe Rt OPS fortfed! teerWRTiQ! thaardat exp¥sagd. Thereby, the
position in the horizontal plane and a rotation with respect to the

vertical axis HA82T¢en meéwloating of the mesluehtertha mdisk blagrbeidesa positionngaf
making u of the, flatness neasuyrenent syste nd the referen of the
waf er st aéﬁ? I_nf’fll?ewl)tgéj?sp?%ﬁ%ﬁ?,mﬁ%&atglﬁ&nﬁx’n%fowﬁg%%ﬁfle e gﬁgs‘élrtagﬁ%et erm ned
thereby prfudsalicRRniaiRm §tBe atHoRtphic Bperatis) & posiiién 556ths aiEek WEMSHSREEDB the
system applied onto the grid on the wafer, provides wafer height and tilt

z, Rx, Rynaskiable inapasuredge migsegiemavelnglse. sresitinnesfhe meslg@blenvitaresasghés e
o0 e R ST B A BRSBTS RS B S

r ef er encegitiidgeaini©xpardtie Heasd, theqsvsitfontdiechavahskris kacwin dithirespecked eienprojedtion t h
respect t %y;[,tg% Ornegglg&r)]l%gtgr 1%1;‘31'% he wafer stage. The wafer stage including the

[00279] The loading of the wafer on the wafer stage, also referred to as wafer
stage, also provides for a positioning of the wafer on the micrometer level. The position of the
wafer stage is measured with respect to the metrology frame by an interferometer and/or
encoder measurement system.

[00280] A more accurate position measurement on nanometer level or
sub-nanometer level is performed as a next step. A position of a reference of the wafer stage is
measured in the dimensions x, y and Rz with the encoder or interferometer in combination with
an alignment sensor in cooperation with a reference of the wafer stage. Using the same
measurement system in combination with a calibrated grid on the wafer, x, y and Rz positions
of the wafer are determined. Thereby, the position in the horizontal plane and a rotation with
respect to the vertical axis has been measured for the wafer and the wafer stage. Then, making

use of the flatness measurement system and the reference of the wafer stage, the positions z, Rx

and Ry of the wafer stage are determined thereby providing wafer stage height and tilt. The
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wafer is now noved to the expose side. At the expose side, the position of
the wafer may now accurately be determ ned by neasuring the position of
the references of the wafer stage. Thereto, a neasurenent is performed in
whi ch nmask references of the mask are projected via the projection system
onto a respective reference of wafer stage. Hence, the position of the
mask is now accurately determned with respect to the position of the
references of the wafer stage. By performng this neasurenment on nultiple
reference I . I 3 i . ,
the posi ¢ P SR paRe Ryt OfheliSa S REBRE G o BRREMAE WEROREANORLERL),

al | ow ng Ra, Rgl lnd duiab sthfesystest having achheemadtaidetdndme eckpamsidasthehbowosi ti on
rel ation between the wafer and the references of the fer stage has been
det er mi ne#eATUrFRENtAteReriorEpdat thapgasure pde. %@P@PBH%P%&%@W@WS@@
degrees ObofifisPHPM. WafGA At RACLS LOIAAG RRSHIARI Giihd BeteBafndwBge I 6

degrees of freedom on the basis of a delta between the position of the
waf er anddethemined frathenspecitoshe iefarerfes phéewafferstageatiee woaiet legenmabuimg thé de.

Exposure of .t he waf er now_t ake | ace. [00281]. The. .abo prqcess may be
Fepeat ed PBFTE PO POUERG? [ ERGE Sy Bt BGixphe Stin e ogHon A6 Do e may Bow

|'i t hogr aphécuraelRdedettemaied thfcaaim: WaHeitish afe réfBRNE&TT thd WhRSEBRNI C
apparatus and anot her wafer stage or on another |ithographic apparatus.

Accuracy dberstodemaapgRmentis Phléometdﬁﬁ gvlé@?m@s@pfm@m he agek progirejeeigd via
8 it . ' i )
e R R S S T

T
neasure an(fpe ose e thon nea

system subk &ncdnNaciefslg detetmined ethabgicerto 1y paitiondfehd Rfaemics of trcader
conbi nation. | n general, a nmeasurenent systemincorporates its own length

standard &REWRYOIFRIBingshismepsyremgutandnelapls refpeances fithrowpler stage (egulogaigda

st andard ' .scal e i

i monel onteobeo € sHESRerpo R BEKRESH o TR bl AU B3 B P AR 2R BT Apedoly
opti cal belowvingrto otlbdate.theédpositidrasight watea sherefremt asthe posifion kfatidnebeivedearthe s
two dinensignal, at di mrensi onal scale may be desirable. In case_ use is
made of &ﬁ?qrﬁﬁérlﬁépﬁwei Oﬁsﬁw@ % SRERATETEH JPRTBINGY PUIS meastrg By ot he
measur enephSsioRofthd Yafer il H@é}é?m%#elea&h% R MTEd ﬁ&m”fﬁé/?&@ticﬁf&%ﬂéjﬁﬁsﬁ Badgdo

di mensi ons by a one dinensional reflector or mrror. 1n current

| i t hogr aphi ¢ degppesrcdtitesdem, en thedpasis efia pati heteeencdbe positgn fithe thaérergddsur e of
of a ot antElrand e ot e SarERgee g ifgmBreuts SR ERaT e P! ¥ HaLEoa Pt sEs”
of an intgpkerometer mirror may be orders of
[00281] The above process may be repeated for a following process layer on the
wafer on the same lithographic apparatus and the same wafer stage, the same lithographic

apparatus and another wafer stage or on another lithographic apparatus.
Accuracy considerations in the lithographic apparatus stage position measurement

[00282) Positions on the wafer are determined during the measure and expose
cycle making use of a stage position measurement system, such as an encoder, interferometer
or an interferometer/encoder combination. In general, a measurement system incorporates its
own length standard of which a stability is guaranteed over a time period. Such a standard may
be based n a physical entity such as a scale in one or two dimensions or a physical property,

such as a wavelength of a stabilized optical beam, or others. As a target measurement area of
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magni tude larger, e.g. in an order of magnitude of 100 nmor |arger. These
scale errors or mrror maps in case f interferoneters nmay be cali brated
using the calibration nmethods outlined in this docunent. As a deviation of
a standard may translate into a deviation of the position neasurenent,
(re)calibrations, tracking, etc. may be required to increase long term
stability. For such tracking and recalibration, the calibration nethods
outlined in this docunent may be used, either in full or as a faster

update e. usikng .a ljimted amount..of tracks, I.e, extende patterns,

[ Doz83) oAyl bSOl oyt s n e BEEPICH oRBhieRh B pt
the waf eranStfeffefincdrasheréigRGeaveRAGIN RO EIIPOS sthhdund R thy Beadubdrberily, aainply be
required. At the expose position, the horizontal X, Y, Rz as a_function of
X and Y, alimgasipnahinterfraometer maybe grpapded todyvoslimensionshy aag dipgensipnahieticctor

cal i brati of JRtpgd %uHSﬁQﬁﬁ(%gﬂaﬂi@aﬂﬂa}‘ﬁusgg Ca;%&{ﬁh%i é\ogﬁé)?lzgccﬁgg ﬂ%ﬂferbxgo?ure of

sensitivity to rotations s as tiltrn st ag ound:
Ti |l ti ng ofth¢ iafendf ianhsdrlgeoimygimdp of f0or nathmeaterowhide an aconcurp effi 8 ataaddrd suen

unfl atness of the surface of ,the wafer, Such_a tilting results in a change
in an out ﬁ’ﬁtasﬁfflﬁﬂ’égr“g‘?f%nﬁéﬁ?‘l%ﬁ? BRREnH of funisels : ﬂs_%ﬁﬂtrr(aﬁwgﬁmﬁf‘éﬁeﬁt.
A netr ol ogy, IRA&L 15304, g GAlah RFdr bP haBRRude BN 0B AnPBPkicRH THRsOSER erfols or
conpensate for such chahges in sensof output. Thereby, using a metrol ogy
nmodel i n anifor map$ irecavaf mtorferoméiers maypbecadibsited gringthgralibrabdén misthogseutlineh

s i . tilted ition.of th f b .cul ated i.nt
bosi t1on o tispecumens A ae iRt aoliighay (A T o drenigbothf pevivdy
1. e. cor niskednlett, (1R)dalbRitisHE Rradising di€l nedy Y Bquibdd 1@ ihMiBasd il eHR BRbility.
calibration map. This calibration map for Z, RX, and Rz, e.g. as a

C

function dfor xuchrizrckingtandmecalibessiony e galiwation methpfeowlipesia thisdecuragnt iway be
calibrate i f. I j chpi gt i i | t.
00285, 1 0ot g ATHER &L A Bodsfe B P RRE bl b P SBRATER,
at a plurpattedny. of fixed locations (e.g. fixed grid positions), which
position correction terns_may be 57 added to the npeasured position in
order to obt ai 1093881 cal i dixposye pagiiensand aigpwepigragks ryde at apyRosition ¢fijhe

post 10N SOILAGH,ANaERHidnte TR ARRIOLEH dV3r Bfidlka by B Q¥fiRd & the expose.

calibrations in between 't I Xxed positrons. I'n a nto the correction
terns for positivaché borizitdl X Yo Bxiak indndtionyof ZreohdyY, adiwedlctsitlonyeriacad prid Ermay e

the calibratjon matri conpri se.one gr nore subternms in order to
express céf {étéiefidlﬁ’élgitﬁe ﬁ%ﬂ%ﬂéﬂﬁé@%g crfredp QUHEPRUMEREr eby, a cal i brati on

correction in §pp284] Furthermore, sensitivity to rotations such as tilting of the wafer stage

may be found: Tilting of the wafer stage may be performed in order to compensate for an
unflatness of the surface of the wafer. Such a tilting results in a change in an output signal of
position sensors of the stage position measurement. A metrology model and a calibration map
may be applied in order to compensate for such changes in sensor output. Thereby, using a
metrology model in a form of a matrix, wafer stage position signals of the position sensors in a
tilted position of the wafer stage may be calculated into position signals in an un-tilted position,
which may then be calibrated, .i.e. corrected for errors such as grid errors, by a two dimensional
calibration map. This calibration map for Z, Rx, Ry and Rz, e.g. as a function of X and Y at the
measure as well as the expose side may be calibrated using the calibration techniques described
in this document.

[00285] In an embodiment, a matrix is provided of position correction terms at a

plurality of fixed locations (e.g. fixed grid positions), which position correction terms may be
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degrees of freedom may be obtained. Al so, use may be made of multiple
correction maps, for exanple containing calibration results fromdifferent
calibration nethods for different spatial wavel ength ranges. Furthernore,
effects of switching between different position sensors or different
reference grids may be taken into account in the calibration matrix. Error
sources in |ithographi c apparatus stage position neasurenent processes
[00286] In the below, a plurality of error sources will be described for

di fferent L i |k i .

it ert or oplFET0 URALAN ol iohtdt SUEH BBBYE: PRARI AT B3yiph STttt rems
provi ded khytha pbiititw goregehibs neppamay bs applikdig osder &1 gl e d@fcalibstiageindetvan

i nterferoneter based nmeasurenent systemto neasure a_posjtion of  the wafer
stage. | o%@dlpﬁﬂflﬂ% I additigruiodhe gprreqtinp &rmsdonsrietignehige ppatipnin sepdy
onto a m sonb, . : ' L0;

i ecti on'y sy Sef et i e cAlRAon uiAn Ehhahe Bhe bR FIRoR oL
wi t h r espexgressaorkeliomsin aultiple degreesndflfeedens Tldreby, efchelptiomcatactiac @s6 of t he

The sans. AGHES HdfeSm TR ORoREre? Al ST Wt O GUE PEFAGPIS Eotfdciap maps,Tor
di rect i onexdRHIE @b MBRINPRIIiBEAIUE Sestfis Bofh diffefeh] d8Brdlioh M¥thafs bA@ERlent Yatial

bl ock. Vertical interferoneter deviations at neasure and at expose as well
as neasur savegersth sages drurbemanssitestolseiohing betoveen diffasent mositien penspiser

measur ene i irecti.on cays by . unfl atness of.the mrror(s) used in
the 7 moadirehuferneebiGimaope Bptiv e tdd i Akt Bp ™kt cut at ed from
the different interferoneter neasurenents, e.g. perfornmed by spatially
apart interferometer beans. |naccuracies in these interferonetric

measur ene HEOR soEressdp dithozrARRiSAPPRIALES tage Positien mpasyrenrat PEOEHICAL ed
rotations. The calibration techniques described in this docunent nay be
used for calibrations in 6 degrees of freedom [00291] A further source of
error may be pl@e8dpd by Iigthicdebbed, arpimtligyrnd ewbi sdurcdsaiidl beldasceibdd formtifferent
exposure due.to | mersion effects. For calibration of inmersion specific
effects ré%?ﬁ&Wﬁ@nﬁﬁfE@QgPiP 1§ ABRYPYTons the calibration methods descri bed

in this docunment may be used to determine a correction on the grid.

Single stage interferometer position measurement

[00287] A first configuration is provided by a lithographic apparatus having a
single wafer stage and an interferometer based measurement system to measure a position of
the wafer stage.

[00288] In this configuration, interferometer beams are reflected onto a mirror

block of the stage. A translation of the stage in X or Y direction results in a relative
displacement of the interferometer beam with respect to the mirror block. Unflatness of
reflecting surfaces of the mirror block may result in stage position dependent inaccuracies.
[00289] The same holds for measurements of the stage position in vertical
direction, performed making use of e.g. a tilted mirror of the mirror block. Vertical
interferometer deviations at measure and at expose as well as measure to expose corrections
may result from inaccuracies in the measurement in Z direction caused by unflatness of the

mirror(s) used in the Z measurements.
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[00292] A still further source of error may be provided by wafer
deformation due to wafer support, clanping induced forces on the wafer,
grid distortions due to pollution and/or damage, etc. These devi ati ons may
be calibrated using the calibration nethod described in this docunent.

Dual stage interferoneter position neasurenent [00293] In a dual stage

| it hographi c apparatus, having interferonetric stage position neasurenent
systens, essentially the sanme categories of errors may be found. As a

resul t of m rrofogsgif! at NG Si ALSaME drEliabd sm AR iRlent iROTLLRRR
measur enent s, posI‘ti on ~ measur enents, ona positions as ca at ed
from t he raesureamhn, s.gf p@fnrﬁ:pad:)@dpamlwtapart MtenfémmtmbeamhéMuraEias irhihesoor e,

errors may, result from wafer stage deforpmations by forcge e ted onto the
waf er by VBFEETQPete meas eS| thesgarer EElat: i@lonpssiastie oo teealiatased Ig{atigns.

waf er cl afypl Agnimeh %@gﬁ% ds%e@&%eﬁ@n i Alubich Iﬁéﬁﬂ&ﬁs%d Iy c@h&%ﬂ&ﬁs‘%ﬁ 6%grees

freedom nay be detecte corrected using the calibration neth
descri bed afdreetomm. docunent. [00294] A further exanpl e of positi on

nmeasurenment err aused e ipterferoneter ith ..
oror brtet o1 1 032 S B 0Gre ol e 65 ibkided 5f Sr storipatibns pich
interfer orfﬁﬁ@]sBa@émriﬂ re& bR BA0aNEh@sio R eFBds. lmeﬁi&ﬁmﬁmmémah ¥peeripeans
B 1, B2 and 3. Due to obI i aue surfaces 43b, 43c of mrror 43, beans under

an angl e affecisrespliénedinpasition deviateons thmcalibration mesthods\eparibed in m%@ca@@n@n@y of

t he stage,, _and e vertical .displacement of the mrror 43, will result
in a chan qsﬁdpchge %F%B%???%?%&PHPB% rr‘Fof B 1 and B2 in respect of each 59

ot her. Deviati q0e292) t he Xs@ll figthesscurdéeasior irfay bt provideddwivadfeatesoratatbe due
prismdeviations may be corrected with the calibration nethod described in
this docuri@ er[semzfmsplanmgq@dwm pices ofy the seaferngiighdistortéons e & pejhiien and/or

systens ”%g Rﬁﬁ;@ \”T'hgﬁeddev%a@xoﬁs &%g%la %ﬁlﬂﬁﬁe& r&g \l‘jﬁértﬁk dafB a%n MR MR Gibed iR 8RS

within a singFe Tithographic apparatus n cont iguration, errors may
occur due doougentd devi ati ons between the grids associated with each of the
stages, and grid deviations due to inmmersion effects. These sources of
error may be corrected with the calibration nmethod as disclosed in this

docunent . 1} AA3RAL ikedrosmbks RLitBRIREashRURER |0 I nterferomet er based

systens may ocC from matching between different |ithographic
apparatuses, as a result of grid deviations between the grids of the

different I1thqgpangi c aRRarALLSSS: oS ashie Sohasis Havig iSter ME¥neRS: stage
position measurement systems, essentially the same categories of errors may be found. As a
result of mirror unflatness, errors may result in X, and or Y position measurements, Z position
measurements, rotational positions as calculated from the measurements from spaced apart
interferometer beams. Furthermore, errors may result from wafer stage deformations by forces
exerted onto the wafer by wafer stage actuators, and forces exerted onto the wafer by a wafer
clamping mechanism. Stage to stage differences in 6 degrees of freedom may be detected and
corrected using the calibration method as described in this document.

[00294] A further example of position measurement errors caused by stage
interferometer is described with reference to fig. 17. A stage interferometer system comprises a
first interferometer emitting beam B4 and a second interferometer involving beams B1, B2 and
B3. Due to oblique surfaces 43b, 43¢ of mirror 43, beams under an angle are provided and
incident on 47A, 47B. A vertical displacement of the stage, and hence vertical displacement of

the mirror 43, will result in a change in the proportional lengths of B1 and B2 in respect of each
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corrected with the calibration nmethod as disclosed in this docunent.
Encoder based stage position neasurenent [00297] In encoder based stage
position neasurenent, basically two configurations are applied at present.
In a first configuration, a grid is connected to a stationary reference
such as the netrology frane, while sensors are connected to the novabl e
stage. A z neasurenent may be perforned based on a reflection on the
reflective encoder grid. [00298] A second configuration (hereinafter

referred B&eﬁ%ébﬁ@%ﬁ?irﬁthgrzih%id SNERAGK if%‘ﬁ%* SéUiQtﬁan%Q{/oﬁ@ﬁsrrﬁidﬁviQﬁMsirH e
sensors are connected to t stationary reference such as the netrology
frame, whedreectedgwithl theaiahiration methceldeserifedrimihng dpamtenof t he stage. A z

neasur enent nma erformed based on a reflection,on the refl egtive.
ot (71 i R C AR L TS RN

of a smal ] chiffiglrati®¥ SRthAWol R ke {vﬁfi‘:g%ﬁg&fwitﬂiﬁ‘d‘é‘iﬁgwlit%grﬁﬁlﬁc ShARus. fh such
variety of possible sources of error wwll now be di scussed for both these

conf i gur acemfiggirationt emrere meayyocgwi dlicdn godskevigbors lgtwerni the gfido@oeiated withiegch

configuratien, wWithin a.singl.e sfage.a variet f..sources of. error .may be
Found i nePLRisiHhh ohd st ARG B8 i Bloayense R TBEY S e G P e 1
def or mat i e@rebug] with HeQAUBiation nivtivsdas Hidcsed BBRSdoc@hkst. carrier tol erances,
nmounting and tol erances of individual grid plates, sensor inaccuracies,

etc. These er {HP86kmy haul farthasstropspusecsde iferéirometes bassd SEUES BAY PACW, y 2
di rect 100 ¢ Welchind et d @RS 1Rfoariic et BRIORL: LUI NIPISiadBhl | o7 ent
neasure and a pose. SO,

errors nmay occur a nmeasure T 0 expose errors
may occur betixeen tie drivisef dieatiffedehelithsgrapiiic dpsteamusdsi Ditse soyrcexcafietror malgibeh
translate into surenent errors. Still further, stage to stage deviations
and machi fiemseded Viida Hierral Beediph fmediod Wc}%gﬂﬂmthw[%%ﬂtA still further

source of error may be found in a configuration wherein the wafer stage is
provided with 4 sensors at respective edges thereof, two of these sensors
bei ng ar r mgedertlmsod stage positiox nerasuctmentti | e t he ot her two are arranged for
measuring in Y and Z. The stationary grid conprises a grid assenbly
conprising 4 grid plates which together form a grid plate assenbly having

a central openjgaofpr then HRHEHAANth& osARaR s reARnVBhdicA thver
configurations are applied at present. In a first configuration, a grid is connected to a stationary
reference such as the metrology frame, while sensors are connected to the movable stage. A z
measurement may be performed based on a reflection on the reflective encoder grid.

[00298] A second configuration (hereinafter referred to as “movable grid

encoder configuration®) wherein multiple sensors are connected to the stationary reference
such as the metrology frame, while a grid being connected or forming part of the stage. A z
measurement may be performed based on a reflection on the reflective encoder grid. In this
movable grid encoder configuration, use may be made of a smaller grid, even at large ranges of
movement of the stage.

A variety of possible sources of error will now be discussed for both these configurations.
Stationary grid encoder configuration

[00299} In this configuration, within a single stage a variety of sources of error

may be found including but not limited to:
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exposure. Due to this opening, in many positions of the wafer stage, it
w Il be observed that 3 of the 4 sensors are in a position so as to
cooperate with the grid plate assenbly. The in total 6 position
measurenents obtained fromthe 3 sensors enable to determ ne the position
of the stage is 6 degrees of freedom Gven the opening in the grid plate
assenbly, a fourth one of the sensors will be out of reach of the grid

pl ate assenbly. Wile noving the stage, depending on the position of the

stage, a (] : : : : i i b |
Tnvoke t akcbaan deopREIAL gl i GIBRNSIITULE pRithe i RGO My
be cal i br abgtr bdemgedsheountalg ddavicomceediindivamabgst platvetsensortitdcsurdciesiment .
Al so, all qther deviations.my be corrected using.the calibration

t echni que ﬁ@é%?@%’é&laiy 2y, P 98 SHBRPOSINBR:AS raeagmeﬂ R Ay defrediepiagieles on
[00302] Alrg@uibfs RKIRy,®eNfiguration, within a single stage a variety of
sources of error nay be found including but not limted to: local grid

def ormati on, gll886¥10] gri d fethermerei differtnerrars pray @gedriap mepsuse agbatiegpescahlses,

grid carrjer tolerances, nmountin nd _tol eranc f i.ndividual arid
ot s, anEpeth SRRNF SRpdRH 0P BRdouSpBRINE ST, sl Sl P mB S
posi tions viticheasiiemhtd Mmeisurdnént dirbRC Bl furfifer, Welgle 16 8tafd d&va4tiink BAG mMRRinéJ6
Rz. Unflatness of the grid may furthernore translate I nto nmeasurenent

errors i Anachingdexigippsymmyresph0303] Due to a rel atively | arge range of

novenent as co to the: sl i i Ry
provi ded, so amﬁﬂave sﬁbugt flfgﬁglﬁfgor%%@‘reg{og?n a@ﬁ%%ﬂna%%@ggﬁggﬁg{h&e%
cooper at i aire wafehsthfeisgrovddedwizh diseioss dtirespecivet diigegthiectof, Mav effeiese sdnsbilse
stage, thys, of the grid, will thereby resuJt in sensor i tching, wWQich
Ty have OFTECTENGH PREAHEAL %vw%&eﬁm%%r typ arﬁe%rg%g@‘f %ﬁa}e&furajfg B xpyKk.
Al'so, nMeaguffe Tsﬁti@ﬁ‘ai??%ﬁd %61'iqgfi§esr£‘3g¥id%§éﬂﬁbl U&m Hsiﬁ%g- ridgj’lété's \Qﬁ%h%ge%rﬁﬁmt he
wafer. Due to I nmersion effects, grid deviations fo cur, which

t r ansl at e aigndglate assembitelrtving a ogrdral Gpdning fon thehmojecBomlyes esembbhge widhasdbr ons

and nmachine to chi ne devi ations may. result. 0304] .An. exanpl e of

Tovi ng- or PP B R PepiG: Prrony FRSLEEs EhihtelEy Seemf Wi EReSeraet Pt} o

18. This ¢ bGub@atOm d fosftiontbek islesspeldaeith thdi2id FIaR8sQ9532 Teheliahdtavhli Ch

is incorporated herein in its entirety by reference. Fig 18 depicts a top

vi ew of apagifier mepayemUBT obleined dom Heddsnicserblestp dstrrmineshe positionol the by

64, 66, etsf%lge Psed @e%rees of freedom. Given the opening in the grid plate assembly, a fourth one of the
sensors will be out of reach of the grid plate assembly. While moving the stage, depending on
the position of the stage, a different one of the 4 sensors may be out of reach, which will invoke
takeover errors. Such a takeover may result in deviations which may be calibrated using the
calibration method as described in this document. Also, all other deviations may be corrected

using the calibration technique described in this document.
Movable grid encoder configuration

[00302] Also in this configuration, within a single stage a variety of sources of
error may be found including but not limited to:
local grid deformation, global grid deformation due to production process tolerances, grid
carrier tolerances, mounting and tolerances of individual grid plates, sensor inaccuracies, etc.

These errors may have effect on stage positions as measured in x, ,y z direction as well as
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provi ded on a cross shaped structure, Depending on a position of the stage
wth respect to the cross shaped structure, sone of the sensors wll be
able to cooperate with grid structures arranged on the wafer stage WST. In
this configuration, an interferoneter is provided to neasure a position of
the stage, the interferoneter position neasurenent nmay be applied to

cali brate the encoder position neasurenents. This calibration technique
however is prone to simlar inaccuracies as described above with reference
to the i nfedisak RIBRGIRPURTakR8s of TREEMA RIFE FirthdroRd th@klaWahfbSmedufdn@int errors
unfl atness of the interferoneter mrror may affect an accuracy of the

i nt erf er oimet, BxianddmRybr at i on nmeasurenents. In addition to the possible
encoder and i rometer error.s ces_nenti oned above, the .

cont gur at 1 on WBSRFbed RiF &S hgFiRBe g fRo e Sk Souiehet v abesigepheen
the encodgesriaNa BlukdlRY oS bé#Bo@may fr6VIded, s6fas tdIaversofRidh apabers beb@ikeRce
structure. A6 degrees of freedomcalibration of the novable grid encoder

conf i gur agvaabledyr aepgretiemvith thagridineneh pasitionod thegridrMaysmenofdhesages Hus| n
this docu . j | s0. I Dy i QLI At i
' gnnont Sk rid, Wb, 30l SwhElifie A EO AL I ARk R eons
st i t chi ngadeardcs abehNOSDRYovAt kxpdshedlso ahedsuat toe@lpoeicho sy dese dudede.gi t h

reference to fi.g, 19B. Before describjng_this calibration nmethod, jn nore
“detail, r%‘i“g?‘%‘ﬂ%tém%nﬁl?ﬁd‘@%qro[)%twmlf@?s‘%@fge%i L éegwéwef B Ao Wi n its

entirety H%ﬁ?sgagé \;ﬁ\{tct?ﬂﬁﬁﬂr%rﬁ&ﬁ B Stiﬁr’f&rtl‘i’éi’%'&&rlh s 'Fé 8 AREhs And GRkchRE?Y | On

nmet hod app ogr aphi ¢ appar at uses ving I nterferoneter based
st age posiathiondematsons emgnesult he net hod wherein a plurality of spaced apart

mar ks (each e. onpri si ng plurality of .points re provided on a nask,
the marks bei ng"’éP nged di aggﬂﬁxﬁ’yg{ecﬂ’f at’ﬂ%“ﬁ%%‘ﬂ P‘?‘FO%SE poégloﬂoth axis of
nMeasur eMefleafifrerhéif st gs SPpidibd A 8.1 PHis Ebﬁﬂ%xrﬁﬁon SRy eHER abscaibed REUST age.

An exanpl e of such mask is depicted in fig. 19A. As depicted in fig. 19A

t he di agoR)8-80433h3 éate ihiclf is imaokporatied heresiplits enhiregx b efierencst Fig b dapoming '
pattern op the ubstrat e, IS _expasune LS. I t h far st -hei ng
B ept noedrnosy pEARRE e MR FnERB RS shRo b SRS et g Lo RGBS
resul ti ngpfd?i@d%ﬂ(acc@&%isﬁﬁ)e@fstrﬁ&htb’glﬂepeﬂiiﬁg?bﬁﬁ positdbragiihaktagd itheespsct (¢ hig

exposure may he performed at the expose side of a |ithographic apparatus.

Read out croghthepediiuciureoplead dheatensare wikk he able ta cepperste with gfif SEHelPrS

PPt v o OB PG ORI R oo g TS, b
measure a position of the stage, the interferometer position measurement may be applied to
calibrate the encoder position measurements. This calibration technique however is prone to
similar inaccuracies as described above with reference to the interferometer position
measurement. In other words, mirror unflatness of the interferometer mirror may affect an
accuracy of the interferometeric calibration measurements. In addition to the possible encoder
and interferometer error sources mentioned above, the configuration described here may also
be prone to take over errors between the encoders on either side of a center of the cross shaped
reference structure. A6 degrees of freedom calibration of the movable grid encoder
configuration may be performed with the calibration method as disclosed in this document.

This may also be the case in configurations wherein an alignment sensor is applied which is

microscope CCD camera based.

Extended stitching marks
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be separated from each other, as the points along the horizontal line A-A
are read out at the neasure side at a sane position (along the first
direction) while they have been exposed at the expose side at different
positions along the first direction. Interpolation may be used for
calibration in between the positions at which the calibrations have taken
pl ace. The calibration nethod as will be described with reference to fig.
19B now applies this concept to the calibration principle nmaking use of

t he extended |ine nmeasurements as disclosed in this docunent. [003061 Fig.
19B schematically depicts a mask structure having a plurality of marks,
whi ch may each |[003G8]i se aA filutiicakalibhyratddn ypothot $s deEhebadawkis rederenad todize d9B.

T e e R e e
the subst ratien iGARREEFhdindn Rk Uhlelyl By RberBRIeK his Pridr ar? 808 830RALs a
arrangenent. According to this calibration nethod, during the exposure, the

subst r at e caEbmtive thethmdrappliet witbflithdpeaphisdpparateses hadng thterfaroinoter basad stags

| the X di ti i i d.b RW Th b h tt
R ks IPsbich sttt e hlfod BhERimd Ry o EiRbee LMo Rtts [efn B °Le
depi ct ed i@nipr@ing B4 BuralifeofPeif§Hdes pRAtdearons: BYke é Marks Beihp gn&h%eatdiig%nauy
e

direction, i. I'n this exanple in the X direction. The diagona

ar r angenerst the mableinwgenest of hpth akis of mepsIrementof shesstagsnosidionpathe nlancidle fi r st
rritiecs | A . . e |
T oct ony A i sk 05 SERBIEQENERFHA: At bl SO R gebRa e

direction), thereby rés

di recti on 19dythedjagdral axp@stiest ofimarks pllredhlt tryexgios@rs o€ adegopatgagemsonvhe ch
are spaced apart in the second direction in accordance with the s acing of
t

the mar ks SPhSUaRe Thiscomasus rsaepsabid. thenvalGhstegs Reirg displases) withotespgdt 1 e spns
A ! o . ) . o . ]
to each otfagfecni,idagsitd é@%s%%{ﬂ gﬁ% ﬁdei{ﬂ?g@%%(?@éa%n E@fﬁqﬁmgpﬁ]dﬁg@%&tﬂ%éﬁnaf €

marks with respect to ea st direction.
nmeasur enempattéras Hihiegx@ssurd amg tbic lpecfoaal/at thacyposée sido nf artidegraphierdppatatus hikead

neasure side i.s performed of the extended tterns thus exposed onto the
subst r at e “H-HYCH W8y fAkF StaceptiBe MeaHre ¢ gofafihoerp B appia LS R Blre ng
per f or med i@ A R&nfHgr ﬁA.@He?éBB%&%itioBﬂ?gr&mfs aMBEMERNrPE ORI Be xBSselsitfelmdyhat

the different marks are spacé art in the first direction. As a result
t her eof , e separated ifignt ¢ash offes, asitbmpahtstatrngdhe borisatad dine &-A are tead ent @irthé n

t he second direction bei.n ovided in.all the. t ende attern
novever t PAStEs s 4 oA BEERh ClabE Rt flisdinon) Yiits TR BeBiraeiTy e
Agai n, si ikpadel sydel 2 diffi@erfpokigidndask¢ theeHstMitedtis e TalefdtRionandy & usé@fer t he
extended patterns have . ) o
calibration in between the positions at which the calibrations have taken place.
The calibration method as will be described with reference to fig. 19B now applies this concept
to the calibration principle making use of the extended line measurements as disclosed in this
document.

[00306] Fig. 19B schematically depicts a mask structure having a plurality of
marks, which may each comprise a plurality of points. The marks are aligned diagonally in
respect of the directions X and Y. When these marks would be projected onto the substrate, an
exposure pattern would be provided onto the substrate, comprising a plurality of marks in a
same, diagonal arrangement. According to this calibration method, during the exposure, the
substrate is moved in respect of the mask in a first direction, in this example the X direction as

indicated by arrow ARW. Thereby, the patterns of marks provides a plurality of extended

patterns on the substrate, as depicted in fig. 19B, the extended patterns extending in the first

63



been exposed onto the wafer at the expose side, while neasurenent takes

pl ace at the neasure side of the |ithographic apparatus. Measurenents at
the neasure side are again perfornmed for each of the parallel extended
patterns, whereby, pattern parts at a sane position along the first
direction (simlarly to the line AAAin fig. 19A) are read out with a sane
positioning error at neasure, while these parts of the extended patterns
have been exposed at different expose positions (along the first

direction direc-{ilaﬁ,r 1Eeb¥n thl’i)é)éiatrdﬁé'%rﬂge %&i%ﬁo&%ﬁe%a@?%ﬁg%ﬁgﬂmo?ﬂ% bkt NG

expose side may be separ at rom each ot'her. s et or exanple
be enpl oywtiichdhe maikslaratpacahapartfih dict fivetsdirenfiomas well es inshosseord dindctionin thise

et moorint B B BRNGE S Suh. Ren SRS e Rn( bt et
di recti ongdurkeihb @x%d’kﬁré} gp% %mgmu%f&ﬁé;ﬁ%%n&%s WARhaX gRdedahat ihehd\second
e om ed, I C

i nterpolation may [ ch may i ncrease accuracy and may be
resul t i ndigectiognn f¢oprdance with thewpaniggad theonatka irethe second alirgttsuy, endwhisbrastich

as descriped,with.reference to. fig. . 19A.. Furthernore.,the .need to copbi ne
The cari biaTIakd ik FPRSS Each st s 20 RS SRR rash S RGreh g FERL o
[00307] AnatllRariticakpdet &f ¢éaeh ol othe ifgstdRS6id eSimilali o mEhdusdrhant tdchhiquence
will be made to a prior _art method. In this prior art method, spaced apart

mar ks ar edgseabetihovem positew mepskremsat i thapeasvas side ifgrerSemerhaf the erignded
RS e reac : N ) g
Bt oct) onb e EhES ool Dbie HRBRIAaloe B sl difecibh "6 pRRG) hARIGE L

pr ef er abl megamanaitibammgaecfivnnsd mithpfckt direa@ingematbigusemak be nmde s fib dadt cladt| vy
depicted in e mask MA. Such calihration patterns are useq for a_s
called "s hetcféﬁ?rﬁ@‘ﬁ-m@bﬁmé@ﬁeed\méﬁé% eaflgrﬁcﬂreaﬂ%ﬁ@wwlfsthﬁﬁeﬁéeﬁgar in‘the
repetiti Vﬁ&éfti&[‘ofttﬁ;@eﬁ%dgﬁﬁgm, hRerroHRSthe %cﬁn{i’si{r&ré@tiéﬁ 'b@i‘ﬁg%rl?ﬁm‘)@ﬁfhll the

successi ve projections over a distance slight arger or Sslightly smaller
t han t he speacdedgattbmsiwevevaetirgisatad wigh popent $o edfchtobter pathe dirst. (XRliettombl v,

t he di stance. is sl ight | ar t han t.he .spacin as to avoid overlap in
compl ex SBeas By b i grethisasrBedviteis e i e TR R sehiee i g
20A, wher Be&i&?&?@&_ﬂ' 0% B% AT 8 thehkBostaiies (Watle BRhaWeRaRNAIRE Phice aBthe BlthSIre
mark of a followi ng projected pattern is exposed adjacent to an outer mark

of the predeeltieithrasiniie appargbes. MaapureBgnta at dp srdasirg gidexproagaimepasformgd for

patternin €.00. 1N t imensi ona rrangenment, on the wafer, a

apet t1vershii s bttt ¥ p R TARER O her Py BROGT RS fsebiéhob BB atosfhabe Bt
of a cent directivhr(kinffarlg 1 Bietie N -ANE MU QA) ARrksl @ft vad) aasaﬁfetcrol@mohﬁfgresmr &ach
of such clusters consists of marks that have been expose i%i . €. projected)
ont o t he H§pHire.avialeghesgipprte peihe eplsnded patigmsthayebeestexpasediat diferent expose

positions (along the first direction). Thereby, positioning errors at the measure side and at the
expose side may be separated from each other. This method may for example be employed to
calibrate an unflattness of an interferometer mirror: the unflatness of the interferometer mirror
along the first (X) direction resulting in a position deviation of the stage in e.g. the second
direction. Due to the continuous character of the extended patterns, interpolation may be
omitted, which may increase accuracy and may be result in a significant time saving as
compared to the discrete approach as described with reference to fig. 19A. Furthermore, the

need to combine the calibration results with other measurement techniques may be obviated.

[00307] Another calibration method is described below. Firstly, reference will

be made to a prior art method. In this prior art method, spaced apart marks are provided on a
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exposure side, while they can be read out at the nmeasure side of the

| it hographic apparatus at nearly a single position. As now readout of
near by marks can take place at neasure at nearly the same stage position,
while the different nearby marks are from patterns on marks that have been
exposed at different stage positions at exposure, it becones possible to

di stinguish positioning errors at neasure and at expose from each ot her.
Conpared to the nethod described with reference to fig 19A and B, the

met hod described,here offers the possibili.t cal cul at. t .

0 romsi ondTHEdF B ST s aterise 8¢ PEpeR daibt, The Pt el ek ip both the
cal i brati airst Gilithe {dtBkd Bigedtionpsiich a6 Brakhiyipkithé alalie depicteainadigerohasedbgt age
position neasurenent), while the nethod described wth reference to fig.

19 may pr dvelgeblygsnsiatige @ crshehined sapngUnemh phmas, dedymnbolisally depicded indher 1 ed

to as two _sihgl ' ? ' t I «Jhl al | i

t echni que i gg\gl’gf g{é(g%\%mj ﬂﬁ?’efp gﬁ%}ﬁgé{% t‘iSQ‘?f(g 2 Sggcﬁl,léqlnsingurhgncﬁs Za!tp P@r’?eﬁrr’ay B%by

requi red fsach apat@mingoRosidtrémititidalyan thasuistrae sthe shisstelicswimg dsplecd beoment s.

Al so, other neasurepent techni ques Pe apEIi d.in O[deh tg‘provide

cal i brat i GHCGRATEE PROJSSUaNT ¢y @rstaisgs lért_yr rgrn entighiy fgellerihan BeepiRhe

measur ene ; § i on
rﬂet&@eﬁgﬁ%uts%n%n&mhﬁ%% I qedolyl RHEInA if bt.)l'iegd}ﬁ% ktﬂgaﬂ thi¥ fle

techni que accor I nven | now be descri W reference
to fig. 2GBading $dvsgo meditl odsrlapse complesactupsier inarge fiumbdrs phtepetitipng5As depicted

i si |t f bly 3, 4, f Kk t.in th
cecond di gl S e shBesupatedi o dompren bty SRRCTEA ety ARRr bran y
3, 4, or FpISkingBrdisctedpaRen bsddhdideentitb af butef idafIE bf BB previcusiBrisfecteay
but do not necessarily need to be diagonally arranged simlarly as

di scl osed pattetn. Bgagepatisize expdsuty. of 59Eh patkeeningresg. ipatve dimensienebysandgeBapioon he

substrate,, while noving.t S t i t Ko

First i rdogPeie® S MR ralfmst REbRichishin B PRl Buprt Sorlfiihe'ofp blfcr
process i snarkRREaheitsrn bAd oGREMari@RE hifatan patidies. Babls bf Aich chawrng et marks

di splaced in_the second direction over a distance preferably slightly

| ar ger t hadbethaw baea ggposed Gra: BEORsiRA) Agtorthe substralp at:‘ihgfsr%kﬁ%mwﬁ Bestga thy
the first I it f 3 : r d,
i ch ext SRECHFE e, ATIeRS o JR ALY o me BRSPS R BpRaRSes
and 3. Thewesdy® sipglzqesiionsAs apeateibutisl mgriiyhearke cantikp plabe athmedBner & garly
during eac exposure the s i econd directiaon, while

te i d th
bet ween sUdeTES Weﬁﬁ@ﬂr@gﬁg%%ﬁ?%ﬁénér s ﬁﬁegﬁsnél?@ﬁ?m%o’% W@Ikls ithdt have
direction é)i@&?éxpﬁ)sgd atcﬂﬁ&%mps&&gg RiYoYs & éx%tﬁdr% it Qelgcgﬁfes bhabia o dksigange

corresponding to the spacing tween the marks of the second pattern. On
t he positioning errors at measure and at expose from each other. Compared to the method

described with reference to fig 19A and B, the method described here offers the possibility to
calculate a two dimensional calibration map, also referred to as a two dimensional calibration
grid (making it particularly suitable for encoder based stage position measurement), while the
method described with reference to fig. 19 may provide two single dimensional calibration data
sets, also referred to as two single dimensional calibration grids. In this calibration technique
described with reference to fig. 20A, interpolation may be required for obtaining position data
in between the discrete measurements. Also, other measurement techniques may be applied in
order to provide calibration data in a different spatial frequency range. The different
measurement techniques may then be combined.

[00308] A further calibration technique according to the invention will now be

described with reference to fig. 20B  In this method, use may be made of a first pattern
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substrate, as illustrated in fig. 20B (bottomfigure), a pattern of

parallel lines in both the first and second direction have been created
thereby. This pattern again provides adjacent extended patterns, which
have exposed at different positions of the substrate table at expose, which
are however read out at neasure at al nbost the sane position. Thereby,
again, the position errors at expose and at neasure can be separated from
each other. As conpared to the conventional "stitching" approach,

i nterpol a c

the need €0 Canny ag ATy (bRfiallDseh FF3Y of RERGRpR-BRM A sCoshl MEEAR

t echni ques smdlpattam\mamadmg a$lu1’al1tyf(prdf¢rebly 334, o) of fiadaspatedrapas avihedirstay

be achieved. Calibration overview 1003091 In .th el ow, . a (stage).
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the direction peté‘?g#él cular to thﬁ nmeas rerrent di rection. For an X
measur i ng XPASEI frafe i oxed Wrthe 83c0Rd dirpetiogy Whie BetiverRiBIsCrSsiveIfEPsurcs,

directi ontmﬂbgﬂzﬁ@m HPIRRd lme%argt%%&m{ %%Estaﬁﬁééggéf%ﬂéﬁl %Flgﬁtgygf’%’e%%%%

al so addi tional DOF, as Rz and u5| ng a r
i nt er f er odistascs corﬁespemhnglm itie spmnngemethe ngrlﬁmf&]n@eamd Fartern tOrethe

addi ti onal ure. th extended size aI l.e ddi t.i onal
Yot ect i nPoDAR solg e hdis 20Bhobad SRR Aot aprauBRlidisuf boltbe fida.
interferopil ﬁcoﬁ@éﬁ*&:u@ﬁ h\MiE séen c&%a%éﬁw %&@ﬁr@ﬁl Aafi Iﬁfaeldaa ﬁd:] &ent &(té’nded
reference mrror, such that chuck Z novenments change 'beam | engths, which

can be deP@tﬁtU@Qsi which pern exposed ai differehtpesitiansof ltiwssabststta@ble@ §KID¢Sanhlch are
nmeasur ene st e Ry, o nmake rees of

ded f
freedom eseerrefn rrors c?gwﬁga?am({% )éﬁgrrﬁf’iaﬂﬁ (r}%ﬂseg?'gaégér@ f}gﬂoﬁ %PFF%%

requi red gfpdde asd dlirA€adure can be separated from each other. As compared to the conventional

“stitching” approach, interpolation may be omitted, which may increase accuracy. Furthermore,
the need to combine the calibration results with other measurement techniques may be obviated.

Still further, as significant time saving may be achieved.

Calibration overview

[00309] In the below, a (stage) calibration method for a lithographic apparatus is
disclosed, wherein use is made of embodiments of the calibration methods disclosed in this
document. Firstly, a calibration method for a lithographic apparatus having an interferometer
based stage position measurement is disclosed, followed by a discussion of a calibration

method for a lithographic apparatus having an encoder based stage position measurement.
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[ 00311] In an enbodi nent, the stage calibration nmethod may conprise: In a
first step, an X correction map as function of Y novenent nmay be determ ned
maki ng use of the calibration nmethod described with reference to fig 19 B.
In a second step, a Y correction map as function of X may be determ ned
using a sanme nethod. In a third step, Rz as function of XY correction nmap
may be determ ned based on the calibration nmethods disclosed in this
docurent, nmaki ng use of the double gridlines such as for exanple described

with reference to fi.,g.9A .In a fourth ste function of XY may be
derived wi th t Hestea b RS R Re PROHS TG Lo Bdet R PRI ST HRERS Shamrls
use of thepsage 'repma@g@@wzdﬁﬁé}ﬁidnhmn@@mm Dakd 6the abstréte SCE 390 6nrhlin
this docunent. 67 In a fifth step, Rx, and Ry maps as function of XY may be

derived wiXhnd e lwa¢reralad degreesrpdtitrsdemaremra®edd. i n this docunent, naking
use of the double special purpose Z sensitive extended gridlines as
disclosed in this docunent. In a sixth step, a non orthogonal angle between
X and Y mnors [gagifle detgn matagetomete boditien ahsuderatrit opstere ftraish dissgd 236y i n
this docunent, applying rotating 90 degree stitched _patterps, as_discl osed
in this ddengfemey npabesieqt nirorsexdprdingip a digetin pempepdiswar fothe iatFronelse

per f ormed dol RPidch R whlk ?rgfvirré {35 dikoctidh pBR RN (RLEASRARL BSGhN
stage positi oA nmeasurenment ot or. “the above described stat | onary grid
and novablEorgnidXimemneidg interdurbngier tis @ilsytingayirhe iséxcidad it e Yt dieectianh afod wité on

of the interferongter based state posifion neasuremnent Lguration. The
above descf¥He &&ﬁ@‘%&ﬂeﬁr CEERH f‘?’?é‘?q{tﬁ'dnwe? ﬁff& a&&%‘f}n‘ggp@%%lu?}éﬁs ﬁ%?nd Y
i nt er f er ongt @i DARBHnaPhAITe] RASHELRTR B IS YrRITRAHSs fdr O03k4durihB R AMIGUE For
grating may be used as a reference for the 6 degrees of freedom (DOF)

st age posith¢ssradditionsl meastiienen{serimdyr widly eltendstsized emparaliel agditional aefleciing ch
may result in 6 DOF s 0Sl.tiQ rrors. [00315] .It. | .
remar ked tEECTHE Pi_%?ds :F%gz d@lgﬁ%}, élir}} %?FOW&?% < lisﬁ(g 1nt8rgfriognreget? :Bgé{%%j !é%sl‘gpllcged
wi th ref er@igerehiecttd By a4RBe Mo ® Drefdréhceinigoe adel tHaaslatk A mgeements change
beam lengths, which can be detected. In general a interferometer based stage position
measurement system may make use of extended mirrors for all 6 degrees of freedom. These

mirrors do not have the required flatness to fulfill the required grid accuracy.

[00311] In an embodiment, the stage calibration method may comprise:

In a first step, an X correction map as function of Y movement may be determined
making use of the calibration method described with reference to fig 19 B.

In a second step, a Y correction map as function of X may be determined using a same
method.

In a third step, Rz as function of XY correction map may be determined based on the
calibration methods disclosed in this document, making use of the double gridlines such as for
example described with reference to fig.9A.

In a fourth step, Z as function of XY may be derived with the calibration methods
disclosed in this document, making use of the special purpose Z sensitive extended pattern as

disclosed in this document.
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configuration) optionally take the place of the calibration described with
reference to fig. 19B. [00316] Correction nmaps nmay be executed in a sane
way in an encoder mathenmatical nodel connecting encoder neasurenents to 6
DOF stage position as in the interferometer mathematical nodel, which
connects interferometer readings to 6 DOF stage positions. General remarks
[ 00317] In an enbodi nent the nmethod according to the invention is arranged
to inprove calibration of the encoder neasurenent system and in
particul ar an I CONPLLSHD rkd...1n r.t al.i bra .
specific encodgﬁgqngﬁlssﬁ?pé%h?ﬁdzi%% eaﬁf g%thlp %?%?ﬁ‘ge‘%@’ %‘ eé‘hvlelgbh? %&%%ﬁagﬁ’@“’n
per f or med methqisidigcl@ed in i dbcameoy; sakihgaist ofthepidtiblelspédifl puency Zaeansitiee
calibrated by a conventiognal stitch approach wherein patterns are

r epeat edl FXi5Reseeidincyas ¢iselaeeddp pus dagwnat- a nutual di stance. Furthernore,

use may be mad fo | 1%913(% lsé i i 1.5y made
of an inertia grflgtsﬁgh E%?’;hge: %ﬁo‘g%gggg{ﬂ’%%géﬁf:@?é@ ?rgwggé)g?é;d%{méﬁlhﬁ%t be
fol | oned Iwitht the calitagtéonnnethododiscigsedtin this doswstemntapplyimcriotayingioDhlegrek stitched

control Ioog ban% gt h. .Thl%.rgl%/, a two dinensional expose grid calibration
may be apPPigls ay@irdpssidy e da7Umetat reduci ng a chuck to chuck fingerprint

and conpensat gogdiRgk depgrdept ! &Et%%h%%aﬁ%éeﬁtéld@%ér’f&%&d%ﬂ{mis%1 and
may al so calibrate cooling inducéd grid defornations. Enmbodi nents of the

i nventi onotdarevi at ed these problens. [00318] A nore specific desire in
prior art arrangenents is to inproved calibration for calibrating the stage
position of the |ithographic apparatus. Another desire is to provide an

i mproved det ec{o@813ret ho@alibatioR 0O ¥h B8E0d¥P bsel Bfa@E PBdiiQNmBhduberi@ s PRSth f4:0 a
certain surface area of a substrate. It is desirable to inprove the,

i nf or mat i ¢ abeme fespriped stafinnpricgridandanovaple grid angpdanepnfigasqtionb) may be miar ge a
det ecti on yRliiBhiioR D el iR el i HalRF 4808 Pt FRARRGher Qoffiad i e THY! T aCe

area in a shorter I me span. S nts as cribéed In the

appl i cat i ahovengusavtedptdagecakibratian mathgd Myt thusgicobelipidict dortihgseroaesértased
[ 00319] AIthougg,i n the above a specific exanple has been provided for a
det ect i on Si#8¢ REUUAMBPCRATMIPBIY cul ar a calibration of an encoder measurenent

document may bEBadli ed ta ek B el B A R B Bl b et
system stichdas (DOFesthge positiar. This glatiren(gridhaby daaotidegl aAd not flat, which may
result in 6 DOF stage position errors.

[00315] It is generally remarked that in the stage calibration method, the
calibration described with reference to fig. 20B may (e.g. in an encoder based stage
configuration) optionally take the place of the calibration described with reference to fig.19B.

[00316] Correction maps may be executed in a same way in an encoder
mathematical model connecting encoder measurements to 6 DOY stage position as in the

interferometer mathematical model, which connects interferometer readings to 6 DOF stage

positions.
General remarks
[00317] In an embodiment the method according to the invention is arranged to

improve calibration of the encoder measurement system, and in particular an encoder

comprising a grid. In order to calibrate such a specific encoder measurement system, a plurality
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di mensi onal encoder, interferoneter/encoder conbinations, inductive,
capacitive, etc. [00320] Although in the above a specific exanple has been
provided for a detection method and in particular a calibration of an
encoder neasurenent system of the stage, the detection and calibration as
described in this docunent nmay be applied for controlling and correcting
| ens heating in a |ithographic apparatus. In an enbodi nent an extended
pattern is formed repeatedly using the sanme pattern, while nmoving the

substrate t hﬁ rn qs é? Repeatedly patterning results in |ens
heati ng an %’OH%WFQEP%% MRGEfTt i on method, wherein a property of

t he ext endefld pabisah A 1ok epatidl Feqhdrcstaslbé 8AILrABd bF a %ﬁﬁ#ﬂh@ﬁhl%ﬁf&h&b?ﬁéh&?
|nfornat|on with respect to the deviations that” are a result of

heating anwhergin ngterns are reprateddy peiectadpiiothe sgbwater #rasmpfwak distgnces Butloomong
The above SELLRNALAER PR RS L ARIFEIROLEC ol LEBSHARN 6. AR AIIA: ofifc
b oF 4 ¢ ey

e.g. a suita programm con ro e “0per atfon® of

the |ithogstagehhigh spipad fiehushcy lofidice@es wfll st bbrfolaa@lahdb}ometsagem@ﬁ atovirdpoaty
means of suitable progranmng instructions, any other way to nake the

control | ercoal?tﬁaw@é%%“&sa tow snpeel 9o h@aﬂmﬂaﬂmiwwsahqur@} FEROSC B be
appl i ed (&qGbrafibf 'nﬁx?tl:%% Eﬁécﬂ‘eﬁﬁ& m8¥ B¢ aimhdd0R 2ducl r%laj[cg]glg% gcf&mgl | eg%lﬁﬁh Elmank

order is necessary commonh noi se terns
scan i s pewigensde thek slepsident deforaiztions due @l ssbstraby e amphpparghmdy tlso calibrate

conpensat e f r ow .Aas i nduc Qoherenc af f 4
Al '[rﬁough s%’é‘ % f%‘“?"‘é?{ %?F?g’% nﬁﬁfﬁﬁ%mieﬂts pgsptiopg mateﬁ?l& %Pr"%ﬁe 8.
l'i thographi c appasgus i nathige SREMEAEHE 6o ﬁﬁoﬂagfsarrdntgeﬁeﬁ@héitotiﬁlpmar st ood

that the |ithographic apparatus described herein may have other
appl i cati cm‘tbbraélgn torapsliblatingrthesagetposision of thetlshomerhdc appritus | Amotesr desite is to

i spi ays, TOUUE BT EbbSPef R o yaRia ERSY L RORhRragnLt R roreadlo P0G

The skil | efirfacd areaof a/‘édbbtrataﬂpfs@l@m@db@e fohiproviethd ﬁﬁ%rﬁﬁﬂbﬁ&émﬁ'& pélusﬁii‘face area. It
alternative a pllcatlons use of the ternms "wafer” di e" herein may

be consi ddf Eythgs %ﬂ}rﬁbwwmyl 3 fetedionipetBodyeeseltiag in éaf@mlatlga methrigspect f@ra
“target pqﬁ%ggﬂrfacerféao %tghgﬁl‘,rytlmg gﬁans %P feta tas%ﬁle e%b d rﬁ&lt% 95 EI?EJ&[ H‘ﬁ? t hat

processed, ore or a ter n OI’ exanp rac

typi cal | y applitdtiea mpfcazy@lrloﬁﬁrtlaﬁam@knetnm z&:c&ﬂh@tmab@eaedresdevel ops t he
exposed resist) _a netrol olg%/ t ool and/or an |nspection tool

appl i cabl e, thdP03NAc| osuriEhqughdr thedBoved seasHly eample ls%&eelaﬁaw&eﬁé?r a
substrat e REQEES MM S parfittiAEdalibidlBn of an encoder measurement system of the stage,

the detection and calibration as described in this document may be applied to a stage having
any type of position measurement system, such as interferometer, 1 dimensional encoder, 2
dimensional encoder, interferometer/encoder combinations, inductive, capacitive, etc.

[00320] Although in the above a specific example has been provided for a
detection method and in particular a calibration of an encoder measurement system of the stage,
the detection and calibration as described in this document may be applied for controlling and
correcting lens heating in a lithographic apparatus. In an embodiment an extended pattern is
formed repeatedly using the same pattern, while moving the substrate table with substrate.
Repeatedly patterning results in lens heating and local deviations. A detection method, wherein
a property of the extended pattern along its first direction is measured can provide information
with respect to the deviations that are a result of lens heating and can be used for correcting for

such lens heating.
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substrate may be processed nore than once, for exanple in order to create a
multi-layer IC, so that the termsubstrate used herein may also refer to a
substrate that already contains nultiple processed |ayers. [00325]

Al t hough specific reference may have been nade above to the use of

enbodi nents of the invention in the context of optical |ithography, it wll
be appreciated that the invention may be used in other applications, for
exanple inprint |ithography, and where the context allows, is not limted

to optical lit hy. # i | 0F ki 0
patterni ng devi @ghggfi nes eﬁlgy ‘:’)éa Eig%drt\%g?lg%ta%gﬁg%r%&g%gta& ﬁg%{%é.rgﬁﬁmgappamms
t opogr aphyyefg. tshaitpbit pesgramminglefia catrolyr widclpcasméothe nporaton afithe litbgrapbicst

supplied to the substyate whereupon the resist is cured by applyin
el ect rona@ﬂ%ﬁtf‘?‘fg‘:‘s-r%ﬂ?%{?féﬁ,mﬁ HON 15y RIGEIFENIHE Xm?ﬁ%‘ft?@ﬁ P[‘?%E‘_@ﬁ"f“_‘&he
pat t er ni ngfeViGR, by &R&%aemnaﬁ& B nfrEHdrs %rghﬁ‘e?‘éb 39 1haRifelalbfloh tnefdaer

the resist Is cured.” 70 [00326] The terns tion" and used

her ei n engeorfpmss], aday beypppkedofe.g. dédicatedbhardwetei eick.adi at i on, i ncl udi ng
ultraviolet ( latign.(e.qg,. haw wavel ength_of .or about .36 248,
103 157 or 1od0 ana ARk Al frr BB f anisbl cstra botR B
wavel ength in t[drmsgnge af/hie 20 ARk scadSs PedrmRE tRAGibkeate t4HEdH, alUabvas i on
beans or el ectron eans. [00327] The term"lens", where the context

al | ows, mnlyrongt &ito pempengatgrier areifasblisinat Water tduged-qobaeenesplfset of opt i cal

conponents, in g refracti f ' 12 s { tic
and el ectrosta M:S‘ig ti CalAliéhg)H%ﬁégpeeﬁ{fg{Je%%%%%}ayﬁﬁﬁ%&eggglgf %xg%eﬁﬁgg%ggnlgnt s of
t he i nventiijlprdphicappaeiusde sitd inbedaahevd ICs,iit should behendappodahattteelithbataphice

i nvention may be practiced otherw se than as described. For exaqpl e,

. t he
i nvent i on 2RpAFatuaRescrihed heseim may bave otss eprlicatows sifhasAkeiAnHacBieT dRteis
sequences qf: L ne- ' : ' L5l disgl osed
above, or Be R e ol L i TR A
opti cal dididplaybditjuidycystahdiaplagoiiiiil®y thprDigr mapsdtohedds, ber Ehaskill@08G8N Wikie
descriptions above are intended t e illustrative, not limting., Thus, it
W11 be. aPPRGA T e SRTPHGH Sioh FRenasivs SEREEOHOURTY tas OHete R W et
to the invepbioRifSay g@%&%s‘i&%‘?c{:h ﬂ%%ﬁm(qﬁ%fﬁ thBShdré 881 2erBfzORAb Akt R

clauses and clains set out bel ow. ]
“target portion", respectively. The substrate referred to herein may be processed, before or after

exposure, in for example a track (a tool that typically applics a layer of resist to a substrate and
develops the exposed resist), a metrology tool and/or an inspection tool. Where applicable, the
disclosure herein may be applied to 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.

[00325] 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 leaving a pattern in it after the resist is cured.
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WHAT IS CLAIMED IS: 1. A method for measuring a property of an extended
pattern formed by one or nore lines generally extending in a first
direction wherein each |ine conprises one or nore features, conprising
using the one or nore features for nmeasuring with a sensor a property of
the extended pattern at different positions along the first direction by
changing the relative positions of the sensor and a support structure for
supporting an object conprising the extended pattern. 2. A nmethod according

toclaim1, co [.si.ng deferm ning. .a.reference position for the el atiye
posi tions of ¢ NEVEMcor il PHES SABAEIT T40PEvT i ddistin anasmget 7 bRPEnY
using the eléc%ﬁfagﬂﬁﬁ; B8Rtibh QRclh@hg Hﬁ?a%i&létfw\ft)gé‘digﬁ&f)(]%.gt. lria\%% %gﬁyéﬁﬁgﬁ(&%r

pattern, wherein the second direction i s perpendicular to tl irst
di r ect i on.abg8ut X5n24hd@3 abardi2agm)end lexirema nltwhepkst (EYWpradikiondngehqyorid i on

the. ot gnal R PsterE AEReRs of 570 P ot broarolP ShuPey ot b AR cftdobn®

accordi ng Heamany of the claims 1 to 3, wherein neasuring conprises

denpdul ating a signal fromthe sensor. 5. A nethod according to claimd4,
conpri si ng exi tPAERTA nat ukhsiterm dlgneneyiessi the senter ablpweBay effie pry 88g @fct ur e
or nodul at i . r I kL] I S I 1.0 t.h S.0r
and "t he. b bELSHRIS bRAP drlpditfis BERRatL L BN E AR Bb e BB
A net hod ateabdiapgeticandrjecabsthticopgtical eomborentswher ei n t he detected property

is the intensity of at least a djffraction order of .radiation_ diffracted
by gridlines fdPHZ the ‘Xﬁﬁ%ﬁﬂf@gﬁc cghodupents 91.[ tﬂ?\‘%’ﬂ aae@s&?rb#q%glhesl P¥-m
6, conpri gy J: LE hi | f : el ction
or o andt POLOELBRANA Pl BVRRRLE LT 1B pritic @ itbnARP R B! BBEHRLd FOEC. O
on di f f er ememplei the inamtiat noysaleithe Feni oft easipueriyeogremcontaniog Hhe acmpen

order and the at |east.one ther diffractjon order. 8 _A hod
accor df ng SEURBFS e Ll PR H TE AP RGO 2p% 858 (98ne
fracti onalghdd t’ﬁ;@(ﬁﬁﬂnc(@gééiiﬁﬁoﬂﬂukfbr HRSRRGImhghctib Or bpi@N8iskyhRingduch@ast one
i nteger diffraction order
computer program stored therein.
[00329] The descriptions above are intended to be illustrative, not limiting. Thus,
it will be apparent to one skilled in the art that modifications may be made to the invention as

described without departing from the scope of the clauses and claims set out below.
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9. A nmethod according to any of the clains 1 to 8, conprising determning a
further reference position for the relative positions of the sensor based
upon nmaxi num sensitivity of the signal fromthe sensor for the detected
property, mneasuring with the sensor the property of the extended pattern
at different positions along the first direction by noving the sensor and a
support structure to further relative positions, determ ning an expression
for substrate reflectivity based on the signal fromthe sensor at the
relative Rﬁﬁjﬁ?ﬁﬂﬁLﬁﬂﬂ ﬁﬁsthe signal fromthe further relative positions,
correcting ﬁé neasureg property at the relative positions with the

determ ned substrate reflectivity. 10. A nethod according to any of the

claims Itg 9, wherein the object has a surface facing the sensor and

wher ei n t He oné* Bethed fr measpiinga piapstty ghan e¥tensier PARCIA foansddy opg or mosplingsd
accordi ng he: LB 1o iwhesai Qb ect sition
of the extg%ﬁeéglgy %’g%r%&é%ﬁl,ncéa?fsrg%%cg lroﬁé%g geln‘i nih%%cgpﬁéﬁésyi(g% Olvrrﬁﬁgr % E%ﬁ%ri&?st

di recti oncamgrivingrei n at | east one of the lines conprises a feature which

extends over a mmjor part of the ninimum di mension. 12. A nethod accqrding
Co any of the. CPBEHE QiR mare FeAGE I TSVl Tk & gisar § PIRCHBP (e aponed
mount ed oRafidR a6 WIPRANE padifiditstdib i (AE fiRst JUBSIInAyecHaRkiRA fiRlrelatiGl ST thdre
support Structure. 73 13. A substrate having a raster of at [east one

ext ended penspeaml 4 suppet shyctoredopsupporingl anmbject eqnprisiingieicnteadéd pajtern.
direction extending over at least 50 x the width of the line. 14. A

| it hographi c exposure apparatus conprising: a substrate table constructed
to hold a2zsubstA gthodatcedridgtto B1akn Of cnhisristaphdiératising abéfRreanel positidisior #ce
havi ng an extended pattern formed by at |east one |line extending in a first
di r ect i onrelativecsitioss pEtheserfor gt &g stpparpipbletna seqpmd dirgetion and|usingrilic t o
control - Of f, e first
i recti on rpRer oo meBSRRE b pbeln St ¥ LERRRR BREC ARG i) |
conpr i si ndirectionsis psipeadienltuatolthe fisndireatiohed to hold a substrate;

3. A method according to claim 2, wherein the reference position in the second direction is

determined based upon a maximum sensitivity of the signal from the sensor for the detected

property.

4, A method according to any of the claims 1 to 3, wherein measuring comprises

demodulating a signal from the sensor.

5. A method according to claim 4, comprising exiting a natural frequency vibration of the
support structure or modulating the relative positions in the second direction of the sensor and

the support structure around the reference position using a servo.

6. A method according to any of the claims 1-5, wherein the detected property is the
intensity of at least a diffraction order of radiation diffracted by gridlines forming the extended

pattern.

7. A method according to claim 6, comprising

detecting the intensities of at least one further diffraction order, and
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a controller configured to change the relative positions between the
substrate and beam of radiation with a pattern in its cross section,
wherein the |lithographi c exposure apparatus is arranged to expose a

phot oactive |layer of the substrate to the patterned beam of radiation
while noving the substrate relative to the patterning device in a first
direction such that the an extended pattern is created on the substrate.
74

determining a second property of the extended pattern based on differences in
variations of the intensity between the diffraction order and the at least one further diffraction

order.

8. A method according to claim 7, comprising determining the intensity of at least one

fractional diffraction order with respect to the intensity of at least one integer diffraction order.

9. A method according to any of the claims 1 to 8, comprising

determining a further reference position for the relative positions of the sensor based
upon maximum sensitivity of the signal from the sensor for the detected property,

measuring with the sensor the property of the extended pattern at different positions
along the first direction by moving the sensor and a support structure to further relative
positions,

determining an expression for substrate reflectivity based on the signal from the sensor
at the relative positions and on the signal from the further relative positions,

correcting the measured property at the relative positions with the determined substrate

reflectivity.

10. A method according to any of the claims 1 to 9, wherein

the object has a surface facing the sensor and wherein the one or more features protrude

from the surface.

11. A method according to any of the claims 1 to 10, wherein
the object, at the position of the extended pattern, at least has a minimum dimension in
the first direction and wherein at least one of the lines comprises a feature which extends over a

major part of the minimum dimension.

12. A method accordin_g to any of the claims 1 to 11, wherein the object is a fiducial
member mounted on the support structure or a substrate releasably clamped on the support

structure.
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13. A substrate having a raster of at least one extended pattern formed by one or more lines

extending in a first direction extending over at least 50 x the width of the line.

14. A lithographic exposure apparatus comprising:
a substrate table constructed to hold a substrate, at least one of the substrate table and
substrate having an extended pattern formed by at least one line extending in a first direction;
a controller configured to move the substrate table and to control measurement of a

property of the extended pattern along the first direction of the extended pattern.

15. A lithographic exposure apparatus comprisihg:

a substrate table constructed to hold a substrate;

a controller configured to change the relative positions between the substrate and beam
of radiation with a pattern in its cross section,

wherein the lithographic exposure apparatus is arranged o expose a photoactive layer
of the substrate to the patterned beam of radiation while moving the substrate relative to the
patterning device in a first direction such that the an extended pattern is created on the

substrate.
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