Method for coarse wafer alignment in a lithographic apparatus. Field
[0001] The present invention relates to a method for coarse wafer
alignment in a lithographic apparatus. Also, the present invention relates
to a method for manufacturing semiconductor devices. Furthermore, the
present invention relates to a lithographic apparatus and to a computer
program. Background [0002] A lithographic apparatus is a machine
that applies a desired pattern onto a substrate, usually onto a target
portion ofHRENQehERFfeaRaiIGF R HIRRSPh BB 4 RYRPOEEaP R atus.
example, in the manufacture of integrated circuits (ICs). In that instance, a
patterning device, which is alternatively referred to as a mask or a reticle,
may be used to generate a circuit pattern to be formed on an individual
Fidgyer of the IC. This pattern can be transferred onto a target portion (e.g.,
~comprising part of, one, or several dies) on a substrate (e.g., a silicon .
waf QQQJrﬁFFQ%PéS@%ﬁ@trJHM@m'%‘tgﬁdﬁtﬁﬁ/ﬂ?ié MRIGIAG i EOMEREAjgNMent in a
lithGSHAERR: sppeifve snalRba ke pits Previdedaihtes &AsHatRolnfBrRRiAlRCturing

single substrate will contain a network of adjacent tarqet portions that are

SeqiceRaLRAOy FraterseEURRBITRAIJGRPHS ApRIa R MER 3 Blagerphic apparatus

an8teRPRAISHpIHBIGG@ethiarget portion is irradiated by exposing an entire
pattern onto the target portion at one time, and so-called scanners, in
which each target portion is irradiated by scanning the pattern through a

Ba@djiigibeam in a given direction (the "scanning”-direction) while
synchronously scanning the substrate parallel or anti-parallel to this

diredBORZIASENGY SR RPRAf NS i RcEs hehaarlidegiEedipgitern onto a
suBsiae tadhalsLEstRLE AN PORIGYE dhenesiian QntadhrprRstpfaratus can be used,

[0003] Typically, target portions on the substrate are separated by a scribe

fongXaMR G N BPWRF Pk 8 RICHEECHES 0 R3S fiRiaNCe, a patterning

dedigNWARMOkanEaIeaiDay/itbparaphts aParfaiscu lePHEa) Blanseenbsg@terate a circuit
is performed alorég a scan path across the scribe lane over such a mar

! K
PRI Od3R 194G QR AHEACBIRYEE Y& FHiS RAEEMHIFR B ipnsTerred onto a

targkg PHEdhSEeRy. I banstsey pentafedriebrefarancino nniesidisreedyele., a silicon wafer)
obtain a scan data signal from a mark. Such a mark typically comprises _
Tran Er&{rﬁlﬁ‘eﬂﬂ%@@Hgt%&t‘éﬂ&’iwa iSRG Ray '&N@E@ggﬁﬂ{@@ fiyfe material

(redre) thad\ade SRRCcE Tk R A GRgle dhangletswisthalisetiotoatdhea network of
scribe lane. A %tch between each pair.of lines in the mark is diffeéel,\gt from

A BEA R %%”&Ffiv?tﬁﬁ.sucﬁémeﬁ el LBWRiLIAAERGIC apparatus include

solotgiéeretvppyrbam hesioiteachhacyie: bBridgfadited by prpiisinghihentire pattern onto
mark can be obtained by searching in the scan.data.sjgnal forasignal . . . .
thestiE R AR HE Gy RSP SSPIR WELRTC RS, dakgyiBggyop is irradiated

by Rederingtag ptinorprovedgrea theilakaiibeehijiremaleiitgrsignat seativing -direction)
wrﬁg{*ﬁ‘_insc%%é’é‘&%@'gé‘g‘%ﬁﬁ%‘%ﬁé%ﬁ%% P e ParA D i on. 1t is also
possible to transfer the pattern from the patteyievice to the substrate by imprinting the
pattern onto the substrate.

[0003] Typically, target portions on the substrate areassted by a scribe lane, in
which one or more marks are located. For coargead@lignment of a wafer in a lithographic
apparatus, an optical alignment scan is perfornmtyaa scan path across the scribe lane over
such a mark (thus scan data is also gathered eutsdscribe lane). The optical alignment scan

is based on so-called self-referencing interferoynet obtain a scan data signal from a mark.



[0005] It is observed that product structures, next to the mark and outside
the scribe lane, may cause interference with the signal generated by the
mark. The interference may cause inaccuracy in the pattern recognition
and result in a misalignment.  [0006] Moreover, because any device
structure (product structure) next to the mark will cause interference with
the mark itself, this will disturb the alignment performance. Therefore, the

mark has an exclusion zone which will be left empty without device o
SuginMrREKEYP kRl 6asH RS SbrpR PavalGisiEER| /Isesthit A40BAUAAA! direction of

thePSPIAHBIENR Vil rd @ paeEacpa g AhEIRParRRIAG- BB IF8CHR scribe lane.

a less accurate coarse alignment result and is therefore undesirable when

A RISRPEWRFSELARGRAERTHBETN ithasBarliRee P IAE sHishpetween an other pair,
SUMbbOIR YThe Q80 elifirefe@ifine th i chiBR AEYBUER RMBECITIES 1372040.

one or more of the disadvantages of the prior art. ~ [0008] According to

Thgrpasfist, ahidte MHtoCRILERGRERNSSBY SAGRIE R FaXUSARgR for a signal

pofiths e RAfeRES R WPt HhasSer iR [aNasiiae fFibRdaNREreAdRern recognition
along a longitudinal direction as a first direction, the mark having a

Pros&itiR: Sthscleratinme s ALt &HanaliRark dhecierd Sxigninplglates to the

poSRIANEFdHE FHArKReHRAN EheLdnip fRefirst direction, the periodic structure
havingq a reh)eating distance in the first direction; the method comprisin

proviBRPhH RPRRRIEH HeiRie WebririH RS ngt M@'%éegrﬂmigé the scribe

larféir eRHO RagsaMiEgerRe Ritheh Bl dipnatieefgthis ieiceraathetiesiiite may cause
. along a first scan path across_ . L
inaccuracy in the pattern recognition and resu#t misalignment.

[0006] Moreover, because any device structure (produattstre) next to the mark
will cause interference with the mark itself, thigl disturb the alignment performance.
Therefore, the mark has an exclusion zone whichbsileft empty without device structure.
For that reason the scribe lane typically doeshawt a width below a minimal value. To
reduce the width of the scribe lane may lead &sa Accurate coarse alignment result and is

therefore undesirable when using a coarse alignmettiod in accordance with the prior art.

SUMMARY

[0007] It is desirable to have a method which overcomesayimore of the
disadvantages of the prior art.

[0008] According to an aspect, there is provided a metbpdlignment of a substrate,
the substrate comprising a mark in a scribe ldreestribe lane extending along a longitudinal
direction as a first direction,
the mark having a periodic structure in the fiisection and a mark structure extending in a
second direction perpendicular to the first dir@ttithe periodic structure having a repeating
distance in the first direction;
the method comprising:

- providing an illumination beam for scanning tharkin the second direction;

- scanning a spot of the illumination beam in theosd direction along a first scan path across



the mark; scanning the spot of the illumination beam in the second
direction along a second scan path across the mark, the second scan path
being parallel to the first scan path, wherein the second scan path is
shifted along the first direction relative to the first scan path over a first
shift, the first shift corresponding to a fraction of the repeating distance of
the periodic structure in the first direction. [0009] According to an aspect,
there is provided a lithographic apparatus comprising: a substrate table
the:Bififucted to hold a substrate, the substrate comprising a mark in a

- sesfRmpnRe hipseribslanmasiansinealang birtiteal shrariag #8écond scan path
first direction, the mark having a periodic structure in the first direction and

ACEORTAMESIGE IO R JRFRMNSERR HAED e MecideHIB-ibarfan Raib the first
whFeF it JBEJPRISEhA PausIdreiAuiN g BIGRABHNECE staretaietRe tHStirst scan path

direction; a scanning device for providing an illumination beam for
OveEARISHE. g iiTaitRik casrRPanrBelBIt fERebAR G dpaEapestipiedissance of the

peHiRIRUOSLlG Ll erngy Shiiseafiving device for controlling an action of the
substrate table and the scanning device, respectively, wherein the control

systePRGSICOREHLHE (O BhaePeClHiBEI NG RIPYIdRTRliIPEEAPRGatus comprising:
- aSsihstiRget gk AR HIB tEBIC@NEIr aCHigns trab&ubRINGL e SHRIPISIAG a mark in a scribe

(AT HREIDE NG extEnding oG & longitdiacton as a st diecton,

the mark having a periodic structure in the fiisection and a mark structure extending in a
second direction perpendicular to the first dir@ctj the periodic structure having a repeating
distance in the first direction;

- a scanning device for providing an illuminatiogain for scanning the mark in the second
direction;

- a control system coupled to the substrate tatdetlae scanning device for controlling an
action of the substrate table and the scanningdexespectively, wherein the control system
is configured to control:

-- providing an illumination beam for scanning thark in the second direction;

-- scanning a spot of the illumination beam ingbeond direction along a first scan path across
the mark;

-- scanning the spot of the illumination beam ia $lecond direction along a second scan path
across the mark, the second scan path being pgdcathe first scan path,

wherein the second scan path is shifted alongitstedirection relative to the first scan path
over a first shift, the first shift correspondirma fraction of the repeating distance of the
periodic structure in the first direction.

[0010] According to an aspect, there is provided a comgartegram to be loaded by a
computer, the computer comprising a processor, mgrttte memory being connected to the
processor, the computer being part of a lithogm@ppparatus, the lithographic apparatus
comprising:

- a substrate table constructed to hold a substreesubstrate comprising a mark in a scribe



- scanning the spot of the illumination beam in the second direction along
a second scan path across the mark, the second scan path being parallel
to the first scan path, wherein the second scan path is shifted along the
first direction relative to the first scan path over a first shift, the first shift
corresponding to a fraction of the repeating distance of the periodic
structure in the first direction. [0010] According to an aspect, there is

provided a computer program to be loaded by a computer, the computer
lanetisisma H‘@%@é@@ﬂﬂﬁ@ﬁ@?&ﬁé%gm&%ﬁw @nadessdlieaten

thePFREASHANIHELRENVHR LRiRePSThah? hfkeardRihARPATAKS1HISure extending in a
lithographic apparatus comprising: a substrate table constructed to hold a

SecpRQHiaCRe RFBRARGCHIRN HRisiRyTASharmem HecperdoMta s W&iBaving a repeating

didaiR EMePdngstigngcadengitudinal direction as a first direction, the mark
having a periodic structure in the first direction and a mark structure

- aSABRNIRG feuisedBhaaiitingrPdliyaHaRINERD tplesrappirecishmask in the second
dirBefigglic structure having a repeating distance in the first direction; a
scanning device for providing an illumination beam for scanning the mark

thecam EbheiHﬂééﬁ%'ﬁ%ﬁ’ea&ﬁ#ﬁﬂﬁgpba%%%@%%\%ﬁ It§9£§é]’ﬂd the scanning
deGRMgHdheIRNG SiEathtabiaRnd hst eraaag ey isedpniRNUSORES respectively;

the COMPULEr ProgTam aher being l0aded ANoWINUHIDceSs0r (b cary Jut:

- providing an illumination beam for scanning tharkin the second direction;

- scanning a spot of the illumination beam in theosid direction along a first scan path across
the mark;

- scanning the spot of the illumination beam ingkeond direction along a second scan path
across the mark, the second scan path being pgdcathe first scan path,

wherein the second scan path is shifted alongitstedirection relative to the first scan path
over a first shift, the first shift correspondirma fraction of the repeating distance of the

periodic structure in the first direction.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] Embodiments of the invention will now be describlegl way of example only,

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

[0012] - Figure 1 depicts a lithographic apparatus acogyrth an embodiment of
the invention;

[0013] - Figure 2 depicts a top view of a mark for coakgnment for
illustration of the method according to the preseméntion;

[0014] - Figure 3 depicts a first example of scan dataldained by the method
according to the present invention;

[0015] - Figure 4 depicts a second example of scan dathtamed by the

method according to the present invention;



the computer program after being loaded allowing the processor to carry
out: providing an illumination beam for scanning the mark in the second
direction; scanning a spot of the illumination beam in the second direction
along a first scan path across the mark; scanning the spot of the
illumination beam in the second direction along a second scan path
across the mark, the second scan path being parallel to the first scan
path, wherein the second scan path is shifted along the first direction

relatiPBX@l the firstrihepatetieis RiRR YifH HaArarkier coFaunamdor

iluradeebe el arepeatigdliviance é)ééﬁﬁcﬁéﬂﬂ%%ﬂm@rgr&m fHSEntion;
direction. BRIEF DESCRIPTION OF THE DRAWINGS  [0011

Emb&8ikEnts of v AtREIPWR b RBRAEGBL] By WQ?W@QE%{%US in

acONaWHd VR RS EL EM REePMBIRNYing schematic drawings in which
corresponding reference symbols indicate corresponding parts, and in

which: [0012] -Figure 1 depicts a lithographic apparatus according to an
DESFRPOE BBt i inesation;

[0018] Figure 1 schematically depicts a lithographic apper according to one

embodiment of the invention. The apparatus comgrise

- an illumination system (illuminator) IL configudéo condition a radiation beam B (e.qg.,
UV radiation or EUV radiation).

- a support structure (e.g., a mask table) MT caostd to support a patterning device
(e.g., a mask) MA and connected to a first posérd?M configured to accurately position the
patterning device in accordance with certain patarag

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

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

[0019] The illumination system may include various typésmical components, such
as refractive, reflective, magnetic, electromagnetiectrostatic or other types of optical
components, or any combination thereof, for diregtshaping, or controlling radiation.

[0020] The support structure supports, i.e., bears thghweif, the patterning device. It
holds the patterning device in a manner that dependhe orientation of the patterning device,
the design of the lithographic apparatus, and atbeditions, such as for example whether or
not the patterning device is held in a vacuum emwirent. The support structure can use
mechanical, vacuum, electrostatic or other clampaegniques to hold the patterning device.
The support structure may be a frame or a tabteeXample, which may be fixed or movable

as required. The support structure may ensuréftbatatterning device is at a desired position,



[0013] -Figure 2 depicts a top view of a mark for coarse alignment for
illustration of the method according to the present invention; [0014]
-Figure 3 depicts a first example of scan data as obtained by the method
according to the present invention; [0015] -Figure 4 depicts a second
example of scan data as obtained by the method according to the present
invention; [0016] -Figure 5 depicts a top view of a mark for coarse
alignment for illustration of the method according to a second embodiment

forgptample ¥EH [99ERE6H the GhARCING RYSEPENGISS 4 Eiarediferrigigner ‘mask”
heléheaiapie aBRaI@E#edsynonymous with the memnergl term “patterning device.”

[0021] The term “patterning device” used herein shouldtoadly interpreted as
referring to any device that can be used to impaadiation beam with a pattern in its
cross-section such as to create a pattern in attpogtion of the substrate. It should be noted
that the pattern imparted to the radiation beam nudyexactly correspond to the desired
pattern in the target portion of the substrateefample if the pattern includes phase-shifting
features or so called assist features. Generakypattern imparted to the radiation beam will
correspond to a particular functional layer in &ide being created in the target portion, such
as an integrated circuit.

[0022] The patterning device may be transmissive or reflecExamples of patterning
devices include masks, programmable mirror arrayd,programmable LCD panels. Masks
are well known in lithography, and include maskeygsuch as binary, alternating phase-shift,
and attenuated phase-shift, as well as variouddyiask types. An example of a
programmable mirror array employs a matrix arrang@nof small mirrors, each of which can
be individually tilted so as to reflect an incomiragliation beam in different directions. The
tilted mirrors impart a pattern in a radiation beafich is reflected by the mirror matrix.

[0023] The term “projection system” used herein shouldtwadly interpreted as
encompassing any type of projection system, indgidefractive, reflective, catadioptric,
magnetic, electromagnetic and electrostatic optigalems, or any combination thereof, as
appropriate for the exposure radiation being useéhr other factors such as the use of an
immersion liquid or the use of a vacuum. Any us¢hefterm “projection lens” herein may be
considered as synonymous with the more general“{@mjection system”.

[0024] As here depicted, the apparatus is of a transneiggpe (e.g., employing a
transmissive mask). Alternatively, the apparatug b&of a reflective type (e.g., employing a
programmable mirror array of a type as referredove, or employing a reflective mask).

[0025] The lithographic apparatus may be of a type hawmg(dual stage) or more
substrate tables (and/or two or more mask tahlesuch “multiple stage” machines the
additional tables may be used in parallel, or prejoay steps may be carried out on one or

more tables while one or more other tables aregoesed for exposure.



accordance with the present invention. DETAILED DESCRIPTION

[0018] Figure 1 schematically depicts a lithographic apparatus according
to one embodiment of the invention. The apparatus comprises:  an
illumination system (illuminator) IL configured to condition a radiation
beam B (e.g., UV radiation or EUV radiation).  a support structure (e.g.,
a mask table) MT constructed to support a patterning device (e.g., a
mask) MA and connected to a first positioner PM configured to accurately

posilRRAe parERABrRRBIRRPPAsRRE IBALEIRRP et BriyRaRiRcE fgast ayportion of
theS4RBERIRLFRIR (Bedood oYREED 2R IR) W TheRnRirarier IR id R ReAKeX, e.g., water,

(e.g., aresist-coated wafer) W and connected to a second positioner PW
SO @ity lif SRS DPAYERP D SBRIBFOIRE LU SYERATHN SR WPaHALR WHMEMIFION liquid may

alRAHRMPIAIE A0 GtheAIYAIRE RN AYIIBTD AP FAITACIYE SIAIREHObIENRen the mask

system) PS configured to project a pattern imparted to the radiation beam
ang he PARIGHIRG S¥SIeaMA BIREG Rl HBHRMRIE B R diripfstiy BhEereasing the
numerR AiepepiuRecT RSOV systéPRd. OF Hd RiitHiBIRANIONSYSERM ARA¥in does not mean

include various types of optical components, such as refractive, reflective,

thaha GHRIUERe SHEMag ReaHDS R SRR BREBRIIDIIII dptidather only means that

liqGRMPRIIMEY BERTYFPIRBIPASeBtBR SRR KNS M2 PEXpOSUre.
controlling radiation. ~ [0020] The support structure supports, I.e., bears

the WAIGHL Betewipadeiacitvibe. THHBIREIE hEpReHRFALINQNRgAM from a
radRAiPS R e IR Blie e NGRS HaYiEs dparate entities, for

design of the lithographic apparatus, and other conditions, such as for

exg RIS I RIS SRR B R SaFRs e SQUEGR i not considered to form
pafBite_MEtgfdih RURPEEY StULCHHE BRNrHERIieam is passed from the source SO to the

illuminator IL with the aid of a beam delivery sgst BD comprising, for example, suitable
directing mirrors and/or a beam expander. In otlases the source may be an integral part of
the lithographic apparatus, for example when thuecsois a mercury lamp. The source SO and
the illuminator IL, together with the beam delivagstem BD if required, may be referred to as
a radiation system.

[0028] The illuminator IL may comprise an adjuster AD &mtjusting the angular
intensity distribution of the radiation beam. Geallgr at least the outer and/or inner radial
extent (commonly referred to asouter ando-inner, respectively) of the intensity distribution
in a pupil plane of the illuminator can be adjustedaddition, the illuminator IL may comprise
various other components, such as an integrataniiNa condenser CO. The illuminator may
be used to condition the radiation beam, to hadesared uniformity and intensity distribution
in its cross-section.

[0029] The radiation beam B is incident on the pattermagice (e.g., mask MA),
which is held on the support structure (e.g., mable MT), and is patterned by the patterning
device. Having traversed the mask MA, the radiatieam B passes through the projection
system PS, which focuses the beam onto a targedp@ of the substrate W. With the aid of
the second positioner PW and position sensor -, @n interferometric device, linear encoder
or capacitive sensor), the substrate table WT eamdwed accurately, e.g., so as to position



mechanical, vacuum, electrostatic or other clamping techniques to hold
the patterning device. The support structure may be a frame or a table, for
example, which may be fixed or movable as required. The support
structure may ensure that the patterning device is at a desired position, for
example with respect to the projection system. Any use of the terms
"reticle” or "mask” herein may be considered synonymous with the more
eneral term "patterning device." [0021] The term "%_atterning device"

difiesentriarant BREINADHE MR INFRLpree-IBE Reamify &g belhaftrpositioner PM

83hBEPPA 4RI BRARATH STRERIEN iBGRIP ] c&df?ﬁ&%ﬁ"i‘ﬂ 13 GFESS-28AUINE used t
ansuch as to%?realte a pattern in a talrget por!i%]n of the sdbgr%te. iﬁshould bgse °

acqldiaie bn REgHESRIS MaskMABRreseerite ABsE ahitRf ARt eRaM B, e.g., after
mediEpRPANatiechg fesl %%F@ﬁﬁﬂﬁr??%ﬁf@%ﬁ%ﬁ@ﬂ PHEIRPAPSHERNIBNt of the mask

exam}ple if the pattern includes phase-shifting features or so called assist

talieblledaydirerafizatb ViR Rithafadas®Re marids-(eRasaRpsitioning) and a
shéﬂ@ﬁﬂ@ﬁw&@l@?@@éﬁ@?ﬁ%ﬁ'm@ﬁ I FeFEYIGADAHRE SEEASHEPHVE. Similarly,

target portion, such as an integrated circuit. [0022] The patterning

MQYQIMe i SHPFAissIeIs et Sty sty af pagsihiie dBorés and a

shHElEeKRASEaUR OGIABENISRIE PRI OF BEYScHNEItRRSr OMAPIB A €hke of a stepper (as
panels. Masks are well known in lithography, and include mask t%/pes such

OPREIHHAR 2atANRRRG b ARKHARIS Y bt AEEERHOAHiR sl ipke Astuator only, or

maYPHE Yix &Y bR SR RE S LR IRXRMP I B D O TASHREHNY RS KUITGh ERAY marks M1, M2
employs a matrix arrangement of small mirrors, each of which can be

anthgHASUANG allenBsHarsnEd &rintBhaHGPUBBIRIS FUGRIMS Hifeasis as illustrated
océliiiegiiRnfcdien e MpbRIGHSRAE T RAFBE LR kiatembaaseAEdeiSportions (these

retlected by the mirror matrix. [0023] The term "projection system"”

arg,kpaWe &sSHBAIRPE BFWW@BFE%@%%B%&]E@%W Ig/pEngte than one die

is PIOIREHA D AXBE Malsic MoneheeiREIKV ligaResty i ARl We nYiatStpBeRtisen the dies.
electromagnetic and electrostatic optical systems, or any combination

theréB?305 HRBIOPRISIEG AR 8RO SAHT AGiARSH o Ry cRRPBE R IgikIg modes:

factgopsych.as thenusie phasde)mer it KqdisloMneHgas s)aaHe \WT are kept
j consjdered as

Any use of the term "projection lens" herein may b , ,
esgeHialy SatnRM NI AR PR PArEddadhe jadiation begp s projected onto a
targetri o Ucie GribeiiMePABIUS $ngfi¢ $fansodsRY e TR (B Stre@aRIBNYT is then

a transmissive mask). Alternatively, the apparatus may be of a reflective
shiid [0 ShABIRRg ABRSHAN AR AIERLIALIFL PR G oAl GRe RRSed. In Step
mat\aeanh exploiingz2 siftpetivrpvesks.field [A#Ezbeolithearapeicportion C imaged in

%aratus may be of a type having two (dual stage) or more substrate
a ISSS@HBIS RRBYBF more mask tables). In such "multiple stage”

macjoo8s]the addioschtapledentehadstethinomalahdothprepbsaialy WT are
steps,may be carried oyt .on one or more tables while one or more other
SC%%@ ﬂg&%"b'gbﬁ"@‘r"S%B@H?éf‘ 'mpfé@éﬁ“ﬁﬁp@ﬁ% GRS APIGERA onto a target
portiey @ghde Dbmtypelyhartinexpleasie). Athbapohtitbditdisiorieniay debstrate table
overed by a liquid havi latively high refractiye index, e.g., water, so .
wE R e e sk A hIR e SR Hec B CATon 2hd image
reverswrsiendicteidstivy ofl Hoeher gjpption kystkrrBRaeesnvtis tilkagegmiom size of the
apparatus, for example een the mask and the projection system. . . .
XS SRR B LA oM A A 5 BBl H8ET Portion n a single
dynamiereghepery rehelrpegjebtdorsysiefselbegaimidimdetesinineastiusdight (in the
herein does not.mean that a structure, such as a substrate, must be
scRR IR A FREP MY eans that liquid s located between
the projection system and the substrate during exposure. [0027]
Referring to figure 1, the illuminator IL receives a radiation beam from a
radiation source SO. The source and the lithographic apparatus may be
separate entities, for example when the source is an excimer laser. In
such cases, the source is not considergd to form part of the lithographic
apparatus and the radiation beam is passed from the source SO to the
illuminator IL with the aid of a beam delivery system BD comprising, for

example, suitable directing mirrors and/or a beam expander. In other

cases the source may be an integral part of the lithographic apparatus, for
avambnle when the <corirce ic a merciiryy lamn The eniirce <O and the




[0028] The illuminator IL may comprise an adjuster AD for adjusting the
angular intensity distribution of the radiation beam. Generally, at least the
outer and/or inner radial extent (commonly referred to as a-outer and
G-inner, respectively) of the intensity distribution in a pupil plane of the
illuminator can be adjusted. In addition, the illuminator IL may comprise
various other components, such as an integrator IN and a condenser CO.
The illuminator may be used to condition the radiation beam, to have a

desit883Fhiformity 'BrRNPilepisrdRtiBaEBASK iePle dd-sekeoh esEbngiesiopary
hoﬂﬂ?grﬁcﬂ?gqfhﬁﬁﬁﬂb% isdfieiehany e e Pads iReslevissI 6097 BasbVdAbr scanned

which is held on the support structure (e.g., mask table MT), and is _
WhistRePRéehY tRAbiEIn ihg (RIREOMAORHY BEDIadantA& ifagriMAtipR C. In this mode,
gefRGENCR PEREUG RAGHEH %Gw‘i%%m%@m@ PRt PRIRGHERS device is

the beam onto a target portion C of the substrate W. With the aid of the

UpdatemapERitbiRst AVeTHRFPSBRIGHTIRMSL (Bl sahiantérérombgiwveen successive

radigiise pinsas a0RAESA §ééﬁﬁpﬁﬁi5\fﬁ&%‘_%@6pﬁﬁﬁkltt%@éﬁdﬂ?'&ﬁﬁﬁ%é% maskless
be moved accurately, e.g., so as to position different target portions C in

lithypigr Rl H7ahe HiefatRiR HEMB LS REAT B IRsBRERIAS feP 190 amgnable mirror array

of anpfreaPasitipRgensiidvdlich is not explicitly depicted in Figure 1) can
be used to accurately position the mask MA with respect to the path of the

radidlBFAD&RMEINonsrRRMRIIRNRITE ATV RBRY S fieadiRprss okse or entirely

diff4ERDrAcEEN ofrLEenRER) diReVeaemipR yag mask table MT may be
realized with the aid of a long-stroke module (coarse positioning) and a

short Q& IR FeRIS TS IRBNTHRY, NiAdRAGfPparRsHERaMGFS for illustration of the
mdipstierebRiigStnildiy: exenemeiRiche s hekaleriabie WT may be

realized using a Io&g,—stroke module and a short-stroke module, whic

h .
forml PEFELMAK RN SRS PASFNARNGII S WalR JgEbR,line SL that is
intepReariderseRgBEpoHiemeasktabledlc BRI EpRRNBAAELEIMINY in a first direction

short-stroke actuator only, or may be fixed. Mask MA and substrate

DlmaRdhRasigiudisMdhasRAIghAIEsRIRA RS WW?‘%H’%S&F&E@”\&HO” D1.

_elilligqmgq mn&magk?aw@%mpgéet@a ﬁéb@%%ﬁrlh@mmgnﬁ m@zr_é@tion and a mark
Hlustrated oc _Up de Icated tar et pqrtlons,_t ma e_ocate In
StrUGHEEXERAG D8 SERALONACLo R e/ RN, tulke, it ditection. The mark

cotljgisBsihreakr)ciSimdaniy 1 ineXuiBonsithvengdemoseditaneosadtiotder and extend in
vided on the mask MA, the mask ali

[ k be located
g SR, S AESHHER I Sh IPSE e b PR ed Meshrssg fength L.
one [ose) foHewtinganndesiines[MOB1] MB stepapedaidhdrotmsisiadierVilvo

. and the substrate table WT are kept essentially stationary, while an entire . .
R B A6 RE AUACHOR BES S RAHAS POHE e Ao, SR aaRd irection. The
firﬂhﬂﬂm@(ﬁ dtime MQ-aﬁ(ch/th@'%@(t@Wd @K@@I&lﬂﬁé-l\ﬁ??ﬁabéﬂaﬁdﬁbi@ WATr$3 iemspace with a
_shifted jn.the X and/or irection so_that a different target portion C can
PGl 16 SRR ok b B O Pk e M AfR Priend apart by a
setmdirrabpattanget pcricond prcyed ) Bsehgpastatiaeasiatielifedda] from the pitch
2.In. scan mode, the mask tagliMT and the substrate tablﬁ,-]WT are Kl el
of apOHMI UG RRAG oI WHRE DBLALART PRIEY'SS R diAfoNigsRiogk ines paralle

to prjeadbonto a target portion C (i.e., a single dynamic exposure). The
velog] irection of the supstrate table relative to the mask tahle
T T o, S RO Ao M3 e A AR B 1 2
subbaatiddisistientiddhe pnojectExnchyisieck e MBZ0H3 cwderites makinalioy of blocks BL
size of the exppsure field limits the width (i non-scanning direction) of
W BB ORI b T g AT e B o R R RB TP ucture. Each
scanning motion determines the height (in the scanning direction) of the
target portion.



[0033] 3.In another mode, the mask table MT is kept essentially stationary
holding a programmable patterning device, and the substrate table WT 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 is
updated as required after each movement of the substrate table WT or in
between successive radiation pulses during a scan. This mode of

blaseBAIRRSARINEH LR Afh Ao ® PiREwE VTR FpIRg rRitchipsaides the repeating

diSPARGEABT Do RBHR RINGAGEGR, tRed SSdligriogrammable mirror array of
a type as referred to above. [2034] Combinations and/or variations on

the 48044 de sHtBXaMbRsBRISA Mr HIfiNgGtRIMERIAh mBedRBss Dhdseaym, the first
piteSLAEISTRIfY eHe sedBRATifRYIBZiSQRCE 8 MttKiphchl BEMSBA{Othe block length

coarse alignment for illustration of the method according to a first

LB edmast etk sieiiVE g M- [0036] Mark AM is arranged on a
Sem'[@@ﬂ%@gﬁﬁ‘@% HPﬁc%ﬁrﬁ?i%HHféﬁﬂ-sM,i%ﬂPﬂﬁimﬁfgﬁ@%%?ad%@lf referencing

portions C. The scribe line SL extends longitudinally in a first direction D1

intgr{arpAeiehiadrovidedsa rePai aite SolERiRHEBINaH Rt fiRark AM. The self
refdii@eting PherfeBRRtbl N8eaitAdt GBIMESEMB REAMtasirity B FRdpdBBve wavelength

first direction and a mark structure extendiné) in the second direction

in s hRafchRIMBER & ARMIRRLAR. atRURRRR BAERESY FPakBRWaNGRNgth of the

otHdt INEb 3 amhiciarg ernked eritiel o refertine @ntsexteid Buths Begnning the spot
direction D1 of the scribe line SL. The three block lines M1 ...

( D1 ¢ ... M3 have a _
of {aRdiiy Minatigih88phe R RS BRI IO R/geriaRmag dearibstb i rapse detail below.
AlSRGROHES- RV IRy SReERF It secanshiise ctg s whied slefne fe@ometry signal

mark structure in the second direction. The first block line M1 and the

ObURSHAHIHE e SASSINE A by a first interspace with a first
pitcl0d22] thasesone Ehaekdiaeidvidsaorteestiiddnoek dineridroaieePagedng the

apart by a second interspace with a second pitch LP2. Each interspace

OPHCR! RN SR TR HNGTIRIY SRIANDH IRIEFTRRCI SIgnRLAlR9ained at scan

poBsiaslisnsceiaRiBRitAgIesiiandicediocnines palehe mask ataedt interferences of
h %039] In Figure 2 the block lines M1 ... M3 are each divided in blocks in a

pet:Matly Méntical manner. Each block line MI, M2, M3 comprises a
plurgbtusf trieskadik whinkage sRacpebapaihinahe i waeiie Ratbra during the
opﬁlc%(fié |gi1tr(1;r¢|eBr|1:; ggapneirrilovﬂﬁcﬂrtlﬁ%%rgﬁc%??r?teefme pattern displays a number of individual
local intensity minima.

[0044] The method according to the present inventiorustilated by dashed lines S1,
S2, S3 that represent a first, second and thind gath respectively for a coarse wafer
alignment. Each scan path which is parallel tes#mond direction D2 (to which is also referred
as the alignment scanning direction) correspondspath taken by the centroid of the
illumination beam spot on the surface of the wafer.

[0045] In the example shown in Figure 2, the first scarp&dses in each block line
substantially over a block BL. The second scan&2@s the scribe lane SL parallel to the first
scan S1, but shifted in the first direction D1 galsferred to as alignment non-scanning
direction) over a first shift DP1. The first sHiiP1 corresponds to a fraction of the repeating

distance (block pitch) BP.
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block BL has a block length LB and a block width WB. The block pitch
provides the repeating distance of the periodic structure in the first
direction.  [0040] In an exemplary mark AM, the width W of the scribe
lane SL is 60 Rm, the first pitch LP1 is 16 m, the second pitch LP2 is 21
Rm, the block pitch BP is 8 Rm, the block length LB is 4 Rm and the block
width WB is 3 Rm.  [0041] During an optical alignment scan, an
ilumination beam of a self referencing interferometer is provided as a spot

on thE04ehdirkie, rRAUiRARiRERG Methsiowar U atkararzAsiNg!l be explained in
mdRACUIREANRIBILSRE BlilBRsdAUs AS8EDEaMBetach BR\IBAEPRPARIRcond scan S2,

wavelength in the range between about 530 and about 850 nm and

butishifiast dhe fistARIERGR borr arersiNE; BRAmENEsRFRAG RNt DP2 corresponds
to BelEERiRIaREITB IR TiRE0mSiatiSAIaRARbIGER MM e Spot of the

illumination beam over the mark in the scribe lane as described in more .
detalPBARWFIQUER JieRIStS EXGBIRMY THaMedmatPIaRgHdeibod according to

thd gRisterbthaarfiprferometry signal obtained during the scan across the

mark. 0042] Due to the characteristics of the self-referencin _ )
interf@PARIRF IBHIR Gt SﬁﬁbﬂféWHﬁﬁ%éﬁP%ﬁﬁ@%Rﬁﬁm{mwred Intensity

(véhe dMtaxieyaniairyistgeal aveIehrined Mo aeaR RATIHBRSORSREHRdUMEMent position
positions of each of the M1 ... M3 in the mark and at interferences of the

(hareniM axiglvithingoa srithe fngrRisipmEeaRsr e GGemG AR Bpthesecond direction
D2nterference pattern during the optical alignment scan in which the optical
interference pattern displays a number of individual local intensity minima.

[0044CHRE ThRe RS RELIIRTRIb IR SeWRITheHIR 3 ISitREEEMRary mark AM as
degashed HpessSiincisSexaaipieptasaihm bighesRoane arshtbidacsbpPaifypically ~40

respectively for a coarse wafer alignment. Each scan path which is

nh RN gthe dBERIBR dRAE P N RGPS o referred as the
aligrowst) saaming steas SN caRRSPERISARO RPET fAkEMHRY dheskenirelsot passed

of the illumination beam spot on the surface of the wafer. [0045Hn the
OVELarIfERHLARF I iRslr e ML firsttghtar Sa8dds Rrodkae i dkSiaterferometry
sighidb stantigitiaR(Eb R thlectloBbd Tihe spapnicEabSehaassas drefeddedanesecond

SL parallel to the first scan Si, but shifted in the first direction D1 (also

INtRLiRPIEY -3 UhghASRE I BY ARG R A Géer a first shift DP1. The
first pHoBIPRheAsasponts jeapii &1ion wicthestenzaiisg digisecm thstinct local

. _pitch) BP.. 0046] If it is required by the method to carry out a third
IR R B SR AL PR HBCR A AT AP LB PS8 ibdlue 0. The loca
intémeisgnhiailaneatd-qaredaldo the sreredseikgbd diffracsditednnttelfires M1 ... M3 of

h direction D1 over a second shift DP2. The second shift DP2 corresponds
thenate e fraction of the repeating distance (or block pitch) BP.

[004[tj05iguse Bodttiaks axeltplafyisamnelaial ab @ hiripsidiydbesaetasihe fact that an
inc?égg{r?é”%r%g#\eo‘?rt%%e{ﬂbm‘.’ﬁé‘ttﬂé’r? beam spopinges on the product area and does not
contribute to the interference of the mark, butyaeflects on the surface. At positions smaller
than about -30 and larger than about +30, the sitfedecreases somewhat due some
interference of the pattern in the product areait@ itself. Due to the intensity originating
from the product area, the determination of thetjmms of the local intensity minima in the
interferometry signal becomes inaccurate.

[0053] The dashed-line graph G2 of the second scan S2sdbstantially not show an

interference pattern since the centroid of thenlhation beam spot passes in between the
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[0048] In Figure 3, for each of the first and second scans Si, S2, the
measured intensity (vertical axis) for a single wavelength is plotted as a
function of the measurement position (horizontal axis) within the scribe
line SL along the respective scan path in the second direction D2.

[0049] The exemplary scan data shown in figure 3 relate to the exemplary
mark AM as described above. In this example, the diameter of the
illumination beam spot is typically -40 j.tm. The width of the scribe lane SL

blagksie cagdleBolirgs. M1 -[obbd)Aha fRsttdaR: Siangiieienescisngelrcsed by the self
refil@ MY AEPRRIABISPRIBRIEH AR RENBRY BT BREBiIGHREIOHINBINRd-Iine graph G2 as

M3 of the mark AM, produces a first interferometry signal as indicated b

funpdofoeRORHEOGrapRESRONAS $edBRANYERRMSIB PRI datedrine gragh G1, except
forlff@rieEamatensignAliafiBdiciR Y frgbreting asare 02, [0051]

The dotted-line graph 01 of the first scan Si displays some distinct local

interd SRy FhifRar HYidRAPHRSRREINHHIRN B8 FBIDOCHRS hendeiermination of a

firSt QIR MALER RBSRGIHDISNEE FiD KRR REh BaUSSHBY SR BIETECERREAd scan S2. In
of light diffracted from the lines M1 ... M3 of the mark AM.

0052] At
Fi%§i%ﬁ§%ﬁﬁ§¥dﬁf@rﬁﬁ§%@€§€"tﬂ@ﬁﬁf&%@iﬁﬁ&@‘é@b@yo@féifb'{ﬂ% %]E}P{hgt& The first

dif@?éﬂﬁéﬁ%ﬂ@ﬁ&@?ﬁ@ﬂ@%@ﬁdﬂ@giGﬁmaﬁe@wmﬂbmﬁkﬂﬁﬂﬁi%tﬁ generated by the
roduct area and does not contribute to the interference of the mark, but

mEghIﬁ%ﬂ\é’@ﬂ'&e&ﬁr@%mﬁ%@%@%éﬁ%{%@ B HIRPIREFERYS FUBR aMiplArgemoved. As a
redhRNBEAHCHREL YIS IR RSHYHRSIEREeSRABMYIRS HHSIBOMS! INETHRAR02) is

of the pattern in the product area C with itself. Due to the intensity
enBRpRERMding from the product area, the determination of the positions of the

local gugss) sitynBiime fistioe IREHRISEREIRUEIANEH ReSPBIRMMAREEFPEE the exclusion
[0053] The dashed-line graph 02 of the second scan S2 does substantially

ZopR ARG QPR enEIBRE S HREMIQiHIR SrRRG e o se imiiHigisAtial interferometry
md}EaND\WROFRASERSHIfHRed st e dlockreiNakRfidatisines Mle toVSHégions generated

result of this, no interference is detected by the self referencin

by REEAEFORIBIEIIER RPARHHE tREABhP R LR o "d‘éég'lﬁ)é“bbl%\élee” the first and

theg%@brﬂﬁgﬁmﬁir%%fnmpm?@@e{]mﬁmﬂ@@w ﬂ@ﬂ@;@_&i@r;gémlﬂaﬁi%ﬂ_ahch of the first
of adottea-line graph 01, except 1or the [ocal infensity. minjma displayed In )
ane&?@@-ﬁﬂéﬁ?ﬁﬁh"(ﬁ'.‘:h 'qdbgﬁ'ﬁ%&}‘dﬂhg‘f&'ﬁ@%éﬁ?ﬁ'iﬁ%w{gm fhaubstantially zero

sigh&tiopidineuisiey the gedeinatnation of a first difference of the intensity of
the first scan Si and the intensity of the second scan S2. In Figure 3, the
frst EHEPLAREH LR BIRS S S59R0 SABIAPLY SHREHRBIRRFCCR) ik method
acHostitiffecemiiapirisstarpientosignae Gt ais stHE IFRj uRten silaraind e same mark
s generated by the mark AM, while the_distyrbance as caused by the .
AN B e B I S oM oEaiaEy AT lane SL that
hagligwiceniof £ rderesrainisalthehpaailigenebtbetmapt A isieahanesdterferometry
. [0055 Embodimﬁfag{s gf theppre ent invention may allow elimine(;éiop ofc}he
SO ARG ASHESR i GEH SElRETCR ¢ MBSt Cal ARsEYE Splready In a smaller
intorcaus tiEtidifferential interferometry may allow a reduction the
distyr e of the nterferometry. signal due tq reflections. generated b
orod KL A< TS b BT b SIS SR I HEHaD dhlcatsp by the
dotietivaendhephirg arhiseserandcsrasg, phedsigesdamiddteés bn &g signal as indicated
product tends to be very similar in each of the first and second scans,
byﬁﬁ%ﬁ‘#‘ﬂﬂ& gﬁ‘?&%rﬁﬁﬁl interferometry signal results in a substantially zero
signf0eBRjinathis oy see thewdotted-line graph G1 of the ficstn S1 displays a distinct local
intensity minimum around a center value 0 of thsijgan. At larger positive and negative

position values, the intensity of the interferorgedignal increases strongly to a maximum at
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[0056] Figure 4 depicts a second example of scan data as obtained by the
method according to the present invention. The scan data depicted in
Figure 4 relate to the same mark AM as discussed with reference to
Figure 3 and which mark is located in a scribe lane SL that has a width of
40 j.tm. As a result, the influence of the product area C on the
interferometry signal as measured by the self referencing interferometer

can observed already in a smaller interval of positions. ~ [0057] Aﬁ&in, .
abgnd 176 apa R fiddhaHaIdNMES GRS AR RRJIYE iYRluRstEReRsdY of the

intEFRNBAd Y 7 RaraRe recRR D R eHHSBMRERRAG LIE AR HIRI SiMalespectively.
as indicated by dashed-line gsraph 02. WLOOSS] In this case, the
I

Clegsite lIFRIYABILTION SambsbdcHIe Sehs BRI Bmeawsesl ndhsifgpark AM from

theTHBHERUON EYHaA IR CENLaivRuR. AGHIRNRIHSTHItIdAT SRICOPSVEA ot appear

negative position values, the intensity of the interferometry signal
PORRPeRAses strongly to a maximum at about -20 and about +20 Rm. At still

largepomgaiiyaiantheQRibvR Y Ak Y tABHEENREY af ShRIIABIREYBLHY dotted line graph
signal decreases to a constant level at about -40 and about +40 Rm,
Glrespectively. Clearly to determine from graph 01 the local intensity minima

caugeddey theeraskAiié fspiainaterarshieyasaptaPdsitadfii@nte of the intensity of

Alignment with sufficient accuracy does not appear possible. [00593J Again,

the{EsisoReShatidpr tBansity Afilirsertemb 2 48 the worsmiidnparaph G3. The

firf Hiffere RGN tE e rdivicaifeigRapEnteriamety o nrbasenifieianes generated by
of the intensity of the first scan Si and the intensi% of the second scan S2

thedarsiiMh Y EBIRtR MRS STaRGRLE R GhiEpa s measianialy removed. As
a redulistaysda s dReAbIRIRNGINY eI S, aRiery S8y IbE cRasK tAMmMAdM) is

the disturbance as caused by the product area is substantially removed.
eni@Needsult, the accuracy of the alignment (i.e., determining the position of

the moodAVhdsiesianeashtial ift@éddorhelf sighfae Caipi dalR/ igierBsE¥d by a pattern
signal 03 is typically processed by a pattern recognition procedure for

e GRUBIRMIRL EB AW B G TEE MO SRS RRARRIRIbY RRA RIS MililRgal intensity

miiriReifinslediffer enffalsnginps R and shenexprpiasiappateat dieivanaiAM.
[0062] If the check is successful, the first differential Eé)%rferometr signal

can BOBREH tharrbhesymsssoEadhe s EtERTER g‘if&ﬂ%&o’?‘ I can be used
in Sibaligienisrihereeetiinatersyster pfitiiediptrupdiphicsaprargieim asedddieinate system

o B SRR s IR SRR e crock v

unsuccessful, in case the first and second scarSZsdre not correctly positioned. For
example, in both scans S1, S2 the centroid oflimaination beam spot crosses over a portion
of the blocks in the lines M1 .M3 of the mark AM or alternatively in both scahet
illumination beam spot does not cross the blodten difference signal may not contain a
detectable pattern.

[0063] However, if the check is unsuccessful (the patténme first differential
interferometry signal can not be matched), the oweftrovides that a third scan S3 is carried
out. In the third scan path, the illumination besmot passes the scribe lane SL parallel to the
second scan S2, but shifted in the first direcBkdnover a second shift DP2.

[0064] If the third scan S3 is carried out, then a sedtifidrential interferometry

signal is determined as a difference between theifiterferometry signal obtained during the
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example, in both scans Si, S2 the centroid of the illumination beam spot
crosses over a portion of the blocks in the lines M1 ... M3 of the mark AM
or alternatively in both scans the illumination beam spot does not cross
the blocks, then difference signal may not contain a detectable pattern.
[0063] However, if the check is unsuccessful (the pattern of the first
differential interferometry signal can not be matched), the method
provides that a third scan S3 is carried out. In the third scan path, the

firshsRARaA heRirspbiYARsuBety Sigivl fiNa SLREdNe iiheetontso, a third
diffeRted et RASIREHY @lgr_fﬁﬁrsdé{&%t}ﬁﬂr%ea&ﬁf@eﬁ%@ BewEIIRE second

~ [0064] If the third scan S3 is carried out, then a second differential _ _
InteHferRINGIH¥ROosBHAPIaInetbAwineHIbg Hraifersh dacibirskiEnarararagtry signal obtained
dulngRECIRRENsSigNal obtained during the first scan and the third

interferometry signal obtained during the third scan. Also, a third

diffeleRERll iHierRaepneL fieyRalAl HuesfaIpBg Ay HanabidrbabRi:te Bapected
paftBFORA IREERRIRMANITYIStEaRPERBERINS d fedRgitReish s aNrrne Hhe) tRlgHferometry

interferometry signal obtained during the third scan. 0065] The second

SigfiferantRe inesdroie )i siiRaNishrseHer WHRHHE lifsceaii Yt tiespmetry signal

cathsemaddiNiHEthiRyahRsi isroeeerseful, the second differential
interferometry signal can be used in the aliﬂpment procedure, else the

third[gﬂﬁéﬂeﬁhﬁlflfﬁéﬁﬁ%mBﬂ‘)})ﬁa}’%‘f"&éﬂ% Slseehin %W@W scan S2, and the
sebReeshifeDP2[0ERGE dientr sesbifidiRAb svamini e dhpt Sl SkarEtae relative to the

second scan 52, and the second shift DP2 between the second scan S

blogk P RFIR ST 3 RRYIORLRINGE R AT i 376eRDREHNEHRH d hffesential
intéfeardhaeeiReghbedinshrodine e eandesstorciig i rertiakpected pattern of the mark

interferometry signal will produce a successful match against the expected
attern of the mark AM.  [0067] In an embodiment, the first shift DP1

corregpeT|de tarpemBvainiesiil/heofitseshiach Pitdb BEs fordsrto ot &l (V1) of the
DP2_corre§ponds to one ei htthllS) of the block pitch BP.

DI0gs 16 BEpIE SHBHIAU B OF 26 PSSR (L FB) S1uB6 gk pitch BP.

of thﬁ)%%]m@lﬁi@gfdé}ﬂd@ a m@@mmﬁh@ﬁ%p&ﬂa‘?mﬁéﬁt fov@nigration of the
069] Second mark AM2 is arrigj%ﬁg on a semiconductor wafer in a

Secor,
m Rﬂeéﬁ?é’@ﬂ‘%q R SRERREEM 1L G ALY ENUAME scribe line SL
exte[oiBa) eicetahaik Afstsikactiaed bnanddrmr andisitoMikegscribe line SL that

IS i?l?gpnqgcﬁziarteec%\iﬁg t%?g%?g)oerggir% 'E‘T tTOhtehgcng}a(grLeg%gn[cl)é longitudinally in a first
direction D1, and has a width W in a second dicgc®2 perpendicular to the first direction
D1.

[0070] The second mark AM comprises a plurality of oblitipes M4, M5, M6 ... M8
which are ranked under an oblique angle (neither mer perpendicular) AN relative to the
first direction D1, adjacent to each other in tinstfdirection D1 of the scribe line SL over a
mark length L2.

[0071] The oblique lines M4 ... M8 are separated from edhkrdoy a periodic
structure in the first direction with a repeatingtdnce as indicated by third interspace LP3 in
the first direction D1 and by a mark structurehia second direction as indicated by fourth

interspace LP4 in the second direction D2.
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[0070] The second mark AM comprises a plurality of oblique lines M4, M5,
M6 ... M8 which are ranked under an oblique angle (neither zero nor
perpendicular) AN relative to the first direction D1, adjacent to each other
in the first direction D1 of the scribe line SL over a mark length L2.

[0071] The oblique lines M4 ... M8 are separated from each other by a
periodic structure in the first direction with a repeating distance as
indicated by third interspace LP3 in the first direction D1 and by a mark

strudR¥&inFREsiee Mg sirdtabW i Addate By Sodiraridr gnuta seeend width WB in

thdR@ 88RaMIrEFESHIHD2. [0072] Each line has a first width LB in the
first direction D1 and a second width WB in the second direction D2.

[00780A3RM e PR 1SEX SREMAR AT 2\ Ve RIMIOMIGEERSIaReeSL IS 60m,

theSthii G EHTLARASIHA el o it pACR TPINEs Ta RIS AB319 sHf2)*am
first width LB is sqrt(2)*2 jim =2.828 urn and the second width WB is .
=2 G2y ALbess8aRA1 widiid\ads aeetehireuB@Rhienodadhigsase the angle AN is

ch6886Re83 dedPEd4)l During an optical alignment scan, the illumination
beam of the self referencing interferometer is provided as a spot on the

subdf814)] BN HEARY GRASeEmRNRERMINE illupatimerse Qb gelf referencing
intEMEFo MR IS PHRNGESHI A R Qhetife fHe ARikEdNIRHiRIRREAPRIeHR €Mt Snark AM2.

the gptical alignment scan in which the optical interference pattern

displH dliesecsnthaatuaMeds ataRgry fnhrfRduCINg@repRierference pattern

dumejhrg astestmmhiBaRtSREENH ARecHReaRiR (h1PcpEpRR P ANEAURSIRYS a number of
illustrated by dotted lines Si, S2 that represent a first, and second scan

IndhygialdpeRbiniRNRIVANEHRR wafer alignment. Each scan path which is
paraisie] tra & aceind diseetenii i enahiel dn dlsmirigiesh@efi@ent invention is

alignment scanning direction) corresponds to a path taken by the centroid

llusfrere i iRliRsh s dp o ah SRIRaERRS aNd\werRaNd sqapAAlnfERpectively for a
co@rampigesshayArinehioesch, sbarfifsithoaniah Hnsiadee seserie dhesiieD2 (to which

. product area C and traverses the scribe lane SL. First, the first scan
is

s delesism a8 e AeNmET SeeRAG L EHIRIEEAROAS AR RkRPY the centroid

of geaflSinghstforieraatn, spodndheHewerfatedofitakea C.  [0078] Next, a
second_scan ilzgis?g?erformed. The second scan S2 is shifted in the first

diredRBADINIEAHAEIPL IOV LIYFIALIR Rothe J4nRGg BRURiEHS bvasg to the upper
prdtisicsbiie S latwicvemiasir fsapitien i dheirepeaiing staiapes sstlique line M5 and
el tar o T LSBT VR TSR e o procuc
arafpper product area C ano_l traverses the scribe lane S_. First., the secc_)nd

e R, AU D Ao o AR ISl EORY i e s
direction D1 (also referred to as alignment nomsaaag direction) over a first shift DP1
(which equals a fraction of the repeating distawfdhe periodic structure in the first direction)
and passes the scribe lane SL parallel to thesfiest S1: the second scan S2 starts in or close to
the upper product area C and traverses the senigeS. First, the second scan S2 passes
oblique line M5 and next, passes oblique line MAaRy the second scan S2 ends close to, or
in the lower product area C.

[0079] In this embodiment, the first shift DP1 correspotala fraction (ideally 1/4) of

the third pitch LP3 as repeating distance.
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[0079] In this embodiment, the first shift DP1 corresponds to a fraction
(ideally 114) of the third pitch LP3 as repeating distance. [0080] In this
second embodiment, there is no requirement to carry out a third scan,
because both scans Si, 52 can always be chosen out of phase relative to
each other due to the coupling of the periodicity and the mark structure of
the mark in the non-scanning direction D1 and scanning direction D2,
respectively. [0081] Figure 6 shows an embodiment of the lithographic

appaPRRA. nHbifRBEPAShRIRSHARRS dBRTBISd L BaHKAME AN, kastird scan,

betRlgsaNsiAg deigrtemele-anthReRRIIY Sy IsamBtise relaifehb ¥a@asMEr due to the
of clarity, the scanning device and the self referencing interferometer are

codplyieted thereasirdisingRNE Bk BRK atpiatafeB e B Hh Hifg@BvEaaNAg direction D1
anﬁﬁgo%@{ﬁfﬁqeaﬁ%mimgffﬁ;gﬁm%y be two separate devices or
ve

alternati may be integrated into one scanning agparatus,. [0083]

The (ORHOFguTErR EPOWS B ABIPRAMER SRR WTIEdsI T he ithographic

apRiRieRCHIpIRIéRrarseteanyl daciseaRriBRARKIES TRIrFHFMIBE Y a control system
action of the substrate table, the self referencing interferometer and the

C'ASCanning device, respectively. [0084] The scanning device is

conf'[gg@ﬂi F»Prexiskhast dldminaterseaamhipbeor it iRBTaFKRiIREiInterferometer
second direction. The self referencirrlr? interferometer is capable of

are dRRIGHRS PRI AYFIREP 19k FBnTHRAMIFR ARG FRKE AR the self referencing
inteABTEARILEIARY/BEEtWO eNARIRedEG B sl raleBdiidgRtalfinto one

referencing interferometer Is sensitive to so-called 1800 point symmetry
SCRMIMERPRAMAR Battern.  [0085] The control system comprises a

commges|ariad 86 MRSy SN HnD atceces$R RIAENSNOTHAE self referencing
arithmetical operations, and a memory ME..  [0086] It will be

INtGHARGISHT M the RRANBENACSABRCASOMRAY BetiearbH6 R RS ate table, the self

reféiRe@iABhItGRORIMEE CAMPIIfNSCaneing eevEahsyateNy. This is
schematically depicted in Fig. 5, showing an example of the lithographic

appaPRRH dOV% RARRBINDRTPASH HRNBEEELIOMsRY 56 ATaihaHgRPgaM for scanning

thecARUNIgades e eniec AMET Ve seor YWY%M(%M@E&MB@W detecting a
arranged to store instructions and data, such as a tape unit 13, hard disk

intg{ePRELY SARAVENRR &/ REESIR A1 MR8 SUF DBIGraNRRplr example the
maread/Orlis Moo m4ERBREIMp G ansing Maasioetérasassmbieveay <RAMlkd 180° point

17. [OO%A Theyorocessor PR may be arranged to read and execute
YOG AR MR L s At e e mory ME providing the processor PR with

the flovgBprEidydonp@ifeystam eavhpdisasrd ebhpunethncdgser@simprising a
proacbeosvs%r PR for performing arithmetical operati@msl a memory ME.

[0086] It will be understood that the method describedvabmay be carried out by a
lithographic apparatus comprising such a contrslesy. This is schematically depicted in Fig.
5, showing an example of the lithographic apparatwg further comprising the processor PR
being arranged to communicate with memory ME. MgnMME may be any type of memory
arranged to store instructions and data, suchi@seaunit 13, hard disk 14, a Read Only
Memory (ROM) 15, Electrically Erasable Programméa®éad Only Memory (EEPROM) 16

and a Random Access Memory (RAM) 17.
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[0088] In order to be able to carry out an embodiment of the method, the
processor PR is connected to the self referencing interferometer SR for
receiving interferometry signals corresponding to the first scan Si and
second scan S2, and if required the third scan S3. Note that the self
referencing interferometer SR is shown schematically as a block adjacent
to the wafer stage WT, but may be located at a different position as will be

appreciated by the skilled in the art. [0089] Further the processor PR
may[Q@&ﬂrJﬁ’@eléf QSRSFRFIT B TR e NEE i iRs G exegradpeing lines

stdvEl ihenRAssIgNVIE %}Qﬁ e {5l d5hr bR S ESne B HBAKM an

IL, the prolectlng system and possible further components of the
emﬁﬁgﬁfﬁfﬁ@féﬁﬁdnﬁﬂi‘m de?{@@b@?ﬂ#@b‘?@cessor PR may be specially

provigedepsrdiadicRi B RINEaTSeANS RRfarTEHB SRt eskRaid. tAdtprocessor PR

may also be a central processor arranged to control the Ilthographlc

is %f?fﬂﬁﬁﬁf@g i 1heRlid alcienain B diig Rt R TRt erfitiBa AN tar{eremaity signals
cofReBRHRIMGamP acinaniPEthasieseiibrad SwiBAH-if req[ﬂ%ﬂHéihﬁH'@cam S3. Note

be understood that there may be provided more and/or other units, such

thaééhﬁéﬁﬁrﬁﬁ[ﬁ{ﬁgciﬁﬁdﬂbﬁwe@ﬁ reBdieRuERpANFHY B@@M@%@écem to the
walfefhreaRyé WP eRMeH 606 B1ER %@WMMMﬂ% |Q}§§F8@|ated by the skilled
remote from the processor PR, if required. The processor PR is shown as
in §1%bx, however, it may comprise several processing units functioning in

paraisigy) Faitirieth &Y AR S3RINAIROEREFBE B dRabmay Ratfsidedne of the position

remote from one another, as is known to persaons skilled in the art.

of {apdPeRKiEaRIR Me iR ROSIHAB LRSI SUNFENRE W In RRIFOU SRSPRR illuminator IL,
theaprofsiedy §9§t@ﬁ¢¢®%r@ﬂ§d§sfﬁ@%ﬂ@ﬁéﬁlﬁﬁﬁf@ﬁﬂ@ﬁtﬁ@@rb@ﬁ@dﬁparatus.

wireless. They are only intended to show that "connected™ units are

arrahJEPto! EGrRESEERE RRHTSME RESREGIA S BIREIFEY. ahBESH Rigsessor to

peFBsiAThealeber By HENA0IAsesHIAg Slstarn W@@&@@W@r@@d&b control the
_ and/or software technology arranged to perform the functions discussed

lithographic 3pRgEtARIASLGHVERM REG LTI RENIIRE DY RGN AR fuciipnality to
pethf(rjmsapégﬁl?]@anﬁ@lﬂrpﬁﬁnﬁara@wm&mem%@éactzredog ICs, it should be

underst that the litho ic apparatus described herejin may have ,

otheTQQBﬁ éhﬁ Adldhe %é?%)ﬁ%t%’&hhl%*cﬁ]?éeomﬁYeB?a?éB"HZﬁE‘hﬁEﬁ?érﬂ@‘,er units,
sumlégm@m@@dﬁm@tlmmad@vr&@amamlmn fogeasinss Britpanelthe art.
d|s$lays li UId c stal dis Iayséy Dsﬁgthm %éngaégnetlc heads, etc. The

Mg aR afe%] REW LR LioiRyhe processor PR, if
recﬁmié@aﬂhéspr@l&yés&ﬂ PRhe tB1ov watsie poXeeamareiay sy iifise several processing
considered as.syno ous W|th ore general terms "subst
S B  BR LB GO kR GBS BHBI P 5 1ch i L)Y be located remote
fropiagassediihefose & Rilew/xpasersons mwg a track (a tool that
typi lies a layer of resi trate and develops the e osed
O RSB o P U R A B e B o5 g RN 6 Physical
conlisaltisues baeem masehﬁ &mﬂ@ddnmmmasdmﬁﬁeww@e& Preseasngnly intended to
tooltir1| Fyrther, th ubstrate ma gg g(r)cessed more. tpkan once,

Shaw:Td| eQHrH‘rﬁ &%‘é?eaéen% raseiit: LAY Qu“rS’é%%rté” someway. The
couﬁnddrawtemayaaimrafgrst@aeﬂtmeh:ewﬂi@tmylamgand/mtdﬁ@tel and/or
ocesse ers a4 Althfﬂ Egﬁ't ﬁpe fic reference may have been
Soﬁ% 89MeaU of 56 ShH3RER 1% ontext of
opthaDM]o,glmumhtwdddue:aath@mﬁuﬁbmmmMiummexﬂmuwdfirithographic
other a ations f am lit where the contex
o S DE TR 8 UpR AR BBy OB RBU sy TP apparatus
detapibgc peydim armtﬂwnmgtdemaﬁmmfmmmamﬂltemmawemmcﬁ integrated optical
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 movegout of the resist leaving a pattern
in it after the resist is cured. [0095] The terms "radiation” and "beam"
used herein encompass all types of electromagnetic radiation, including

ultraviolet (UV) radiation (e.g., having a wavelength of or about 365, 355,
248, 193, 157 or 126 nm) and extreme ultra-violet (EUV) radiation (e.g.,

havina a wavelenath in the ranacae of 5-20 nm) ac well ac narticle heame



[0096] The term "lens", where the context allows, may refer to any one or
combination of various types of optical components, including refractive,
reflective, magnetic, electromagnetic and electrostatic optical
components. [0097] While specific embodiments of the invention have
been described above, it will be appreciated that the invention may be
practiced otherwise than as described. For example, the invention may

take the form of a computer program containing one or more sequences .
sygemaditancsaprdrizaitib RIRIES IahgBEBINa Bcastieseflat-panel displays,

liq GRS PRI SNERINTAIA ARAGAEIRE 483 datIETRBAKIME @ dHisan will

semiconductor memory, magnetic or optical disk) having such a computer

apprggials bkdp therepitext qbsioeh aierpaiRBlitRi abaly Hee iptdhadarms “wafer” or
“dit? H@r@#ﬁﬁ?}}@e%mgf&l BBUSbWNRRISRETROY @88 BEbstrate” or
odifi

art that m cations may be made to the invention as described without

"R AP ROTEERESEYBY of iFeSERMAIIS SN URRSRIN BEXIRAPrecRRsiRddpelore or after

ex{ﬁ's@'li&nm‘?&t gk anspisH atgckh@ %@%ﬁﬁ&l@ﬁ?ﬁ%@ & |BAKINRSSfiREa substrate and
a

ne, the scribe lane extending along a longitudinal direction as a first

deyfeRfoin IR PRSACHEMSY PRI RAGETH (RERRSHBNderb\dir @ applicable, the
disEIBEuRITHENIR MEGNsEnspiRia P es el iRatianiRrrRrNpIee RS IR WIS Further, the

direction, the periodic structure having a repeating distance in the first

SUBRERHRO MNP FREABESSSH BRRIRGhah RIGEING REFATRYRAGEEh BeakR fymulti-layer IC, so

thatahRNEeRe hRadtdnUbesreRNA FHESCHRD ReRBUBS RRPEIR d€ady contains multiple
illumination beam in the second direction along a first scan path across

PreRgssegilayers.
[0094] Although specific reference may have been madeeatmthe use of

embodiments of the invention in the context of cgitlithography, it will be appreciated that
the invention may be used in other applicationsei@mple imprint lithography, and where
the context allows, is not limited to optical ligraphy. In imprint lithography a topography in
a patterning device defines the pattern createa sabstrate. The topography of the patterning
device may be pressed into a layer of resist segpti the substrate whereupon the resist is
cured by applying electromagnetic radiation, hpegssure or a combination thereof. The
patterning device is moved out of the resist legnarpattern in it after the resist is cured.

[0095] The terms “radiation” and “beam” used herein encasspall types of
electromagnetic radiation, including ultraviole®(Lradiation (e.g., having a wavelength of or
about 365, 355, 248, 193, 157 or 126 nm) and exrnealtna-violet (EUV) radiation (e.g.,
having a wavelength in the range of 5-20 nm), d$ ageparticle beams, such as ion beams or
electron beams.

[0096] The term “lens”, where the context allows, may rédeany one or combination
of various types of optical components, includiafjactive, reflective, magnetic,
electromagnetic and electrostatic optical compaent

[0097] While specific embodiments of the invention haverbdescribed above, it will
be appreciated that the invention may be practitedrwise than as described. For example,

the invention may take the form of a computer progcontaining one or more sequences of
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scanning the spot of the illumination beam in the second direction along a
second scan path across the mark, the second scan path being parallel to
the first scan path, wherein the second scan path is shifted along the first
direction relative to the first scan path over a first shift, the first shift
corresponding to a fraction of the repeating distance of the periodic
structure in the first direction. 2. A method according to claim 1, wherein
the mark comgses a plural(ig of lines, the lines extending in the first

t
maghdeadR bR INgtBIEARGs FparalRineha T BIEE @Rt pRVEf e data storage
medHIA Y %Wiﬁét@?f@ﬂdjé‘ﬂ%eﬁ@H%HP@&W@M&EK@%%W%%@&MC or optical disk)

identical manner, the repeating distance of the periodic structure being
hayiEkheidChy COPFARING JIPE BB S8 RCIAGHEIRe in the first direction; the

ma”f(ﬁggftW%iaégﬁwwi%wgﬁd&ﬁf@g@m%ﬂiﬁqnﬁﬁﬁ]g. Thus, it will
ines se

between each pair of ling lected from the plurality of lines. 3. A _
be ARRREHdCOPAR §BIethimibe\arcint mRAgE Ay IR scH P iaednention as
delABdTRANBSEehaime IO el or Haifs bevbataiaidhe plurality
of lines comprises a set of oblique lines which are each ranked under an
oblique angle relative to the first direction; the repeating distance of the
periodic structure being defined by a spacing between each pair of lines
in the first direction, and wherein the mark structure in the second
direction is defined by an interspace between the lines in the second
direction. 5. A method according to claim 1, further comprising:
registering by a self referencing interferometer of a first interferometry
signal obtained during the scanning along the first scan path;
registering by the self referencing interferometer of a second
interferometry signal obtained during the scanning along the second scan
path;
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determining a first differential interferometry signal from the first
interferometry signal and the second interferometry signal. 6. A method
according to claim 5, further comprising: matching a pattern of the first
differential interferometry signal with an expected pattern corresponding to
the mark. 7. A method according to claim 5, wherein the first differential
interferometry signal is used for determining a position of the substrate in
a wafer alignment procedure in a lithographic apparatus. 8. A method
CLAMy¥ding to claim 6, wherein: if the pattern in the first differential
interferometry signal does not match with the expected pattern of the

1. markvigiaduetragifiihneniconzosigsirate, Sharsubwasmolisihtia mark in a scribe lane,
B B RS ek naving
pefoaitRathcaves mshedidtifctivn senpacksai core spendingarsacssebnd direction
e I S e e o e S, e in e s
dirtutid i) eréenpstady shpmadisibigined during the scanning along the third
SN Ping An IR Sanor bearh for Sihning tha kia The sedbnd direction;

scanning a spot of the illumination beam in theose direction along a first scan path
across the mark;

scanning the spot of the illumination beam ingheond direction along a second scan
path across the mark, the second scan path beiatigb#o the first scan path, wherein the
second scan path is shifted along the first dioactelative to the first scan path over a first
shift, the first shift corresponding to a fractimithe repeating distance of the periodic structure

in the first direction.

2. A method according to claim 1, wherein the maskprises a plurality of lines, the
lines extending in the first direction and beingpaged parallel to each other, each one of the
plurality of lines being divided in a plurality bfocks in a substantially identical manner, the
repeating distance of the periodic structure bdefgned by a spacing of the blocks in each line
in the first direction; the mark structure in treesnd direction being defined by an interspace

between each pair of lines selected from the ptyraf lines.

3. A method according to claim 2, wherein the dity@f lines comprises at least three

lines.

4, A method according to claim 1, wherein, the glity of lines comprises a set of
obligue lines which are each ranked under an oblangle relative to the first direction; the

repeating distance of the periodic structure beéiitned by a spacing between each pair of

20



determining a second differential interferometry signal from the first
interferometry signal and the third interferometry signal, matching a
pattern of the second differential interferometry signal with the expected
pattern corresponding to the mark; and if the pattern in the second
differential interferometry signal does not match with expected pattern of
the mark: determining a third differential interferometry signal from the
_ first interferometry signal and the third interferometry signal; matching .
lingsyatBefEE s esiaiReEMNERIR R SRABIKE BIEM H) {Rehs@eoagdicgsyon is defined by
anPARED £0EBERMBEM EhEO It MREKe S8cArRRRiiRGE according to claim 9,
wherein one interferometry signal selected from the second and third
differential interferometry signals is ysed for determining a position of the
5. quboh ARSTRCE ARP A AT BhobelihaeH COMABB phic apparatus, 11
A lithegleehiccabpar st redenpnsing interie firhskat éretile@desirnetddgnal obtained
hold a substrate, the substrate comprising a mark in a scribe lane, the
DD e AR ARG HSEAGRIGAL direction as a first direction, the
markdiisiograyneyivdGeifuetarenaithpifitstfdieeimbacsstanvakesfaroinksry signal
extending.in a second direction perpendicular to the first direction, the
oD R A TAE S APRStG RSP ihe fire direction

determining a first differential interferometrygaal from the first interferometry signal

and the second interferometry signal.

6. A method according to claim 5, further compmsin
matching a pattern of the first differential ife@ometry signal with an expected

pattern corresponding to the mark.

7. A method according to claim 5, wherein the filiterential interferometry signal is
used for determining a position of the substrate wafer alignment procedure in a

lithographic apparatus.

8. A method according to claim 6, wherein:

if the pattern in the first differential interfar@try signal does not match with the
expected pattern of the mark, the method furthermcses:

scanning a spot of the illumination beam alonigi@tscan path across the mark, the
third scan path being parallel to the first scati @and is shifted relative to the first scan path
over a second shift, the second shift corresponaisgcond fraction of the repeating distance
of the periodic structure in the first directiomgda

registering by the self referencing interferometiea third interferometry signal
obtained during the scanning along the third sh.p

9. A method according to claim 8, further compmsin
determining a second differential interferomeignal from the first interferometry

signal and the third interferometry signal,
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a scanning device for providing an illumination beam for scanning the
mark in the second direction; and a control system coupled to the
substrate table and the scanning device for controlling an action of the
substrate table and the scanning device, respectively, wherein the control
system is configured to control: providing an illumination beam for
scanning the mark in the second direction; scanning a spot of the
illumination beam in the second direction along a first scan path across

the riehing a patter ihmgarensheiitrandialivMERHY sdandinvifethe expected

pafiBRYRSHESSHRRIRPROtAS AR 64N path across the mark, the second
scan path being parallel to the first scan path, wherein the second scan

Frat e BVRTE GHS SR LML AR oL match wit

expistantpatdhe gfariedisagtucture in the first direction. 12. A lithographic

{ ding.tq claim 11, wherejn the control system furth
compREUG rlFd SRR AR T e g tramety

sighégdecbthetrligigngd dbtamedhpyiraagcanning device, the control system

being coypled to the self referencing. interfergmeter for controlling. an

~cidhAF RS aiprlterE e el rEsaral Epamee Sl e Rrpected
pattenfigoressisopadititpto theragiskering of a first interferometry signal

obtained during the scanning along the first scan path; registering of a

e AR = 0 ROR I i o e
seetythbfidihtickdiftstriendeeniedenpgighyl sigdahes sddond atesrignorgearposition of the

SUBQ%E in a wafer alignment procedure in adjthphic apparatus.

11. A lithographic apparatus comprising:
a substrate table constructed to hold a substheesubstrate comprising a mark in a
scribe lane, the scribe lane extending along aitiedigal direction as a first direction,
the mark having a periodic structure in the finsection and a mark structure extending in a
second direction perpendicular to the first dir@ctithe periodic structure having a repeating
distance in the first direction;
a scanning device for providing an illuminatiorabefor scanning the mark in the
second direction; and
a control system coupled to the substrate talidelzen scanning device for controlling
an action of the substrate table and the scanrewigel respectively, wherein the control
system is configured to control:
providing an illumination beam for scanning tharkiin the second direction;
scanning a spot of the illumination beam in theond direction along a first
scan path across the mark; and
scanning the spot of the illumination beam indbeond direction along a
second scan path across the mark, the second attabeing parallel to the first scan path,
wherein the second scan path is shifted alongitstedirection relative to the first scan path
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13. A computer program to be loaded by a computer, the computer
comprising a processor, memory, the memory being connected to the
processor, the computer being part of a lithographic apparatus, the
lithographic apparatus comprising: a substrate table constructed to
hold a substrate, the substrate comprising a mark in a scribe lane, the
scribe lane extending along a longitudinal direction as a first direction, the
mark havinRTat eriodic structure in the first direction and a mark structure
a

ovexefitahghitatBedisti it arsresenshimme frretianofifae dpreadiRgeistance of the

peRBHRAESEHFRIIG HRViG1aINeReRINg distance in the first direction; a
scanning device for providing an illumination beam for scanning the mark

in the second djrection; and the computer being arranged as a control
124, srd ORHIRRIYG ARPBIBLSRCIAIHING A SRR dG Eayol System further

coppriselrysaticterehitiagimsifaio tabler vvb e Rearistedey ef.a interferometry
. respectively; the computer program after being,loaded allowing the :
SIOTIGIARGH EX R BRI K 1L LB eh LR B p e sefreferencing

interffoinder secoodtcbiibeyem acdoningtacisefaicheidLimisgtooneam wherein the
the Eecond directioggalon a first scan path across the mark; and

cogfry ﬁ?ﬁé%'%ﬁf?p HENIHHRANSH beam in the second direction along a
secargistaringodh adires inteefenankethessgeanolmaihiol patly liednscpardahgl #ong the first
the first scan path, wherein the second scan path is shifted along the first

SCHHOABn relative to the first scan path over a first shift, the first shift
correspizneliing) tof & fsachonl dftindeiepeatingidistaivadod tine gpenodicanning along the

seg(t)rrllj tgcrgrilnt %_first dplirection.

path; an
determining a first differential interferometrygaal from the first interferometry signal

and the second interferometry signal.

13. A computer program to be loaded by a comptliercomputer comprising a processor,
memory, the memory being connected to the procegsrcomputer being part of a
lithographic apparatus, the lithographic apparatmprising:

a substrate table constructed to hold a substheesubstrate comprising a mark in a
scribe lane, the scribe lane extending along aitiedigal direction as a first direction,
the mark having a periodic structure in the finsection and a mark structure extending in a
second direction perpendicular to the first dir@ttithe periodic structure having a repeating
distance in the first direction;

a scanning device for providing an illuminatiorabrefor scanning the mark in the
second direction; and

the computer being arranged as a control systeipled to the substrate table and the
scanning device for controlling actions of the drdie table and the scanning device,
respectively;

the computer program after being loaded allowirggdrocessor to carry out:

providing an illumination beam for scanning tharkiin the second direction;

scanning a spot of the illumination beam in theosd direction along a first
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14.A computer program according to claim 13, wherein the computer
program further includes machine-executable instructions for:
registering of a first interferometry signal obtained during the scanning
along the first scan path; registering of a second interferometry signal
obtained during the scanning along the second scan path; determining
a first differential interferometry signal from the first interferometry signal
and the second interferometry signal. 15.A computer readable medium
scap Pty e dhthitar@Rfam according to claim 13.

scanning the spot of the illumination beam ingheond direction along a second scan
path across the mark, the second scan path befaljgh#o the first scan path, wherein the
second scan path is shifted along the first dioactelative to the first scan path over a first
shift, the first shift corresponding to a fractimithe repeating distance of the periodic structure

in the first direction.

14. A computer program according to claim 13, wiretiee computer program further
includes machine-executable instructions for:

registering of a first interferometry signal olotadl during the scanning along the first
scan path;

registering of a second interferometry signal migtd during the scanning along the
second scan path;

determining a first differential interferometrygaal from the first interferometry signal

and the second interferometry signal.

15. A computer readable medium comprising a conmgartigram according to claim 13.
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