Met hod for coarse wafer alignment in a |ithographic apparatus. Field

[ 0001] The present invention relates to a nethod for coarse wafer alignnent
in a |ithographic apparatus. Also, the present invention relates to a

met hod for manufacturing sem conductor devices. Furthernore, the present
invention relates to a lithographic apparatus and to a conputer program
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 Iith¥gthashior capisa mafersalicnmens ina lithographicappapites. in t he
manuf acture of integrated circuits (1Cs). In that instance, a patterning
device, which is alternatively referred to as a nmask or a reticle, nmay be
used to generate a circuit pattern to be forned on an individual |ayer of
the IC hl pattern can be transferred onto a target portion (e.g.,
conpri si art of, one, or several dies) on a substrate (e.g., a silicon
vafer). Trangioel) Phe blaGer Hvefifioh fehardBlaitkihals ¥ Bod: IRGLAL ARl Y ET Of
radi ation-sensitive nmateria (re5|st provi ded on ersubstrate " g n

gener al , lithogiapiic epparbisis.r Alse, the plesamn iivehtiorarehedsio mknethod fudjnemeanicturiag get
portions_that are successivel at.terned.. Known |ithographi c apparatus
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exposi Noardino @bt ptdg@sA. onto the target portion at one tine, and
so-cal |l ed scanners, in which each target portion is irradiated by scanning
the pattern through a radiation beamin a given direction (the

"scanni E'i'ck i e tion) while synchronously scanning the substrate parall el
or anti- tothis direction. It is also possible to transfer the
pattern from obe2]patitlesgiiphi: ﬁi%)‘dtaﬁ% it @ nidaBin® RS hpFited alésikdiWaiRtd dilo bk he
pattern onto the substrate. [0003] Typically, target portions on the
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the scribe |ane).. The optical .aljgnnment scan_.is based on so-called
sel f - r efPBHERIP ﬁa forged,a H@‘t"l"ﬁ‘a{ Byt shelCa Huspattesn senshegianstersed wnte arar k.
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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. Known lithographic apparatus include
so-called steppers, in which each target portion is irradiated by exposing an entire pattern onto
the target portion at one time, and so-called scanners, in which 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] Typically, target portions on the substrate are separated by a scribe lane, in
which one or more marks are located. For coarse optical alignment of a wafer in a lithographic
apparatus, an optical alignment scan is performed along a scan path across the scribe lane over
such a mark (thus scan data is also gathered outside the scribe lane). The optical alignment scan

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




the scribe |lane and that are spaced apart fromeach other in a width
direction of the scribe lane. A pitch between each pair of lines in the
mark is different froma pitch between an other pair. [0004] The used
self-referencing interferonetry has been described in EP 1372040. The .
position of the mark can be obtained by searching in the scan data signal
for a signal portion that matches the two pitches of the mark-design, for
exanple by a pattern recognition procedure. The |ocation of the matching
si gnal Ruchia@ibrk typﬁdmelymmpndattares iparatel lineb daesxtemd mmelongioxiimail diveasiontoie mar k
wi thin the scan path. [0005] IS observ ﬁﬁthat uct. st cture next
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pattern recognition and resu In a msalignnent. 006] Moreover, because
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does not have a wdth below a mninal value. To reduce t wi dth of the
scri be |moedwry Theldation of themstchingwigiekpwben Bethaseagriirtmiisnadsdites tafee i s

t her ef ore undesj.r abl en. . usin coarse alignnent nmethod in accordance
with thé’oﬁﬁoaf’%g\ﬂ Eﬁﬁﬁ%@ @%ff% is desirable to have a nethod which
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According to an aspect, there is provided a nethod for alignment of a
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direction, the perjodic structure having.a te i di ta ce in the first
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illumnation beamin the second direction along a first scan path across 2
For that reason the scribe lane typically does not have a width below a minimal value. To
reduce the width of the scribe lane may lead to a less accurate coarse alignment result and is

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

SUMMARY

[0007] It is desirable to have a method which overcomes one or more of the
disadvantages of the prior art.

[0008] According to an aspect, there is provided a method for alignment of 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 having a periodic structure in the first direction and a mark structure extending in a
second direction perpendicular to the first direction, the periodic structure having a repeating
distance in the first direction;
the method comprising:

- 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 illum nation beamin the second
dir'ection 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
di stance of the periodic structure in the first direction. [0009]
Accordin t%m&p aspect, there is provided a |ithographic apparatus
conprisi%ﬁ? -a substrate table constructed to hold a substrate, the
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second djrection along a first scan path across the mark; -- scanning the
spot of lal‘?& f peitherans Siendingalone 1 lnasiiedio) dirgsticasiadirsadietom second scan
path ac ag= : -bej arallel to the first
Caan pat F sy B it s P At PGty B S '

di rect i osecoed diréctientporpehéichlar &iths fian dpadtion , dwgeriddici statugdhdving 4 Reedting St
shift COLI esgeg.ng'bng t8' a fraction of the repeating distance of the

peri odi cHSEPUCEIPRIShFRRION; st direction. [0010] According to an aspect,

there is-psavhiledcdice ﬁfﬂﬁ@ﬁﬂin@raﬁgﬂlﬁmnﬁﬂorp@eha}rpﬁgg&nmﬁgghe FONPHLEL %eg{)i\lﬂf o the

conmput er conprising a processor, menory, the menory I ng connec
pr ocessofirecting conput er being part of a |ithographic apparatus, the

I thogr a-pemzo%tl%ﬁ) Q}‘;is'ic% léguplgcp tr(mflé Ssgbilbggé.te 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 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.

[0010} According to an aspect, there is provided 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




a substrate table constructed to hold a substrate, the substrate conprising
a mrk in a scribe 3 lane, the scribe | ane extending along a |ongitudinal
direction as a first direction, the mark having a periodic structure in the
first direction and a mark structure extending in a second direction
perpendicular to the first direction , the periodic structure having a
repeating distance in the first direction; a scanning device for providing
an illumnation beamfor scanning the mark in the second direction; the
conput erjaheimndcabé RAGegeAding alap hielgityshbdirecdoup ked itst dirb@iosubst rat e tabl e
and the scanning device for controllinggaciion he substrate table and
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DESCRI PTI§eE © O BRRF RS quﬁaﬁmﬁ%b%r%ﬂ#’ée %‘iﬂg‘lt‘lhgﬁ%ﬁ%ﬁ?i%%ﬁse\% now be
descri begle cO%pWBYprBbrafX AR bein@Maed albwiig i BHOERES th @atriButacconpanyi ng
schematic drawi ngs I'n which correspondi ng reference synbols indicate
cor r espormbvigingantibumination heaghfas seamogthy mark-inghe eecondidisecdion; a | i t hogr aphi ¢
apparatus_accordin n | DB s Lan. 13)h sattFiQie 2
depicts fc?gﬂn%?gﬁﬁ8¥8§?W%§%B@%% coépg%a%*&gh%§%§8§%@ﬂgﬁkﬁﬁstPﬁ%ion of t he
met hod akéeal=@t:ng to the present invention; [0014] - Figure 3 depicts a
first exanple of scan data as obt ai ned Rly t he r’(rlet hod .according to the
present 1Y5¢EHRE @ﬁ;spot of the illumination beam in the second direction along a second scan pa

across the mark, the second scan path being paralle! 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.

BRIEF DESCRIPTION OF THE DRAWINGS

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

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

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

[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;




[0015] - Figure 4 depicts a second exanple of scan data as obtai ned by the
met hod according to the present invention; 4 [0016] - Figure 5 depicts a
top view of a mark for coarse alignment for illustration of the nethod
according to a second enbodi nent of the present invention; [0017] - Figure
6 shows an enbodi nent of the |ithographic apparatus in accordance with the
present invention. DETAILED DESCRI PTION [0018] Figure 1 schematically
depicts a lltﬂﬁg phi ¢ apparatus according to one enbodinment of the

i nventi on. ar at uEIESBTDHACRIGES a 10D YRW| Ofﬁﬁﬁrh&ﬁcﬁﬁrs§?§8@ﬁﬁ’r{tl‘?fl umi nat or)
I'L confi gHkegidnbrafNdkibRc @i 't@% LQBnPERARE %ﬂt ﬁ'{'l gn or
radiation). - a support structu g., a nas f’ constrict ed to

support a pat iwﬂﬁ] ng defr‘igus:GQimvga,nmlmihﬂxe)ntbﬁhamﬂhamaipmh@drdtm ia first
posi ti oner (d\/l conf 4” ed to. accur ately position the patterning device in
accor dant&°apsr Wi H?eﬁ'?&?%&ns -"a substrate table (e.g., a wafer
table) WI constructed to hold a substrate (e.g., a resist-coated wafer) W
and connected to a second positioner PWconfigured to accurately position
t he subcDEEMLEBDﬁMQ&wm certain parameters; and - a projection

system(e.g., ractiv 0] ect confl ured to project
a pattern i é]e%g?lglt E”r%tcﬁaity cfgﬁmgea:lﬂﬁ%gr@ %g%ﬂaé ??ﬁf‘)ﬁ&lﬂ REMM onto a
tar get pﬁﬁlbddiﬂﬁeﬁdf@heginventﬁﬁnwmﬁpﬁhﬁatm rise@r e dies) of the substrate W
[0019] The illum nation system may include various types of optical

conponent s, HUEHMINGEOR gYsterR (illvmmat@rf) e eanfigaredria gaedifien a sadsationdwary Mefeigs,,

el ect r osgrat of optical conponents, or any conbination

t her eof E}?orrh&a@éne@i@ﬁvrg&ﬁg(?)rll)ng, or controlling radiation. [0020] The
support str ucfuppert smnxpmfet(s g.,la.reask e Ticbsstmeieghd s@fport digatieatifeddvideg

devi ce. dt th?(ig/E atterning device in a manner that depends aon the
or i ent at©&n adraschl/hard eamerigd % fiest postiignsr H%wﬁg&}fedttﬂécwr%%@pabm the
appar at Ut QA& Tin GOAHIAHCL Wih GHGR At exanpl e whether or  not the
patter nlbi%gedéw ce |smhe‘fHil |r? a vacuum enwér?%r?ment The support structure
can use - nechwahstcat fablede@im wakembled U Rtdrstrocted tchierld alsabgiiategeteg@hni ques t o

hol d the et coa{egl n.a%arsj and connected to a second positioner PW configured to accurately

position the substrate in accordance with certain parameters; and

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

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

[0020] The support structure supports, i.e., bears the weight of, the patterning device. It
holds the patterning device in a manner that depends on the orientation of the patterning device,
the design of the lithographic apparatus, and other conditions, such as for example whether or
not the patterning device is held in a vacuum environment. The support structure can use
mechanical, vacuum, electrostatic or other clamping techniques to hold the 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,




The support structure may be a frame or a table, for exanple, which may be
fixed or novable as required. The support structure nay ensure that the
patterning device is at a desired position, 5 for exanple with respect to
the projection system Any use of the terns "reticle” or "mask” herein may
be consi dered synonynous with the nore general term "patterning device."
[0021] The term "patterni ng device" used herein should be broadly
interpreted as referring to any device that can be used to inpart a

radi at i ofor bemplavivith résppéttid ererprojectidrssysterno dsy siecof the tamslrapld’ or Cmedl’e a
pattern in a target portion of the suhstrate. 1t shouyl q@be nqQt ed ., t hat the
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pattern includes ‘phase-shi features or so called assist features.
Gener al |gfertitetopay tlevine thapeant edised td ingpartadadinfienbdsonwithial pattemonitéspond to a

particular functional |ayer in device being created in t t arget

por t i on, SreffeRciasugh a5 1 AL Bﬁ&(ﬁl }Ibéafa{g_e?P@@ggfg‘%gugg{a{%}ﬂiﬁaﬁd&%%eg may
be transfhisgl ¥fedr inRie@ & ihéRadiFXH Mafsm e nA3ki@lyioh@spohavioats désied ude
masks, progranmable mrror arrays, and programmable L panel s. Masks are

vel | knawtteimninltiet targgt pertign ofithe shbrétates Eorieatkple yhbs paitern nadudgss phasg-shifting

| i hase- shift.  cand r Ml ol '
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matri x ajorRBgRdesh pefticeBfuncibhal tyes inaddvice heinicednteizin thdeargendonionuath y
tilted so as to reF[ ect an incomng radiation beamin different directions.
The tilaséd negpBaSitHbart a pattern in a radiati on beamwhich is reflected

by the mrror FhX.. JanT: R0 ' i g.@qanﬂg&cgf ekShin
shoul d be bro[ggﬁ)] T:Hr% g%%%%%edgvgglﬁa #%r%%@éﬁﬁ%&rﬁﬁ%&%@pe of "proj gcti olng
syst em devizkesitichge hekks etdgrammebit Indabt segyscakigdogpmmable LED panglsnddasks

el ectronm nehic and lglectrostaic ‘g:gtic i

| t e nbi nati p.
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factors SHGReARtddPhabtS iRl asalell dsSVRBIbES RYbridi bl dy k. ARexatafle@Faa vacuum Any
use of the term"projection |ens" herein may be considered as synonynous

wi th t herogreangblenitor teayrethployp e owatibnarsangewent of pool a)irrpss, paohef sdgiheprd,

(e SOy b AR Rens B PSR O
enpl oyi ngted mirrors impart a pattern in a radiation beam which is reflected by the mirror matrix.
[0023] The term “projection system” used herein should be broadly interpreted as
encompassing any type of projection system, including refractive, reflective, catadioptric,
magnetic, electromagnetic and electrostatic optical systems, or any combination thereof, as
appropriate for the exposure radiation being used, or for other factors such as the use of an
immersion liquid or the use of a vacuum. Any use of the term “projection lens” herein may be
considered as synonymous with the more general term “projection system”.
[0024] As here depicted, the apparatus is of a transmissive type (e.g., employing a
transmissive mask). Alternatively, the apparatus may be of a reflective type (e.g., employing a
programmable mirror array of a type as referred to above, or employing a reflective mask).
[0025] The lithographic apparatus may be of a type having two (dual stage) or more
substrate tables (and/or two or more mask tables). In such “multiple stage” machines the
additional tables may be used in parallel, or preparatory steps may be carried out on one or

more tables while one or more other tables are being used for exposure.




programmable mrror array of a type as referred to above, or enploying a
reflective mask). [0025] The |ithographic apparatus may be of a type having
two (dual stage) or nore substrate tables (and/or two or nore nask
tables). In such "nmultiple stage” machines the additional tables may be
used in parallel, or preparatory steps nmay be carried out on one or nore
tables while one or nore other tables are being used for exposure. 6 [ 0026]
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such cases, the source is not considered formpart of the |ithographic
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of the nidétaty mmdmamrl/o&hamaéimndm Inl celees tcadel eheosslugse rﬂzr)dbﬁcmn integel paradf al

ext ent referred to as outer and a-inner, respectively) of the
i nt ensi E‘QFOIHHHD 16 EPREHRLUS. {OreXgIpTY WikndHie SQKCq i @ mareiyamit dhe seiped,s0 and

adj ust eghe 1llﬂm§%rtIL0thetthewiﬂll 1hd 'Ebﬂﬁ‘ﬁ&'iveg)l»s% EBrﬁatrebﬁi?ed Hﬁk i@ Iﬁ‘?ffl%chg s

conmponents, such as an integrator IN and & condense um nat or
may beaméfb@ilctlm)@@ndl tion the radiation beam to have a desired uniformty

and intensit }{0(98? t’[rhe bllllummator 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 c-outer and o-inner, respectively) of the intensity distribution
in a pupil plane of the illuminator can be adjusted. In addition, the illuminator IL may comprise
various other components, such as an integrator IN and a condenser CO. The illuminator may
be used to condition the radiation beam, to have a desired uniformity and intensity distribution
in its cross-section.

[0029] The radiation beam B is incident on the patterning device (e.g., mask MA),
which is held on the support structure (e.g., mask table MT), and is patterned by the patterning
device. Having traversed the mask MA, the radiation beam 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 positioner PW and position sensor IF (e.g., an interferometric device, linear encoder

or capacitive sensor), the substrate table WT can be moved accurately, e.g., so as to position




inits cross-section. [0029] The radiation beamB is incident on the
patterning device (e.g., mask MA), which is held on the support structure
(e.g., nmask table MI), and is patterned by the patterning device. Having
traversed the mask MA, the radi ati on beam B passes through the projection
system PS, which focuses the beamonto a target portion C of the substrate
W Wth the aid of the second positioner PWand position sensor IF (e.g.,
an interferonetric device, |inear encoder or capacitive sensor), the

subst r atdiffereh tergWipoAehsli@iny esth a€ tha iraliaioy beam@. Simmidarhs tHedirgg®sitionsr PM
different target portions CL_n the path of . the radi.atiq begmB Simlarly,
the fi r sandaethers rasiionpsgpsos fhish st e eXpisEh depirt GRUTE\I £AThDS el it

expl i ci tzlc}furﬁfegjeéo%ﬁﬂmitﬂe ﬂaﬁyﬁ/ﬁ\ thg‘?sﬁ%?(ﬁ% UG G th@ﬁﬁwtﬁh%%n@}?%jgt,iaﬁ@r the

mask MA Wt ect to the pat e radiation beam B, e.g., after
mechani qatchagitalirevialalfiromma anask dikrary, lor duyng oscaduin gepesal smavemdnd ofjibn eraak

t of k .tabl b ljzed wWth th i.d of
oG- ot rigRE Mooy B¢ feabir oy ols £ 0hF e TRl Gtk sPodrdnBlebrsutice (11 ne
posi ti onihBA)stroMn6dulf PR ﬁ%ﬁtﬁonﬁ%\bﬁcﬁ fdrdilpaPQtitkd BREPoMEnePPM. Sahilatly,

novenent of the substrate table may be realized using a | ong-stroke
modul e anevemensdighe swistratedalrto Vil eayhiretiz¢ébusmpa tangetrokpmodalednd 2posi t i oner

PW In the case of ste r (as osed, to..a sc r) .t S Mr

may be coneRTgepe s LREP ol 3ol RO PR el e TR k.

and subsdppaded t¥\V: BENNOY tidd ingHeEbld T ﬁlaﬁ'%& koo iaTB BlshorsteSkd\etualdt onBNdr

substrate alignnment marks P1, P2. Alt ougl_h the substrate alignnment marks as
L

i |1 ust r apadbe ibedudpskaldd; anst estraie Yemapby alignad using apskalenseent Bages dLiM2

‘ ; _ ; : t
ooy . B SRRl BRI EADRT, £ MBGuEE NG ABndEh! Bl BB ANTER
t he maskochfyy deliated sdcged pogtivnthe yratak He hayitelén beeead Bdwbat tvegenpédienditiese

[ 0030] The, depicted apparatus could be ysed.in at. | east one of the
fol | owi e FseEas Scr[ﬂma@azf aljgnmpept %‘ﬁ)-rﬁs@ﬂ?ﬁ iR SIFHREIRNE WoichipoLg{an oe die

subst r atie p{ 38 {IhAh &K, thERSK Mok riirRl AP BE YocaWd ebvd tRiMikd. ©

pattern ihparted to the radiation béamis proj ectedoonto a target portion
C at one ti md0@30] @he depistedgipparstuatodd bx psesiuin @) leaTvoe of hetipbowing abides:WI i s

(e, (ST o 1 X300 o G LPLTR e et TN e
field |iciehfallyRationdy, ¥hilk BE ch@e paferd hpdrRd t&theMREeEor Beanfis Prdje@h& ik | C
eXPOSUl Ef\e'lrget portion C at one time (i.e., a single static exposure). The substrate table WT is then
shifted in the X and/or Y direction so that a different target portion C can be exposed. In step
mode, the maximum size of the exposure field limits the size of the target portion C imaged in
a single static exposure.
[0032] 2. In scan mode, the mask table MT and the substrate table WT are
scanned synchronously while a pattern imparted to the radiation beam is projected onto a target
portion C (i.e., a single dynamic exposure). The velocity and direction of the substrate table
WT relative to the mask table MT may be determined by the (de-)magnification and image
reversal characteristics of the projection system PS. In scan mode, the maximum size of the
exposure 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.




[0032] 2. In scan node, the mask table MI and the substrate table WI are
scdanned synchronously while a pattern inparted to the radi ation beamis
projected onto a target portion C (i.e., a single dynam c exposure). The
velocity and direction of the substrate table W relative to the mask
table MI may be determ ned by the (de-)magnification and i mage reversa
characteristics of the projection systen1PS I n scan node, the maxi num size
of the exposure field |limts the width (in the non-scanning direction) of

the target pof933h3in alnsineghes modgfh W@S%S@SESMFG}S kopspeatalbhdatiosagt h of t he
th
e e L SO, 4 oSN Ll (1

essent i awhile s paattamnamayted hothdiratationeagriapioiloted opat 4 @rdet pgtide i Bahis a{mlet he

substrate t ved or scanned thJpl e a pattern inparted to t he

a
radi at | o%m&éaﬂaﬁw fﬁﬂ&f BHULSOYHRedS Smpley b andide Prograremably pafieraingsiguice is
gener al | ¥, ddls $echifcA ARt LR AR 6ﬁh@ﬂ3%§?é(t€ AT SEnRRAA g?@@%]s?ve
pat t er ni ng device Is wupdated as require ter each novenent of the
subst r at mdiatibh pulds durinigr dsen v"\ﬂ'emmsdccﬁmrat'ﬁ‘m cemtle edaiddy applicdds rrmskliesag a

scan. f operation can.be readil ed to maskl

 thoor ol ERRE: Pt fESSboRhobRte Sufeam B usthRiny 3 aprodiniglls migronarray
progr ammgty ©§pehd Feldr b a¥ovedf @ type as referred to above. [0034]

Combi nations and/or variations on the above descri bed nodes of use or
entirely dif083dntombesonsfandse vargatioas sothsaberadesyrihtd a8 6fusEiogantgely
depi cts cﬁff%f)eg;tl\ﬁ'ﬁ%g &fus aﬁol;ﬁ%reg‘pneyn?e alignment for illustration of the

met hod accordrng of the present invention. [0036]
Mark AMis ar mawemgcm 28de§)ﬁit@ £pdist of a Maifkefor tdarR a5ighmes fof NRstRitichRAthel S
internediate two tar portions C. The scribe line SL extends

| ongi t udiPeiapd ?quﬁdlag? ‘%EfSt gmpadimeghof tha pregeid imgstien.wi dth Win a second
direction D2 rk AM
conpr 1 ses a puosAIMEHEM L ahlngdon d chfiodtdhaGh bty e suBE 0 STMTEL e
ext endi rigte'rmedlihtte twe carpet poitioms (1. Bhe peibp dined SCekandd I(Dngﬂ&ﬂ:lnflall’ysh afiirstdirbotion. The

mark c t hr, l.ock i e_ranked parallel to
each of Hoh AaAREe4 Pl ﬁnaﬁwngﬁfrsﬁtl%%ewww arde tierfrstdirechel Plne SL. The

three bl OCk | 10088 Me mark A DaRisés dﬁé?%%y@s\f)u@@%&ﬂte it atrBiRS Rl QGkark i NES

M ... M3 are separated from each ot
structure extending in the second direction perpendicular to the first direction. The mark

comprises three block lines M1, M2, M3 which are ranked parallel to each other and extend in
the first direction D1 of the scribe line SL. The three block lines M1 ... M3 have a length L.

[0038] The three block lines M1 ... M3 are separated from each other by two
interspaces in the second direction which define the mark structure in the second direction. The
first block line M1 and the second block line M2 are spaced apart by a first interspace with a
first pitch LP1, the second block line M2 and the third block line M3 are spaced apart by a
second interspace with a second pitch LP2. Each interspace has a pitch different from the pitch
of another interspace. It is noted that a mark may comprise more than three block lines parallel
to each other,

[0039] In Figure 2 the block lines M1 ... M3 are each divided in blocks in a
substantially identical manner. Each block line M1, M2, M3 comprises a plurality of blocks BL
which are spaced apart in the first direction D1 by a block pitch BP as periodic structure. Each

N LT




i nterspaces in the second direction which define the mark structure in the
second direction. The first block line ML and the second block line M are
spaced apart by a first interspace with a first pitch LP1, the second
block line M and the third block line M3 are spaced apart by a second
interspace with a second pitch LP2. Each interspace has a pitch different
fromthe pitch of another interspace. It is noted that a mark may conpri se
more than three block lines parallel to each other. [0039] In Figure 2 the
bl ock | ibigsk B has a bidk RngthdBdnddi Mocewiditn Wb, dile bldck péch plasidea theakpaating

i dentical manner. Each bl ock Iine IJ_[}/I , ..M2,, MB conprises a plurality of

bl ocks Blistace whilieperpdicsiuetars in e irst iracHetf i rst direction D I by a bl ock

prtch BP as 5@640?_&% Q%F%%rﬁlﬁw&ﬁk BaRNhe WhdR K oBlheRBSbAaRE SC s doanaithe ERtand a

bl ock wi dth pi‘tch provides the repeating distance of the
peri odi gish LRE iviréeumnthe beeohd pisth 1B is @1 juon the[tldaukaiitch iBPAR 8 ge s o gk lergth  AM
the wdth Wof the scrihe | an L.is 60 m the first pitch LP 1 is 16 m
t he sec&ﬁ%ﬂlsﬁlﬂ?ﬁ“ ﬁ?h@%‘f“ﬁhﬁ@%‘l‘rﬂck pitch BPis 8 m the block Iength

LBis 4 m anqomi Tl Rfpkanpties) Bninsnt3can, ah A0Adhatld beag ¢ selftréfesinciaki gnment
scan, an illum nation beamof a self referencing. interferoneter is
provi dednedemneputs provided as alspitoaitks subgirate,| foikuminating thayaarked ). ARE sethe sel f

f ing interf t. | east - i
espect THERRpETMRErTI et eaa TR SRS sh AT RSP ElRpechE RaliBiE 2
di f T er en, e @M iewv@Voansidumiabbined s0ainhard diffsent fremrthe whueledptl of the

self-referencing interferoneter is arranged for scanning.the spot. of the
i 11 umi nattheshaspebasmsy Birthas ghengHielerrne e ISEHPRECiel HATEIE EfErSF%“élﬁigi the tRite
det ai | Abo%ltﬁ)emﬁlum’fﬁat%ign fbteglﬁ 0‘3?11 the ﬁl%h?irn]etﬂé; é&%ﬂ)e!iﬁfeﬁa@f&lﬁ&ﬁ%&ﬁ{mbl% REfiPRaRd for
regi stering an interferometry signal  obtaine uring the scan across the
mar k. [ OQ42]thdxeti-teferbitgng inssrfepdraetisit ansngefl fohegsterihg me fimederomayy signal

interferoneter, during the optical alignnment scan, local intensity mninm
in the iqwaéﬁlﬁfdél*’é'ﬂétﬂi‘%/scépéﬁgﬁs F&45bt ai ned at scan positions associ at ed

Wi th positi Or[ﬁ[)&f] TSR0 1 cHabftdMstics of tABsellOrebdign itedfacbradter, Bldid @eences of
the lines M "... 'M3. [0043] The mark is arranged tor producing an opti cal

i nt er f eraptical afigtrnentrscahy lécabjintdneity mirtine a thelintgripremetry stgnal are phiabrd ahgcan
optical }:iaorslll’ti%B;c sssocisted ev?t%tp%rsi%ogsi osf%lagl}/ St e Mnbel\r/[f& cfrfl thierlllqsitrﬁ LY & interferences of
the lines M1 ... M3.

[0043] The mark is arranged for producing an optical interference pattern during the
optical alignment scan in which the optical interference pattern displays a number of individual
local intensity minima.

[0044] The method according to the present invention is illustrated by dashed lines S1,
S2, S3 that represent a first, second and third scan path respectively for a coarse wafer
alignment. Each scan path which is parallel to the second direction D2 (to which is also referred
as the alignment scanning direction) corresponds to a path 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 scan S1 passes in each block line
substantially over a block BL. The second scan S2 passes the scribe lane SL parallel to the first
scan S1, but shifted in the first direction D1 (also referred to as alignment non-scanning
direction) over a first shift DP1. The first shift DP1 corresponds to a fraction of the repeating
distance (block pitch) BP.
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| ocal intensity mninma. [0044] The nethod according to the present
invention is illustrated by dashed lines S 1, S2, S3 that represent a
first, second and third scan path respectively for a coarse wafer
ali.gnment. Each scan path which is parallel to the second direction D2 (to
which is also referred as the alignnent scanning direction) corresponds to

a path taken by the centroid of the illumnation beam spot on the surface
of the wafer. [000 In the exanpl e shown in FI%EH’GZ the first scan S |
passes in eacll08plollt isremuired b dheanethad focagyemt a thirbyorn B willheexdaigddnscan

52 passeholdIRirsdds, th@%ﬁfd%cg{i’g@ Bhdsfd b Qeritfiadd SE paraREAR (i shoorfilla @) | t ed

in the first rection erre non-scanni g
di r ect i ot sbified irathkifirsitdirebtidit D DBvdr.a stéwndfshifsDP32. th‘fetse&l?id]shtfoDPE sprasdgondso a

fraction of the peatl g distance (blo itc BP. 10 [0046] If it is
required OWG?W@HBB f ré%‘faﬁlyggﬁfanﬁe E%%F‘HE ]h))%% will be explained in
more detai l ey §E‘%ﬂ! t ln%.'ﬂ% el to
t he second sclgn@)&1 but spli ?‘ te |In tﬁ% ?a?asst% |H?ée£{:]%){3%ﬁ d(?\?(e:@a{n séécond
shi ft DPbe pisentseeaftidn.shi ft DP2 corresponds to a second fraction of the
repeating dis bl,o 0047 re depi cts exenpl ary
scan data as @ﬂ?%e[ﬁfdg‘ﬂ 3 ﬁ’é %@tﬁ% igré &?Cr?& ﬁHeS%F'é%‘g?ﬂSWH\}'&ﬁ?

[0048] | WefricalUixgs)Jor Jgﬁgle%beleﬁgth heptbitdds aa{ﬂﬁ'ctﬁﬁl(%ﬁﬂﬂe ﬁ%%?en%nl oshdon ! he
measured intensity (vertical axis) for a single wavelength is pI otted as a

f unct i on(hefizanta aishwithiertbntcribodine Sbmlongasriesnsatied scax path imihe héaend Hizedioni be
line SL ong the respective scan path in the second direction D2. [0049]
The exenpl'ary scan data shown in figure 3 relate to the exenplary mark AM

as descri bed0a49)VEhe dxBriphire s@xaaplshowh hefigliravedief (@ thetekemplabtiihag el beam
spot is typlcally -40_  gm The wdth of the scribe lane SL in this case is
60 gm [d8Ge dpkave Iy Ehls PeEplsithg diampier el the dlusainetion bpasy spehis tynisaliyi~#at i on

beam sPoimPARAG SRy D SRRl 1o M, 1 of the kA
graph Gl. Thd0820]cia fisiageaSI ! i wﬁu;he]se @ngegafdhe illnbhendtonderhsyotgagral as
I ndi cat eocxlferb X bl%%l% E]nega-cLich?ck 1neq\ql . M3 of the mark AM, produces a first interferometry
signal as indicated by the dotted-line graph G1. The second scan S2 produces a second
interferometry signal as indicated by dashed-line graph G2.

[0051] The dotted-line graph G1 of the first scan S1 displays some distinct local
intensity minima in a interval between about -20 and +20 pm around a center value 0. The local
intensity minima are caused by the interference of light diffracted from the lines M1 ... M3 of
the mark AM.

[0052] At posttions outside of this interval, the intensity increases due to the fact that an
increasing portion of the illumination beam spot impinges on the product area and does not
contribute to the interference of the mark, but only reflects on the surface. At positions smaller
than about -30 and larger than about +30, the intensity decreases somewhat due some
interference of the pattern in the product area C with itself. Due to the intensity originating
from the product area, the determination of the positions of the local intensity minima in the
interferometry signal becomes inaccurate.

[0053] The dashed-line graph G2 of the second scan S2 does substantially not show an

interference pattern since the centroid of the illumination beam spot passes in between the
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[ 0051] The dotted-line graph G of the first scan S 1 displays sone
distinct local intensity mnima in a interval between about -20 and +20 gm
around a center value 0. The local intensity mnim are caused by the
interference of light diffracted fromthe lines M ... M3 of the mark AM

[ 0052] At positions outside of this interval, the intensity increases due
to the fact that an increasing portion of the illum nation beam spot

i npi nges on the product area and does not contribute to the interference
of the riodks ibte odklines™M et MSOsttah&nﬂ;twffthis eno iAterfersict isaieecddlyltier selff han

bout -30 d. | th b th t t d
oo | eI eEro - A TR e WSOt kPl 3T Begr TS BOBN E2 2ot o
the int %ﬁét@ﬁtcﬁy ﬁltlﬂﬁ‘t':bﬁ’ oﬁ({s_ofmtﬁé'iﬁteﬁglﬂﬁjé{ctﬁe ﬁgﬁzﬁ@f bbgeUBtes PGl i QRepf the

positions o ocal enS|ty mning in interferonetry signa
becones ﬁonﬂxedorradatrﬁens[t@ﬁtﬁﬂijrnaTdiqnlnijaslﬂmdeﬂtddﬁbwggTaﬂﬁhGGZ of the second scan S2

the. i 11 um natPBRITAGRGReR b Bmstrti-potdismPRet BrtifsteCoddiuRERh et

lines Mfirst diffMncd St e hﬁ&ﬁhy oPlhetftitScaN9l it BE HRERNGSS tife HedRcaiSPYnt he
self referencing interferoneter. It is noted that the intensity of the

si gnal dfigaashty ﬂrstrtbffgneaml iggerferometry signplon sfwipbs salidolinecgsepleSposlinslo t he

i ntensit €e_Si d I f I

i nt ensi t‘ijffgﬁeﬁ ﬂéﬂtaf etrgélglngf&a?g fsgg@?lﬂ%elg%? é?‘?]]“ Egﬁﬁfi%ﬁﬁ] cr%%rﬁé)& (rBltgeat o the
present rhake ahile ﬂfé&hsﬁﬁﬂab@f& Rlcowseddy thdwodel aragiinaitsantidfy @mokéd. is a

di fference of the |ntenS|t of the first scan S1 and the intensity of the

second deaHt t acpyracypighe alignment &6 detarmiping G prsingn of hedpak AdMErry si gnal
i's show&gg%m gqlid- Iine graph G3. The first differential interferonetry

si gnal isplays the local intensity mninma as generated by the mark AM
whil e the di s[ﬂﬂSdeimbochmanmuﬁ&xd pbqsenﬁiavq:ntiodmay aﬂneraeihﬂnaﬂdnsrfalm éxzlusipn

renoved. As.a, result ccur t rmnjng the
posi t i orfo8f Hnlals%?twomns O%ﬁﬂi%éa{f[ ]be%mﬁ%& b Snt Ok erBFlst%nt

i nventi gpg g@}ev@l FQWc @ ik Hﬁidr%c%fih@ @nt@?f&‘bh‘éir? @1gna1cm@ th Fbﬂe@@oﬂs%%ﬂ&ﬁted
portions | ose to the scribe |ane SL because't differenti al

i nt er f erymeeduget strapyured. Doy taithe eelaitel psmal hehifl insthey ﬁtﬁédl@@ﬂ@fl betyeeen thedirst@ndnet r y
oL 945t b0 RIS 5o Pl RS RS B Ul
and second scans, which in the d1fferentlal interferometry signal results in a substantially zero
signal originated by the product.
[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 um. 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] Again, the first scan S1 a first interferometry signal as indicated by the
.dotted-line graph G1. The second scan S2 produces a second interferomefry signal as indicated
by dashed-line graph G2.
[0058] In this case, the dotted-line graph G1 of the first scan 81 displays a distinct locat
intensity minimum around a center value 0 of the position. At larger positive and negative

position values, the intensity of the interferometry signal increases strongly to a maximum at
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t he-second scans, the signal produced by the product tends to be very
simlar in each of the first and second scans, which in the differential
interferonetry signal results in a substantially zero signal originated by
the product. [0056] Figure 4 depicts a second exanple of scan data as
obtained by the nmethod according to the present invention. The scan data
depicted in Figure 4 relate to the sanme mark AM as di scussed with

reference to Figure 3 and which rk is |ocated ipn a scribe | ane SL that
has a wi 5%0111 @3 ﬂﬁPUtAEZOdﬂPe%lﬂ“ﬂﬂgﬁgﬁ’é“qgﬁ’le%@ﬁ’c@SSi‘VetVﬁ’é‘%?’Sd@E‘t‘Sl%{rogéPeC on

the int eirnie‘?fepd}ﬁétf Sl%{%ﬂ 99&’:%5@§ for eagé{ﬁﬁqe\m’ atIaji'J%}ns b hind S ﬁﬂﬂu?gre Opectivel

interferoneter serve y in a snal I nterval t1ons.
[ 0057] A@baﬂy td dhz&er[mnts froscaapiSil #heflbea intemdi tymbiaimoaredusyd sy @aatarlas\M fdircat ed

by the line ph . .I'he, second. roduc s a second

b r fer b ine apt BN At B RhR SRR SR o DT 8RBT 11 ¢ hi s
case, the,ggided-1ine graph Gl of the first scan Sl displays a distinct

| ocal intensity mninmmaround a center value 0 of the position. At |arger
positive and 0832t Agan, thodithied hiny glapk §52 hahe similaresivtlgpads thhdotiedtlmefgeapbnet ry
si gnal G reases strongly to a maxi numat 12 about -20 and about +20 m At
still Iag negative and positive values the intensity of the

i nterferonet rppossjong fidegirRaAnasl th&r@r&%@ts@%‘ﬁal bieehe Idlfaére@Ja@mhe i#nanbrabout
+40 m respectively. Cearly to determn GlL the | ocal

i nt ensi tthe frsiisern Toanskehe byenskz ofthelseqqudfseand2 tsrﬁéowetbc/é@lhd -lipeggpapl. Ce i | s

di fficul t t

toosor - alrs: AreRRTE hibel it EF o G AR DO BERE AL e BRI o
| i ne gr ahbmafid AM, MHR]thd digtuttbansd asd;iaﬁéeerb@rrthe p;loduataearaflesmﬂahﬁadi}smgmaéd ofs the

di fference of t he |nten5|t of the first scan S 1 and the intensity of the
second st&pulshG accuReRAT By aélsnmem(} hedeierapningthe pasionsqf thg megkeAM) snt i al
|nterfer&m§%;% signal G3 displays the local intensity m nina as generated
t he mar M while the disturbance as caused by the product area is
subst antial | }{Oﬁéﬂnﬂmdirs%ffemnﬁaisfmtbnfcmmla‘ey aiguair@&'ys tﬂiicetllyq:r@deissgadrwratpa(téme. :
determ ning the SItIQP 8 t he. mark Al enhanc
reco%nmon [:R'ocedure or determining correspo dence between the pattern of local intensity
minima in the first differential signal G3 and the expected pattern of the mark AM.
[0062] If the check is successful, the first differential interferometry signal can be used
in the alignment procedure for determining a position of the substrate in the coordinate system
of the lithographic apparatus, as will be appreciated by the skilled in the art. The check may be
unsuccessful, in case the first and second scans S1, S2 are not correctly positioned. For
example, in both scans S1, 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 illumination beam spot passes the scribe lane SL parallel to the
second scan S2, but shifted in the first direction D1 over a second shift DP2.
[0064)] If the third scan S3 is carried out, then a second differential interferometry

signal is determined as a difference between the first interferometry signal obtained during the
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[0061] The first differential interferonetry signal G3 is typically
processed by a pattern recognition procedure for determ ning
correspondence between the pattern of local intensity mnima in the first
differential signal G3 and the expected pattern of the mark AM [0062] If
t he check is successful, the first differential interferonetry signal can
be used in the alignnment procedure for determning a position of the
substrate in the coordinate system of the |ithographic apparatus, as wll
be appr eftrisaicenl atolthe kardsinidrfesumétry sigrel abtained duringthe thinbscabeAlsarssthvdessf ul |

[ i flrst d d S, . S2 t tl iti d. F
exanpi o, SiFreBbAli g RE R pEnDS ARty For AR er e 8 beam spot
Crosses jgigkromed9sidnalobtfihed MGinR (RS RSt §dan bhiheithiabinMrferometryMigeil obtbedrar k

AM or alternatively in both scans the illum nation beam spot does not
cross t hiripp dleskibirdsesen di fference signal may not contain a detectable

pattern. [00 ver., Jf.the.ck i f - of the
PR et &t Far dabeal! eisﬁ‘fdé‘flfdéfrf%rﬁ‘gt%a(ri%géfed%‘z‘fﬁgg%ﬁﬁgg ﬁ’ﬁg&hﬁ‘g%‘ﬁéﬁjﬁ&pﬁﬁg‘} met hod
provi degpattbatofahd MidkdA B1C HthiSTheck i€ Sidce€l, thebecohd diffi@eritial imerfeametpat h, t he
illum nation beam éﬁpt passes the scribe lane SL parallel to the second

scan S2,signat cagicrusediin the ahgnment grocaiwreclsedie Mirdgliderential gntgrierogstry sigpy.
[0064] If (7 fiiﬂj j ried out, then a second differenti al
i nt erfercg'nrr%?rﬁf/édmslit%ni |se§§%ljtog$#ﬁ?{ied as a difference between the first
i nt er f er omet r{Q06H] gralfirstbhei DBY belween thetfivet scdiBST bndstheseamdapah $hend Hier d

interferonetry. sj | obtained during . the thiord scap. Al so, a ird

T er orfera St DPF Briatret A erapiaica $2 b e GGt S ader s B b Bctigen
the secaocky difth §F BIsA8EL Wy Mad Bidtler ORY BN BFHAUEIINE ok AR third Yiffe&ARAL and the
third interferonetry si gna?/ obtained during the third scan. [0065] The
second dntefferosretivalgnehwal frederest sugcassighahtch ggamst dheekpaited pattaen ekibe cracld
pattern pf. the mark AM If this check is successful, the second
differential interferonmetry signal can be used in the alignment procedure,

el se the thigogti h en embbdimen) ey firef MILDPY coirgdpahds BUheRatsqth) onthehe
al i gnnent procedure. [0066] The first shift DPlI between the first scan Si

and t he beskanigh &Pathespcongdrsift RB2 cewesparrsdpione eipbth (&) wé &5 hlerk RiBTd scan
ARSI \ _ ! _ e SE (
S2 and the t b(?(g% isfgﬁg? §§iﬁ@£§ iaﬁ @i%%v%q aﬁﬁr@%r‘é@g&% ?ﬁ%} een{? Ec??lzusglia#lt?rgoﬁﬁe In

such a way tha , or the secon renti al
method according to a second embodiment of the present invention.

[0069] Second mark AM2 is arranged on a semiconductor wafer in a scribe line SL that
is intermediate two target portions C. The scribe line SL extends longitudinally in a first
direction D1, and has a width W in a second direction D2 perpendicular to the first direction
Di.

[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 structure in the second direction as indicated by fourth

interspace LP4 in the second direction D2.
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interferonetry signal will produce a successful match agai nst the expected
pattern of the mark AM [0067] In an enbodi nent, the first shift DPI
corresponds to one quarter ('/4) of the block pitch BP, the second shift
DP2 corresponds to one eighth (1/8) of the block pitch BP. [0068] Figure 5
depicts a top view of a mark for coarse alignnent for illustration of the
nmet hod according to a second enbodi nent of the present invention. [0069]
Second mark A&%i s arranged on a sem conductor, wafer in a scribe |ine. SL
that i int oIV Keeh bnhesa e i Bribe Erst drretios P BBd Rpeondmidh YR i

| ongi t udi ' fiyst direction D1, and has a wdth Wn a second
directi ohﬂéﬁgfé%ngrd&éeﬁﬂ{’%ﬁar to the first direction DI. [0070] The second
mar k AM conpr (@8] &n @i excalpldry safond blarlgAdil, theesidIW dfBhe dvbibe lane BB is fdhjuah are

ked under. an.aobl | i t.h . icular) AN.relati
Lo the | Meiaid itFBLpa b Bs the daOuRiE IS AT HE] Hodth BiF S O 1 on
Bﬁ of thez368 lfadd HE seFbon®Wedth VB 184 (t)@g%hikzL@-s,anQ%hisUag‘e @RLhEaN {snes

... MB are separated fromeach other by a periodic structure in the
first di claseodS degrbesh repeating distance as indicated by third interspace

LP3 in the fifst,,direction.D 1.and a rk structure in the.second

di rei:ti on as i‘i@ﬂﬁ%&gﬂi}@%ﬁl i]ﬂﬁgm’i“???g‘f‘agpg%éﬁfﬁ aIgN g %fgté?)ﬁegflﬁ‘f?‘?“é‘ﬁl?%n
D2. 14 [ QRetBdromaehid fro@idbdss Bspot 68 theWuBstfitd. BoriNuhbRthd etsedindesdkavP 1 and
a second width WBin the second direction D2. [0073] In an exenplary

second mark AMB751 Hke gicandhmarlofM2his asanged dor papducgle dnpiioalgnterferches patiernd

pitch LP3_ i 3 f Ltc I S i first . w.dth LB.is

urt (2) - dhe BRAOF AR AMAD B e Rikdnd il SlrreleREe o3 RN BB ol (1,
thi s casmdii¢usdhglabinfiNsite miik@aosen 45 degrees) [0074] During an opti cal

al i gnment scan, _the illumnatign beam of the self referencing

i nt er f er onet eF0076] Theipethod ageording e the srcandembeginens phthe paseRy INYEAEARES ng t he

second, MeluliE AAUTEL Sesassentiam s S paaE g matlen
opti cal ¢omrervaeedomnpat. tBacnsan ppthayisiclispandiet toothe second direction D2 (to which

is also referred as the alignment scanning direction) corresponds to a path taken by the centroid

of the illumination beam spot on the surface of the wafer.

[0077] In the example shown in Figure 5, the first scan S1 starts in or close to the upper
product area C and traverses the scribe lane SL. First, the first scan passes oblique line M5 and
next, passes oblique line M4. Finally, the first scan S1 ends close to, or in the lower product
arca C.

[0078] Next, a second scan S2 is performed. The second scan S2 is shifted in the first
direction D1 (also referred to as alignment non-scanning direction) over a first shift DP1
(which equals a fraction of the repeating distance of the periodic structure in the first direction)
and passes the scribe lane SL parallel to the first scan S1: the second scan S2 starts in or close to
the upper product area C and traverses the scribe lane S. First, the second scan S2 passes
oblique line M5 and next, passes oblique line M4. Finally the second scan S2 ends close to, or
in the lower product area C.

[0079] In this embodiment, the first shift DP1 corresponds to a fraction (ideally 1/4) of
the third pitch LP3 as repeating distance.
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i ndi vidual local intensity mnima. [0076] The method according to the
second enbodi nent of the present invention is illustrated by dotted |ines
S 1, S2 that represent a first, and second scan path respectively for a
coarse wafer alignment. Each scan path which is parallel to the second
direction D2 (to which is also referred as the alignnment scanning
direction) corresponds to a path taken by the centroid of the illum nation
beam spot on the surface of the wafer. [0077] In the exanple shown in

Fi gure 5, thef0d80G]dh this aecond kmbbdinteat, itherois ol rog@rdnent fecamypert a tlprdogaet ar ea

C and traverses the scrihe lane SL. First, t first. scan passes oblj que
i o NG Eise pash sConstl 3 b AVGYE B PSRN GRAT SR foeF BCCRUTIOde ands
cl ose tocguﬁﬁ%é o tﬁpgﬁgﬁg@{g R0 UGk sBLSRreGrf tﬂe‘lﬁﬁ%in NeXon-sart@fONFkcBERN1S2 S

perfornmed. Thé sec can S2 1s shifted in the first direction D1 (also

r ef er r echntioeamind digretremD2nompetiaeini ng direction) over a first shift DP 1
(whi ch equal s ractign,of the repeat] di.st ance. of the riadic ..
structure in {pﬁ%{]fpﬁg'é‘?%(ﬁhf’géﬁ? & 0813’&‘8" %@Egh@ogﬁgﬁg@??mmﬁ-gﬁﬂg L 085%‘%‘%\? | el
to the fighshnatompisda &%iﬁg?&ém&,ﬁ@él'ﬂr@@reﬁéiﬁgéhﬁerfdﬂmﬁéteﬁérﬁls@cdrﬁol §Renupper
product area C and traverses the scribe lane S. First, the second scan S2

passes ©flique line Mo and next, passes oblique line Mi. Finally the
second scan e L Or ] . . In
hi s embod magtong ¥p ool Qi bilE LA dRh S R e S Ry
1/ 4) of art Bepitthd hete Dkfa@hlgld:b'iocﬂﬁflﬂﬂ@ﬁicﬁm tihi ssirangedevide ah@@RQEIfirefetehtiag
second enbodi nent, there is no requirenent to carry qut a third scan,
because BEFRrogeeigignay be twoscpgategleyisosonrdlerabiyey myibedntegiriaddniodns: j ve to

each ot q.4he coupling of the periodicity and the mark structure
of the %gélfggﬁarﬁ)hre Lllrwléc')n-scanni ng direction D1 and scanning direction D2,

respectivel y.[008B)8[le cBhgoirsgstemsirowsoapleé nhthe sutstrateddbl¢ WL, thet setfgefaphtiog
opper o e, LLLIORAPLLC, SRar AL US, SO 8, PN, BN G 180
ShorL 1Y s ol g o a0 Coftnag o et foromior
the sel f ref dP8%diThg scanning device is configured to provide an illumination beam for scanning
the mark in thg second direction. The self referencing interferometer is capable of detecting a
interferométry signal from a pattern on the surface of the semiconductor wafer, for example the
mark AM. It is noted that the self referencing interferometer is sensitive to so-called 180° point
symmetry elements in the pattern.
[0085] The control system comprises a computer arrangement CA comprising a
processor PR for performing arithmetical operations, and a memory ME.
0086} It will be understood that the method described above may be carried out by a
lithographic apparatus comprising such a control system, This is schematically depicted in Fig.
5, showing an example of the lithographic apparatus now further comprising the processor PR
being arranged to communicate with memory ME. Memory ME may be any type of memory
arranged to store instructions and data, such as a tape unit 13, hard disk 14, a Read Only
Memory (ROM) 15, Electrically Erasable Programmable Read Only Memory (EEPROM) 16
and a Random Access Memory (RAM) 17.
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interferoneter may be two separate devices or alternatively may be
integrated into one scanning apparatus. [0083] The control system CA is
coupled to the substrate table WI, the self referencing interferonmeter and
t he scanning device for controlling an action of the substrate table, the
self referencing interferoneter and the scanning device, respectively.

[ 0084] The scanning device is configured to provide an illum nation beam
for scanning the mark in the second direction. The self referencing

i nt er f er onet el008Y ThgpmresserP Raagbeiangnged 1 ragdend cosris progragraing fingm a
k
Ao it Sl AT Ro PR foviai SEHGRRGL B iute Mncob PR BN AT, ot

so-cal | ednli:ﬂﬂmpmndﬂthemynhnéﬁescnbb@a&mcs in the pattern. [0085] The control
system conpri rrangenent CA conprisjng a cessor PR for
per f or ni ng - RORBICIo AT to B 1ORRTY Gt EmRaRBIEp hgm%fgﬁ eProgepsor
under st 6 @oﬁﬂb%%edtté? %e%ifﬁ@ﬁréﬁ%ﬁ&ﬁht‘&%oﬂ&@éf%ﬁ%}’ ref&%v&gg{ 1hte‘?flr&i=ﬂétr}b§{ gifdls

l'i thographi c apparatus conprising such a control his’is
schemat i mtelspom tottmlﬁrsnsdﬁn@ I ang se@imdmmgﬁhamé)faaqmmddhe thmd scart B radgphi ¢

apparat u w her . co ri.sing t Locesso PR beln r

cglr[])’rmnl csz‘tetﬁ Iﬁre %%"Hgtfi E@E&P&“ﬁé %%}1099%35% ﬁ%ﬁ%ngg’rtﬁﬁnged
to stor ewafeﬁgtagtcmo Bt rﬁ@}db&@wed §H§Hﬁﬂ%§m@ SRR MRl bdApplasfatkddyske skftiedd
Read Only Menory (ROW) 15, Electrically IIJErasab | e Programmabl e Read Only
Menory (IEENQ@V) 16 and a Random Access Menory (RAM 17. 16 [0087] The
rocessor ed t o and_exec n stored
' ronory v R G BRAT e Ru e R A LSRR L PR o D5 RessPhor
an erTbQﬁlthﬁlthlﬁbIbe B¢ poitislestahe hedirab aibes Wﬁoﬂﬁ&buﬂce SOy, d&hlltnﬁmbﬁbrﬂm eto

carry out an_enbodi ment _of the met hod, the processor IS connected to
the sel fthe grodeciingisygien r?tsé}“ﬂaoéﬂblﬁéPﬂ}SIRCPf@POWESé?fW‘?\bthP&&BEFIF@P%W y signals
correspondin t StevelAl uired the
third.scan Sg(]b% ﬂf\eﬂr ée%g(%rhe sgﬁagr c?‘ﬁgef%%gd}eﬁgcragngﬂd% ?clgs shown

schemat i peafolyt tmd@cﬂnﬂmmhetadql a‘:mentaytatsotﬂaa cemad] procetsay errdifgedio comeny thee
![ (ﬁgag(ra? Iﬁ:ﬁogra}ﬂng L%a?ﬂﬁs fsoalS ’!N cljl(f): rf]mg ?xogvm bleingbp?‘mg'ggc{ tf‘l aglcﬁ‘gogﬁ ft hc(talorsla {t3|/ Itoec' in
perform an embodiment of the described method.

[0091] It should be understood that there may be provided more and/or other units,
such as memory units, input devices and read devices known to persons skilled in the art.
Moreover, one or more of them may be physically located remote from the processor PR, if
required. The processor PR is shown as one box, however, it may comprise several processing
units functioning in parallel or controlled by one main processor PR that may be located remote
from one another, as is known to persons skilled in the art.

[0092] It is observed that, although all connections in figure 5 are shown as physical
connections, one or more of these connections can be made wireless. They are only intended to
show that "connected"” units are arranged to communicate with one another in someway. The
computer system can be any signal processing system with analog and/or digital and/or
software technology arranged to perform the functions discussed here.

[0093] Although specific reference may be made in this text to the use of lithographic
apparatus in the manufacture of ICs, it should be understood that the lithographic apparatus

described herein may have other applications, such as the manufacture of integrated optical
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[ 0089] Further the processor PR may be arranged to control at |east one of
the position of the mask table MI, the position of the substrate table W,
the source SO the illumnator IL, the projecting systemPS and possible
further conponents of the |ithographic apparatus. [0090] The processor PR
may be specially provided as a dedicated processor to performthe

descri bed nethod, but nay al so be a central processor arranged to control
the ||ithographic apparatus as a whole and now being provided with

addi t i ongysten) ghiidamnaland ﬁeﬂemomﬁfeﬁmrfmanagmbodbmmtm@ﬁomémeﬂalqmei digdayset hod.

[ 0091] It should be under t Qo t there nma OVI nor e / or ot her
units, gﬂ.@ﬁ ca&%tq%éwa}%y 3%539 RGP atcr @?ﬁj #EEHHn
persons ?@5 {:élﬁg MR ih bR c%ﬁ{e]gt OMEﬁQM%atlv%rsh?gHéatlw %n?tlset Hem fBns _?ﬁafer” or

physi cal ocat ed renot romthe proce itT° required.
pr ocessofdiPFhérgingimyvire cassidered lapxynohpmusemth itte maryg genarpl temes ‘Subgratd” or

Pt ocessor el P niAgtH VP 3o e RO T PO e AR By Tgh BT ¢ o
persons @hﬂo%ur@din'f& &b gfér d trac[kQQ%?Jl tHak ry‘pii:aﬁ? §]I§iﬂié§ﬂ 14yR8bf redist 1dQUaDBstAkd and

connections in |gure are shown as yS|ca connecti ons, one or nore of
these c ofevstops thesexpasediyesisih d encirolegdydgel anffes gn mspec@nnyoqln%ﬁmml@ﬂbl%ﬁ@w

tha " coRIseh et & Sl BIGRY Qo FOTHNLAebBANLD. @08 AORLISH | 0

soneway. STgnat roces ng sys

anal og an@k@ite %@l%@kooam& @fore $hlondd, e‘ozt Gahphli0gydeats aeged mmugeyefr <D(E naot he
functi ons di scussed here. [0093] Altho h specific reference nay be nmade in

this texthatBetem yseras used heesin Mghiatso r sbtﬁraaﬁﬁlhgrqt%ﬁ@h%lr%éﬁﬁ%am&Féﬂta?rle | Cs,
it shoul op{:ss r?tood that the |ithographic apparatus described herein
may have ot her agp ications, such as the manufacture of integrated optical
17 systens, g[ﬂOﬂ@}nAhhtargd sﬂeﬁﬁctdfmmq&aﬁﬂ;ehm bbar madgatetve to themae nf menor i es,

fl at - panel | a U|dcr stal displ.a L othip-filmma tIC
headsp ?Iebo REnS Rl hie Hpp inngh gppiext OJﬁE @i?ﬁfﬂg%ﬁ)ﬁﬁalt ng‘f RRPTESRIE Pt
such al tge %ﬁ&l ABPbLE G%d' iR deher ﬁﬂMldﬁlﬁ@nsoforre;aﬁnﬁl@'irﬁﬁrmt"ﬁ%ﬁ@gr H—}" and #h&e

here|n my be consi dered as synonynous Mﬁt t he nore genera terns
" subst r athecontext allpws.genotdonitédon optical élﬁmgraphel In imPtint lghberepht @tonpegrephyem to
herein

(a tool T HETREARA s Bafart il e FEEREE 15 pdetrbly PLPERafRink "

devel opsddvite BaPRSREssee Hits Elayeﬁof‘ﬁblfspdt@ﬁﬂedtt@@llle AubSHrOE whBreupspetrésii id ool .

Vhere apgulnledc't?)? L[?plymgh 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.

[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.,
having a wavelength in the range of 5-20 nm), as well as particle beams, such as ion beams or
electron beams.

[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 of
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di scl osure herein may be applied to such and other substrate processing

tools. Further, the substrate may be processed nore than once, for exanple

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

herein may al so-refer to a substrate that already contains nultiple

processed | ayers. [0094] Although specific reference may have been nade

above to the use of enbodinents of the invention in the context of optical

l'i thography, it will be appreciated that the invention may be used in

ot her ~applerikineTesdable instrughicnssiescribing 4 methpd endigelagishaboun dr widetastoragee cont ext

al l ows, | i i i I i l.i t hogr aphy, .a

Fopoar aphy il (ol B Rl o 1BRLER o B BB il g S AL

subst r at kavidh@uch apogipae yrafrarh RRrgbthéeinni ng  device may be pressed into a

| ayer of resist supplied.to the substrate whereupon the resist is cured by
(088

appl yi ng el ec dqseriptiais abp vare Hiarded oy esitlypteative, notdigiing dhps i will

t her eof . [ i I r.esist: i a

pat torn’ [ afiofledkIRddE erdt rs FRAAC R gy a3 WA BT D o
"beant udesdribreineithoue demanias foml the soppe of the clathesdtvatbedowt i ¢ radi ati on,
including ultraviolet (UV) radiation (e.g., having a wavel ength of or
about 365, 355, 248, 193, 157 or 126 nnm) and extrene ultra-violet (EW)
radiation (e.g., having a wavelength in the range of 5-20 nm, as well as
particle beans, such as ion beans or electron beans. [0096] The term

"l ens", where the context allows, may refer to any one or conbination of
various types of optical conponents, including refractive, reflective,
magnetic, electromagnetic and el ectrostatic optical conponents. [0097]
Whi | e specific enbodi nents of the invention have been descri bed above, it
will be appreciated that the invention may be practiced otherw se than as
descri bed. For exanple, the invention may take the formof a conputer
program cont ai ni ng one or nore sequences of 18 machi ne-readabl e

i nstructions describing a method as di scl osed above, or a data storage
medi um (a conputer readable nmedium e.g., sem conductor nenory, nmagnetic or
optical disk) having such a conputer programstored therein. [00981 The
descriptions above are intended to be illustrative, not limting. Thus, it
will be apparent to one skilled in the art that nodifications my be nade
to the invention as
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descri bed wi thout departing fromthe scope of the clains set out below 19
CLAIMS 1. Method for alignnment of a substrate, the substrate conprising a
mark in a scribe |lane, the scribe |ane extending along a |ongitudinal
direction as a first direction, the mark having a periodic structure in
the first direction and a mark structure extending in a second direction
perpendi cular to the first direction, the periodic structure having a
repeating distance in the first direction, the method conpri sing:

provi di ngLABMEI | um nati on beam for scanning the mark in the second
direction; scanning a spot of the illum nation beamin the second

direction al a,first scan path acragss e.mark: .| scanni -he ot of
the il ufi naﬁ}qgtt]i‘o‘fl)g%{r?ﬁgwn{:%@@é&gﬁ?%%ﬁ}eégﬁ%ﬁe %qr%q{bsll%\g L8eond 'lgsg%ﬁe 16% ’h
across te «ietanctdendBGUsheSERAgR@tiih BREd DN R b rstlirebQod, i thivkhaviagan
path, wherein the second scan path is shifted along the first direction

rel at i veperiodiciseruétiresin thecfnst diaedtionvwad a mark styrcture prterding fea sgeprd diggetipp

cor 52 PRS i By EBF [RRaBl, ES5ARES LR 1 h 205l ftapet B

wher ei n difetiom ke mempd b@lﬁgrigﬁin@l urality of lines, the lines extending in
the first direction and being arranged parallel to each gqs er,. each one of
the plural i tafogfingiapsdumimptien beam HEacaning the mary inghe sncopd dicgediony, 5

substanti al | yscgﬁ%% ﬁ%lﬁ oggu'g'?ﬁﬁmintaﬁgn béa?rpﬁéé ﬁ%gfgtlafr@d?ﬁnﬁ afingld ¥ sR@Ed BHh C

structure being a spacing o S 1n eachline in the
first digcessitl@ethakhe mark structure in the second direction being defined

by an int . bet h pair. of |i | ected f the plurality of
" nes. 3. *A RERHURE e Somdit i A BDERSomPsam f0F SRR KD BT § Bt s’ °
conpri seghorb LA mbil, 8 sebdid®@Ran fath ﬁeiﬂggaﬁk@g%ll% GIRY Gisebah Pathl Fhéfeih thovher ei n,

the plurality of lines conprises a set ¢ ol i que |ines which are each
ranked usederd sam pith isbéftadgdre the fastidirection reladve forthe fight seast Haghover Réirst

ting.dist .Of th i odi t ' defi i
e eaen R Lot PR R EBbd L SR B PO Rl SO S
st ruct urig thdilsh@rsege@nd direction i s defined by

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

between each pair of lines selected from the plurality of lines.

3. A method according to claim 2, wherein the plurality of lines comprises at least three
lines.
4. A method according to claim 1, wherein, the 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
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an interspace between the lines in the second direction. 5. A method
according to claiml1, further conprising: registering by a self referencing
interferoneter of a first interferometry signal obtained during the
scanning along the first scan path; registering by the self referencing
interferoneter of a second interferonetry signal obtained during the
scanni ng al ong the second scan path; determning a first differenti al

interferometr jgnal fromthe first interferonetry signal ..and,the second
|t or erlgiat e drgnDiectern Thd ibeteistibG stk G o b ] pepiqipperieaty

conpri Sidﬁghtei’iﬁhé‘é'ﬂ;é%&eéh PRUHES M (RS sdcbd Bikdctibndi fferential interferometry
signal wth an expected pattern corresponding to the mark. 7. A nethod

according to claim8, wherein the first differential interferonetry signal
is used.for Aleethed avcongling oetimilo further eomapimEStrate in a wafer ali gnnent

procedure in a_. li.thographi ¢ apparatus. 8. . A h rdin [.m6,
Sherein: i f "eREsisHE Sy PR iR BRARE BiiFre P Lol T BEFPRE NS e BBl
does notdufmg@lfe Mngaﬁmg@@ﬂgt@gmp%gern of the mark, the nethod further
conprises: scanning a spot of the illum nation beam al on% a third scan path

across the maegisteripg by thy selif reterancipgtintedaiongtes of aspenddgesieranefry siengean pat h
and is shif | at ] t fq h over a second shift, the
second s%lté{”%e%g%{;rﬁlgg%%%%%gg%ggé%%%%?éﬁ%tg?@?fhbf t he repeating distance of

t he periodi c detdrtmiiitig e fird diffigerdtial Biterfbirsreetty Spnal find: the §irs ireerfergmblyy sigealsel f

referencing interferoneter of, a third interferonetry signal obtained

during tmg%%%m%@tqf%%e%gg@q{i rd scan path. 9. A nethod according to
claim8, further conprising: determining a second differential

i nter f eromet ry nigRlecSaap bReuhIS, BlrtePtahf@iet ry  signal and the third
interferonetry signal; 21 matching a pattern ot the second differential

i nt er f er onet myatshigg alpatemiof theefirstpfetcatal ipatfemmetyoignebpshdn aypectedt he nar k;

and pattern corresponding to the mark.

7. A method according to claim 8, 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 according to claim 6, wherein:

if the pattern in the first differential interferometry signal does not match with the
expected pattern of the mark, the method further comprises:

scanning a spot of the illumination beam along a third scan path across the mark, the
third scan path being parallel to the first scan path and is shifted relative to the first scan path
over a second shift, the second shift corresponding a second fraction of the repeating distance
of the periodic structure in the first direction, and

registering by the self referencing interferometer of a third interferometry signal

obtained during the scanning along the third scan path.

9. A method according to claim 8, further comprising:

determining a second differential interferometry signal from the first interferometry

signal and the third interferometry signal;
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if the pattern in the second differential interferonetry signal does not
match with expected pattern of the mark: determning a third differential
interferonetry signal fromthe first interferonmetry signal and the third
interferonetry signal; matching a pattern of the third differential
interferonetry signal with the expected pattern corresponding to the mark.
10. A nethod according to claim9, wherein one interferonetry signal
selected fromthe second and third differential interferonetry signals is
used for det enattnhgg pattgosif themacofd differentsal igenrfabmelrp sinalad it thalek peoteht

procedure in a |ithqgraphi c apparatus. 11. A |ithographic apparatus
conpri siﬂ?&?ﬂ%ogﬁwﬁﬂ?@é&?%ﬁdp@%c tructed to hold a substrate, the

substrate conprising a mark in a scribe lane, the scribe | ane extendi ng

al ong a | ongiif #dipatérndh HRCIet MU d@ffcr@ntid] iiftbrigtofRaY isinal ddae noBhkchdwhng a
periodic structure in the first direction and a mark structure extending in
a secorfkpestedpaticsnofdbe pwidi cul ar to the first direction, the periodic

Gevi ce for  prisuraing SRt el RiGokie diodl 5k A AR A0l 10

second dhigraCardahe tiridinteresihétpl signagt em coupl ed to the substrate table and
the scanning device for controllin an action of the substrate table and

t he scanni ng TeRichiega ppidapeé thobird ditfgrrafal nteriseonegiit signal wadhesnpegted

confi gu;&qeﬁlgogg L@ire DL gkng an illum nation beam for scanning the mark
in the secon Irecti gn; scanning a spot of the illumnation beamin the

second direction along a first scan path across the mark; and scanning the
spot of lhhe iA mgthodatcmdingaariaim 95 Whersipcwn dntdiferectctiysigahloetpcrd fmmrtded scan

path 20 085 Y by SRS SN DR BT b T oo

rel ati veubraldif af wdrst al iS@enPalobBedufinQMRRo@aphié appasdthd.t . the first shift
corresponding to a fraction of the repeating distance of the periodic

structure in the first direction.
A 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 having a periodic structure in the first direction and a mark structure extending in a
second direction perpendicular to the first direction, the periodic structure having a repeating
distance in the first direction;
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 mark; and
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
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12. A lithographi c apparatus according to claim1l, wherein the control
systemfurther conprises a self referencing interferoneter constructed for
registering of a interferonetry signal obtained by the scanning device,
the control system being coupled to the self referencing interferoneter
for controlling an action of the self referencing interferoneter, wherein
the control systemis configured to control: registering of a first

interferonetry signal qbtai.ped during the_scanni along the first scan
path; re§f¥ rﬁw&%ftk%ﬁ@égaﬁ&orw@w BB RS oty repEALB ARG T S ¢ he
scanni ngpelidsthfiure HEEL Mt IERMiRAL h; and determining a first differential
interferonmetry signal fromthe first interferonetry signal and the second

interferometry signal. 13. A conputer programto be | oaded by a conputer,

t he conpl.er Adithegraphigappaprtoceseiing torpammr M, whhrsiménoeytrdeysiendumtireect ed t o
the processor, the.c ut.er . bei.n rt o i thographic a ratys, the
|1t hogr apEsespanAfaoebbb e rgmOat borbbpfay BredretRent: PRRREIE nota o
subst r at ggndl bBtafiea Dt RaGAAPHéGEd) et ofB6ISy5tBmBeingColiIed tAME sl REr&widde

| ane extending along a longitudinal direction as a first direction, the

mar k haviniggfeaorpeter fodicentsaling aruacdion f theesetfirplgtenging érteiferometed, whevginkhe
structur I i C irection perpendicular to the first
Sorit] SRR dfleBurcI BB

di rection, structure’having a repeating distance in the first
direction; a sghmnng®fddrstidatefforonfarg\sighanebigined bhritp thabédRAinpeddngfthe first

scanning the mark in the second direction; and the conputer being arranged
as a cont®®BPadyst em coupl ed to the substrate table and the scanning device

for controlli fagiﬁge%'g%@a sQfont @ﬁeﬁf&%ﬁﬁ@fggn%%ﬁn@;ggggq%? g&ﬂﬂfng%%ﬂg\%ﬁece,

respectively; conmput er program a el ng oW n
pr ocessaosecomd san pgthoadd  providing an illum nati on beam for scanning the

mark in the second direction; scanni.ng a spot of the Jjllumnation beamin
The-second di SaapERe aTE s Lerpatal et aeiey Bgurlirogt (Mo S HEHHaIEr SR

and the second interferometry signal.

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 having a periodic structure in the first direction and a mark structure extending in a
second direction perpendicular to the first direction, the periodic structure having a repeating
distance in the first direction;

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

the computer being arranged as a contro! system coupled to the substrate table and the
scanning device for controlling actions of the substrate table and the scanning device,
respectively;

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
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scanning the spot of the illumnation beamin 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. 14. A conputer program
according to claim 13, wherein the conputer programfurther includes
machi ne- eseaquthadsiressithsnptkg bacbns for: registering of a first interferonetry

si gnal obtained duri t ni ng.al ong t first, s ath; registering
of "5 second | ArEANEBREt § OF JHMTaNHPREL G e HetiRR ARG S oG Ehe
second SpaM abAfsHithedRAR! tE @éc@gd §cai1'ﬂaﬁ1t béﬁ&%ﬁzﬁﬁlféﬁd @k ke SR Bierdin Hegnal
fromthe first |nterferonetry si gnal t he second |nterferonetré si gnal .
15. A cosgenéscangwdtaisisbified dlongntleofinst disdctign selatorepotherfirprsoan pathaweos dishg 't o
claim13 Shlﬁ the first shift corresponding to a fraction of the repeating distance of the periodic structure

in the first direction.

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 comprising a computer program according to claim 13.
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