-1- Lithographic apparatus with alignnment subsystem device manufacturing
met hod wusing alignnment, and alignnment structure 5 The present invention
relates in a first aspect to a |ithographic apparatus conprising: - a
support structure (M) for supporting patterning neans (MA), the patterning
means serving to pattern a projection beam of radiation according to a
desired pattern; 10 - a substrate table (W) for holding a substrate (W
with an alignnent structure (10) thereon, the alignment structure (10)

havi ng spatially periodic optical properties; and - an alignnent subsystem
(21) for aligning the substrate (W on the substrate table (W) relative to
the patterning neans (MA), the alignnment subsystem (21) conprising 15 - an
optical ar rkithegraphic(apparams with alignmentisnbsystem steyicegsamifactuging methiodct ed
fromor transmtied by th | ign t structure (10), to produce neasurenent
li ght V\hose‘?s‘?%?ég&'f'?'&’ 95$PE§“€6F{‘T§5Q{‘PFZ“'E‘EI ative position of the spatially

periodic alignnment structure (10) and a reference position defined relative

to the patterning neans (MA); - a sensor connected to the optical
i nterfersence arrangenent for neasuring 20 intensity and/ or phase
information of the neasurenment light, - an actuator (PW for controlling a

rel ative position of Tlhrepresdnsinvanteon rghites i wiirstaspect tvea lithagtaphiciappamatans ( VA)
based on the intensity and/or phase information of the neasurement |ight.
Fur t her mor €O S & econd aspect, the present invention relates to a device

25 manuf acturi ‘L’g)(?]il i - Yol e (W
that is at |eas S@?F%&F?@ C v@rfgg S‘#}%gﬁfg%%gt?ﬂ% & ?gﬁ{sgw@lhﬁ%spg ngrﬁti)r?é/ré%&ns
material, tdevifgkspdtRiea pijectioneirsiol dadidtionldcestamBlto 8 ldeslfddyfattetnl 0) Wi th
spatially varying optical properties; - using patterning neans (MA) to
endow alOpr oj ecta substratatatdé (WA fathoddingwa stbstraiea W )ewith arB@lignment structure (10)
Cross-secti %n; -2- al.igning the s?bstrate (W.relatjive to therpatterni ng
means (Ma) , thexrs, thea gﬁlﬂaﬁ structure (10) having spatially periodic optical properties;

and
- an alignment subsystem (21) for aligning the substrate (W) on the substrate table
(WT) relative to the patterning means (MA), the alignment subsystem (21) comprising
15 - an optical arrangement (20, 24, 26) for optically processing light reflected
from or transmitted by the alignment structure (10), to produce measurement light whose
intensity varies with the relative position of the spatially periodic alignment structure (10)
and a reference position defined relative to the patterning means (MA);
- a sensor connected to the optical interference arrangement for measuring
20  intensity and/or phase information of the measurement light,
- an actuator (PW) for controlling a relative position of the substrate table (WT) and the
patterning means (MA) based on the intensity and/or phase information of the
measurement light.
Furthermore, in a second aspect, the present invention relates to a device
25  manufacturing method comprising the steps of:
- providing a substrate (W) that is at least partially covered by a layer of radiation-
sensitive material, the substrate (W) comprising an alignment structure (10) with spatially
varying optical properties;
- using patterning means (MA) to endow a projection beam of radiation with a pattern

30  inits cross-section;



conprising: -incorporating the substrate (W in an optical arrangenent (20,
24, 26), which optically processes light reflected fromor transmtted by
the alignnment structure (10), to 5 produce neasurenent |ight of which the
intensity varies with the relative position of the spatially periodic
alignment structure (10) and a reference position defined relative to the
patterning neans (MA); - neasuring intens2ty and/ or phase information of the
measurenent light; - controlling a relative position of the substrate (W
and the patterning neans (MA) 10 based on the intensity and/or phase

snd the patterning mesns (| ensity a
por 0 on of i he 5y iy SRR ()G BE G BRAL Reab D A MRS et 0

t he presentcohipyigitigt on relates to an alignnment structure for aligning a work

piece relative to a reference position using optical neasurenents, such as
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endow an irncomng ra _ terned cross-section, -
cor r espondi ytpgtizn@ periddict BighmehBdtructurd 0 0hands RERAcd pbsRichlelifbd rdbiveit®theof the
substrate; the term™"light valve" can also be used in this context.

CGeneral |y, pattheirggaindansgdMAy,n wi Il correspond to a particul ar functional
| ayer in a device being created in_ the target partion, such_ as an
i ntegrated cir cdngasBrnGintsityagq/eiphase infermapan of thegpeasurement light; sy ch

patterning neans, | : . " i o) {n
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phase- gl ftbaS@(p@hﬁ{eti@[@Hgfy@,dpﬁ%ﬁ@esﬂfo%aﬁ@g awel | as various hybrid mask
types. Placenent of such a mask in the radiation beam causes sel ective
transm ssi on (iprojebtengths patémed beaansiviadistivr ontasiktarget partibh ef thedayef pfi t he case
of a reflective 30 nmask) of .the radiation inpinging on the mask, according
to the pat t@figtigprsenstiivegadtenialy the -3- case of a mask, the support structure

wll generally be a i : t ] d at
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aligning a work piece relative to a reference position using optical measurements, such as
15 interferometric measurements, the alignment structure comprising at least one phase

grating mark having a plurality of adjacent lines and spaces with a predetermined

periodicity.

The term “patterning means” as here employed should be broadly
20 interpreted as referring to means that can be used to endow an incoming radiation beam
with a patterned cross-section, corresponding to a pattern that is to be created in a target
portion of the substrate; the term “light valve” can also be used in this context. Generally,
the said pattern will correspond to a particular functional layer in a device being created in
the target portion, such as an integrated circuit or other device (see below). Examples of
25  such patterning means include:
. A mask. The concept of a mask is well known in lithography, and it includes mask
types such as binary, alternating phase-shift, and attenuated phase-shift, as well as various
hybrid mask types. Placement of such a mask in the radiation beam causes selective
transmission (in the case of a transmissive mask) or reflection (in the case of a reflective

30  mask) of the radiation impinging on the mask, according to the pattern on the mask. In the



noved relative to the beamif so desired; - A programmable mrror array. One
exanpl e of such a device is a matri x-addressable 5 surface having a

vi scoel astic control l|ayer and a reflective surface. The basic principle
behi nd such an apparatus is that (for exanple) addressed areas of the
reflective surface reflect incident |ight as diffracted |Iight, whereas
unaddressed areas reflect incident light as wundiffracted |ight. Using an
appropriate filter, the said undiffracted Iight can be filtered out of the
refl ected &gaot aherthgswppost stdhetuth %Al gepeadly lbe @hihaskefblgdyhitneddikes thaiRer ,

the beam 10 becones patterned according to the addressing pattern of the
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forth. beam is patterned according to the addressing pattern of the matrix-addressable mirrors.

The required matrix addressing can be performed using suitable electronic means. In both
of the situations described here above, the patterning means can comprise one or more
programmable mirror arrays. More information on mirror arrays as here referred to can be
20  gleaned, for example, from United States Patents US 5,296,891 and US 5,523,193, and
PCT patent applications WO 98/38597 and WO 98/33096, which are incorporated herein
by reference. In the case of a programmable mirror array, the said support structure may be
embodied as a frame or table, for example, which may be fixed or movable as required;
and
25 - A programmable LCD array. An example of such a construction is given in United
States Patent US 5,229,872, which is incorporated herein by reference. As above, the
support structure in this case may be embodied as a frame or table, for example, which may
be fixed or movable as required.
For purposes of simplicity, the rest of this text may, at certain locations,

30 specifically direct itself to examples involving a mask and mask table; however, the



Li t hographi c apparatus can be used, for exanple, in the manufacture of
integrated circuits (1Cs). In such a case, the patterning neans nay generate
a circuit pattern 5 corresponding to an individual layer of the IC, and
this pattern can be inaged onto a target portion (e.g. conprising one or
nore dies) on a substrate (silicon wafer)4that has been coated with a |ayer
of radiation-sensitive material (resist). In general, a single wafer wl|
contain a whole network of adjacent target portions that are successively

i rradi at ed jhdf AnciREOURAISA inSYS fillanORGHAkIdBe'st oy tus,
enpl oyi ng attgrﬁﬁ%ﬂby 1a r?asknon a 10 masE tabFe,éH;néﬂllstL%%{i:{r?gﬁteggﬁﬁgg made
bet ween t wopatternirgy @adnstay pee abbversetifonie. 1 n one type of |ithographic
apparatus, each target portion is irradiated by exposing the entire mask
pattern onto the tarddthogephicippaiatus san b usedy fon cxgmplgpiarthe menpfactemefonl y
referred to_as waf er epper .or step-and-repeat apparatus. |ln an
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magnification factor M (generally < 1), the speed V at which the substrate table is scanned

will be a factor M times that at which the mask table is scanned. More information with
20  regard to lithographic devices as here described can be gleaned, for example, from

US 6,046,792, incorporated herein by reference.

In a manufacturing process using a lithographic apparatus, a pattern (e.g. in

a mask) is imaged onto a substrate that is at least partially covered by a layer of

radiation-sensitive material (resist). Prior to this imaging step, the substrate may undergo
25  various procedures, such as priming, resist coating and a soft bake. After exposure, the

substrate may be subjected to other procedures, such as a post-exposure bake (PEB),

development, a hard bake and measurement/inspection of the imaged features. This array

of procedures is used as a basis to pattern an individual layer of a device, e.g. an IC. Such a

patterned layer may then undergo various processes such as etching, ion-implantation

30 (doping), metallization, oxidation, chemo-mechanical polishing, etc., all intended to finish



present on the substrate (wafer). These devices are then separated from one
another by a technique such as dicing or sawi ng, whence the individual

devi ces can be nmounted on a 5 carrier, connected to pins, etc. Further

i nformation regardi ng such processes can be obtained, for exanple, fromthe
book "M crochip Fabrication: A Practical-%uide to Seniconductor

Processing”, Third Edition, by Peter van Zant, McGaw Hill Publishing Co.,

1997, 1SBN 0-07-067250-4, incorporated herein by reference. For the sake of

Si npl i i tY off HEinANVEd RS ldyer [5%568Ma yafeere?nfeaf fneh 1RBWAAE pEcBBure 16k 4 Bt t e

"l ens"; however, this térm should be broadly interpreted as enconpassi ng
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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 exposures. Dual stage
lithographic apparatus are described, for example, in US 5,969,441 and WO 98/40791,

20  both incorporated herein by reference.

Before a pattern can be projected onto a substrate, the substrate has to be
accurately positioned relative to the patterning means, so that the pattern will be projected
onto the substrate accurately at a required position. In modern semiconductor
manufacturing this positioning has to be realized with nanometer accuracy.

25 European patent application EP-A-1148390 describes such alignment,
using a phase grating alignment system. Such a system uses a substrate that includes an
alignment structure with periodically variable optical properties. The phase grating
alignment system measures the phase of the period of the alignment structure relative to
some reference position that is defined (directly or indirectly) relative to the patterning

30 means. From the phase, a measurement of the position of the substrate is obtained.

The phase measurement is realised by incorporating the alignment structure



t he phase. The interference arrangenent contains for exanple an inaging

el enment that selects light diffracted by the alignnment structure in a

sel ected order of diffraction and inages the selected light onto a
reference structure in the |ithographic apparatus. The 5 reference structure
has spatially periodically variable opti.gal properties, with a period that
corresponds to the period of the inmage of the alignnment structure. As a
result, the light output through the reference structure forns a kind of
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defined position relative to the lithographic apparatus and the detected light intensity varies

periodically as a function of the position of the substrate relative to the defined position.
20 In such interference arrangements the periodic variation of the averaged

intensity can be measured without requiring a detector with high spatial resolution. The

measurement of the intensity of the detected light makes it possible to assign phase values

to different positions of the alignment structure. The phase values in turn are used for

accurate positioning of the substrate in the direction of periodical variation of the optical
25  properties of the alignment structure.

Using a phase grating alignment subsystem allows a high alignment
accuracy to be realised. Selection of an individual order of diffraction considerably reduces
noise since only light which has the spatial frequency of the alignment structure is
detected. Compared to alignment techniques that use electronic pattern recognition of

30  images of semiconductor wafers phase grating filtering techniques realise accurate and
low-noise alignment with detection and control circuits that are less critical for the

alignment.



-7- The phase grating alignnent technique has the problemthat it only works
when sufficiently large alignnment structures and/or reference structures can
be used such that the substrate can be initially positioned so that the
alignment structure is imged onto the reference structure. In other words,
the capture range of the phase grating alignnent 5 nust be sufficiently
| arge. Large alignnent structures and/or reference structures are
expensi ve, e.g. because they occupy space on the substrate which could
ot herwi se contain ci cubt conponent s. refore it is deerabéﬁ to yeduce

T oY oYagss

Th
the area of the aligrnfER!aSE ighment frohmiqueias therprpblpmdhat
However, i tyhBaSuffiRemtll patpél alifidhentb@ictals ahd/SNeRMnce $Irhitaled t8h bSude@Sicht han a

given size the structure, although still suitable for accurate 10

posi t i oni nthapthepubetsate gan be mdtallsippsiyisnedosoikthatthe alignmedny stveatergseimdgediontige of
the alignpent.struciure has no overl wi.th the reference structure when
the substr degeroncy Sirifeier DT oS Poghafl et ramte L Rpe T Graling iy o,
the perodinfustbd GITIERALIP fak &tC LFe@ aliBniGemttitriathie@Rndot fefébficd Mughi&fOCE
arrangenment wil| provide an output signal with a certain periodicity init.
E.g., whenexpangiye, a.8 becauso thay qrupespgeaen thy substeatd which souldtotharwiseeonaih

reference grat.in t he, pesi tion. can bhe .accurate osi.tioned, but onl
wthi ns. 0SBt GandrdBish b i i SR RE R Bt b B A et i e
structure hadbhthetrvRrehicé btelichires. A GEef ithas bPén Dfund Kt 3/hen af aBgdidnta

periodicity of 88 gmexists. Wth the existing (fine) ai?;fgnrrent met hods,
t her ef or e, sthede ip kesy thap g een iz the gtregturgy althoughy sidl sifitabledfonacopmte peri ods of

Si mo o er Pariogpk BifHse R oo PR G Gk bR he e CHORED O ' °

i nvention taigmhentisdactufy hadlno@veray with thdreferaicb striatiR ik thb Suahfeas ni ng
means in which a capture range or a robustness of a periodic alignnment
system i s iniplbyvpesitonetinguficieneaptire s8je8kt s are achi eved according to the

inventionina |lith i i fi 1N openi.n
par agr aph, character?g%g%%h&?ﬁgﬁﬁ?%%ﬂé% |%%ﬁ€%kléﬁﬂ%$£¥%ﬁﬁpé ﬁ??%gme
arranged t @riafgengend ot payvididinColtpdtsipnel withuiceledn periddicity @l it. ggewhesigitgt ur e
which is detectable as a capture position or a check position, A check
posi ti éA miyB-QuE phese grabing asaligngment strychup anchieferencergiptinge thepasioncan ber as a
confidence : g L z odi G A al i gnnment
Struct ur e, "Gy g asitted 1) Uy 3l BOTR oGS Ling EHIR ARIE 2 Pom
preci se capidas@ementwitivan pigirémntricure having two different phase gratings of 8.0 and

8.8 um, a periodicity of 88 um exists. With the existing (fine) alignment methods,

therefore, there is a chance that an error is made of one or more periods of the periodic

20  signal. Here, periodicity is defined as the dimension of a single period of a periodic signal.

It is an object of the present invention to provide for alignment of the
substrate and the patterning means in which a capture range or a robustness of a periodic
alignment system is improved

25 This and other objects are achieved according to the invention in a
lithographic apparatus as specified in the opening paragraph, characterized in that the
alignment subsystem is further arranged to use a non-periodic feature provided on the
alignment structure which is detectable as a capture position or a check position. A check
position may e.g. be used as a starting point for further alignment or as a confidence check.

30 By including a non-periodic feature in the alignment structure, which can be

detected using the normal alignment subsystem, a precise capture point or position for



-8- starting a fine wafer alignment can be provided by the present

| it hography apparatus. This allows renoval of the periodic error anbiguity
of existing (fine) wafer alignnent nmethods, in any case beyond the
periodicity of the fine alignnent nmethod. Alternatively, the present

| it hographi c apparatus may be used to chegk afterwards (i.e. after or during
alignnment of 5 the wafer) whether or not a periodic error has been nade.
Usi ng the present alignnment subsystem enbodinent a priori, the capture

range of the aligpnent suhsystem be.. extended, and using the alignnent
subsyst em &2FY %HP%WP&&@H&XTEW&GRH provideg by dbsepieieat lihoBtphH aBRATS {Has

I T R R e S

det ect abl e ih Rt byysidithe pelodidiey dehetheslignsicanmletholaAitersti RN AR PR
exi st which each may provide their own specific advantages. In one
enmbodi ment lithographipipmseatehingy b¢ nsbddo nheckafiteprardodiccafter ar dneng alignment of
non-periodic feature js forned b t wo pa[_ts of the

. h hift b
al i gnment R W )u‘?’}_éet KF %4 DehARE db‘?e‘%)‘ﬁg‘sa‘%’g‘?’ldnéqe' g%gegzetg? PIFET PUGRMEHe | i nes
ot roctare NURYRERPIh BRI h: § itk WEChGe o bEUR R BRRe B BHAINRDbe

one (or nDlRlen@Ed, ahe usSiiaiesalighnlcBOHbEFt@ a POLBHEeEs 4 PhdcRR@lIndreaspiipyi de the

non-periodic feature. One exenplary formreduces the space at the
i nt er sect i oobuwtneshef thewbgpaentsubsystenl. f t he periodicity of the phase grating

(e.g. 4 min the case_of a 8.0 .m_phase gratin or extends, jt to one and
hal f the peri odi ci tyelihe.r’@P'Pfﬁloﬂﬂcff R ﬂ?aﬁ@“‘ﬁ%é%%”ﬁ@%?’éﬁ’?ﬁ%ﬁr.m %éctivel y,

nai odi ci ty e e | _ v
al 1 gnmiot * QelskBE AR Sin i R ARl bl BE8 b BobR HIEASFHY Bt @Rkl ™

whi ch al | owgnaRskariods b@ebdigtentifexish &hichiatli frap PEdvidOtheir owd- spbéific RAGAnkAgRH
where the phase gradi ent of the detected signal is maxinmum. However, due

to the opposite contdiboeewhedimentdl therphasaphidtindecinggort-periduee feaBire,¢bail ti ng
AL R O R LT T
0L SIS By S8 eSO R O e SRS BRI AR
f ur t hensenmaditipnn &is édie tihapamehi ftuctunéibgsi the Pans eMithé Senopdriddadity3T
interference arrangenent conprises a reference grating, the non-periodic
f eat ure corjmes sedspaces, but one (or more) of the spaces is reduced or enlarged in length to provide
the non-periodic feature. One exemplary form reduces the space at the intersection of the
two parts to half the periodicity of the phase grating (e.g. 4 pm in the case of a 8.0 uym
phase grating) or extends it to one and half the periodicity (i.e. 12 pm for the same phase
20 grating). Effectively, in the transition region, the contributions to the measured signal of the
alignment subsystem is then exactly in opposite phase for the two parts, which allows easy
detection of the capture position (i.e. the position where the phase gradient of the detected
signal is maximum).
However, due to the opposite contributions, problems may arise due to the
25  resulting low amplitude of the detected signal. This may be prevented by making the space
even smaller (e.g. 200 nm in the case of a 8.0 um phase grating), which results in a
detected signal in which the phase change is still detectable, while the amplitude of the
detected signal remains high.

In a further embodiment of the phase shift inducing system, the optical

30 interference arrangement comprises a reference grating, the non-periodic feature comprises



-9- atransition froma first part to a second part of the alignnent
structure with a first and second periodicity, respectively, which first
and second periodicity are bel ow, respectively greater than the periodicity
of the reference grating, and the alignnment subsystemis arranged to detect
t he capture position or check position fr®9mthe resulting sl oped phase 5
information of the neasurenent |ight. Here, again, periodicity is the

di mrension of a single period in a periodical system i.e. the dinension of

O 12 a8l 5D PO B8 SR BT L M3 g <

t he di st anée Pa nsecutive

sel ecting tsBenagetiodivitpfredpretivdly, sthiatrst SePRdomPpdriddicify e BEIbHNBPEctivel

structure wth respect to the reference phase grating, the phase of the
det ect ed signeaddr tharl the phiaodjeityl Of thi nefenchee guating, and theradignmentadubslyssqmh &cenent

but with it ' f the first t d. . d t. Th t

posi 11 0n orTBREEAO SRt g SaBLHT RATUIRNISE R RPSWOR A TedesulfneSISRRL TSI of 1t he
| d. . Sj i e . ; .Sj l. i

2" Furt nar dEARIGHA S Do RFmb L. A% RURR eloglet® iR s Gl O ol o

easy det eCtjeffd A a pArfodid byktén QS tHel didensorbof a ddmbifhtitth 6F aSlifUmdRy Phéd €
fitting of the detected phase signal. For this, the alignnment structure

conpri ses dgpeater peridicgpbnsimweansgtbat tbeldistaacgyectweantvdi coops¢antidé ih&GS(arg&) X) - |
X in which A(x) is the position die_%gndent peri od change, x is the position
al ong the J¥ BFRREHt sedecting therrerigagof the dirstrad seaegd Rag of thealighmgRfEICtuse r uct ur e

over h oh i res B RE R AU Ao Bl oA {IE PRI OF IR SRS By At 20

to detect tvﬁle Eeg %ure pOSI{I on hec osItlo rom resul tl ng

si nusoiigal 15RaneditRRAsEnd MuialBisplaBeriint, i@ witkRPpPUSiRNEEH o kittfirst part and

Advant ageously,” the sinusoi dal phase profile mark i s designed such that the
resul ti ng secursl pant The odptutegopitias er dfieck ipesitien ewt then be demvedfasmahgeri od whi ch
is much larger than_ the periodicity of the fine alignnment nmethod (e.g.
greater thdnteggetign ofthe pp sloped Rissepgnalf-ass of nmarks, in which the intensity

of the detected ali n I | ermne [ . sition
or check position, ag];}i r g{ul&%%a? ?r@tr}# %gtglctfg?%gghtrhg % an%eerﬁﬁn%o;iéﬁgﬁ 0 Et he
al i gnment  sh¢ Bihibfe @SusdidaPiiapelwieh sllovEat dkse dete&tidndfIh€ 8fRuretpbsitish,| g ent
subsystemis arranged to detect the capture position

15  using a sinus profile fitting of the detected phase signal. For this, the alignment structure

comprises a position dependent period change according to

Ax)= cos(zL—’;x) -1

in which A(x) is the position dependent period change, x is the position
along the alignment structure and L is the length of the alignment structure over which the
phase should vary, and the alignment subsystem is arranged to detect the capture position

20  or check position from the resulting sinusoidal shaped phase information of the
measurement light.

Advantageously, the sinusoidal phase profile mark is designed such that the
resulting sinus curve of the phase of the detected signal has a period which is much larger
than the periodicity of the fine alignment method (e.g. greater than 88 pm).

25 For the second class of marks, in which the intensity of the detected
alignment signal is used to determine the capture position or check position, a first
embodiment utilizes the finite dimension of the alignment structure as a non-periodic

feature. In this case, the alignment subsystem is arranged to detect the capture position



-10- fromthe envel ope of the intensity of the neasurenent light. In
general, alignnent structures in phase grating alignnent systens are | onger
than they are wide, and the fine wafer alignnent is executed using a scan
of the alignnent structure along its longest direction. To find a capture
position for the coarse wafer alignnment-1phe envel ope of the 5 detected

al i gnnent signal corresponds with the dinensions of the alignnent structure
used, and thus allows a capture position to be found. In a further

enbodi ment,. the alignnent structure has a first dinension in a first
direction &R ﬁ’eseé‘(‘fglﬂﬂe Bf%ﬁ%t%sﬁtyi the @8??8??&‘6(# Pgl&”f“cﬁ?fle’iah aﬁﬁ?’@ﬁmt he second
direction I i jf I whi

non- per { odi" S f et Ers HthePRRARCH S UL alAohets i Al kR0 8 i fine

al i gnnment  stafercilighfenilisiesedutedsisirpalécan of dreahigntienEynscmre alohy itdngedtect ed
using a scan of the alignment mark at an angle a between O and 90 with the
first diredhteeson. Tiiftndenenptirapasitiomipritee ¢ogess wader adighmenty the esvelgpe ghthent
structures,, and .i al so.call ed di agonal .scan. \Wen _.the scan |s perfornmed at
on angl & a Bl aTenfeR igtPLedifosho AR we Bhimatts Sl wbR ] e Bidhg

di rection : é#ﬁFﬁ lg,gyrent is performed in both the first
and second%glartlggtalfllghl{gqu%#% t&g%ltloﬁggr pendi cul ar alignment structures. So

when scanni ng a fi r stnalfigiivrenibotdimidat,(thx hlegithang struttird daf & fisdt dihésidn ian) a
capture position may be derived for the second alignnment mark (extending in
t he second firsfi dieectipmayd apasond dinepsiongn azecand diregtign, rewhishitlariserend dirgdtion

di agonal scan i erforned,.a n.angle.a la r than 0 re. preferably at
an anghe o tstnbaisRerbee iy 0 47 st by Eh g nonaiodts ERRESAFERE “nay

al 50 Dqous Gl 8llohWRiribd W Wtk A Sl SRR E TR KRS BA/OPLcbiP aifidrlon OF L he
al i gnnment subsystem (e.g. a 8.0 mand a 8.8 mphase grating). After a

di agonal saafy bedqestédiisimgla sdanaif tlengdigament maitkhe afh ange atbetwedn (Srant G0° tith
first 25 alignment structure, the scanning is repeated for the second

al i gnnent ghe ficst directiddut now at an angle -a to the first direction. This

I ProyT e 2 Cant U gL S, el R e IRLE O
oY, 01 e ey i ot TP 4 gt
di rectiign. the capture position in the second direction may be found. In general, alignment is
performed in both the first and second direction, using mutually perpendicular alignment
structures. So when scanning a first alignment mark (extending in the first direction) a
capture position may be derived for the second alignment mark (extending in the second
direction) and vice versa.
20 In a further embodiment, the diagonal scan is performed at an angle o larger
than 0°, more preferably at an angle o larger than 10°, e.g. at an angle o of 45°.

This embodiment may also be used when two alignment structures are
present on the wafer for the alignment subsystem (e.g. a2 8.0 um and a 8.8 pm phase
grating). After a diagonal scan is performed at an angle o to the first direction for the first

25  alignment structure, the scanning is repeated for the second alignment structure, but now at
an angle -a to the first direction. This will provide a capture position with a higher
confidence (more robust solution).

For a=0°, the scanning is performed along the first direction only. Due to

the finite dimension of the alignment structure, also in the first direction, this provides a

30  capture position in the first direction.



-11- For a=90, the scanning is perforned along the second direction of the
al i gnnent structure. As the dinension of the alignnent structure in the
second direction is precisely known, this allows to determ ne a capture
position in the second direction, which may be used when performng fine

al i gnment using a second alignnent structjgrre. In this 5 case, it is possible
that the reference grating and the alignnment structure are precisely
aligned, so that a very snall resulting signal is detected. This nay be

prevented by using a_refere atln periodicity different from
the alignment structdi a'gb B@e ‘f’%f %W%@’Sr?e‘éﬂn iegctigh i theof f set

startlng p r %?Qi)ﬂ ure
is forned %ﬁghhlgﬁ't Si%lettu?ea?% t’HE (()1 n ntrsg)%og gnﬂf?: %tr&cpﬁ ? Ep&glg?&lrrlﬁé&rlf%ca(ﬁﬁuct ure
to as eCOﬂ@r@ﬁielly krhovih ehiglallgwsrendeteradifidls taphere pbﬁﬁoﬁ il e s@ht dhl@b‘ﬂldig which

periodicity of X mand the second part having a periodicity of Xn m n
bei ng an mn@glaﬂrusqdrfﬁ@n penfamniag ifiga slignmeniysipg tacserang adignmeyedructure.dethist t he

capture _position or sition froma a elnthelnten5|t f an n-th
e © 5Pt s DhesiPIE oty e Thli@ile Rk and H i Empant sivetusy %rgmﬁeéa#e?

structures ar 15 t he

paraneters ?gﬁ?c{égé @*Xéﬁeﬁﬁnﬁgﬁe&gn&?mgﬁﬁ %Jﬁ %Ct?(ﬁ% Iﬁb}w ne’i&%% 1H§ 8t the
det ect ed alre@megraﬁmg Rath 4 ped i @E dfferdgitrém tiealibahRet @eichab lcﬁtblyy, but al so
that the |ower signal still has a sufficiently high anplitude. The invention

coul d be ipeploamimgtasevussiangt a skightlyi offset arting pesigor0 m part and a 8.0/ 7 m

16 i rosp.) may be 19 gk seeds by porptdileagel Fupaebvenat  ons.
[ an At kil FRAPRHITAL oPld BEnkh: Rcheold SOTERI p| HELU Eymble NN

periodic f ure is forne ran5|t|on roma St part

al i gnment  sfifubike) e fidt partﬁ@@@gldpmddlc@foft)hgnﬂdndgnmbn@pmgwﬁga the first

part having a fi rst duty cycle value of the |ines and spaces and the second
part havi ngaealoé@ctmﬁmuyl, mb@m anantqeerommbhe Fheraé\gmamt spbsysieatssyrangl tohe

al i gnment subs emis arrange det ect the sition.or check
position fr gj}? yEe PRFILGRLOT Ghe (?Sftif’no‘?oncl ﬁé FPPSW@fr&nn-@wv%ym e
is the ratig ala,glo %I&@mgé ure.

As a differ erﬁfﬁgﬁ{lé?g%gmag&eﬁeh é gra [ ng én'f' I nati %I%q{%ﬁ?ﬁelfhg&%

opti calisi ntgbdesespecially aher bkduising thd paremetets do&eatly diakd miusyte takel thatble of
the detected signal, this allows to detect the capture position. 30 Further

embodi ment sshift irt intengite ebthe detevted alisment signakis fasee endugh iehe desectedeliably,

but also that the lower signal still has a sufficiently high amplitude. The invention could be

implemented using a combination of a 8.0 um part and a 8.0/7 um part. Also the
combination of X=8.0 um and n=5 (grating period of 8.0 and 1.6 um, resp.) may be

20  implemented, as well as other suitable combinations.

In an alternative embodiment of the two part alignment structure, the non-

periodic feature is formed by the transition from a first part of the alignment structure to a
second part of the alignment structure, the first part having a first duty cycle value of the
lines and spaces and the second part having a second duty cycle value of the lines and

25  spaces, and the alignment subsystem is arranged to detect the capture position or check
position from a change in the intensity of the measurement light. Duty cycle is the ratio of
the width of a line and a space in the alignment structure. As a different duty cycle of a
phase grating in combination with the optical interference arrangement will result in a
different amplitude of the detected signal, this allows to detect the capture position.

30 Further embodiments of the present invention provide for alignment of the



12- substrate and the patterning neans in which a smaller alignnment
structure on the substrate suffices to provide for alignnment and
pre-positioning. According to the invention alignnent under control of phase
information involves a selection step, wherein a position of the substrate
is selected so that the 5 alignnent strugpure and the reference structure
are in an overlapping imging relationship. The selection step involves
determ ning the anplitude of intensity variations of the neasurenent |ight

tput f interf ) d h f iti f th
Subst r at o SBPt Mhe BrRR e ET FrRE P & il AR repLrBiule B anliets o 1
an OVe”aQHfﬁlﬁsic{Tﬁx‘gM&f&% hRABKHdpre Qgiti&*ﬁhg.cpurpose, intensity

measurenents are subj ected to different processing for the alignnent step
and for the pre-positA@otdigg ®ttapinvestacilignaieyt under tormiep] af pausetnforhittorphase
of the periodic variations of the intensity is determ ned, during selection
anpl i t ude iinYdveper sedaetion siehewheieinat pasiionjof theetubstrate ischelegtedfse thdsithe af t er
fiIteriBg ?'Ut v riath}gns dt@?tﬁdo not tch variatigﬂns.due to re tiﬁ\kﬁ?
moverent of2 ERECR) SHHER N OF FEEICHrESTUPHS 250 4D AR RECTAPPH A THEINE P BHODSHR- c h
may be | Mol aaRiceton e infllved Rk RORABITREL 6r RRURHE ShridRk oPfRCESSES the
used tor pha

sane type of intensity information that I1s also se neasurenent,
but speci alrhesarefihelighitontpuaidwathe inteferbicets@bgdanenvahd a sedoeth @ @umiitioyn oft he
alignment is perforned at a position at or near a nmaxi mnumof the neasure of
t he anpl i t dbesubsiratgsadhat sharlenmepedrustise andiba referenegstructudiaegtingn ref | ect ed
fromthe 20 glignnent .structure the substragte.is imaged onto the

ref or ence SUFUERINEIM45i HATSH-P o dhls PLAS HLGUH RHEPBFRRAHE SISkt ur o
bei ng dgt e | ifle % ORESAPG e Bt fok R prElpBkifiBn Ldigd to
this e%@odﬁ%@ﬁ??hﬁggggggﬂ%f trangﬁﬁgs?oﬁﬁgﬁ%ﬁbh ﬁﬁep?ggg?egggﬁqéﬁ%gg%%fe
reflection Ihirnp dllnteaf thephae ctthegdriode vartibgs ofskelinteidity Bsdetathindd, dumegd ng
radi ation fromthe aLaénnent structure onto the reference structure one may
use i magi nepelegorramplitide infexmation o dher vasigtionsds deteeniand.creferabb aftes fdisriogt he
alignment structure on the substrate. 1n an enbodi nent t anplitude of the
var at ons Qe VarHligRe s 6 e AEh Afioge die R metpmeptolns PR ¢ h
Filter thatghgnsehed is\i8nd RithWdletddtdr Apfich thalyhe iﬁggmeh%easfa@%aug;or respond to
the spatial frequency of the period of the alignnment pattern and the
filterad arpgraintibde corgputaahatprodesses el e tipeofiiatensity infqrheatien than g also
filtering is to correlate the 30 anplitude variations with a plurality of

nut ual |y diuspdl derathasemeasyrasnast, but ppesiatizeshdetention hardware may be used as well.

Subsequently, the alignment is performed at a position at or near a maximum of the
measure of the amplitude.
Although a preferred embodiment is that radiation reflected from the
20 alignment structure on the substrate is imaged onto the reference structure, radiation
transmitted through the reference structure being detected, it should be understood that the
claims are not limited to this embodiment. Instead of transmission though the reference
structure reflection from the reference structure may be used and instead of imaging
radiation from the alignment structure onto the reference structure one may use imaging the
25  other way around from the reference structure onto the alignment structure on the substrate.
In an embodiment the amplitude of the variations as a function of position of
the substrate is filtered with a filter that is selective for variations in the amplitude that
correspond to the spatial frequency of the period of the alignment pattern and the filtered
amplitudes are use in the search. One way of implementing filtering is to correlate the

30  amplitude variations with a plurality of mutually displaced versions of a basic matching



13- pattern. Correlation techniques are also often used to determ ne the
phase, but in that case a single displaced version suffices. By using
correlation techniques circuitry of a type that is used to determ ne the
phase may al so be used to determne the anplitude information. Preferably, a
phase grating alignnment technique is usedsfor alignnent, 5 wherein only

sel ected orders of diffraction fromthe alignnment structure are used to
determ ne the anplitudes. In an enbodi nent the phase of the intensity

(ol cal 1y et € BEEPRR R Biapet Ao S0k S G BRR v o & ok
foll i . _
B e e e L

used to coRfse®to deddrnghdBiRtphhdt BMOAIBEhe dicdas dblefnine ARSHBFIRES RAfSBiabion.
direction. Nevertheless, a single alignnment structure and/or reference

structure may be usedréfsrabihe phagse giatiegalignment welarigie i osedfor phgimémsn of t he

substrate for the preposition prigr to control dependent on the phase. This
's  possi bhsREanSseIEdariiTs OF ARireton T Hicatieningnl SREFT #1598 O he out put

radi ati on ic?etejréjgﬂentﬂieﬁﬁlﬁ)iiﬁﬁe@ overlap in two dinensions even when the phase
is indicative of positron In only one dinension. In an enbodi ment only a

single direction conyaagRbolinferdieqsHabOd¥ thé AeEUEVasatid dffike MleiRedmhan of
periodic variation of the periodic alignnent structure is determned from

the anpl it Ught messd fambighmefitan oan dakétymptypically theodirecton iFwhich shedmmieds nf 20
cases where the inmage of the alignnent structure xtends further in the
direction dheahgnmeit stractpre folow FB?PtF‘FFafP is.6ass, B Ger Altgneneat StEpCIEs Pe Thi s

ot bo-Pancavitefpud Ofetatec e i METRRL e Bl S, Bo PP LM E Ot

repetiti onsyligimaft il anBheE Birecton Wkhiiegseits shi@aireétash. NeOatheldys, 4 Snge Blighmagt i on
of a scribe-lane. Transverse to that direction the alignnent structure has a

much nar r ovséucse and/enreferdriee strieturggnayobeuded forcthe thed-dimaehslonelbdenrchtfpom of t he
al i gnment structure as. a functjon of . posi.tion along sajd transyerse . .

di rection tRPEHIONAMF ?“rlPétr‘FtEE‘brt  Brepesi P Ao O CARIdEpRulentemb i Phases Thisiis
ef fect may . 'gtﬂﬁqu re.ls. i onto the
reference sé%) ﬁéﬂ%@&%@%@@é%ﬁ%ﬁ%h&@%?ﬁg S apelatg S%ﬁgﬁ"q‘t Lgrr cg?tg(gldiased to

filter 15 ghhdfchevB ofsRleAsp GotvdY dflengibnglivieh vakhitphatd Rrigdiestese dfibosifion in
enbodi nent the maximumis preferably used 30 only to search for the

conponent odnly hee dimiegsioent position along a direction transverse to
In an embodiment only a single direction component in a direction

transverse to the direction of periodic variation of the periodic alignment structure is
determined from the amplitude measurements for an alignment structure. This is done in

20  cases where the image of the alignment structures extends further in the direction of the
periodic variation than transverse to that direction. This may be a result of the fact that
alignment structures are provided in scribe-lanes on the wafers between adjacent chips. A
large number of repetitions in an alignment structure is realized along the length direction
of a scribe-lane. Transverse to that direction the alignment structure has a much narrower

25  extent. This leads to a better defined localization of the alignment structure as a function of
position along said transverse direction than along the length direction of the scribe lanes.
A similar effect may be caused by the way the alignment structure is imaged onto the
reference structure, for example by the shape of pupil apertures used to filter light from
selected order of diffraction. Therefore, in an embodiment the maximum is preferably used

30  only to search for the component of the alignment position along a direction transverse to



-14- the direction of periodic variation of the alignnments structure.
Different alignnent structures, with different directions of periodic
variation, may be present in nmutually orthogonal scribe |anes areas on a
wafer. In an enbodi nent the anplitudes obtained fromalignnment structures
with periodic variations in 5 a first andgsecond nutual ly transverse
directions in different scribe |l anes are used to search for different
conponents of the alignnent position transverse to the first and second

direction respectijvely for exanpl e, al jgnnent structures in horizontal
scribe | andBe yr@tlggggpeqa lcggéqt@ﬁ,q{ghq%}gn{t}qgts\ﬁgpgtpgem conponent of the

al i gnment_posi tion aﬁﬂfﬁ?kéngﬁl%eﬁ% G Sith (lil eye {{llﬁgc?llfas?gﬁ)glodl anes are

used for searching for I'zon coﬁponen NTEht
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the length of the scribe-lane the initial position along this length is
usual | y notendrodimerithdamplitgdes dheaipehirem aignmastistrectutatwitthperadigvariations in
structure is_encountered vvhﬁn t he appar at us sglﬁg transverse to this |length

directi on. 3A¥EbIng sgondmptially baptrarsg syeetionsn drierant sathei lapesererwdita sqrdyi ded
a device %g gﬁg%@%@g&@ﬁ&%@& e%‘?{,&“t?&h frfhsb 8 Pa"t%”hrr‘sqfag % Lgph above,

in which th gnnen ructure Ses a non-perio fe which is
det ect abl e BfecBorc ARpALR OB dxamhplts bnglmédﬂetr@dtmgymmnz%ﬁm y&tbe%neFlafé nen
advant ageous enbodi ments of the present device manufacturing nethod are

gi ven in t Her skapdncefor theetdnoch] comporsent d’hhsehgnhmﬂpnmnmam digndenasivanirag es
20 whi ch correspondcﬁéo t he advan%qasges rren oned abov inrel attlon to the
associ at ed MAERKALIcHLe langs ake uspd 1”t hertzontp 5%‘}38%1%‘3“6P ke i nvention
there '1%hp;ab1 ngl%gt &ﬁ\%ﬁ)l ' ﬁ@{%@é an: Al S Vgtﬁcﬁe g,geh@se&erg latlrhg epngg 9110'?1% the .

par agr ap ructu non=peri odi c
feature. F%ﬁgftﬁ bf BRUBAbALER Wse BITHY gbﬂﬁm ﬂoﬁ% ﬁuﬁl‘éﬁgth'l@@ﬂlally\ nbmmcaﬁdunng
associ at ed dependent clains. Al though specific reference may be made in this
text to theheserdf totensure djpp shedlighnmeot grughumg istancoungeried wéah therapparatusescans
manuf acture of 1Cs, it should be explicitly understood that such an
appar at us Ha@sﬁﬁﬁﬁ/todbﬁé?n%ggi?%ioé applications. For exanple, it my be
enpl oyed in the manuf C

A o%'&ﬁ%?é thte @E&gﬁ%ﬁ&@t SRhl ﬁfuent?(y Eh%fé‘%a pﬂu‘%&t%rg c?e(y &0l ay

detection 30 patterns N Nenori es, | qgui
panel s,15t hi gakithdiBOmeihod as defined in the opening paragraph above, in which the alignment

structure comprises a non-periodic feature which is detectable as a capture position using
the alignment subsystem.

Further advantageous embodiments of the present device manufacturing
method are given in the dependent method claims. These embodiments provide advantages

20  which correspond to the advantages mentioned above in relation to the associated
apparatus claims.

According to the third aspect of the invention there is provided an alignment
structure as defined in the opening paragraph above, in which the alignment structure
comprises a non-periodic feature. Further advantageous embodiments are described in the

25  associated dependent claims.

Although specific reference may be made in this text to the use of the
apparatus according to the invention in the manufacture of ICs, it should be explicitly
understood that such an apparatus has many other possible applications. For example, it
may be employed in the manufacture of integrated optical systems, guidance and detection

30 patterns for magnetic domain memories, liquid-crystal display panels, thin-film magnetic



15- heads, etc. The skilled artisan will appreciate that, in the context of

such alternative applications, any use of the terns "reticle", "wafer" or
"die" in this text should be considered as being replaced by the nore
general terms "mask", "substrate" and "target portion", respectively. 5 1In

the present docunent, the terns "radiati-gs'- and "beani are used to
enconpass all types of electromagnetic radiation, including ultraviolet (U
radiation (e.g. wth a wavel ength of 365, 248, 193, 157 or 126 nm and

S50 11, headvert The M pebt baLmpredtie i 48 el Rk Sish atmititon beans
10 Enbodi maelrf)% conk e 'dgc\-! ﬁP{HeQM“IrétchW'\paq%d%§ GiL0 dthlsqutvéﬁgulﬁ\}ag?xa”pl €

onl Y, W th erence e acconpanyl n ematl c draw n

cor r espondi da@isidebies @e@g rép/lﬁﬁk@b@‘y th@ﬂiof@édheﬁt@fe&ﬁ§ pﬂaﬂd"n&ubﬁfét@n anehrgdl Whi ch:
- Figure 1 deplcts a l'ithographic apparatus according to an enbodi nent of
t he inventpashion"l Espedtivglyre 2 depicts an al i gnnment subsystem of the

lith hi t 3 t f t enb nt of

| {hooraph  abparatugy o ELATE: B S0 Lol LSty PTOPLIRIL OB e
th I t

(el 9nenk SRS GH SRARLAELABRGRIA A AL ERIEPDNSIRR IVl e

of an ali gnwRRkL vedveleairo 386 CoI8di 98] 150 ok m% nf) esEetronvdithividlet (BUV)
conmbination with the detected phase signal of the alignnent subsystem -

Figure 6 deqadxatlen(mg heowigd wavelngtnighe rapge 608 nuaageclhasipartsiglbeams, soblase
profile of tt1)| rd entfodl nt of the alignnent structure of the present
i nvention; 325‘”1 BHUPE® %t@gl‘é%ee'ﬁlé schematically a fourth enbodi nent of the

o TR SubSYSLe Ogpbhl4 U O PR PR gk APt
of figure 7gnly, \Eitlgkﬁf&eﬁcdieﬂhélﬁ&oﬁlﬁl@n}&hg gheRatic PraeeRsuh ev}ﬁ@fcoare\épdrﬁlﬁngm ng
the enbodi ment of figure 7; 30 - Figure 10 depicts a fifth enbodi ment of
the align mwferanemlgpb indictte dpmespordingparts, and in which:

- Figure 1 depicts a lithographic apparatus according to an embodiment of the

invention;

15 - Figure 2 depicts an alignment subsystem of the lithographic apparatus;

- Figure 3 depicts a first embodiment of an alignment structure according to the
present invention;

- Figure 4 depicts the alignment subsystem detection signal for two embodiments of
the alignment structure of figure 3;

20 - Figure 5 depicts a second embodiment of an alignment structure according to the
present invention, in combination with the detected phase signal of the alignment
subsystem;

- Figure 6 depicts the position-dependent period change and resulting phase profile of
a third embodiment of the alignment structure of the present invention;

25 - Figure 7 depicts schematically a fourth embodiment of the alignment subsystem of

the lithographic apparatus according to the present invention;

- Figure 8 depicts the detected signal of the alignment subsystem of figure 7;

- Figure 9 depicts the alignment procedure for a wafer using the embodiment of figure
7

30 - Figure 10 depicts a fifth embodiment of the alignment structure according to the



-16- present invention; - Figure 11 depicts a flowchart for aligning a

substrate and a nmask pattern; - Figure 12 depicts a top view of part of a
substrate; - Figure 13 depicts a detection signal; 5 - Figure 14 depicts a
further top view of part of a substrate; and - Figure 15 depicts an

alternative alignnment subsystem Figure -ljgschematically depicts a

| it hographi c apparatus 1 according to a particular enbodi nent of the
invention. The apparatus conprises: 10 - a radiation systemEx, IL, for
suppl yi ng ectl on beam PB of radiation (e.g. W radiation). In this
particul ar Hfg MVERIQ i ati on system al so comprises a radiation source LA
- a first obj ecﬁlgvr&dﬂéiepwa%«ﬂ@\m%@)t foyrligningiadwlstygte hndaa maslkpaitarer f or

hol di ng a mask .MA ( [ dco ctedtoflrst posi tioni ng
means PM for ac Flﬁ?rgtlglcgzpﬁ: S‘sallte Pon] ngfp% R rsrﬁ U with respect to itemPL; -

a second obj ectripaflie de@%éﬂ@eé&mh%ténﬁb WI provided with a substrate hol der
for holding a substrate W(e.g. a resist-coated silicon wafer), and
iots @ﬁar\?ng

connect éd to sedgug 14ptepi r ippamesv Pipdrbef asubstratepdngd positioni ng the
substrate with res t.to ite L;. an ection system ("lens") PL for
i magi ng an i rra%‘gﬁrtggl& d5Brts %%“alnﬁ’@aﬁ%‘gﬂemubgé’éte%to a target portion C
(e.g. conprising one or nore dies) of the substrate W As here depicted, the
apparatus is of a transmi ssive type (i e. has a transm ssive mask)

However, in general, |t | so.b ectiv (with
a reflecti vegmas k) . A&ltgg?en‘rallg ‘i\/‘@f‘ ca‘ﬁf'ﬁlgplﬁ ?%fgp}?'}ﬁﬁpéﬁ?ﬂl%; a‘éﬁ%‘?‘ﬁ% 0 ?(l nd of
patterni ngz;%ﬁfllﬂ.ﬁ e?h%‘d?lnﬂént%f@ﬁ@i%&mb*rﬁe? afef?ﬁs it e9f a type as referred

to above. e source LA (e.g. a laser urce) pro uces a beam of

radi atin. -Thi sa bdaionisgstéadx, iit, forsupplyingd p@jdcton bysh B dfirhdiatiom@igeV | L,
either directly or after having traversed conditioning nmeans, such as a
beam expandediatien). frthierarkgnlar cayhdhe 1aighpn aystem plso eamprisesrayedistion syures i ng
means AM foi setting the outer and/or inner radial extent (commonly
referred to“8s a-outer and a- i nner, respectively) of the intensity

di stribution in,f ﬁ‘? gjﬁé’tni‘ablkfémﬁ& t%gfib Mloﬁ‘povicfed%{ﬂ a&%%&hérWoPﬂmfng%%X&r' ous

ot her conponents, as an integrator IN and -
MA (e.g. a retlcle) and connected to first positioning means PM for accurately positioning

15 the mask with respect to item PL;

- a second object table (substrate table) WT provided with a substrate holder for
holding a substrate W (e.g. a resist-coated silicon wafer), and connected to second
positioning means PW for accurately positioning the substrate with respect to item PL; and
- a projection system (“lens”) PL for imaging an irradiated portion of the mask MA

20 dnto a target portion C (e.g. comprising one or more dies) of the substrate W.

As here depicted, the apparatus is of a transmissive type (i.e. has a
transmissive mask). However, in general, it may also be of a reflective type, for example
(with a reflective mask). Alternatively, the apparatus may employ another kind of
patterning means, such as a programmable mirror array of a type as referred to above.

25 The source LA (e.g. a laser source) produces a beam of radiation. This beam
is fed into an illumination system (illuminator) IL, either directly or after having traversed
conditioning means, such as a beam expander Ex, for example. The illuminator IL may
comprise adjusting means AM for setting the outer and/or inner radial extent (commonly
referred to as g-outer and o-inner, respectively) of the intensity distribution in the beam. In

30 addition, it will generally comprise various other components, such as an integrator IN and



a condenser CO. In this way, the beam PB i npi nging on the mask MA has a
desired wuniformty and intensity distribution in its cross-section. It
shoul d be noted with regard to figure 1 that the source LA may be within

t he housing of the |ithographic apparatus (as is often the case when the
source LAis a 5 nercury |lanp, for exanpli@). but that it nay also be renote
fromthe lithographic apparatus, the radiation beamwhich it produces being
led into the apparatus (e.g. with the aid of suitable directing mrrors);
this latter scenarig is often the case when the source LA is an _exciner

| aser. The asondenser Ry Enthiowanike beam BB mpinggensthe srapk MA b dessiednari os.
The beam PB §Ob5ﬁ§1g§&1}n|té/nsi phercent s .t gc%nss_lé gA which is held on a 10 mask
tabl e M. |HB raverse(fyflhe maSK > PORES 9 PB passes through the |ens

PL, which focuses thesRRaMERENWRhIedRd BLhgRO N thi héSoREcel NG ndyRtNiglis W
Wth the aid of the second positioning neans PW (and interferonetric

measur i ng nhahsusing of thé bthoglephicatpparatialiheis \dften dre dase wherethe acurnce Atrelsy, e. g.
so as to position different target portions Cin the at h of the beam PB.
Si mi | ar Py, mefeusyilamp, 195 sxampla). byt thabih drappise b repoigdeam ths 1Hbegirptie ppparaus,

position t sk. Wi th.r ct to the path of the beam P . 0., after
mechani cal qﬁ‘? gﬁ?ﬂg%e%%ﬁ}gﬁ%ﬁ%iucﬁlﬁb?rrl%H%Héntﬁég?amabaﬁ%sr & glﬁhéﬁ?%ﬂ %a scan.
I'n general, g rRye &8t mirkd?$); 3 Rtbr Sc@RArRSis Wien WE ciid WhlPthe 88hicg 84 Wiahh the
aid of a |ong-stroke nodul e (coarse positioning) and a short-stroke nodul e
(fi ne posi téxoimerdaser \ifliechrente nneaitioaxapt ictaithé gncdeqpasd wodh of thefd genaics. However,
in the case of a wafer stepper (as opposed to a step-and-scan 20 apparat us)
the mask table M maylheksamRB sehssauandy intercapts fgrmaskiMak whightig Aeldron oor  may

be fixed. M b t b i d [ k all Kk
e o MR R BE ke S BN bR L R TR A i Tk
used i n twoygich FEhGE thEBERS PBlontd B tath&RoPRAEC of R siBstatd WO @i tiVhel 23d KEMRE
essentially stationary, and an entire nask 25 image is projected in one go
(i.e. a simgtend pdsatsming modrs PAVi(andymterfeosrhétan nféasurhng msedns (F)athe substhite WI i s

then shifted in the x and/or y directions so that a different target portion
C can be iteblgdVaicen bpynaved apauatelype-g a39ds 30 Positionediffersptitaracs perions & inyhe ne

oA Scenel .y SRR B s BB B B i B
directi@n ($d3RichQhé takEMA S6MtesHetO®lthOpath of 11 behRPB, ed. hRGUh&Ranitht h @
speed v, so that the -18-
retrieval of the mask MA from a mask library, or during a scan. In general, movement of
the object tables MT, WT will be realized with the aid of a long-stroke module (coarse
positioning) and a short-stroke module (fine positioning), which are not explicitly depicted
in figure 1. However, in the case of a wafer stepper (as opposed to a step-and-scan
20  apparatus) the mask table MT may just be connected to a short stroke actuator, or may be
fixed. Mask MA and substrate W may be aligned using mask alignment marks M1, M2 and
substrate alignment marks P1, P2.
| The depicted apparatus can be used in two different modes:
1. Instep mode, the mask table MT is kept essentially stationary, and an entire mask
25  image is projected in one go (i.e. a single “flash™) onto a target portion C. The substrate
table WT is then shifted in the x and/or y directions so that a different target portion C can
be irradiated by the beam PB; and
2.  Inscan mode, essentially the same scenario applies, except that a given target portion

C is not exposed in a single “flash”. Instead, the mask table MT is movable in a given

30 direction (the so-called “scan direction”, e.g. the y direction) with a speed v, so that the



projection beam PB is caused to scan over a mask i mage; concurrently, the
substrate table W is sinultaneously noved in the sane or opposite
direction at a speed V= M/, in which Mis the magnification of the | ens PL
(typically, M= 1/4 or 1/5). In this manner, a relatively |large target
portion C can be exposed, w thout havingig8a conprom se on 5 resolution. An
al i gnnent subsystem 21 (not shown in figure 1) is included in the apparatus
for accurately neasuring the position of substrate Wto ensure that
substrate Wis .properly.aligned during projection. Figure 2 schematically
Shows. the drPaRHEh gt bl SrARRPS 2 b alhidh Pans SpncetirlEufe SERERR TR o
radi ati on s4vig ginfllian8usly BBV LinGhé %ﬁé&;reoﬁgésne%ﬁreeﬁ@@a Red VIURLGES 26,
26a (formng an optical iI'nterference arrangenent), detectors 28, a and a
processi ng witicl M & thé\hialgnifightigr efths king @LUKIpicalP, Ms= BHeM/HSInahe redmegat , it
w |l be understood that processing unit 29 nmay be made up of a nunber of

i nt er connedelativelylage ssent portRad; san bexposads without Hagingde samipeonais¢ ager, is
arrangeS to g}inerate a spot of light on an area 22 on substrate W | magi ng
structure Z8CY%ins a | ens arrangement 240, 242 to 15 inmage area 22 onto
reference structure 28 ak 1 SRy kMUt (H6&héGm A giRAN i @ik MidBg id @di C
transm ssive properties. tector 28 is arranged t0 detect a spatially

aver aged i rapparfusyfoniccurately areppmingthggositianeaf sbistragd W ereneurstthal stbstateoW, is

Det ector 28 _has, an. out Qut._coupl ed to an., input. rocessing unit .29  which
T turn hadraraieda Bifing iRt dGe it 2SR MeRbiinn s Hhalie Sy e
are coupl et 1t ombiasitd A ptidal stBsyshin® it aQHBhl brf sOTBRSW, w%aggg&d&u@@w? an
out put coupl ed to processin unit 29. It will be understood that various

changesd Omayrefeeenea guetores B, 2fla (§orming an eptivel/iwtasterante wirangement)s desectprs@8i t s

function. Egy exanple, .mrr be added to. able to nmove el ements of
the'al | gnane BHaayecesh iteD SRR sPERnd il fo AdnSyn 59 BE UEmEREITEE ¢ he
al i gnment  syasdetsstddhati froded¥TRE it 20 Yna®etmdde uphF aRiaibRe bf Bferé@mScteuUt it 25
wi || be understood that the al |22)nrrent subsystem 21 may be further renoved

fromthe pireaseersdhadiatipn soptcei2d), fosexaaple 8daney is praanged éo ganseate aseotiof light t he

on o separ SLULEL 37 ARl b AR 2 condiog Aoms sFARRclRC SHEHR"

beam dursi nginilgk greaentontd ref@pideatiuotird 26 iRatdrentelstradfuredtt adsispatilyPeeiodid0 i s
reflected fromarea 22 and _30 imagi_ng structure 24 uses the refl ected
radi ati on tiERnsmassevearapertics. Bistestor 2P dy arprnged to drtedt p spatpdly averagedhimiagity of

radi ati on i A6 tahdninkl B9 S GS s ES6 TSGR0 38 S L oAl Ui fietect o

input of processing unit 29, which in turn has a control output coupled to second
positioning means PW, which are coupled to substrate W.

20 Interferometric measuring means IF have an output coupled to processing
unit 29. It will be understood that various changes may be made to the alignment
subsystem 21 without affecting its function. For example, mirrors may be added to be able
to move elements of the alignment subsystem to more convenient locations. In one
embodiment the alignment subsystem 21 is immediately next to the projection lens, but it

25  will be understood that the alignment subsystem 21 may be further removed from the
projection lens. It is not necessary that the substrate is in the path of the projection beam
during alignment. In fact, another substrate, on a separate substrate table may even be in
the path of the projection beam during alignment.

In operation radiation from radiation source 20 is reflected from area 22 and

30  imaging structure 24 uses the reflected radiation to image area 22 onto reference structure
26. The imaged radiation is partially transmitted by reference structure 26 onto detector 28

which generates an electric signal that is indicative of the spatially averaged intensity of the



whi ch generates an electric signal that is indicative of the spatially
averaged intensity of the -19- transmtted radiation. Processing unit 29
uses this electric signal to generate control signals for positioning neans
PW This involves a nunber of stages (which nay be executed by different

el ements (not shown) of processing unit .39).. In a pre-positioning stage
processing 5 unit 29 noves substrate Wand the alignnent subsystem 21
relative to one another so that an alignnment structure is inmaged onto
reference %tru§®$re %6. In an accurate positioning stage processing unit 29
accur at el y FAOSRiffeddadigion; it on of substrate Wand the alignment subsystem
21 relative to one armgb&Ringunk 29iukestBis@ldttitesorfato YHefdte SN LighAL W& of
interferonetric nmeasuring neans |F substrate Wand al i gnment subsystem 21
are in a 1(posieaing reansiPyrEtis invelves pember efritagan Oviieh ma\slbbwqam:{b)y,

processi ng i t i enent to,control one. or re posit.ions
N o pr edibseafeletoas oclsRowSTATIGRE i 20 4 et bioPlne e R RE

al i gnment  sylis)Ehemesdlibérde Waml the AlEMhent sObspiteBID ISielSive &8 6nd &nothBp¥6 thak OF
illumnation with projection beam PB. For accurate alignment, substrate W

cont ai ns arAnzAliggmephitrusture istimaged ontp seferengesstrycipie 86. 18 anmccwrateoaitigning, to be
di d bel i t:h i i odi flect| ' in. 22.
Dur s ng. acc Uit ragtsiie BATLD A ol PE AR 1 RoSFiob 37 SRR Wiefd nd fiedeh

reference g ibysednip Bral&tiveibons padthé 1.y, ibdkedrageed foratith odfput valdk of ransmitted
by reference structure 26  depends_periodically on the relative phase of the
i mge of t Hatesferoyngiainmeasyringipeans 1) suhstate (W and alignment subtystem 2lgare pa

Pr ef ly, i i [ ; f
AR PR i SR
been desi gnesutemdnt td @ntrolibnesel raciegadsiobaewith afpretietdrmad ddfsef toarpoitda a22.

For this purpose imging el enent contains |l enses 240, 242 with a )
di ffract i onvlichepbstrate; Wrand the alignmyspt fbsystenn 24 japesin ligpmentaty Whish shbsigte is

diffracted | ve: d ' : ctive 25 positions on
diffractioH&QY%@gpﬁﬁﬁPé%Kgaﬁﬁﬁkh?%%gﬁﬁgﬁgzﬁfs only light from sel ected
positions. A second |Enacéwatemlignmentpgbstodte AV eant2ids hn aligirhent istractare 10t @ek
light. Thus_ only sel ect pairs.of o rs_of diffraction are used for,

i magi ng'ont B2wey %r%ﬁc%a@f s _h? é@%@é 859wbmth§g%tw"§aeee@w qeHan SFAPSEisn
pOSI £ 0N MERASHELIE Burin abflrRe allghAbR (S 3gniRelf Strlkre fHS ithhoddhcireltbRE

signal to noise ra .
structure 26. The spatially averaged amount of light transmitted by reference structure 26

depends periodically on the relative phase of the image of the alignment structure 10 and
reference structure 26.

20 Preferably, imaging structure 24 passes only selected pairs of orders of
diffraction onto reference structure 26. As shown, imaging structure 24 has been
designed to filter out selected orders of diffraction from area 22. For this purpose
imaging element contains lenses 240, 242 with a diffraction order filter 244 in
between. A first lens 240 maps light diffracted in respective directions to respective

25 positions on diffraction order filter 244, which transmits only light from selected
positions. A second lens forms an image of area 22 from the transmitted light. Thus
only selected pairs of orders of diffraction are used for imaging onto reference structure
26. Without such selective transmission position measurement is in principle also
possible, but it has a worse signal to noise ratio.

30 Also preferably, as shown, a number of pairs of diffraction orders of the
light from area 22 are treated separately. For this purpose wedges 245 are provided to

ensure that different pairs of orders are imaged onto different reference structures 26,



30 Also preferably, as shown, a nunber of pairs of diffraction orders of the
light fromarea 22 are treated separately. For this purpose wedges 245 are
provided to ensure that different pairs of orders are imged onto different
reference structures 26, -20- 26a, each provided with its own detector 28,
28a. Although only two reference struct-@bes 26, 26a and correspondi ng
detectors 28, 28a have been shown, for pairs of diffraction orders +-1 and
+-2 respectively, it should be understood that in practice a |arger nunber

of diffracti 1 FQr. e Lr ractl norders +-n 5
(n=1, 2, 3, 4, g,gg,eggl?;ng%}gaegqﬁteh %f%gggéégg% %t%elzil,thou gﬁm\kﬁ e 7 § 6%n reference
structure aggucttes Q6] 26a. anartoﬁaspmtiimglde&ai@@snmea h&¥e Bde sRBOY,Folpsifsrdfbed

al i gnnent subsystem 21, the_inmaging structure 24 is arrang ed to filter out

the 0-th or élaffraCté?fl‘ @detsvel w%at%neﬁ@ctw% ihghoulshbe wndeestans thﬁgnﬁ)h@tlw aquency)
of ‘the al i ORRHnHGE HFffacn fﬁie}? 3 8&@?&@&@8& it AONRRerSL Ut LT €

10 on the wa ectl ’becone e refrence
gratings26. (#¢1,ho4gh6di.nahs teltﬁamﬂtsepamely, %th&Vﬁs bee refelenyssthieturt bed sake
of sinplicity, it should be understood that in practice the inmaging

structure 24¢®ET conprise a conbination of |enses or inaging ninors. 15

Furt hernore, although | on is
first reflected from éﬁ%l??érlgélgeé%gln@a}tEgﬁwﬁ%gﬂ%ﬁl&? e%ivgi roug%gu%g* erence
structure 2@1pthtdmegingstraciuied®d, is Iatrang&dlﬂd) €iltbreoa iy G-€t aided effbatvebt lgvin
configurations may be u@id For exanp radi ation refl| ected off ?er ence

structure 2é&hspgfioddoydq mééheaﬁﬁ‘?ﬂuémyr)éﬁmfﬁhéﬁmma%@ﬁ?ﬁ& ﬂﬁ#ﬁh@q’fl@lﬂfst rate
Wirey g usest difpniithPlfdhte 1Y RATH b Walengfectl BecofrRllh 8yl BeltBY e 20

fed to reference structure irst or n or ran sion) before
bei ng fed t the fibatceqrating/2ei or to det ection. Also, of course, the invention

is not limted to the er endlcu ar nc own in figure 2. To allow
accurat e nmeasur ement cﬁlR{OH Haglee %"éﬁts’cf@msﬂ%ﬁ%‘@ 1 shoyviefos ghe spke of
Ali gnment , i@(ﬁ} atgf:f@ﬁhahw@qﬁ rstd &Hﬁtwoﬁa&rcewl%agﬂgg@mm?e% Ay22 on the

wafer 25 ordance wt e prior art, may conprise two gllfferent
gratings fomoimqmbeahembﬁnanmdﬂdhseeotimagu@gmmdmgure 3). By using two

dlfferent grating pe s for hof th mar k 8.0 and. 8.8 m and
for thddcor r espondi nglj‘. HReG ot glg,etcgql anshéi #ﬁ@hse(‘}qg@ewherem radiafion 1s

first reflected from substrate W and then transmitted through reference structure 26 before

detection, it should be appreciated that other configurations may be used. For example,
radiation reflected off reference structure 26 may be detected and/or radiation transmitted
through substrate W may be used if substrate W permits this. Similarly, radiation may be
20  fed to reference structure 26 first (for reflection or transmission) before being fed to
substrate W prior to detection. Also, of course, the invention is not limited to the
perpendicular incidence shown in figure 2.
To allow accurate measurement of the wafer position (also called Fine
Wafer Alignment, FIWA), the alignment structure or mark 10 in the area 22 on the wafer
25 W, in accordance with the prior art, may comprise two different gratings for both the X-
and Y-direction (see figure 3). By using two different grating periods for each of the marks
10 (e.g. 8.0 and 8.8 um) and for the corresponding reference structures 26, a much more
accurate positioning and a larger capture range may be accomplished (using the so called
Nonius principle). The capture range is the range in which an alignment can be executed
30 without ambiguities. Because of the periodicity of the gratings, however, there is still an

inherent ambiguity in the fine positioning. In the case of the combination of the 8.0 and 8.8



accurate positioning and a | arger capture range may be acconplished (using
the so called Nonius principle). The capture range is the range in which an
al i gnnent can be executed 30 wi thout anbiguities. Because of the periodicity
of the gratings, however, there is still an inherent anbiguity in the fine
positioning. In the case of the conbinatign of the 8.0 and 8.8 -21- m
gratings, a periodic anbiguity of +/- 44 mexists, which can lead to one or
nore 88 merrors when the initial position of the mark is outside the +/-
44 mrange. This neans _ that the actual position of the alignnment mark 10

may be at dURBRIRGE RTioficABHERE ¢l 44 HE Tt dthich wslpqd terpnemr mne §8 Waf er
Al t f t
oot SR PR Bl TS 1054 B, b8 S o

FIVWA may benpehé 86tiEhodRiodDf HRPA ahenmaﬂm 0hfHay Beisth cﬁﬁaﬁ&%f‘fﬂ@g\@ & Qo phase
grating, or the known combination of a 8.0 mand 8.8 m phase grah ng using
e.qg. the ath@daected;pombem t echni que using the Nonius pr| nci pl e.

Alternatively, the FIWA is_10 performed using the mark 10 according to an

enbodi ment of the preS@Atse W@h@]lﬁﬁnm@f@w@h@é@wﬁﬁ OF LRI VA m%‘%ft pesfosmeti on

wi th the narnal er| resent od an e of
a phase gr a{{llcﬁlaal §mb gﬁﬁ OA‘I%E@ be aﬁbﬂds[%“(% c?l?xﬁﬂg?ch%lpl tﬁ%e‘%lﬂsg{h#lﬁe
initial posgriyRm ﬂ%@%&‘m%@ﬁﬂﬂg&éba%fn‘éf@l@ ﬁic}{\%sﬁ%m“%sson | phas€ - 9. 8.0
m grating mark confidence check). 15 The coarse wafer alignnent may be
ef fect ed usgrating ontlwtimovmfcommmaemamf a 8tO/paand . mmsﬁa@rgammlﬁg)é githe mark
10. The underlying 1grl nci pl e of all these types, hat a non-periodic
feature of abeue gessibedteshnigye Psgn&%a\f%uwmcwl%rﬁﬁe@ﬂtw@sﬂterFéWfés@ st when

only t n I| th her eby. the ca ture ra

and/ or u’t%hegq 5%%3?(?1 g@wﬁ ?ﬁpg?‘}rlggl 8 |g%&‘é’ i[mengf)%'%e éesantl g‘?nﬁl n ggrbm
gratings oriaeGRAREOA!ILAR a@éctﬁm%m @8 dofndl p%Ho@bmsergkdm@) AﬂE@ tﬁ@fn"é!%cgﬁd
beyond the periodicity of that periodic alignment system (8.0 m and 88 m
resp.). Themethod ped usdofca flea¢ graéngraya bark Memagdel appliedhe cbénk&&@heﬁtthmggMar k
10 on the wafer in a nunber of manners. A nunber of enbodinents of the
mar ks accorigitidgpesitiembas baeadend tp podorn B R IWiA ysinga single &0 pal. gratingaeakher
W th posm\%i‘j tﬁ(gemfh ?rocesm ng 25 required for that enbodinment. In
gener al onfIdelee M) nar ks 10 whi ch enbody the present invention exist,

i.e. afsrst class i nrphidahsetiifeNBamentl may BELRSEQAMONMmbS JfABTrbS
types of phase gratings for the mark 10. The underlying principle of all these types, is that a
non-periodic feature of the phase grating is used to avoid ambiguities that exist when only
using the fine wafer alignment method. Thereby, the capture range and/or the robustness of
a periodic alignment system (e.g. using 8.0 um gratings or a combination of 8.0 um and 8.8

20  um gratings) are enlarged beyond the periodicity of that periodic alignment system (8.0 um
and 88 um, resp.).

The non-periodic feature may be included in the phase grating mark 10 on
the wafer in a number of manners. A number of embodiments of the marks according to the
present invention will be discussed below, together with possible specific processing

25  required for that embodiment. In general, two classes of marks 10 which embody the
present invention exist, i.e. a first class in which the phase of a detected signal is used to
determine the mark position (or better: non-periodic feature position), and a second class in
which the amplitude of a detected signal is used to determine the mark position.

As a first type of mark 10, a so called Phase Jump Mark is shown in figure

30  3.In broken lines, the reference grating 26 (e.g. with a periodicity of 8.0 um) is shown,



determ ne the mark position (or better: non-periodic feature position), and
a second class in which the anplitude of a detected signal is used to
determ ne the mark position. As a first type of mark 10, a so call ed Phase
Junmp Mark is shown in figure 30 3. In broken Iines, the reference grating
26 (e.g. with a periodicity of 8.0 nm isjpshown, -22- which is noved relative
to the phase junp mark 10 shown in non-broken lines. Such a phase grating
mark 10 conprises |lines and spaces as conventional alignment nmarks (e.qg.
spaced at 8.0 n), but, the periodjcity of the grating is broken at one or
more posi t i'BHEN Moy rﬁgavgmqb? phasefip Tk O %%@élqnd?fﬁk@? lipgseSwelra at

this positi S)s J . i mar k. 10
conpri ses tp&ggep%f? ?lléé ﬁ%ﬁp]l(g&\%ﬂ?ﬁs%gﬂg%a%g%a%gg P‘%‘é"”f?&%@ﬁ“%{g}?? lﬁ%ﬂlﬁers{‘gl%ar%seqﬁi%di city
of I'ines angasaas 8o, wa))bubthk pRfiodieity 60ine Bratidg REbrORENatldE of W pbdifonslts 12
where the space is not filled with a phase grating having the sane

peri odi ci t yfdlie inarke sesatiahg is p pbes jamptofi thetmark pathtispdsition(d). Itican als8 be defipddase
grating, e.dg. one of  the spamﬁs 15_ma¥ be reduced to 4 m 4/7 m_ 200 nm or
enl arged t dhatzhephasgamp marle b9 sRmprises tHQ Patolin 120vitha phage geatip havipglihe he 4 m

d 12 and. 1 he,.r ef L] | appi.ng the t 1,
150 te phagneerpaich BEE B SREE, 3ol Bu RSB P bRk e PR 017 &
differ 7c fykp ieasphtas aotfifldEwRR 6 phBRIMRET Habiio'tBE SInBNE&@ ity JTdindfshdar t

12. Because of the non-periodic feature 15 1n the periodic grating, a phase
change wi | Ispacesas thehimo paite 1l ei2lendd) gmphasegrabg, s.gnoned the spaceespeay beo t he

phase gratin 15 10 on t he ﬁﬁf er Wusing the al iggment su];afgiystem 21

di scussed dBe¥ed torflikgn. FHAuw, %ﬂ’@é’rieglaﬁ%egé‘éﬂ@ Hh(tRe Eh her ebrdimentassbewnr der s
n of t refl ke i ecel n r re of the
00 o 18, " Sk, Sk AT 0 A, DR NOen 0 8%, RlerPPiBlle
signal, e. gwolpar@np! vi, mige %ab@&iffe_férke BEtwleBE ¥R aRHnRE gﬁ.i_ﬂﬁ§ Bh®$&S I e Woulanal

phases in a predeterm ned position wi ndow. At the point in the scanning
di recti on (differ © fiom the phasectifferaceA@Etwirmrtbe tefiercnde gyareyendgiagni®. phase changes
at maxi mum speed, the_ captured alignpent mark position 15 is present. Tests

have been perforned lﬁqcﬁbseé)fﬁ}ﬂﬁ'r‘ﬂf&’?%‘)déﬁ fertareeht Indhe periedin aigang.(aphase 4/ m 12
T 1 20 ko 08} SR ST RLOPERL BT B SR SR ARt
phase j1¥nNp 1REKhe WaTErOWi e the @l_i?ﬁﬁént kdssysteH M distubdel abOVe ThiHASE change
nmeasurenments (best reproducibility of results).

is present in each of the detected orders n of the reflected light beam. The signal received

on one or more of the detectors 28, 28a may be processed to derive the phase of the

received signal, e.g. by applying a best fit on the measured and processed signal phases in a

predetermined position window. At the point in the scanning direction (e.g. the x-direction)

20  where the alignment signal phase changes at maximum speed, the captured alignment mark

position 15 is present.

Tests have been performed using a number of different phase changes (4pm,
4/7um, 12 pm and 200 nm), and the captured alignment mark 15 has been detected using
different orders of the diffraction grating. It has been found that the 4 um phase jump mark

25  provides the best results with the lowest order measurements (best reproducibility of
results).
| However, it has also been found that using the phase jump marks 10 with a
rather large spacing (4 pm) the detected signal at the actual alignment position is actually

the weakest signal over a larger position window. This of course may result in unreliable

30 results. It has been found that the weak signal is the result of the left and right part of the



However, it has al so been found that using the phase junp marks 10 wth a
rather | arge spacing (4 m the detected signal at the actual alignnent
position is actually the weakest signal over a |larger position window This
of course may result in unreliable 30 results. It has been found that the
weak signal is the result of the left an@3right part of the -23- phase junp
mark 10 wwth a 4 m spaci ng being out of phase. When the spacing i s made

much smaller (in the order of 100 nm e.g. 200 nn) this signal weakening

effect is ch . less praom nent or even absent, d still the spacing 15 is
| ar ge enougﬁla?eo‘“ﬁﬁ’ @@‘E‘é@t‘@ﬁh B &iHm SPaCcg H?H%@té?@g&éﬁ \%)#eﬁﬁter?aa?mwma%r e 4,
this effect i d . Hod 4 - ali ! s a
funot on o §iEe KRB HECHe (OAOBAR 20 o el SOREhe SHOLE: miip
phase j unp lexrgfomimenner cved abieanaad vl tikngadih@Us & 14@@&1@&& folR dRtdcarm®iig

signal S as a function of the displacenent x fromthe alignnent subsystem
21 for the thtipkase jdaieptionamithod alvi frayrexd,. 26 effeeh is ghustratgd: figure dashevsthen, t hat

t he alignnent signal for the. 20Q nm.spacin hase | mar k, 10 has. a nuch
| arger si grikien@epEHgal S48 atf}'\’éc%niogﬁléeg&ﬂg%‘iefr}eg‘ X%?&hg‘ﬁjﬁggg‘@e%ﬂsflbﬁﬁ@ﬁ% 4l rgnal
S for the ] 3y 10. . T L OAL G r t he
mar ke 10 canMapEBRTAY nBARAShLRR R Sthchil: ard 6ale o RN O b ARl $4°
embodi nent aiﬁméﬂi‘tﬁi/\difth@dfshgbérﬁexﬁ-x fhin tHY i ﬁﬁk‘tulnsegs&em 21 \i6r théphse }énﬂ HarRf
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the phase grating 10 both have a period in@% different fromt
reference dwaingrg2onm ypaningybbandetseen, that theaigemgntatignalyS 26r the 200 nasypacingt o

the LPPM 10, 15 two linearly varying .phase profile signals. can be detected.
For one of I Rk HULhes 2 my 1'iga%lﬁ!gﬁéﬁ%&ﬂéﬁehﬁﬁ@%&p&ﬂtwg thanthed of 8.0
m, thgpali [ I [ : = cosl (8+4)xJ
:do+Ac§gL28@q%H§1-Qgt>§l fgq%%s§(§lh[ﬁ€4€§gg%§id§§§%&tjﬁg@?%gﬁgl i gned position varies
(A18) nicron per mn Crrie mhifdriod?Festlirel dfeheMBACLEEANROS ol dibodiedl d3aMehedr

non-periodic feature allowing to detect a unique position, the gratings 11,
12 of the Lt pofils makohdPM)cThid emboHinmdnais shhende figuteesd In this gmbehimephase

ar (). The WS 10 [AHOR POSErtiigr A e EoRdRISha S em the "
'mnﬁlgr tsﬁg: : ?fétée?%}clg%ga?ien }[’Rpglr’}l%gglzovgggsthler?efte%ée &'mﬂgbgm’reéﬁectslja(wé EPPI@I hfpt In
15 two linearly varying phase profile signals can be detected.
For one of the LPPM parts 11, 12 (taking the reference grating period of 8.0
um), the alignment signal then looks like

S(x)=dc+ 4 cos[-@z:”A—) x:l

=dc+ A4 cos[%[ (x - % ijI (A<<8)

It can be seen that the aligned position varies (A/8) micron per micron shift
20  of the expected position. To have a non-periodic feature allowing to detect a unique
position, the gratings 11, 12 of the LPPM 10 are constructed such that the detected
alignment phase signal Ax,, shows two slopes with opposite slope sign (See figure 5
bottom part). The unique alignment position can than be derived from the intersection of
the two slopes.
25 In this embodiment, it should be kept in mind that the different periods of
the LPPM 10 will lead to different diffraction angles, which must still be transmitted by the



the LPPM 10 will lead to different diffraction angles, which nust still be
transmtted by the -24- diffraction order filter 244 (see figure 2). The
order positions are related to the mark period by f xord=nord d O where f
is the focal distance and do is the mark period. A change in the period of
8 nmwill lead to a change in phase slope4af 1 nm mwhich can be accurately
5 neasured. A relative period change of 1% will lead to a shift of the
diffraction order of - 3m The two sl opes may be neasured using a single

reference grati 26, a si nglLe i i nation .spot, or, as depicted.i
froure s, duiiagiitariet PlipSaadlsitifinn ok 13 Salea Boutm 4 trtiadia B mapbperio ch
bot h nove iﬁg the direction indicated by the arrowto allow 10 sinultaneous
determ nati on of t/{le two sl oped signals. In an even further enbodi nent of
the first c}ggna%f__bﬁase gratings 10, the variation of the grating period
has a sinusoi dal” prdfile (Sinusoidal Phase Profile Mark, SPPM. The two
slopes in the resulting neasured signal are then replaced by a sinusoi dal

shape, of which the tWisreais teaficpldigfanceand ¢ éscthe waekperingl. peghiange wfthe he

si nusoi dal phase. .15 prafjle.is ch.larger. thap, th eri.od of. the reference
orat 1. (e mriogogfanbidl leadsg § <BRREH in Bhags Sap St b Al repecutety
detected p Ha i fo f the
al i gnme(r%lt mar ul%g'. R%Elgﬁ{lgf)ésrik(ﬁluése%?%ﬂ?ﬂp@\e@gqﬁwiaﬁgﬁig{lﬁ gﬁg%%%}lﬁggg?ortgm a
posi tion-depemdent period change: (2- x 1 A(x) cos phase profile = cos 2L Xx(
- | where again we have the boundary condition that A(X)<<8. In this
equation, 20 A(x) i sTheraopdeies msy-beanrasered usipg pistnglecistatense gxating 26taad a

g o AR R B O B Lt LT LI ek
Sy M IS Rt oS R ) o BRI
i ntensiy afimtibhedad éstépsinatidrosfitReitwo sloped signals.
In an even further embodiment of the first class of phase gratings 10, the
variation of the grating period has a sinusoidal profile (Sinusoidal Phase Profile Mark,
SPPM). The two slopes in the resulting measured signal are then replaced by a sinusoidal
shape, of which the top can easily be detected. When the period of the sinusoidal phase
15  profile is much larger than the period of the reference grating (e.g. > 8 pum, preferably even
> 88 um), a sinus fitting of the detected phase signal profile would provide the capture
position 15 of the alignment mark 10. Such a sinusoidal phase profile can be obtained from
a position-dependent period change:

AGx)= cos(lL’;x)— 1

= phase profile = cos(gLE x) -1
where again we have the boundary condition that A(x)<<S8. In this equation,
20  A(x) is the position-dependent period change, x is the distance along the (longitudinal) x-
direction, and L is the alignment mark 10 length. An example of the sinusoidal phase
profile (solid line), and the associated required position dependent period change A(x)
(broken line) for the SPPM 10 is shown in figure 6.
The second class of marks 10 uses the intensity of the detected alignment
25  signal to provide the capture position of the non-periodic feature 15 of the mark 10.

In a first embodiment of the second class of marks 10, use is made of the

finite properties of regularly used marks, such as a versatile scribeline primary mark



25 signal to provide the capture position of the non-periodic feature 15 of
the mark 10. In a first enbodi nent of the second class of marks 10, use is
made of the finite properties of regularly used marks, such as a versatile
scribeline primary mark -25- (VSPM, a regular 8.0 mphase grating nmark or a
conbi nation of a 8.0 mand 8.8 m phase mgrk. In an exenplary enbodi nent,
the marks present are scanned under an angle a to the | ongitudinal
direction of the mark 10. The angle a nmay vary between 0 and 90, in which
a=0 and a=90 are special cases. In figure 7, an exenplary arrangenent of the

5 scanni ng (MSPAD, Reegulardal naxrhase gpbee matk et wmbinatiog ofladsturgrand S umark 10
CoMPrT <1 10, e 33058 BORES FLBYE, B e e Roph S 4 e gL e
scanned by gfhd lohphdiadlidpRcERPs ROmAtE 10, tike anglarapmapu&y%e@%%htoe Al 9029}

scanning angle a. In figure 7, also a coordinate axis is own, 1 ndicating
t hat the phakieh gr=8f andje=31° aadpcsial hasee Ih lfigure 1, angrahpldiyerahiganentroftie
x-direction 10 and a snmller dinmension in the y-axis. The intensity signal
det ect ed byscanng withithe Humipdiopspanansanfexistiag phasgl ssatinggngrk (10, q@murising thgr t i n
figure 7, detecti t he..8. ratin .1s sho in the plot of figure 8
nsa Funct | SRUGH MRS SRR on < o Bubs' e B lpreferaind HoaZereseh
detected signaly gioS,dRAYA 8/ b Hhadl QkEh) latd \Ranttd 5 hndl i BNRIbR sHRIR Wi fhet he
capture pos'%?on.oihe detect%dq%% égptugg position in thislcaggﬁ homeveF, IS
t he capt ur esapeYbtii @ppokite $ipeed)scanaingangley:. dn figaiei 70 alkso apeoiaiatk axik & shbont he

| ongi tudi nal direction (x-directiaon) of the phase grating_ 31. \Wen_ both
phase gr at i ingisating thabthg phasggsefings 34 l3BdA2 hAve theiy lengest dimegsien ingbg grdiresion t  of

t he capture posiﬁkpgimjll re ulya.The di agonal scan nethod as di scussed
with rePer eded $olieR SmGRSIOR HE Y298 shown in figure 7, may al so be executed

using only a single orRlinRGsidlsigddl Qe bPRR A, B ' ]
obtai ned from a phase lig;‘%lati ?113}1%% 35 extgndi nggn%r%ﬁ%éﬁeg}%ﬁ??ggﬁ%ﬂ 1?ovi des

t he capt ur escan$d.g.ilefi paift in figurelVadetectingkthd 8.0ipmn gieeing 3 1 Hisiskewn dmthelplotaofsi i | ar
manner, the capture positiaon of a,ggﬁse mark 10 extending in the y-
di rection wigure Sraspifectipncod thaiy-sosiden. {n Saurers, else the-cvelepe poie dptvstedisiensk
marks 10 are 25 present pon the er, in.bath the x- and y-directian in.a
nown cont | GaPQYR R i rgleh iy WG v HRaP by Pl Pohort The et o o
shown i1y figufGe Boibiid MR RABATSWEVE! isMEScapiite pogtiGainRd iRection (VRBrection)
x-direction and two phase gratings 33, 34 extending in the y-
perpendicular to the longitudinal direction (x-direction) of the phase grating 31. When both
phase gratings 31, 32 are used as shown in figure 7, a more robust result of the capture
position will result.
The diagonal scan method as discussed with reference to the embodiment
20  shown in figure 7, may also be executed using only a single grating 31.
The envelope of the intensity signal obtained from a phase grating 31, 32
extending in the x-direction provides the capture position of the phase mark 10 in the y-
direction. In a similar manner, the capture position of a phase mark 10 extending in the y-
direction will provide a capture position in the x-direction. When phase marks 10 are
25  present on the wafer in both the x- and y-direction in a known configuration (i.e. with
known mutual offsets 35, 36, see the example shown in figure 9 with two phase gratings
31, 32 extending in the x-direction and two phase gratings 33, 34 extending in the y-
direction), the found capture positions in the x- and y-direction can be used as expected

positions in a normal coarse alignment procedure (e.g. using a combination of 8.0 pm and

30 8.8 um phase gratings as described above). Sometimes, it is still necessary to perform a



direction), the found capture positions in the x- and y-direction can be
used as expected positions in a normal coarse alignnent procedure (e.g.
using a conbination of 8.0 mand 30 8.8 m phase gratings as descri bed
above). Sonetines, it is still necessary to performa -26- coarse alignnent,
as the accuracy of the diagonal scan praqegdure (the envel ope signal) is

e.g. 30 mdependent on the width of the phase grating marks 10 used, is
sufficient to determne the correct top in a 88 mperiodic signal (as
delivered by the 8.0/8.8 pure phase grating conbination di scussed above),
but not suf@ﬁ@?éhgwelacwﬁa?@uwmﬁmwg@a fran pEcedee (ths epvglopersignad) i§ m

ot SulTTerently e S e g |
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envel ope ShRRSmMMKESE Bbrredl t&;hﬁlla %@ﬁﬁ%ﬁ@di_%is%é@i (as M\E&ﬁ@r&pbﬁhg rsai/s.élcg{m hakgnal

bel ow a predeterm ned threshold) is received at all usi'ng the alighnment
subsyst em Zratinghésnbinationatigsissedabotd)cbys mas suffjciantiyngr coeatdk tolddtdrasnclibe begect
m ssed. Then, .the search w ndow of the alignnent subsystem 21 shoul d be
ext ended deP éht P0g¢m perigdic §jgpal- a positional shift equal to the (known)

| engt h of the phase at i;n 1. he di.agopal scan nethod is .
particularly suited %hléﬁggﬁna\iﬁ% nhrger h?(}]rgreﬁgft%%f’g@g %P(?é‘lf)flicpeﬁm&fast@@n&éf er

al i gnment  ugher ApRak %?étin%@lm,hf?&e AN b R IdRCRENVERPE Sh&JeRESnt thhe
correct (confidence check). 15 For a=0, the non-periodic feature 15 of the
mark 10 i s detestest Sigrial aWteena sighal (bh&sipha belogr apiedete@dined Bdteshold)iereceived

| ongi tudinal directjon of the phase ..34. The capture position

ting, 31.
(eit her theatﬁllﬂ@ingéh‘@éh%\mqnh@@é@@tﬁ@q;@)@%ﬂgm&em%ﬂm@aw%rmmggmauk 10bas, or a

conbi nati on_t her.eof,) —may .be derived fr t he envel ope of,the tected
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| ength of thenEhAYE cOithiasBibnal sBikt e Rl fthe ATIMn) IHGHONNOBRIL Grinkeat ur e
of the phase grat ;c(nf]g is taﬁsstgrt an%(ﬁfeand %?mt%he)phgtse gra?i r?g%?)éitmfg 34 in
t he cross dilr.ed4.iThe diaganal swen pestlcidcs partictilarly keitddan ghéakowinher the detedtedn) . | n
this case, a capture position in one direction (e.g.. y-direction) my be
det er ni ned Resiting afitee Waler pbgnmey uping adletsetion mgthed haging ppssibla periedis arrosshisn

the reference at i 26, and the phase grating nmark 10 happen to be aligned
so t hat the%?”glgg&@%@%c%g%eﬁ?g% of phase, it is possible that no signal is

detected at -all usi ngrdrhe-cal ﬂh@ﬂﬂﬁ?&ri%@%ﬁ%@% éf the nldtkS 0GthedtPadiPRRGT When
the angle is very near to 90 and the lines are | ess wide than the spaces.

However, a thephaseamatmig 3 .a34 ar the $orgfitudinhibdigpetiom of the phasegiratire 3lal.34li Trect i on
of the capture position (either the first edge or the second edge of the phase grating 31...34, or a
combination thereof) may be derived from the envelope of the detected alignment signal,
the length of which should generally correspond to the length of the phase grating 31...34.
20 For a=90°, the non-periodic feature of the phase grating is the start and end
of the phase grating 31...34 in the cross direction (i.e. perpendicular to the longitudinal
direction). In this case, a capture position in one direction (e.g. y-direction) may be
determined using the x-direction phase grating 31, 32. In this case, when the reference
grating 26 and the phase grating mark 10 happen to be aligned so that they are exactly out
25  of phase, it is possible that no signal is detected at all using the alignment subsystem 21.
This can also happen when the angle is very near to 90° and the lines are less wide than the
spaces. However, a new scan with a very small change in the longitudinal direction of the
phase grating mark 10 will then provide sufficient signal to determine the capture position

in the y-direction. This special case of the diagonal scan has a further disadvantage

30 compared to the diagonal scan with an angle 0° < a < 90°. For the case of a=90°, the



phase grating mark 10 will then provide sufficient signal to determ ne the
capture position in the y-direction. This special case of the diagonal scan
has a further disadvantage 30 conpared to the diagonal scan with an angle O
< _a < 90. For the case of a=90, the -27- alignnment subsystemw | only

detect the envel ope signal and wll not -ggtect an alignnent signal in which
al so the periodic features of the phase grating 31...34 are present (which
woul d allow the signal also to be used for further (fine) wafer alignnent).
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scans, as the signal acquisition for capturing an i 'gni ng can

perfornmed siould aleowe dhesdignal Alss 0o beraselufor fuether (fine piwafee aligtknt). 0 be added to
the alignnment subsystem 21, as the illumnating beam (spot 30) and
associ ated drive nearndie diggonalrsaymetwdsf shexdigamgnbsbexstem prbvides caswibey of

el enents 29 are already. present. As the diagonal scan uses fhe s mar ks
10 on tRe v@%g?raw Sl ICEGFG RTR Owﬁnﬁ%tﬁww?g%t FASHR In Wiych 9% fﬁ’e?ggipoace i's
needed in t i " : . di agonal
scan net hociﬁll% S&ﬁg@fﬁﬁg&%ﬁg (l)}lt’ &?r%@‘fgm%%‘é élﬁﬁféﬁ(\;/\}%? %d}nﬁ?,z-‘s?%enﬁgﬁl: when a
phase gr at iaaguisiiok fddcapaningeand aligtihg danibd pgfdred sdiuhedustydiAKS hb Givther

scanni ng of a phase grating mark 10, the phase grati n&_mark_ 10 will al so be
det ect ed udiapdyvarg ne t@lbaggdﬁdlmél@eaahﬁnngnhmbm@nm Rh, 3srtees Bhumisatingdresm (spas

hoi ft ' f t illum ' b ' trade.off: f ti
per 1 or mancet) AR Roar crenaryE A Uit aab sed waGE ProcruR oPReRt D)
per f T ESCeITar i
eniar ga?  ne” Al pRel SR naP sk el i Rl OT PR Wl bt (e

di agonal sdanthedimeweifer alighteat)ao dertitdr spavk ithdededir the 8giichmep base Wwifet Wng
mark 10 (which is much |onger than wide) 20 is greatly enhanced, allow ng
t o act ual | yThesiebusteass pf the|diagenalscammethodns thesame psifar e exastingdineswafenf t he

eSS AR DT N S L T
o0 AOIGEUEERSLSSRARAELD o bt URSLEI TR
10 in Wi chtheiagbeal geankink(methodTh pesert systems, thachoidelofthé biza op theiilbathiiatiyg of 8
m and a second part 12 with a eriodicity of 87 m When detecting the n-th
order di f f rkeem ig@ tegfle pffi for mrimaﬁmrf@n@n@ﬂ i shayjld be vere smalido preveridiressitalkwi | |
be detect edwf%l\ll gtrhe; e%tu?gst Anr he r\rv%rfel% \)37 Ho&lél{[/er} ab \%& syn\liah lithl?rrelingting beam will enlarge
the chance of missing the phase grating mark 10 at all. Using the diagonal scan however,
the chance of actually hitting the phase grating mark 10 (which is much longer than wide)
20  is greatly enhanced, allowing to actually use a small illuminating beam.
In a further embodiment of the present phase grating mark of the second
class (intensity detection), the mark comprises a first part with a periodicity of, in general,
X pum (e.g. X= 8.0 um), and an adjacent second part with a periodicity of X/n, n being an
integer number (e.g. n =7). This embodiment is shown schematically in figure 10 in which
25  the mark 10 comprises a first part 11 with a periodicity of 8 um and a second part 12 with a
periodicity of 8/7 pum. When detecting the n-th order diffraction of this mark 10, signals
with the same periodicity will be detected over the entire mark 10, but there will be a
noticeable change in intensity at the changeover 15 from X to X/n periodicity. This allows

the detection of the capture position 15 of the mark 10. For a robust and effective error free

30 detection of the capture position 15, the change in signal from the alignment subsystem 21



noti ceabl e change in intensity at the changeover 15 fromX to X/ n
periodicity. This allows the detection of the capture position 15 of the
mark 10. For a robust and effective error free 30 detection of the capture
position 15, the change in signal fromthe alignment subsystem 21 -28-
shoul d be as clear as possible, but stil-R8-a signal nust be detected from
both parts 11, 12 of the mark 10. In practice, this neans that e.g. a
conbination of a 8mand 87 m(or 85 pm phase grating will provide a
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10. Duty cycle is the'ratio of the wdth of a 1ne and 'a space |

al i gnnment  ghy pleke petingdi provade@ivorkiableunak d 0 descoapleassfergllighinegs 10 are
provided with lines and spaces of equal dinensjion (duty cycle 50% . When
the duty cycle of thdnjapalemative spsengor he peradigiris ahangedyivier theanartliceabl e

in the anplituyde, of the signal fromthe glignment 10 subsystem.2]l, and this
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Figure 11 shows ﬁ).fﬁlﬂyvcﬁ?@fstth@faﬁ%!ﬂhe?\mm@fﬂr?&rﬁfd'aO%a&f inRhO&ESHhdg unit 29.
The fl owchart contains a prepositioning stage 301, an alignneht neasurenent
stage 302 samctuge. hhriet hamahgircmstagen phaegirataps d0ageprddidled With liesepndi t i oni ng
stage contains a nunber 15 of steps. The steps of the flow chart are

i mpl ement edpress of gaw [demensigiy @Uiydivels S8%70uMhgbithe dysy expland e linpsand spetesis in
an instruction ry..(not sh ). of processi unit .29 for.. execution by a
convent i ona[“lha%ﬁr‘ﬁgﬂi?%%’% E%Po%cf‘?%)mﬁﬁa%}p@i@sqf% sdgna:l fiog theAlighaent o ng
stage 3@1 %B%?%{éﬁ? 28 Fnld"tBik wifl §eREHe AR abtdld ShsitioRPl 53 4his 3Modiniehf of R hdrkSt
step 304 of tHe prepositioning stage processing unit 29 causes to neasure 20
signals froma.detector 28 (and optionally fromdetector 28a and further

detectors) at a series of positions of substrate W For this purpose first
step 304 includes a fligare 1dshows aplozichagiof paisof Hg apreation b progessingrunied%er W
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the 25 size of reference structure 26 (and the illum nation beam 30).
third sigb- sifepeps I Bhesiopsrafshe flinaichirerefimpiimeard foeexantpls bp piviiing s euitabieat ed

for different positions. Figure 12 shows a top view of part of a substrate W
with an al i pyagraat of instructions in an instruction memory (not shown) of processing unit 29 for
execution by a conventional computer (not shown) in processing unit 29.
Prepositioning stage 301 contains a first, second and third step 304, 305,
316. In first step 304 of the prepositioning stage processing unit 29 causes to measure
20  signals from detector 28 (and optionally from detector 28a and further detectors) at a series
of positions of substrate W. For this purpose first step 304 includes a first sub-step 311 of
rﬁoving the substrate or wafer W to a series of positions relative to the measuring
subsystem and a second sub-step 312 in which an intensity signal from detector 28 is
measured at these positions. The range of these positions is substantially larger than the
25  size of reference structure 26 (and the illumination beam 30). A third sub-step 313 ensures
that the first and second sub-step are repeated for different positions.
Figure 12 shows a top view of part of a substrate W with an alignment
structure 40. A scanning path 42 has been indicated. Path 42 is not part of substrate W, but

indicates successive locations 44 of substrate W at which radiation source 20 provides

30  spots of light on substrate W which are imaged onto reference structure 26, during sub-step



structure 40. A scanning path 42 has been indicated. Path 42 is not part of
substrate W but indicates successive |ocations 44 of substrate Wat which
radi ati on source 20 provides 30 spots of light on substrate Wwhich are

i mged onto reference structure 26, during sub-step -29- 311. In an

enbodi ment the apparatus is arranged to.-gan al ong a neandering path of
lines. This provides for a two di nensional search area wth m ni nal
novenent. Wndow 46 indicates the size of an area of points on substrate W
that are inaged onto r fereﬂce structure 26 at a _single tine. As can be
seen the i n%lge rb"?“%ﬂ“i"@fﬁ%ﬂ‘tt ¢ EPRAEIIHY 1§ 2m@ngHd tp SeanAleng apeandaring Pathy of jmss.

structure 2§.. - far I M- . Bt a,mi ath 42
as indicat e’@nggll(%(/h%g If?%ea%%bﬁg%gwg%gg%ﬁgg‘tﬁﬁerh%ﬁlﬁ%lﬁhngﬁéeﬁir s d&%eéléj@. In a
second st epindRBtedTheRiRNTaN kA UMBirts GYSubIRAte W Bl S iRthgbd bhito3Eferdn@EPUL €S
anplitude information for a nunber of positions along scanning path 42. For

this purpogtmstise®aich singlp tiBes Ascan h¢ sesndhd image of abgrenhey sgueturerdOnilch t he

intensity anplitude 10 informati i onput.ed. A _second sub-step 315
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cone in. This reduces the need for nenory for storing neasurenments that are
still needesnimitesaamylitodediafctBratiomfrtaatundres of pastions alkdgshawsngpatbd plinr thisgnal
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certain sanpl'ing positi positions “(around m crone ere the
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output signal varies periodically as a unction of position. At other

posi tions asepanatelpfor tessake ahderityiashioaid bmappiecsated thet bothstsips magide dategrateddue

to structures present. |n substrate Wthat are not alignnent ructures,
such as ci rPgAMPERIdRFERIGTD YRR ComRehts e g@ﬁ%@%ﬂ&%&?mwﬁ%ﬁﬂe%@amg

process. Wenq fOnh¥m3 ﬁ?%t%ﬂng?%&r%e L ¢ ére%hp%' Eéerdafg¥ brﬁgnﬁﬁé used, the
nore or | ess randomvariation I nvol ve anpli dde an phase vari ati ons of
a sine yavecomhpltatorer i od corresponding to the selected orders of
diffraction. I'n the first sub-step 314 of the second step 305 processing
unit 29 conputes Figure 13 shows an output signal of detector 28 as a function of position (in

micrometers) along a horizontal part of scanning path 42 along substrate W as a continuous
curve (although in practice measurements of the output may be performed only at certain
sampling positions). At positions (around 500 micrometer) where the image of alignment
20  structure 40 overlaps reference structure 26 the output signal varies periodically as a
function of position. At other positions a more or less random variation of smaller
amplitude occurs due to structures present in substrate W that are not alignment structures,
such as circuit structures in the case of a semi-conducting manufacturing process. When
only selected pairs of orders of diffraction are used, the more or less random variations
25  involve amplitude and phase variations of a sine wave with a period corresponding to the
selected orders of diffraction.
In the first sub-step 314 of the second step 305 processing unit 29 computes
amplitude information of the variations of the output signal for a number of positions (with
coordinates x,y on substrate W as measured by interferometric measuring means IF) along

30 scanning path 42. The computation of the amplitude information involves determining a



anplitude information of the variations of the output signal for a nunber of
positions (wth coordinates x,y on substrate Was neasured by
interferonetric neasuring nmeans |F) along 30 scanning path 42. The
conput ati on of the anplitude information involves determ ning a -30- neasure
of the anplitude of the variations of thegoautput signal. For substrates W
that do not produce much output signal in the absence of the alignnent
structure it suffices to detect the anplitude, for exanple by taking the

di fference betwee i Ni nd xima. (at . different sitions),.or b
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spatial fr edpgenehe aneplivedd, 6st dkamplelts taking igediffethtdbdtveéh midiing al@Ynakema (at

realized for exanple by band pass filtering the Qutgut signal prior to
anpl i t ude ndifferentpesifionspor by meapyraigahe sraxinegh deiaben fromithe ayesageedutputi vel y
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over | ocat i@pscted fdr thesliginiat sBuctire. Vhis niayBeuelilizad &ir ckemple 19 @dipas of

| ocations with different x' coordinate values spaced |less than the width of
al i gnment  Blteringtthe eutbpiovigeah prianiotamplitudemessurementyir &y Aorrslation feshnipees that
anplitude informtion A2 for | ocati.on wit.h ordi nhates x,y as determ ned
from the ouATpSTICarsely SFSIHS theiths PHRECisd Ojmihsices] St AiEmAL FricgiEdVa; a

| ocat i wi th coordi R '

wher e glrblss t he peri od‘Jg %?‘?té’h%‘“?l?rﬁgtég%? mP g{éﬁgﬁ ?Igﬁnr?gﬁ%bsgﬁggé ﬁ%o%&%ﬁq %(%0
reference sprotessing@nt@9 codfpates tieamplitgée diforaetiodiabsirdiag®o , y' extends over a
wi ndow t hat extends around the position wth the coordinates x,y for which
the anplitude information is conputed. The size of the w ndow can be

sel ected freely. A | arga2(xygroSuansustes-Kas@ey))t + ¢sueniyk@el petd,y)fy, maki ng
fal se detection of alignnment structures less likely, but reduces position
accuracy and vice 25 versa. Preferably, the range of x',y' values that
contributes to the suns is taken to have approxinmately the sane size as

al i gnnert structure 40he sum & dveulochtianseptiBd®rdihatps € pysintiudimigrag leastageeridd 1

processing unit 29 uses .the c¢co ted anplitude information tq select a
posi tion ( <& I9egtionpand 1hgreewg$r§alaéﬁﬁaqﬁ?ﬁts&a@e Isse Shanibe Bt of ARSIREN as a
function of stﬁlc'aﬂ‘g ffbm one another. In the example A2(x,y) is the amplitude information A2 for a

location with coordinates X,y as determined from the output s(x',y) of detector 28 with
substrate positioned at a locations with coordinates x',y'. The parameter k is equal to 27/p,
20  where p is the period of the image of the alignment structure 40 onto reference structure 26,
26a. The range of coordinates x',y' extends over a window that extends around the position
with the coordinates x,y for which the amplitude information is computed. The size of the
window can be selected freely. A larger range ensures larger frequency selectivity, making
false detection of alignment structures less likely, but reduces position accuracy and vice
25  versa. Preferably, the range of x',y' values that contributes to the sums is taken to have
approximately the same size as alignment structure 40.
In a fourth step 316 of prepositioning stage 301 processing unit 29 uses the
computed amplitude information to select a position (x0,y0) where the computed amplitude
information is maximal as a function of a and y.

30 Although a formula for A2 has been given by way of example it should be



30 Although a forrmula for A2 has been given by way of exanple it should be
-31 appreciated without deviating fromthe inventions other types of
formul a nmay be used. For exanple, a formula for the derivative of A2 with
respect to x maybe conputed to |ocate the maxinum or a product with a
wei ghting functions Wx-x", x-y') included.in the suns, Wdecreasing as
x"and/or y' nove away fromx,y may be. 5 In principle, nmeasurenents froma
detector 28 for a single pair of diffraction orders suffice to find the
maxi mum Opti onal | inilar.dehg&n%nations of anplitudes for i fferent

pairs of di%PPRSEs ‘?{itﬁ(?tﬁéi??aﬂﬁ%/ € dyentignsipther types 9 lazmay, e psedgtor

anpl i tude . J I . . I i.rs of
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except that instead of an anplitude a phase is determ ned. Mreover, in

al i gnment  Walesterping as x'agd/ o8y monsasaydreemky nagyeberade preferably only at

positions where the alignment structure is at a position fromwhich it

i mges onto refer encénﬂgﬁﬁ%wa%?mf“ﬁszqo%&@?ﬁtorr%@ﬁ?isﬁﬁksﬁ%gﬂ cggf@ctlon
processi ng i ! - St Si 1] £ and
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a nunber ofdiffoeat paRSof AfirabBas thdeRIn UL SitiBitdoTofiputted @ahslhePBnpitade
different positions of substrate W A second sub-step 322 ensures repetition
at a numberfungtiondirftp eprfitm whether meximaimpeanes fop atl ipeirsibf opdemsraf dsftrastjst prior
These nunber of d{lg[ﬂ%rent ocations, have coordinates (x",y0) that are

sel ect ed déBé‘ﬁ’(ﬁ‘gﬁ atﬂ%Ofﬁhgf‘WBﬁ“rP?(Q yO 20 produced in fourth step 316,
Wi th cqerdinates (x", ¥f) nﬂﬁﬁ%a%%?gg%ﬁ'if%n?ﬁ’aﬂ%%? ﬁg(fsnlcﬁﬁrgg’#lg%@r%ql In a

third sub-step 323 processing u onputes a p ue ¢ hese

nmeasur enentexceftQhat@xaead f ansinfiditdlef Ophasd & detdfBided(MPreocveRiPalighepiere a =

Sum si n(k(x"-x0)) s(x",y") b = Sumcos(k(x"-x0O) s(x",y") 30 -32-
measuring stage 302 measurements are made preferably only at positions where the

alignment structure is at a position from which it images onto reference structure 26.
In alignment measuring stage 302 processing unit 29 executes a first sub-

15  step 321 similar to first and second sub-steps 311, 312 of prepositioning stage 301,
involving moving to a number of locations and measuring output signals of detector 28 for
different positions of substrate W. A second sub-step 322 ensures repetition at a number of
different locations relative to the alignment subsystem: These number of different
locations, have coordinates (x",y0) that are selected dependent on the position (x0,y0)

20  produced in fourth step 316, with coordinates (x",y0) wherein x" is varied over a range
around x0. In a third sub-step 323 processing unit 29 computes a phase value ¢ from these

measurements, for example using a formula like

tg(p) = a/b
25

where

a = Sum sin(k(x"-x0)) s(x",y")

b = Sum cos(k(x"-x0)) s(x",y")
30



The sumis over a range of locations with different x" which preferably
extends over a range that is equal to the size of alignnment structure 40,
different x" values preferably being spaced by |less than a period of
reference structure 26. Choice of the y" values do not appreciably affect
the conputation, as long as they are wtlgon the size of the 5 alignnent
structure, preferably a range of y" values is used in the sum The conputed
phase value is proportional to the displacenent between x0 and a reference
position xr on substyrate Wdivided by the period . p wth which alignnent
structure Wis inagedﬁEHWHlwﬁ%?%?Eﬁ@%OEPFﬂH¥§W€8¢Eﬁé@Gt%pﬂbﬁbkﬁﬁﬁﬁgwp Thus
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29 uses this information to position substrate Wat a 15 series of required
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t he phase is. perfornmed for nunber of .pairs .of qrders of diffraction and a
corrbinatsion‘181 HE“BHHB&HEE%Bﬁ’ %gmg%oﬁgéﬁﬁW%lﬁgﬁ et éthggeﬁﬁngWQﬂgﬁﬁ t he
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determ nati %%%%% E@’ror{ﬁ%%a\i\%de!.hs g %3 gdgglﬁg@ot%{‘g%g?&a%@qéyemgngg %)O#ﬂdgrg ? i gé\

WX" - X0, y" - sifdhtrare W aeidedest; the Péﬂikﬁl 5 With, wi9Eh AIERNSRIBrudhee WS4 MRagRl QaRSS May
be used to adjust xO0 until "b" becomes zero, 1n which xr coincides wth the
adj ust ed A refarerglestrhctutee2ot ed that the fornulas for the phase cp and the
anplitude A2 wuse the sane type of elenents: sunm ng cosine functions and
sine functions. Nevertheless 25 the fornmulas lead to two different types of
i nfor j on. The phasg_ e varies linearly substantially in the sanme
way agag’function of Sﬁﬁ%goﬁﬁi no matter how wi de the range of positions
(x",y") over which the sums are taken. The anplitude information A2, in

contrast increases in strength as this_range increased, be it with an
acconpanyi ng decr easellus thppRase ivalie gepyedrsapseusate pRsitiopyferatioa of hEnmerte
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unit 2919 or sddiek bf required positions relative to the patterning means.

Preferably, the determination of the phase is performed for a number of pairs
of orders of diffraction and a combination of the computed phases is used to determine the
position of the alignment structure.

It will be appreciated that different kinds of determinations of xr may be

20  used. For example, a weight function W(x"-x0,y"-y0) may be used in the sums, or the some
recursive process may be used to adjust x0 until "b" becomes zero, in which xr coincides
with the adjusted x0.

It should be noted that the formulas for the phase ¢ and the amplitude A2
use the same type of elements: summing cosine functions and sine functions. Nevertheless

25  the formulas lead to two different types of information. The phase value ¢ varies linearly
substantially in the same way as a function of position x0, no matter how wide the range of
positions (x",y") over which the sums are taken. The amplitude information A2, in contrast
increases in strength as this range increased, be it with an accompanying decrease in

position dependence. This makes the amplitude information suitable for searching among

30 areas that do not contain the alignment structure and the phase information suitable for



conput ati ons. The determ nation of reference position xr from phase val ue cp
is anbiguous, 5 in the sense that any value of xr that differs by a integer
mul tiple of the period p could be determ ned. Under sone circunstances the
prepositioning accuracy may be sufficient to identify a single xr value as
the correct value, but generally this is 3t the case. Therefore one or
nore additional spatially periodic alignnment structures are preferably

provi ded on substrate Wat predeternined reIative positions with respect to

alignment structure. 40. The 10 period or .ods of this dd tio
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with addition erence structures et ecto rmne the phase
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further alignment structures are prefer | y provided at predeterm ned
positions adslitinaleeferoncel stlglnmfm defeqtomstete: o dedernidoe theghase efthemtensitnge 302

th furth t t dt bt ai
addi t1 onal piEBany S fedimia et APe PPSUSTH oV ghe SaBSenh e Al (hese
direction ({ARSKELSRAN k15 Aol SEALHDRSERSPHFULER fuhiie b%aréead.ﬁm
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where the phase val ue of the additional

value. Alternatively, the additional alignment structures may be measured using the same
reference structure. This allows to predict the differences in aligned positions coming from
the different alignment structures based on a model and a priori information on the shape
and relative positions of the additional alignment structures and the first alignment

20  structure.

In principle, the phase ¢ only provides information about the position of the

alignment structure in a direction along which the optical properties of alignment structure
40 vary periodically. Therefore one or more further alignment structures, reference
structures etc. are preferably provided with periodical spatial variation in a direction

25  transverse to the period of alignment structure 40 (preferably perpendicular). These one or
more further alignment structures are preferably provided at predetermined positions
relative to alignment structure 40. During alignment stage 302 these one or more further
alignment structures are used to obtain additional phase values for accurately positioning

substrate W in the direction transverse to the direction perpendicular to the period of

30 alignment structure 40.



alignment structure or structures and the one or nore further alignnent
structures is determ ned, using anplitude information obtained by using at
| east one of the alignnent 5 structure, the additional alignnent structures
and the further alignment structures. Using a single one of the alignnment
structures for pre-positioning sinplifieg4processing and is wusually
sufficiently accurate, both in a direction perpendicular to the period of
that alignnment structure and in directions transverse thereto. But when

for difreront ari gnmitbeergng Fied Herhi RELnE bafie it 2 SoErEe i HeG g
anpl i t ude i31595 BBt ALORSRRRGE@Bstrali VKGO he Prh SRR ofth HEfilis28. t aki ng

account of the predeterm ned of fset of these structures on substrate W
Fi gure 14 deighmest sirubturd biestriicopesvangvthe bngar moreffuahes uhighmentetMétuldys isvvay of
exanpl e substrate Wway is _a sem -conductor substrate on which areas for
di fferent deSrmiredgpsin@ampliudginformgtipn obtaingddyaysingpt l@st orecf theralighmens f or

the integrated circuit.chips.scribe-|lanes 78 are .provided ich will. be
Saor 11 9o HENES HotdouebaDit ool R ABE wf e et Rl PP VoS ot e
circuit chiffle )Y Ak Glighrh SR IBRGuRE FTrUh6$itidiing GignpHiRs BFRE&Mg adds t he

scri be-lanes 78. For the sake of clarity only two periodic alignnent

st ruct ur es udlally/sifficiestlysémeurate, ibath inta difeotidropdrpendivaéarsd dechetiodtof that e wi | |
generally be present. The optical 20 properties of the alignnent structures
70, 72 var \eligamenitaigiurg and wridjrecensdransyarscotherct. Ryt ehen incrqaped pranes 78 run,
i.e. in the h(%rizontal directi.or& f or horizor]tac# za?ritkée | neng Petwe n rows
of i nt egr atROFHOPIEACEUEHY ICUHFY AT orbsiri tte Valteclor AHfF B ANGUPEC al

scri be {pan bIB G ShRhBAL SrhpSMid inFStinPRion loBtaliry

enbodi r%gnt %ﬁuﬁ@?ﬁﬁ%ﬂ?&ﬁeﬁﬁg%ﬂgi c?al I gnrre%?ﬁlgtmri%i:n?ur e % ,OB%a%ﬁyggfor

t ransver se diffefehealifinfrent stauctwbs, tdléngadcotnet df aleepredeteviiindd offset sf thasor por at ed

is relatively narrow conpared with its extent along that direction.
Scanni ng pattistuyes onbstide W.ansverse to the direction in which the optical

properties of periodig alignnent. structures 70, 7 ar e qdically. In an
Grboai ment of e netHBHALaaPr L EHG e Ve draef ol oburdE N TRLED oo of
the periodiGaMald @bk@ite W wWahSs h MBS dUctf sdbiattBAHiGfarbdIBE dffRfer®
particul ar alignnment -35- sfructure is determned as a function of position
al ong tlte siatgritetcipaitthips,ard fesénvech Betewean the arebdifor dher iatigrated ¢ircutthgds t he
optical properties of periodic alignpent structures 70, 72 var )

scribe-lanes 78 are provided which will be sacrificed when substrate W is méchanically

split into different integrated circuit chips. Periodic alignment structures 70, 72 are present

in the scribe-lanes 78. For the sake of clarity only two periodic alignment structures 70, 72

are shown, but it should be understood that more will generally be present. The optical

20  properties of the alignment structures 70, 72 vary periodically along the direction in which

scribe-lanes 78 run, i.e. in the horizontal direction for horizontal scribe lanes between rows

of integrated circuit chips and in the vertical direction for vertical scribe lanes between

columns of integrated circuit chips.

In this embodiment, the extent of a periodic alignment structure 70, 72
25  transverse to the direction of the scribe lane in which it is incorporated is relatively narrow

compared with its extent along that direction. Scanning paths 74, 76 run transverse to the

direction in which the optical properties of periodic alignment structures 70, 72 vary

periodically.

' In an embodiment of the method according to the invention, the amplitude

30 of the periodic variation of the intensity of the measured light for a particular alignment



periodically (non-scan direction). To determ ne the anplitude of the
variation, preferably the intensity of the neasurenent |ight for each
position along the scanning path 74, 76 is 5 neasured at a nunber of
different positions in the direction in which the optical properties of
periodic alignment structures 70, 72 varysperiodically (scan direction). The
position transverse to the direction of the scanning path is determ ned
where the anplitude shows best overlap of mark and reference structure.
Typically, this is a position where a nmaxi num anplitude occurs, but in case
of a trapezdiugtushigsietesminedas gingtiomod Rgsipers along thej seanningpath 14170 wpnsvelsevel

i | i ; f ti f it y b d.. This i f
peri odi c. b aiaRectBp fy aiFebe Sefa, BB GE! RO M ERar et Durtnen
l'anes. The ge3ulchRy fidh-46aR dirbQiohPMd RherhBFPHE hinphne TP HeRESHO, fri¥ErapRSi L1 ON
where the ‘phase will be neasured to realize accurate alignnent.” That i s,

t he positi ahe dftensitg of thexmeasmreaiennbiglitfer cachipositign plahy thekchirmng p&thyd, T®ist he
alignnent structure 70 with optical 15 properties that vary periodically in
t he hor idzorineasuggdrat amusyber of djgfgrent w%&néﬂmﬁweilqeﬁ@m@rwm@arhe qpéisalipreperties

oD PO ne st o SRR Rh URER 76° 7 S PERAEH B Ghan R Bon. ThE iRl 1 O
structure 7, & 1ORE Hﬁ@étiqﬁrdmﬁ‘f{] {chfding p% ié’&fté’mﬂﬁéd Rekehd éin%lﬂu&@ 9%0%@ tical

direction is used to determne the hofizontal position conponent o

al i gnment  shgstietenlap of thaklo andretdremicatrattugn Tepically2 Chiyserpdshitoneidrea ngdxémum
determ ned in scanning directions in which the alignnent structures 70, 72
are rel ati vanglitide pesurs, hnt incesy eftadrapsseit shapeod the Mg e anyepasitiiniad.regibn e
general |y, t he image of .fhe ali.gnment .structure i s nartow an ccurate
posi 11 ot s HE Tl ek FRAE apnlyl o s WHRTRE e P HAg oo dse ke ons RS hart ow
al i gnment Sl%errmidm%mﬁﬁi stAlcBReL70, 798 WEmub 1y e4AFRER sefibdiahey m of filtering
of orders of 25 diffraction that passes a w der bandw dth transverse to the
direction of peri odi cTiwaebats avepised tdbomonl eespesthvercotpenalts ghthe posisibh whieter €S

generally extend over a relati velazi | arge extent transverse to the scanning
pat h, pre- pbsiphpssivitigpeimeasyied|te yeatige pqearatmalignmeat Jhat is, the pesition phthe

D o N bk R A DGRl D5 ™
oL, T, 0P ARl SRR BrLothes s\ gl ST
t o det er m npositivh cuMpantntce alighmantpasctureoT? fol acwrae skigmmnagandahdiposition of

the maximum along the scanning path 76 transverse to the alignment structure 72 with

optical properties that vary periodically in the vertical direction is used to determine the

horizontal position component of alignment structure 72 for accurate alignment.

20 When the maxima are determined in scanning directions in which the
alignment structures 70, 72 are relatively narrow, an accurate position can thus be
determined. More generally, when the image of the alignment structure is narrow an
accurate position is realized in this way (a narrow image may be a result of a narrow
alignment structure, but also of imaging, for example of a form of filtering of orders of

25  diffraction that passes a wider bandwidth transverse to the direction of periodic variation).
Moreover, when the alignment structures generally extend over a relatively large extent
transverse to the scanning path, pre-positioning is usually sufficiently accurate so that the
apparatus needs to try only one transverse scanning line for one alignment structure

Only for small alignment structures several parallel scanning paths may need

30  to be used, the scanning path where the highest maximum occurs being identified and used



74, 76, a plurality of neasurenent intensities for each position along the
scanning path 70, 72 is neasured at a nunber of different positions in the
direction in which the optical 5 properties of periodic alignnent structures
70, 72 vary periodically. For exanple, a neandering scanning path may be
used which extends far Iess in the directjeon of periodic variation than in
the transverse direction, or a series of short scans along the direction of
periodic variation at a nunmber of positions in the transverse directions.
However, alternatively only a single intensity nmeasurenent nmay be used for
10 each postctdetenmiiedhgpesitoscanni ng path 74, 76, which in this case runs

di cul - le taq.the direct.i f i odi
DarPation Thus, a i nEREHTY 1 EEEaPBRaHmMEhds ob 2 SaROR AledE ARETBRAGHARA at
each posi tipn7g Q@glélﬁfoﬁﬁ%&ﬂelﬂﬁ{t&sﬁﬁs féfeach Podtibk S13hE %het J&%ﬁéﬁ%ﬁ%h%

maxi mum anong theSe neasurements I's sti charatteristic-for

anpl i tude. Hoisevesuret bt 8 napberaddifférast gobigions fkht Hiatctivh ih MdaEvBBioptitalphase i s
used. 15 Therefore the maxi nrumis preferablg determ ned for at |east two
par al | el5 scrrapértigs plpdsiodia ignmgniestaictpnes 10e 72 garypepiedicaldy. (For exanaply, munber of

full i od t. But th di st | t . int s f
nal f por i odSeigH B SGrEBte PR HEX b7 P g) PURMBAA 1o inghf fiarchien of RedbhEmber
of di Sti Nt 3486 AN 13 EfiSverld atiibn g BB 5808 bRt GHEne dEEAIRAS L on

into stages and steps nerely serves to facilitate explanation o

al i gnment  2g:rpid@cesiition At Phaabéred pbiitonanitkiBakiagediréidnst eps need not be
di stinct. For exanple, the phase be determ ned fromstored intensity
measur ement s t hat havidowewsas, alisrratively onbf asingle intensity measusment meybe ysadifoh (or

are indeed part of) the asur enent h re obtained at a ri.es of

e at vl podhPenLbE e S THRTPE RN Ja b PORRSAL HESRHPERGCUSE e f or
det v e L ; ;

Got or i it idaEs ROR bigOReR o REAFAILARP bl ddiEvarlafloh T s #Bffensied Freasurement

sel ect whi cfor@iie dafife phasy 8 @btaiedns edich poditiag wlonigrhd scaghig|pdthoBt, J6€ds a result
Alternatively, separate intensity neasurenents perfornmed at |ocations
sel ect ed untherelaidyr maxinpfm ameng Hese mewsurdmengscis sikhcharpétetistgefonmaxiveurnsed f or

but 1 ¢ 1 not eREGule v BBABR B (5 Pk AT DS THEBEBLBEST RBPW has Lo be
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enbodi nent 0 use a suita rogramred conputer or se uters
for the det@amroatquanerddf aeiog (plasl adnpirhbed @€ fulBeriods) dpads Buhanys@hdratisthe t he

relative position of substrate and alignment measuring system

unequal to an integer number of half periods may be used. As described, alignment is
performed in a number of distinct stages and steps. It will be understood that the
decomposition into stages and steps merely serves to facilitate explanation of the alignment

20  process. In practice the various stages and steps need not be distinct. For example, the
phase be determined from stored intensity measurements that have been obtained before,
after or concurrently with (or are indeed part of) the measurements that are obtained at a
series of relative positions of the substrate and the alignment measuring system for
determining the position of maximum amplitude. In this case, the determination of the

25  location of maximum amplitude merely serves to select which of the stored intensity
measurements should be used. Alternatively, separate intensity measurements performed at
locations selected under control of the location of maximum amplitude may be used for
determining the phase. This requires less storage space for measurements, but it increases

the time needed for alignment, since substrate W has to be moved to the selected locations.

30 Furthermore, although it is a preferred embodiment to use a suitably



that | eads to maxi numanplitude, it will be understood that dedicated (not
or only partly programuable) elenents may be used to performany one or a
conbi nati on of these 5 operations. For exanple, a digital signal processing
circuit may be used to performthe filter operations that filter out
intensity variations of the expected fregi#ency and to conpute the phase and
anplitude. As anot her exanple, specialized hardware anplitude detection
circuitry may be used, such as used for AMradi o denodul ati on may be coupl ed
to detector 28. 10 Figure 15 shows an alternative _alignnent system Herein
ref erence skregemuped copgpuier-or seleqf copiputeayfor thedetamination v pharg aaf amplitudsoashas
been added, which conbines, light diffracted in orders of diffraction with
mut ual |'y opﬁvﬂlﬁ E‘essf:%?h g?rsd-l%re?agivﬁtqoﬁlfgo? ﬁgsﬁ’ﬁgﬁtg aB‘I‘l aﬁ%%e’ﬁﬂeﬁﬁmsyg?%ct ure
of the oppoghf Badtd kiU ardSIfudle U elfiSheBldatstosa tha? d@ﬂi@at@&‘?ﬁdi'%? onl§-partly
rotating one over 90 degrees and the other over -90 degrees. Such’a

struct ure haegheanatls) deasarts ey be nsdduogeefarm pay emt oregpquini tiadtionro filese EP
1148390. The intensity of the conmbined Ilight is measured at a detector 28.
In this Tasepersionssiiarenample: ¢ digital Henad PrRcssring sirpuftmpay begssed fppartargr thog.  The

f d 28 inth i bed fi 2. Wil
openi i e enpibtdrraers oy Al led<dh Akl oL AR EpRTR e 0Bl W 1 e
appr eci at edcdidte tHaGHal St drlitHRY Ataeaneflhepé;iaﬁﬁﬁe,%&%%a BatdiARe aﬁ%@_kﬁ\la% i bid'

The 20 description’is not intended to Iimt the Tnvention. -38-

Al i gnnment  sdetettionrcirchiony rady oused, suclvas ksedifecAM eldat densodutation mefyeiessonpled
position using optical neasurenents, such as interferonetric neasurenents,
the align etegtqrySt ure (10) conprising at | east one phase grating nark
havi ng ﬁqplurality of adei nt |ines and aces. W r.edeterm

. h ed
por 1 odi Bl Ty char act oF B foptah AR AR ARBRRRNSbleh TPPLTEEET Bhforeses
a non- peri ogl fad R@h YhBttéd Mstead-a rdtatidB BRI enB 50 HEL BHeR addROWRIAL ohbifdsaight 1, 1N
whi ch the non- periodic feature (15) is formed by a phase shift between two
parts (11, di#fracéd inhederk iofjdiffradtionswitlusiutiraly of)sitb giga rc harvgatingfthe rmagei aft h of
one of the lines or spaces of the alignment 10 structure (10).
the alignment structure of the opposite orders over 180 degrees relative to one another, e.g.
rotating one over 90 degrees and the other over —90 degrees. Such a structure has been
15  described in European patent application No. EP 1148390. The intensity of the combined
light is measured at a detector 28. In this case no reference structure is needed in front of
detector 28. The output of detector 28 may be used in the way described for figure 2.
Whilst specific embodiments of the invention have been described above, it
will be appreciated that the invention may be practiced otherwise than as described. The

20  description is not intended to limit the invention.



3. Alignnent structure according to claim1, in which the non- periodic
feature (15) conprises a transition froma first part (11) to a second part
(12) of 15 the alignnment structure (10) with a first and second
periodicity, respectively, which first and second periodicity are bel ow,
respectively above the periodicity of a [g%grence grating. 4. Alignnent
structure according to claiml1, in which the alignnent structure (10)
conprises a position dependent period change according to 20 olx) // = cos(2
X)-1 x in which A(x) is the position degendent peri od change, x is the
position along the alignnment structur is the length of the alignnent
structure (10) over which the phase should vary. 25 5. Alignnent structure
according to claim1l1, in which the non- periodic feature (15) is fornmed by
the transition froma first part (11) of the alignnent structure (10) to a
second part (12) of thek ali ghgementstruoimiafoe aligiing a tWoek piecstelgiretto@ll) havi ng
a periodicity of X gmand the second part (12) having a periodicity of X/'n
gm n bei ngredgendernosiion usingpitical measugpments, w%@ﬁﬂntstferewpwm% theo
claim1l1, in which the no eriodic feature (15) is.formed by the transition
Froma tirspigiman pisigt: BFiondiisina A Suertile plupd B wiod SELHITRF
(12) of the i t : i ; : } first
duty cycde % %léueg{]ggg%aﬁlg SP?%esgﬁ lgnéﬁ%gggg}gﬁgélgélﬁﬁé&?ré%%iﬁ%&%rg}r&? \H(l {11{2l)t tlf%avi ng a
second 5 dublygreiyeit etri@leg10¥ cdnfisrises B @sn-padodipéaasge (I5). Substrate for

preparation of a work piece, in which the substrate (W is provided with an
al i gnnent structure (10) according to one of the clains 1 to 6 10 8. A

| i t hographi ¢ appar at us_conpr,i.si ng:, - tterni ns ser.ving.t roject a

proj ecti on beam of _rad?ati oél%@gﬁﬁtﬁ@&?‘bac&mﬁ&ﬁ‘gﬁ%; B ,Ch-tﬁgﬁglﬂ'bst rate

table (W) {Qiodiordhig (F5)38 Riitded s alphsddnif baedh WOPRR (13! 13T iEatighent
structure (10) by a change of the width of one of the lines or spaces of the alignment

10
structure (10).

3. Alignment structure according to claim 1, in which the non-

periodic feature (15) comprises a transition from a first part (11) to a second part (12) of
15 the alignment structure (10) with a first and second periodicity, respectively, which first

and second periodicity are below, respectively above the periodicity of a reference grating.

4. Alignment structure according to claim 1, in which the alignment
structure (10) comprises a position dependent period change according to
20 Alx)= cos(%”— x)—l
x
in which A(x) is the position dependent period change, x is the position
along the alignment structure and L is the length of the alignment structure (10) over which
the phase should vary.

2 5. Alignment structure according to claim 1, in which the non-
periodic feature (15) is formed by the transition from a first part (11) of the alignment
structure (10) to a second part (12) of the alignment structure (10), the first part (11) having
a periodicity of X pm and the second part (12) having a periodicity of X/n um, n being an

integer number.



t hereon, the alignment structure (10) having spatially periodic optical
properties; and - an alignnment subsystem (21) for aligning the substrate
(W on the substrate table (W) relative to the patterning neans, the

al i gnment subsystem (21) conprising - aR%optical arrangenent (20, 24, 26)
for optically processing light reflected fromor transmtted by the
alignnment structure (10), to produce neasurenent |ight whose intensity
varies with the relative position of the spatially periodic alignnent
structure (10) and g ref anghsRnPARIChirOaccERfind@LILifl 3t iy ¥hich thbBoRat t er ni ng
means; - a sensor connected to the optical interference arrangenent for
measur i ng petiodie fisitury (B9)dé Gormetl &y ¢hd tdnsitivatframma dirsttpad (hafuhealkgnmdnit ght , - an

cctuator (ol o gcont ol ng, Bol el e position ofol e subetipls, okl
o0 R TEASHEEE el 9 SR AL Sl 1 Al R onen

provi ded Qrnt&Rlealal @RI ligds'aalispiRs whi ch is detectable as a capture
position or ° a check position, erein the alignnment structure is an

al i gnment structure according to one of the <clains 1 through 6.

7. Substrate for preparation of a work piece, in which the substrate
(W) is provided with an alignment structure (10) according to one of the claims 1 to 6 .
1 O - . .
8. A lithographic apparatus comprising:
- patterning means serving to project a projection beam of radiation according to a

desired pattern;
- a substrate table (WT) for holding a substrate (W) with an alignment structure (10)

thereon, the alignment structure (10) having spatially periodic optical properties;
and
- an alignment subsystem (21) for aligning the substrate (W) on the substrate table
(WT) relative to the patterning means, the alignment subsystem (21) comprising
- an optical arrangement (20, 24, 26) for optically processing light reflected
from or transmitted by the alignment structure (10), to produce measurement light whose
intensity varies with the relative position of the spatially periodic alignment structure (10)
and a reference position defined relative to the patterning means;
- a sensor connected to the optical interference arrangement for measuring
intensity and/or phase information of the measurement light,
- an actuator (PW) for controlling a relative position of the substrate table
(WT) and the patterning means based on the intensity and/or phase information of the
measurement light,
characterized in that
the alignment subsystem (21) is further arranged to use a non-periodic
feature (15) provided on the alignment structure which is detectable as a capture position or
a check position, wherein
the alignment structure is an alignment structure according to one of the
claims ] through 6. |





