ALl GNVENT METHOD AND APPARATUS, LI THOGRAPHI C APPARATUS, METROLOGY
APPARATUS AND DEVI CE MANUFACTURI NG METHOD FI ELD [0001] The present
invention relates to nmethods and apparatus for alignnment usable, for
exanple, in the manufacture of devices by |ithographic techniques and to
met hods of manufacturing devices using |ithographic techni ques. BACKGROUND
[ 0002] A lithographic apparatus is a machine that applies a desired pattern
onto a substrate, usually onto a target portion of the substrate.
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device to the subsfrate by inprinting the pattern onto the substrate.
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Transfer of the pattern is typically via imaging onto a layer of radiation-sensitive material
(resist) provided on the substrate. In general, a single substrate will contain a network of
adjacent target portions that are successively patterned. Known lithographic apparatus
include so-called steppers, in which each target portion is irradiated by exposing an entire
pattern onto the target portion at one time, and so-called scanners, in which each target
portion is irradiated by scanning the pattern through a radiation beam in a given direction (the
“scanning”-direction) while synchronously scanning the substrate parallel or anti-parallel to
this direction. It is also possibl'e to transfer the pattern from the patterning device to the
substrate by imprinting the pattern onto the substrate. |

[0003] Prior to exposing a target portion of the substrate it is desirable to align the target
portion to the aerial image to be projected onto it. Originally this was done by lining up a
marker on the patterning device (e.g. reticle or mask) with a corresponding marker on the
substrate by looking through the projection lens with a microscope or a laser based system.

This is known as through-the-lens alignment. At the time of writing however, a process




called off-axis alignment is common. This involves using an alignnment
systemto neasure the relative positions of alignnent markers on a
substrate held on a substrate table relative to one or nore pernmanent
reference markers or fiducials nounted on the substrate table, prior to
transferring the substrate table with substrate to an exposure station. At
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interferometer to overly an image of the alignment marker with a copy of that image rotated
by 180°. This has the benefit that it may be used with any marker that is 180° rotationally
symmetric, not just gratings.
[0005] While known alignment sensors are fast and accurate, thé continual desire to
increase the density of features in semiconductor devices leads to the need to improve
alignment systems, for example to enable use of smaller alignment markers, different
wavelengths of radiation and to detect "weaker" markers (e.g. markers with reduced feature

height, or due to the effects of overlying layers and/or processes carried out on the substrate).

SUMMARY
[0006] It is desirable to provide an improved alignment system, e.g. for use in manufacture

of devices by lithographic techniques.




[ 0007] According to an aspect of the invention, there is provided an

al i gnnent apparatus configured to detect an alignnent marker on a
substrate, the apparatus including: a spatially coherent radiation source
configured to emit a beam of radiation; an objective lens configured to
direct the beam of radiation onto the marker on the substrate and to
collect radiation diffracted by the nmarker; a sensor configured to detect
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[0009] According to an aspect of the invention, there is provided a metrology apparatus

configured to measure a property of a substrate, the apparatus including: a sensor system
arranged to measure a property of a target at a known location on the substrate; an alignment
system configured to detect an alignment marker on a substrate, the apparatus including: a
spatially coherent light source configured to emit a beam of radiation; an objective lens
configured to direct the beam of radiation onto the marker on the substrate and to collect
radiation diffracted by the marker; a sensor configured to detect an angle resolved spectrum
in a pupil plane of the objective lens; and a control circuit configured to detect spatial and/or
temporal variations in the detected angle-resolved; and a positioning system responsive to the
detection of the alignment marker by the alignment system and configured to position the

substrate in the field of view of the sensor system.




substrate in the field of view of the sensor system 3 [0010] According to
an aspect of the invention, there is provided a nethod of detecting the
position of a marker on a substrate, the nmethod including: illumnating the
marker with a spatially coherent radiation beanm collecting radiation
diffracted fromthe marker using an objective |ens; detecting an

angl e-resol ved spectrumin a pupil plane of the objective lens; relatively
novi ng t He0sjbsAccatdingtocintasgecobf the frivestidme figyre @ poovddddech ethgd ofsdxit¢dtiag ithey

signals in the _angle-resolyved spectr ) 11]. Accordi to.an pect of
the i nverROSEIRN of & aék‘?ré’nﬁrs_ Dstetsd fa@ﬁ&@%ﬁm&% i ?théQﬁ%?WSﬁwﬁg fng a
l'ithogr a%b 'al@%ﬁé&hé{%diﬁﬁb’ﬁ B&inf cBIQYHAE bddAtichvfialed (o (M hikRkk: uSiak Wdi Na:

detecting the position of a marker on"a substrate bé: illumnating the
mar ker widbjective feas; detdeting emireglerasolvadisrecirom ibe anpil ploh¢ etthe nbjeetad lans; on

diffracted f.rgmthe rker using,.an,obj.ective .l.ens. detecting an .

angl oo eglkely Sisd e e i e b g BB ind Fo Bk dePeingbe ven
novi ng t%g%%]{/@t@e@ﬂﬂn_t he objective |ens; and detecting oscillating
signals inthe angle- resolved spectrum positioning the substrate relative

to the prlB)Bdt iAnsoskng ermniagpackoiethe ventian, thereis gevadadeiqyissinangfacsinghe

b of ect i hALGEpIRDe BholTBEE Roar R B EE pRB R SR R PRI 1T o
t he i nvenfeteatinghelporicion bea #REEE bh @dubshxteBy ilhimigxagnhemarkley withiatspatially

reference to the_acconpanyi ng schematic_draw ngs in which correspondi ng
r ef er ence&ohgrgpiyadiationpragy callecting gadiniionididragted diom the narker jsing gn opisels

Figure 1 o]] : i i t i 2 i of the
| nvent i ot BEEd R an PR bR RAApRRRA i HrROARICI (fece RER IOy .01
Fi gure 3 miepngthe sabstate apd tisndbje@ivs dens paciatettictigg dswiltating sipoelis metie aoglet he

invention; _[Q016] Figure 4 depicts the radiation source of the.alignnment
sensor o3 dsBecim: D tipwpE e %ﬂﬁ@}tﬁtf‘ereéaﬂas& @F@rﬁefwaé?/%ﬁﬂﬁmaﬁﬁrﬁnﬁ Der .

DETAI LED jRESGER ST S dh QR B m Bk hfojdetBg N8 b S d patd@Rind theBubdulalogaphi ¢
apparatus LA. The apparatus 1 ncludés
the projection system.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] Embodiments of the invention will now be described, by way of example only, with

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

[0013] Figure 1 depicts a lithographic apparatus according to an embodiment of the
invention;

[0014] Figure 2 depicts a lithographic cell or cluster;

[0015] Figure 3 depicts an alignment sensor according to an embodiment of the invention;
[0016] Figure 4 depicts the radiation source of the alignment sensor of Figure 3; and

[0017] Figure S depicts a supercontinuum laser.

DETAILED DESCRIPTION

[0018] Figure 1 schematically depicts a lithographic apparatus LA. The apparatus includes




4 an illumnation system (illumnator) IL configured to condition a

radi ati on beam B (e.g. UV radiation or DUV radiation), a support structure
(e.g. a mask table) MI constructed to support a patterning device (e.g. a
mask) MA and connected to a first positioner PM configured to accurately
position the patterning device in accordance with certain paraneters; a
substrate table (e.g. a wafer table) Wra or Wh constructed to hold a
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the patterning device is at a esired positiqgn,. for exanpl e w.th respect
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device." [0021] The term "patterning device" used herein should be broadly
i nt er pr ethetisabe patfeering deyicd in aangnndethatdependstoncthe ohentatsaacpiithe patigening a

radi ation, beamw.,th a patfern in its cross-section..such as to create a
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device. The support structure may be a frame or a table, for example, which may be fixed or
movable as required. The support structure may ensure that the patterning device is at a
desired position, for example with respect to the projection system. Any use of the terms
“reticle” or “mask” herein may be considered synonymous with the more general term
“patterning device.”

[0021] The term “patterning device” used herein should be broadly interpreted as referring
to any device that can be used to impart a radiation beam with a pattern in its cross-section
such as to create a pattern in a target portion of the substrate. It should be noted that the
pattern imparted to the radiation beam may not exactly correspond to the desired pattern in
the target portion of the substrate, for example if the pattern includes phase-shifting features

or so called assist features. Generally, the pattern imparted to the radiation beam will




or so called assist features. Cenerally, the pattern inparted to the
radi ati on beamw ||l 5 correspond to a particular functional |ayer in a
device being created in the target portion, such as an integrated circuit.
[ 0022] The patterning device may be transm ssive or reflective. Exanples of
patterning devices include nmasks, programmable mrror arrays, and
programmabl e LCD panels. Masks are well known in |ithography, and include
mask typesnessihdas a padiatilyy fuatti@ahRerig apleaisebahg tieated anthe adrpetrpostiongsuch
phase-shift, .as well as various hybrid nmask types. An exanple of a
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of a transm ssive type (e.g. enploying a transm ssive mask).

Al t er nat ima@iy, the apparatus nay be of a reflective type (e.g. enploying a
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refl ec sk)". hographi ¢ appar at us of a type
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The litho Ic apparatus may als a type wherein at least a portion
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transmissive mask). Alternatively, the apparatus may be of a reflective type (e.g. employing a

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

[0025] The lithographic apparatus may be of a type having two (dual stage) or more

substrate tables (and/or two or more mask tables). In such “multiple stage” machines the

additional tables may be used in parallel, or preparatory steps may be carried out on one or

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

[0026] The lithographic apparatus may also be of a type wherein at least a portion of the

substrate may be covered by a liquid having a relatively high refractive index, e.g. water, so

as to fill a space between the projection system and the substrate. An immersion liquid may

also be applied to other spaces in the lithographic apparatus, for example, between the mask

and the projection system. Immersion techniques are well known in the art for increasing the

numerical aperture of projection systems. The term “immersion” as used herein does not




and the projection system Immersion techniques are well known in the art
for increasing the nunerical aperture of projection systens. The term
"imrersion" as used herein does not 6 nean that a structure, such as a
substrate, nust be subnerged in liquid, but rather only means that |iquid
is located between the projection systemand the substrate during exposure.
[0027] Referring to Figure 1, the illumnator IL receives a radiation beam
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B is incij0ga8] dhetilenipatot & mian ghodieleiapadiusteg AD foaadihstivl thevimguleriistensitgl d on
t he support structure é_e._g. mask tahle) MI, and is patterned by the

pat t er ni réstdRYioRef thetadiation beagy Sreaerally i 1995t the prienepdi inres redial gxtenfps k) va,

t he radi aj | e . r.Q} i . [..G
f ocuses t%%éel&g‘ga g}r(\aﬁ Sﬁ)gosfsacfnagt?{ por —ll%ntr?nge%? 8%\%5;) S (ggxs? ? ?‘3{‘%{?\&5&“93‘%%? Re aid
of the seupi@lapesdf thedNehinkddt antboatiustédd M sdiis@y, tHeRll(Mirgtor dD naytieelidy omet ri ¢

device, linear encoder, 2-D encoder or capacitive_ sensor), the substrate
tabl e W veEpusssherfgpmanents spex asiap integigtor 4 aad arcandsassriGQnl heiilynsmaior mayr get

o one Pk KR S R AEBR s, Loy 11
depi ct ed diswribdt@urie itd prosspechien.used to accurately position the patterning
device ( 6[0&9] r;lr%g lgdizli\t/{?\)n beam B is incident on the patterning device (e.g., mask) MA, which is
held on the support structure (e.g., mask table) MT, and is patterned by the patterning device.
Having traversed the patterning device (e.g., mask) MA, the radiation beam B passes through
the projection system PS, which focuses the beam onto a target portion C of the substrate W.
With the aid of the second positioner PW and position sensor IF (e.g. an interferometric
device, linear encoder, 2-D encoder or capacitive sensor), the substrate table WT can be
moved accurately, e.g. so as to position different target portions C in the path of the radiation
beam B. Similarly, the first positioner PM and another position sensor (which is not explicitly
depicted in Figure 1) can be used to accurately position the patterning device (e.g., mask) MA
with respect to the path of the radiation beam B, e.g. after mechanical retrieval from a mask

library, or during a scan. In general, movement of the support structure (e.g. mask table) MT

may be realized with the aid of a long-stroke module (coarse positioning) and a short-stroke




wWith respect to the path of the radiation beam B, e.g. after nechani cal
retrieval froma mask library, or during a scan. In general, novenent of

t he support structure (e.g. nask table) MI may be realized with the aid of
a |l ong-stroke nodule (coarse positioning) and a short-stroke 7 nodule (fine
positioning), which formpart of the first positioner PM Simlarly,
novenent of the substrate table Wra and/or WIb nay be realized using a

| ong- st r akedul®ditegosifidniag)s Rdidh-fosh har of 1o diwdt @ositibres PM.Similpdy, tmovermetiteo

Thesuppat e len s ol el s Eyslidlinesdoobocsude S S0
stroke acfypl H{odﬁ’\N%hwf?E rﬁgl%( St t%é ﬁeg?%d gﬁér%gg)g]:r IFYW‘ HEMBCAR o %\éteﬁﬁﬁf((%wg' aﬂgs k)

MA and substrate I gne nment mar ks

subst r at epabsegriore rstanman) ks sapporPrucAire hog girask teble ME traythe comhdctpdrre ashartr ks
as illustrated occu dedi cg g.d %arget portions, they may be located in
spaces betfRELACHAUPHILY: 96 P ¥t hese are known as scribe-1ane al i gnnent

mar ks) . S[Dﬁ@d]arPlaMemlﬂnge*?chV@g'Iﬁibf()MA!MHﬁbstfﬂ?éwfnﬁ?Be@f‘ﬁw@'u@mESnd@kOVl ded on
the patterning device (e.g k) he mask ali1gnnment marks may be

| ocat ed bédigweent marks Mled 2 @Sdwubstetd Ijmmmtlt makkBisPMthoagls@ie B@Sirﬁ‘@l uded

w thin di evi ce esirabl e
that "t naRpRl SRR A e SRR S PR, By R S doelefif oy e

i Mgi Ng Qpadek BER®EN ta@gﬁ'ﬁgbﬁioﬁﬁl&hés@&fb mmaxce@rsbnﬁeelawale@meﬁhmaﬂisy Gy,
system ich detects the alignment markers i s described further beI oW.

[0031] Thesigabiors @dviplpenosg thén erdig igEovidedion the patieraingrdeyice (b mask) MA,

fol I ow n gﬁfﬂ@&%ﬁ% Fnlag!' b%tlfc%te{ﬁ)%ﬁweeh%e HPRAAA1 A gfnﬁglrlt ﬁkérg nﬂyy mask

tabl e) tab are ke essent | a I ona

whi l e an aﬁ#@tberl@cl@dﬁdt\ﬂﬂﬁn divpantaadngo tﬁé&vrcﬂdemﬂegﬁn wbﬁﬂhmasslt v depieatiiethaont o a

target portion C_at one_tine a single s i c exposure). The
subst r at dhe matkers\Reps swall op P%F‘&’l? %ndtrﬁ’éFFOélHF\a?}éQI‘%ﬁteFPnf HRASOSHITBYSY direction

so that %Dl(lidl 1f)1$8r tﬁ%{ a&égcreg?feaﬁper tigp aﬁ%r?nﬁétht Qﬁstﬁfg Rﬂﬁ@ﬁidet ds E‘fee %ﬁg the

maxi num si ze Xposur e i el'd Sl ze o et portion C

i maged |makas[sgleecrﬂ1edtfm¢heeioplowure [0033] 2. In scan m)de t he support

structure t he substrate bl.e. Wla and/or WIb are
it

scanned 4?/4?3&93#?%33@19% H’ atys fﬁﬂl‘?éﬁ‘ Hsed i &t lpash opg,e loyng MgAes  beam i s
proj ect eqomﬁ 012 tar ggkiepMddeOthe Sufport&irutufd @Y Hiacly RBIY) SIE¥RPHEESstratthe

vel ocity and
table WT are kept essentially stationary, while an entire pattern imparted to the radiation
beam is projected onto a target portion C at one time (i.e. a single static exposure). The
substrate table WTa and/or WTb is then shifted in the X and/or Y direction so that a different
target portion C can be exposed. In step mode, the maximum size of the exposure field limits
the size of the target portion C imaged in a single static exposure.
[0033] 2. In scan mode, the support structure (e.g. mask table) MT and the substrate
table WTa and/or WTb are scanned synchronously while a pattern imparted to the radiation
beam is projected onto a target portion C (i.e. a single dynamic exposure). The velocity and
direction of the substrate table WTa and/or WTb relative to the support structure (e.g. mask
table) MT may be determined by the (de-)magnification and image reversal characteristics of

the projection system PS. In scan mode, the maximum size of the exposure field limits the

width (in the non-scanning direction) of the target portion in a single dynamic exposure,




direction of the substrate table Wra and/or WIb rel ative to the support
structure (e.g. mask table) MI nmay be determ ned by the (de-)nmagnification
and i nage reversal characteristics of the projection systemPS. In scan
node, the maxi num size of the exposure field limts the wdth (in the
non-scanni ng direction) of the target portion in a single dynam c exposure,
8 whereas the length of the scanning notion determ nes the height (in the
scanni ng widresttholhgth of tHeleardnaregabtigroddtéranines [[EkR4dht 8in thescangihp direqripde, t he
support structure (e.g. nmask table) Mr is kept essentially stationary
hol di ng PfEhigreshiefiPe patterning device, and the substrate table Wa

and/ or Wiodqy moved of anffh At Wb bihBrRAbEf el AN @Hlef AT B efradi at i on

beamis projected onto a target portion C In 'tghls node, generally a

pul sed r adseatialbnststiarnacehdlding apragyadmabld pettening deygice rmé esupsttatetabiey Tadevi ce
is updated as required after each novenent of the substrate table Wa

and or - weEIBE W et st sGoeeCehICE Pt aim e i L8 S 5o TS BRIEoTh
nmode of  QREK BELBoARA Den AR gaRRAEHptISd RSk @SR utdtinagpRPEY ad Bt
utilizes programabl e patterning device, such as a programrable mrror

array of paogrgpmabls pagemmeatdvice isipsiated af 0B8REEd disrishehampussend nlithersubsitaieat i ons

h i b d f . i.rel diffel f
al'so be OfF 8y 8sep oL bt aRre b bl pytits & Lol R R

stage typpeMibs bargsrehdi®y fiphsd forhskldsabinesraiathalVilliRO frolgyMdniBikAE | ons - an
exposure Station and a measurenent station - between ich the substrate

tabl es cantteaingdenigagesh avinplogragHeabie paTerArEY 6f 2 6YRE a8 efSrehioeabovabl e i s
bei ng exﬁ@&‘;ﬁib@orﬁb@fatﬁéﬁ?@d/‘%ﬁaﬁh@éds%ﬂ’th@%&/@ ﬂf:sc?lg P b adsS fTRY oxbél‘qtilra?ded onto

t he ot he strate € neasurenent s 1 on and vari ous

pr epar at @ifferpitaa®idy b€8seaAdy dlewboethploydhe preparatory procedures may include
mappi ng the surface control of_ the substrate iﬂsi ng a Ievejp sensoy LS and

measur i nd0830¢ péBPgRRHC aPPamTyhirdnet aren-kadled dBH Stags DEHYTFRR WeisHR A
al T gnment,,i5angqy, ﬁbfa-ﬁtalktﬁo SRABNES aff X ﬁf@s{?&éﬂoﬁlanﬂ G B8 EmbAt difonlhr oughput

of the apparatus. e position sensor I'sS not capable of neasuring
t he posi beveenfvhidieths sidstra@ttablésadahdewkilaaged Whde ate substrate as wne sehstratst at i on

as well as_at .the exposure station, a second position sensor b
provi ded 4% S PEBES XRS5 SR BN OTHA e SRS SHOTB e BB %eelpa&&eor@/ el at
bot h st ajiRgte thBO 3¢ Jhe‘ﬁ?ea&ﬂ@fﬂ@nt'sfhtighgﬂﬂ Qarfous pRPatatdr) QL RBIYeS cARBRS@L US LA

forms part of a lithographic cel

The preparatory procedures may include mapping the surface control of the substrate using a
level sensor LS and measuring the position of alignment markers on the substrate using an
alignment sensor AS. This enables a substantial increase in the throughput of the apparatus.
If the position sensor IF is not capable of measuring the position of the substrate table while it
is at the measurement station as well as at the exposure station, a second position sensor may
be provided to enable the positions of the substrate table to be tracked at both stations.

[0037] As shown in Figure 2, the lithographic apparatus LA forms part of a lithographic cell
LC, also sometimes referred to a lithocell or cluster, which also includes apparatus to perform
pre- and post-exposure processes on a substrate. Conventionally these include spin coaters
SC to deposit resist layers, developers DE to develop exposed resist, chill plates CH and bake
plates BK. A substrate handler, or robot, RO picks up substrates from input/output ports
I/01, /O2, moves them between the different process apparatus and delivers then to the

loading bay LB of the lithographic apparatus. These devices, which are often collectively




LC, also sonetines referred to a lithocell or cluster, which also includes
apparatus to perform pre- and post-exposure processes on a substrate.
Conventionally these include spin coaters SCto deposit resist |ayers,
devel opers DE to devel op exposed resist, chill plates CH and bake plates
BK. A substrate handl er, or robot, RO picks up substrates from i nput/out put
ports 1/01, 1/02, noves them between the different process apparatus and

del i vers fhgRdt®ad e trabloart BebBY cbidradbf b Recl ddnheDiAPhCT vtRgaisalsets. These
devi ces, which are often collectively 9 referred to as the track, are under

t he cont rcz@ntrelﬂedebnt:haéwe@amry@pntmi|systqr¢@C®hwéwhuabsowpetwlf thedigbaaretied by t he
super vi sor k
apBar at us alraE')"Igtv qlthg%p‘?%y con romgn?paL %ﬁﬁﬂéllfﬁ"l&%e% %Fg)%dd tl;lstéeaﬁg%? Bappar at us

%ﬁn bF o6 midxflize tidoughpumrzieprd dusanig bffistenapnd processing ef ficiency. [0038]
e a |gnnent sensgor AS, which is a formof scatteroneter, is sho in
Figure 3.10038]1 (IhegligamenssensondSy whichis %f?r@rﬁfﬁ?aé'ﬁrwt‘?ra’&l PV é‘gli’?e e Wnit 2

(descri beg.f slﬂ:'ﬁsrolfI §he 1%? A% efnﬁ‘i fb??e ?ﬁejoct RG uhf Qs(dé's)éﬁf)&ﬁfu}t%eﬁm%@ el ement

13 and (optiona ari zer by partially reflecti've surface
16 and |§oéuse<ﬂlsﬁdg tans eys$<mh)32 tabeghilement 43 mn«t(cqmonaplbpdbqlmﬂ%\neﬂb@edsby 15,

whi ch has a h, nunmer i p refer l. t 9.and

pr ef er abl Rt yg?%%%‘f’ © g lgﬁﬁ‘ifs P‘&ﬁg@l%utg@ﬁ e‘(}%ﬁ HH%R?EC%?’% ﬂgj&%tl aqf”?fm)r ©
nuneri caly saRGIchHa$s hi:g\ﬁeifurri]encﬁ{ea'ﬁértur% Xﬁ?\? rﬁréfgrabﬁy A16RNUSAnd Mok FefebidlRat
desired ilfumnation node, e.g. annulaf or conventional, and preferably so

t hat t he lgast aﬁét Enmersfontsentorsmde eves, hgve {eDpesrveith nuRocrical amrtw(es)overrle Lens
adj ust abl e. .refl ected ra ansm.,ts th h

Yot act i vestet Pt et Bt plof s stk NGBt RR Bk e 4 AR RAL bl
spect rumqdg Wﬁﬁ‘&&ﬁgly sI%t%&?é&éte@%mﬁmb@@ atgedpin, @Queer &b kare BAjost@81Ed pupi |

pl ane 11, ichis at the focal length of the |ens system 15, however the
pupi | pITelmeefﬂm‘;cdl radingerdthioe tresniitsetlyed ghpatialyiseflertaresuoiped Lésm(m@detecri@vdﬁi)

h
o L e T A SR B ™
radi ati on,gledtbdBepif NenANY hehidH is afihi GACRNSM JFi 1SS ket B, ﬂﬂde\tdﬂﬂu | ar

position defines ‘azinuth angle of the radiation. The det ect or referably
a two- di M@mﬁ’yanste@ebee@tlmag@bthhaumhalwmtldi Gmehishompnfaﬁ@fmimct@e é[p heer

fs gsc;;gm OL@ g‘suigzto&g% i r% G0 e?mrr;%umfaﬁﬁr %ﬁe pﬁg?pﬂﬁé R4t npcf nneglg é\?@%ﬁq
time of, tﬁ@fadﬁkpé'ﬂiﬂl&x offradiblidd &EBeNthePaSlefof attidente dnefh% substrate and the angular
position defines azimuth angle of the radiation. The detector is preferably a two-dimensional
detector so that a two-dimensional angular scatter spectrum of the substrate target can be
measured. The detector 18 may be, for example, an array of CCD or CMOS sensors, and
may use an integration time of, for example, 1 millisecond per frame or less.
[0039] A reference beam is often used for example to measure the intensity of the incident
radiation. To do this, when the radiation beam is incident on the beam splitter 16 part of it is
transmitted through the beam splitter as a reference beam towards a reference mirror 14. The
reference beam is then projected onto a different part of the same detector 18.
[0040] The detector 18 may measure the intensity of scattered light at a single wavelength
(or narrow wavelength range), the intensity separately at multiple wavelengths or integrated

over a wavelength range. Furthermore, the detector may separately measure the intensity of

transverse magnetic- and transverse electric-polarized.
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[0039] A reference beamis often used for exanple to neasure the intensity
of the incident radiation. To do this, when the radiation beamis incident
on the beamsplitter 16 part of it is transmtted through the beam
splitter as a reference beamtowards a reference mrror 14. The reference
beamis then projected onto a different part of the sanme detector 18.

[ 0040] The detector 18 may neasure the intensity of scattered light at a
single \Naﬁﬂﬂmngltﬂa targ 3 NG SubMkat@Wels @R @li nrh &t gelker ih@e ifhessd grtisepar at el y
at nmultiple wavel engths or integrated _over a wavel ength range. .

Fur t her nddellyHa sepsicesnesy, hegycaiepumaityela ofdhe targst fsise Fﬂr@?&r}sgryctd?-

transver I 16 T G- I . :

target 30 SN Rs (PepBBE e PR Bt PARRLE BBk BEbARR otk CARE RN,
Usual | y, dfmhsmatkeewihaitrgconithetise af themmnisirr y data of the target is used to
reconstruct jt. Fgﬁgv as djscussed bel ow, the present_invention enabl es

b er )
det ect i orf0842]t HbecRHHoR SUEP RS A 1HFRME AR dptaihin Hgle 4 SGOPICa AU of
the mar kquﬁ{eiﬁgﬂ%her-gH?soﬁ?éé'ﬁz §iRR a8 %reﬁﬁln?ls'atlas%r 848 [R¥Rrably g?éle detail in

Figure 4. ource 1 ncludes a spatia coherent "sourcé 21, such as for
exanpl e dumasscent)icndsugqrcetionabllases wyhach ditagtsilightingman) aconste-optipa twehlei nuum

I , ich dj t light int t 0-opti t le. fi OTF) ,
2 orat i ngtt (ROTEE sGraclkir argechsRnRarths Bieltests Fber il is ipt Lyt )
sel ect  a AR ANEd ANER cRhee BBaRg bR dbdndmvhielightpactpand thadvut® J1itght )

output of the source 21 to formthe inspection beamin the remainder of
t he sensdprm thephepeettpnABaimin thepigmainger ¢i0ba sqnsatm deraeteod 45dn Spgure4l tunabl e
filter i es.an acoust.o-opti,cal..cr.yst ' : a
bt ezoel edptf°RReARET Sa R NS HOLE et Pt At ZLRIES°,

and an aganstdda pibaRldagic tAhsdutenlss drear b 3highdbdg@encyaivet ciccuiveMesnd an t he
crystal 22 with a wavel ength determ ned by the nechani cal properties
(speed ofacewtia@psasperi2ie Teanpducsr 23 pgates prapshigvavesdn B arstal 22¢vithse waves

propagat %%feggt%mg#ep@hngﬁéﬁttﬁé mf:&g)ﬁcg%gg%%g&g(ﬁé&qio? sodr@9bSthE cRKE A gf the

refractive in ystal due ernating’ expansi on an

cont r act ideivingf fréquendesy Asthedeatdvies propagts thrarghshacrgtsthlf they formm garatlicng  whi ch
diffracts the_ |ight _passing throu it, although diffraction occurs

t hr oughouedistrButieidhe ttractifedpdet ?ﬁﬂe Pféfﬁtﬁgﬁluettﬂgﬁ altgfnating FRAPIOR ARGt  and

| diation . ad 9 !
3 :1 ¢ ]}' : ;2t 'ecgﬁﬁﬁlﬂlg%ﬂﬂer% o 2R e P OForiR TRIVEOR SR S \OhicR Qb t® g%% Hght

1
net effect 1s that radiation of” a narrow band
wavel engtpassingthetivigh itaelttedghdiiraction occurs throughout the region of interaction rather than

at a single point and only radiation meeting phase and/or momentum matching conditions is
diffracted. The net effect is that radiation of a narrow band of wavelengths is diffracted away
from the main beam and can be selected by a spatial and/or polarizing filter 26. The center
wavelength of the diffracted beam is dependent on the driving frequency of the transducer so
it can be controlled within quite a wide range and very rapidly, dependent on the response
time of the driver circuit 25, the transducer and the crystal. The intensity of the diffracted
beam is also controlled by the intensity of the acoustic waves.

[0044] Suitable materials which can be used for the acousto-optical crystal include: Quartz
(Si0,), KDP (KH,POy), Paratellurite or tellurium dioxide (TeO,), LiNbO;, calomel or
mercuric chloride (Hg,Cly), TAS (TazAsSes) and Te (tellurium), magnesium fluoride (MgF),

and sapphire (aluminum oxide, Al,O3). The crystal selected determines the detailed
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fromthe main beam and can be selected by a spatial and/or polarizing
filter 26. The center wavelength of the diffracted beamis dependent on
the driving frequency of the transducer so it can be controlled within
quite a wide range and very rapidly, dependent on the response tinme of the
driver circuit 25, the transducer and the crystal. The intensity of the
diffracted beamis also controlled by the intensity of the acoustic waves.
[ 0044] Sugoaisiny ofghesacpagte-opiidat nglla filfer. J§ e dirtingenterystad irstsed,dipe fikermayr yst al
i ncl ude: ar I . DP (KH2POA), Paratellurite or telluriumdioxide
(Te02), Lﬁbﬁﬁ%ﬁzﬂ%g?s%‘n%%’f%#mr?%?%%?‘iec chloride (Hg2Cl2), TAS (Ta3AsSe3) and

Te (tel | uoysy ,Highgirgsddemdtiveoit 2eis(OVbfected taiftt GARPNINIECT BF ¥ sBAtBrensétee,
Al2Q8). The crystal selected deternm nes the detailed 11 geonetry of the

acoust o- ofskick afovidsa aiirize signalde cause the tranpdifces tegant acopstistvdves of ysanprontiste

filter | ' ' ' Hi gh
Frequency Ao o3PS R A B oA R OBKE i i

scat t er onmet@red foha givepneasudasern. @Thé bandsiidthal tHearanamied bben iy mofetibielesd 0
emt acoustic wayes _of an appropriate freguency to select a narrow band of
wavel engt et 08mb s than 4 Sam eSS i Gy e lé%ﬁgtgm SR Baa?faﬁb@{aﬁlenslap Betyesn
measur e . W f ) L t hat
20nm | can pied of e i st SR A P e I55ed

r el at i onsinidphdggometny of theatpwac In simedeaseseby hgpiging anidive sigedthedingaweloengt h

depends on the partic crystal e o) angd the geonetry of. the device.
In some cas&s?y 9ne£ﬁsp(f I{fﬁre%ty%&u%l%ﬁéﬁghg\#ﬂﬁr F%l%oqper 8 selsfifonent s of
di f f er entpliraBGUIREMBENs dadh RntdrB@ablihd £HiffRéht RRVARSHRIMH A Rreghect a

plurality of conponents each centered around a different wavel ength, which

forms a nobichrmasivdern ths ahowhapluslitpabmeasprameats topeofadesimsliasemtys The be
ey (T S I OO (R T

of the drive' s vari tensities

of the dijhdieidaslly weavel gegitbssitie’ of i ke SBdnisths Be MR polylcBRAGkicAehth ght
source that may be used in an enbodi ment of the present invention is a
super contP949limA hghd sourgp thahmpay, b pseddn paembodiment ¢fithe pwsent hiventienis @e

1S RS ROHST PR MO ERB I el S gl o
very shosburpell sewhoe.dytpudis feé irite 8 @oo-hideaamlign 26,00 aphbmhicrystalffibed narr ow
band of T \é?)lu scre] gorllsrceménliacerr]ni’?srv%rf 51%%%?1152%/, et. gh %f ?e%]tbéeicggda (I;r pqgo(jlsiegonr;ldzd%l?atiiog:[ gf 2
a narrow band of wavelengths which are spread by the non-linear medium 21b into a
broadband beam of radiation. This type of source may provide a powerful beam with a low
etendue and a suitable range of wavelengths.
[0047] To detect the position of an adjustment marker, the substrate is scanned beneath the
alignment sensor AS in a similar manner as is done with prior art alignment sensors. As the
scan is performed, certain parts of the spectrum detected by detector 18 will exhibit intensity
oscillators in synchronism with the relative movement of the substrate and objective lens 15.
This oscillatory signal and knowledge of the accompanying substrate movement can be
processed, in the same way as in the prior art to determine the centre of the mark. As in the

prior art, the oscillating signal has a periodicity related to the pitch of the target grating so,
again, two gratings of slightly different pitch can be used to identify the centre period. The
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g~. broadband beam of radiation. This type of source may provide a
powerful beamw th a | ow etendue and a suitable range of wavel engths.

[0047] To detect the position of an adjustnent marker, the substrate is
scanned beneath the alignnment sensor ASin a simlar manner as i s done
with prior art alignment sensors. As the scan is perforned, certain parts
of the spectrum detected by detector 18 will exhibit intensity oscillators
i n synchr@nbstombl the biglldtilg 3idnule niaveeplained it iwe $a3s ivhtharaddivalinebit ve

l ens 15. This aoscillatory signal and know edge of the accompanying
subst r at eliffereaides elthe pane pHSKakRaomenONt he same way as in the prior art
to determ t r . i ’ hQl ; , Ll lating
si gnal - ALl e Rt s InlRIE pf8 et dhn BN el cpllT ol 0

agai n, twiugimatiomesd iidsh ilghtibeyofdiohfamtiomd] ilhimiahtie@an Beeauss the sbarce dent i fy t he
centre perioqd. The 12 gengrat.ion. of the oscillating signals. nmy be

expl ai neép?ﬁlﬁqftyveaﬂ%%ﬁ“e?w | peipierigt s BHPRRR 1B} STHTEAB ARP B E R thre

same physisgahnAeRATE 8 thted @Mt lpatlif Wil he Erniatf RS ihdrhdd phRRAlLthdy a
cone of light (hollowin the case of annular illum nation and solid in the

case of cwomeemutchisterinined biyribe WavslengBeefdhe mdiatien suditheangls of gsan¢idérty
coherent, there. w | e.lnterference. het ween..ra arriving f 0 site
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det ect ed ndgnithde ¢iihé diffeteaBebetivieertlh biid 4ct i on orders n and mare used the
pitch of the beats is equal to the pitch of the grati %di vi ded hy the

nmag niht udd091+ Weothier way ehloskmemhiesitpationds that the gresing dfFests radpipndhtol ooki ng
o . L e r ) ; t [ATor I ¢
G 11 or ent et teighe B8y o) U, o St et 'R e Bibil bk, MESHAE

pl ane. Theh&paiciodkhe sooke mesaasthaf the liters @ill Beintefnsict batvebi thetdverigppmd | be

interference between the overl apping orders. Relative novenent of_ the
grating & nkelgbjeapeyeapent ehtbe grating and e obiestiphigaewgh cauge thegihagee dha

or der s t Q;6haNgei AR BEEAHSR HobSisLBRRSBRIES Pind ifedhi §aEE M. ARERES are

di fferent
oscillatory intensity variations will arise. The phase difference (¢, - dm)between the different

orders, m and n, contains information on the position, x, of the alignment marker, in

particular:

_ (p.-9.) |
= 2.r(n—m) )

where p 1s the pitch of the target grating.

[0050] The position in the pupil plane and amplitude of the beats occurring on relative
motion of the target and objective lens may be dependent on a number of factors including
the illumination mode — especially @ or @y, — the wavelength of the radiation, and the
grating strength (depth/height of tracks or lines forming the gratings). In the embodiment of
the invention the wavelength of the radiation may be adjusted using the AOTF and the
illumination mode via lens system 12 so that the strength of the beat signals can be

optimized. In some cases, e.g. with strong gratings, the maximum signal can be obtained by
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oscillatory intensity variations will arise. The phase difference (O -
4,,,)between the different orders, mand n, contains information on the
position, x, of the alignnent marker, in particular: X =p 2.ir(n - nm (1)
where p is the pitch of the target grating. [0050] The position in the
pupi |l plane and anplitude of the beats occurring on relative notion of the
target and objective lens may be dependent on a number of factors including

the il unignad drd0lafDRGhinatRBREEH @) .Yand the whitldn@th seldchd tyVeotel Bnigtebfehcd he
radi ation, and the grating strength (depth/height of tracks or |ines

forning tieéterrefithasps)e pitch as He tengbicatptingn tBeats willlwepeanwhere tha+H hendwalel engt h
of the ragrlder% o%]r . Sogfﬁﬁgge{s s;%%d ﬂﬁ' %%r@?in%ﬁq;e%gyrg sErg'ﬁ esii vk'helilmh% i AN ode

via | ens SyS§ em S reng eat s can be

opti m zedy/-1 |Strbr&c§tﬁl’6vﬁﬁt§38 cofvegtiondl ilhunsihatonds prcdriedds obthmea smxp otivrgirgnal can
be obt ai ned_hy ing annular illumnation with touter and the

wavel engtf02H] é&wébbet Prfesiatekthat the Beateare aeky oba%rtf%cbmdowﬂw%ar@&ﬁéhem@éh as
the tar geiiflar&r E}ﬁ LOe cRERHS l&ﬂa Libn QP@@ %Eat‘é@ﬁﬁlecaﬁ e c%ﬂ%@%teanlgadv]ag‘&e sootﬁgtq{tﬁ;y

overlap. ‘I'n other cases, gratings ts are strongest wher e
t he Ot h alath oftd felStixads ﬂennsh@széﬂ apd bere:ordeé ot pmnedsed | Inwrthan @bdesre. g. where

preferredto obt ai.n strong. Ot h order It will reci ated that
the beat ShaPECHRSH U cesrgrg is Rot ko, ?&FXE%{ pcgtign may@o ‘i’f‘p‘antPf%Iddﬂe In sone

cases t heglaral HRekr, §1§ﬁ’al %‘Hess%%ﬂééﬂ&%%ﬁ nR§ teabpikdab @k WA AR oS T hat

only data of a few pixéls fromt eed be recorded or processéd. In
ot her cas@@D image tommtléy thellecagmmof thpbtath B rechsling asdrieg of §Cmnagn©m t he

exact tion may,.not be identified in wever

ot ocess: i FURRRTES paR s Eob po<Binet Bossfoe RroT o gie erbu b oceses ofBco
i mage t o 1jnd@piat yhrbi@phOis abi RBul. t he beats. By recording a series of CCD
i mges and the correspondi ng stage position, it becones possible to

per f or m t{0@S2hedis thejay gﬂtrﬂi% éléﬁslseéé sighdl hag ¢ n@or§tgn@htatn018h r&isg Rgudud te shefnoise
reduced. 1[1 gl%Ss%llrc.en(}:}% I 0 1tnh0611' a spéiﬁeolf l?he a(%CBI gln (S tha??q.?gn 9&11bsif 5 %l mgaym or a

noi se rati Nnoi Forence ge

part of H)B@s@ﬂoﬁfﬁgﬁetth@ﬁgﬁtﬂ@ﬁdf’&]hc@ﬂd‘isdalt beats may be used to normalize
t he signal and reduce noise. [0053] In an_ enbodi nent of the invention, it

i s desir 48181t & poembedimentnf tymyeitioneit éxdashahle tqgosition the substrate so that the

target is out of focus in the sensor. In this way, it is possible to generate a fringe pattern in
the areas of overlapping diffraction orders from which the position of the grating can be
determined without scanning the substrate. Also, the spot size on the target is increased
which improves averaging over line-edge roughness.

[0054] Although specific reference may be made in this text to the use of lithographic
apparatus in the manufacture of ICs, it should be understood that the lithographic apparatus
described herein may have other applications, such as the manufacture of integrated optical
systems, guidance and detection patterns for magnetic domain memories, flat-panel displays,
liquid-crystal displays (LCDs), thin film magnetic heads, etc.. The skilled artisan will
appreciate that, in the context of such alternative applications, any use of the terms “wafer” or
“die” herein may be considered as synonymous with the more general terms “substrate” or
“target portion", respectively. The substrate referred to herein may be processed, before or
after exposure, in for example a track (a tool that typically applies a layer of resist to a

substrate and develops the exposed resist), a metrology tool and/or an inspection tool. Where
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target is out of focus in the sensor. In this way, it is possible to
generate a fringe pattern in the areas of overlapping diffraction orders
fromwhich the position of the grating can be determ ned w thout scanning
the substrate. Al so, the spot size on the target is increased which

i nproves averagi ng over |ine-edge roughness. [0054] Although specific
reference may be nmade in this text to the use of lithographic apparatus in
t he manuf gglivatde,alie discdosurd hegbiauhay Heepplitien stctoghdtdiladr stihseratel froegsiagtviots.
apparatus_ described herein may haye other applications, such as the

manuf act UfEthss tﬁfm girale BYY GpPrecsssed gipss Wam ongs oy sKEBPIS HyoTdet B ECE5aR pat t er ns

for magnet.i.g;. Fn i i (o ]V s I L1.dil &Pl ays
(L Cony "R AAFICHTRIRG Rm bt ARBPha LRy, rorer I EERUTA LD, 22
t hat, in ¢dn@imsonuléple podcessedhaymks er nati ve applications, any use of the terns

"wafer" o “dieg" herein. be considered as synon us with the nore
gener al ¢ 0P KitolEh Spein G orheE PR gL e gk SPGB SRS el SmbiGmER et r at o
referred 6&h@§1&61&t{bnﬁﬁﬂle%nfé&98ﬁ§§i%ﬂylitﬁl%(r@h?, Rkvill 88 hfire @B EHAT Be invenfiOn
exanple a track (a tool that typically applies a |layer of resist to a

subst r at emanbe vksdén ofhsr appdicatiopssietexamplsimpringlithography gpd whete theidndextan

i nspection, tool. Waere, 14 .applicable,, t.he .disclosure herein nay be applied
to Such g St LaLE eaptlRsh RS i figrel AogiMhes RROGEM A (o o ey
be pr ocess@emiiy dvidd@afiiiaRe pitein EXRABDLE a kibsGHREThd Bp6 ofahe pattebiing ayer
IC, so that the term substrate used herein maé]‘eal so refer to a substrate

that al r elgdige mayhearessedinfa ¢ laver ¢frevd surplicf 4y/kesubstppsshergypon dirgissisieci f i c
f . . 1.0t i
vent | ot R p BB AR AR R e 8RO Al ek B oSG PR B erlle THE

t hat t he partemiig defice isyioal ¢is @f therresidt hewingppdtteat in dnafier flerresdstanpired.i npri nt
| it hograph an%ﬁvx/nerg‘ the context allows, is not limted to optical

l'i t hogr adﬂijfs.ﬂl A he S5 nFadigtion o gadh pispma upeshiseia sasenasyall yres & ni ng devi ce
defines t ; : e : 1N . : f

pat t er ni n%&t@%%%ﬁﬁ%c{}@ﬁn, g}cggﬁé%dﬁ#%’flglegf a)y%?ﬁg%& é% ihg?mg Sgéﬁv}efeéggtp o ft he
subst r at erabentdap,ad5st U8, 163 157 or $26 om extl dxtreappllira-viple|(EUMV) catbgvat(e.g.

radi ati on, heat, essure or a c i nati on thereof, The tterning device
o oen Mo arRIeRERdh etk APLASE R Bl i Rl s, DLt 0B beging &
cured. [A56] vddigs.terns "radiation” and "beant used herein enconpass all

types of electromagnetic radiation, including ultraviolet (UV) radiation
(e.g. halPefy] a Thetemeigtsh, wiiere the context allows, may refer to any one or combination of

various types of optical components, including refractive, reflective, magnetic,
electromagnetic and electrostatic optical components.

[0058] While specific embodiments of the invention have been described above, it will be
appreciated that the invention may be practiced otherwise than as described. For example, the
invention may take the form of a computer program containing one or more sequences of
machine-readable instructions describing a method as disclosed above, or a data storage
medium (e.g. semiconductor memory, magnetic or optical disk) having such a computer
program stored therein.

[0059] The descriptions above are intended to be illustrative, not limiting. Thus, it will be
apparent to one skilled in the art that modifications may be made to the invention as

described without departing from the scope of the claims set out below.

15




or about 365, 355, 248, 193, 157 or 126 nn) and extreme ultra-violet (EW)
radiation (e.g. having a wavelength in the range of 5-20 nm, as well as
particle beans, such as ion beans or electron beans. [0057] The term

"l ens”, where the context allows, nmay refer to any one or conbi nation of
various types of optical conmponents, including refractive, reflective,
magnetic, electronagnetic and electrostatic optical conponents. [0058]

Wi | e speWHAT [eabhadMiiEnt s of the i nvention have been descri bed above, it
will be appreciated that the invention may be practiced otherw se than as
descri bed. For exanple, the invention may take the formof a conputer
program cpnt ai na igﬁ% S | feUgki ons
descri bi ng a matﬂgl as ngigpééﬁ?%lgse%ﬁg%%eg?ﬁ%?&;arggta st}){ngg%ﬁ%ngé?ﬁl}%(’e. g.
sem conduapparatusermpyisingagnet i ¢ or optical di sk) having such a conputer

program stored therejn.,[0059]. The descriptio above are.intended to be

P st rasi ve. - Bk ehg Hialon sif G oL e T, GRPERe™ e bORET ca
the art that nuogi d‘b%e@:ﬁ*«é RAScommguRA toaftect ti Bdam dMyEMdnBht@the nieB& onhks

wi t hout departing fromthe scope of the clains set out below 15 WHAT IS
CLAI MED: sebstrgie and tgreaient radppsiop liffigcied by thpupeies o det ect an al i gnment mar ker
on a substrate, ristng. S ] ] t iation
source confi gurae%H§5cem%%E%tt§§§%18£%Arngzﬁqg%qlﬂerq;s&;géﬁh%%}%% i 1 enosfrt@egnfi gur ed
to directobjdegivbbamamti radi ati on onto the marker on the substrate and to
collect radiation diffracted by the marker; a sensor configured to detect
an angl e resol VE@NEPTRLATRECE D AFIPE SPAtitheT HMRaTE VaBBT‘éEtOifg%&l!léﬁé": and a
contr Ol GiefdeiiatanBlelrB0RA hOkiflith Bt o%RALL BorcrBim MEFAAGGH iniRalid bARS or both
in the detected angle-resSolved spectrumand to derive therefrom

i nf or mat ipesitiondif detaligemedt marker rplegv¢ fodhe ofjedtive ladsi gnnment nmarker relative to
the objective lens. 2. An apparatus according to claim1, further
conprising: a positioner configured to effect relative novenent between the

substrate and tAdieapparatus according to claim 1, further comprising:

a positioner configured to effect relative movement between the substrate and the
objective lens, wherein the control circuit is arranged to detect variations in the detected
angle-resolved spectrum synchronous with relative movement of the substrate and objective

lens.

3. An apparatus according to claim 1, further comprising:
a positioner configured to position the substrate at a position that is out of focus of
the objective lens, wherein the control circuit is arranged to detect fringes in the detected

angle-resolved spectrum.

4. An apparatus according to claim 1, wherein the radiation source comprises:

a broadband radiation source arranged to emit a first beam of radiation having a first
wavelength range; and

a filter device arranged to select as an output beam a beam of radiation having a
second wavelength range, the second wavelength range being narrower than the first

wavelength range.
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objective |l ens, wherein the control circuit is arranged to detect
variations in the detected angle-resolved spectrum synchronous with

rel ati ve novenent of the substrate and objective lens. 3. An apparatus
according to claiml1, further conprising: f a positioner configured to
position the substrate at a position that is out of focus of the objective
| ens, wherein the control circuit is arranged to detect fringes in the
detected angle-resolved spectrun1 4. An apparatus according to claim1,

wherein the radjation sourcg % a brgagﬁa(g radi ati.on source
arranged 1o enift™ 3PRAYFILGaCHY }’Hgé‘P ¢ a‘f"h‘i‘fﬁmﬁ \7aH VICP FUPPTISES B PEHSIOR
range; angRaff thhdbee ﬁﬂ@r\ebﬁl%n%g aﬁl g@dasﬂo%p%@me&&stﬁ%naﬁg&% RicbivR e haam of
radi ati on having a second wavel ength range,” the second wavel ength range

bei ng naraefoediatiarhatransscéricogpled mbhe h@tmgtomptlaaigf‘elter and rangad ap@@rtatawsﬂc
accordln erei.n,th | ter rlses an acou

e s Ml e BEE St Gelive afingt ) el BB bPGR BRAFRROY (o
receive tﬂl@rahtyr&tbemaamp@tfbwﬁé h@lukt@rbptidal toF P G ESHorSe tpthe dirdt ®edri@nd the
acousto-optical filter and arranged to excite acoustic waves therein and a

beam sel exspistig Vergs awa sacpthipram efgadiatierchaving a sreomsliv piplenstuisngm deovecend
plurality gele%%@hr@nge%e?rkﬁ%ap%v}ep&aﬂ?ﬁe%&?w%ﬁéngﬁ%raﬁ% stal i n response to the

first beam a I'C waves as a radi ati on having a
second wavel ength range, the second wavel ength range bei ng narrower than
the first wavel ength range. 6. An apparatus ording to claim4, wherein
the filtdr devidbaRPETARS @@gdlalgd? fﬂ@}naét Wbﬁelngb%f it?{glevrﬁe comPHTsS &rdakfigstion
accordlng%% | aim4, wherein the filter device conprises a set of
exchange e 'nterference filters. 8. An apparatus according to claim4,
wherein the broadband radiation source is selected fromthe group

isti j and a.super -

consi sti of su erconti nyum | aplaseﬁ gfoq§ ¢
| umi nescent d| appgratugAceOy Egé? éc% FPRGS B ﬁ?fomﬂﬂﬁ?éﬁﬂ“fhe sensor
is sel eCteﬁghafnrgQamlé DErBr QIR filters.

8. An apparatus according to claim 4, wherein the broadband radiation source is
selected from the group consisting of a supercontinuum laser, a laser diode, and a super-

luminescent diode.

9. An apparatus according to claim 1, wherein the sensor is selected from the group

consisting of a CCD camera and a CMOS sensor.

10. An apparatus according to claim 1, wherein the radiation source comprises a beam

conditioning optical system configured to provide annular illumination of the marker.

11. An apparatus according to claim 10, wherein the objective lens has a numeric

aperture sufficient to capture at least part of +1 and —1 diffraction orders from the marker.
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consisting of a CCD canera and a CMOS sensor. 10. An apparatus according to
claim1, wherein the radiation source conprises a beam conditioning

optical system configured to provide annular illumnation of the marker.

11. An apparatus according to claim 10, wherein the objective lens has a
nuneric aperture sufficient to capture at least part of +1 and -1
diffraction orders fromthe marker. 17 12. An apparatus according to claim
11, wherein t heAcapparadhs accordinigtto ichim d bf wigireia the @ntrdbtisnit iosmifighatitons in a

part of the detected angl e-resol ved ectrumipn which. the +1 St and -Jst
i f 1 r act | SfechPerDiaiops B Byt offhe deterledARelctes Vel parEH vBichifos 1a,n3\m%er ein
the cont r(ﬁfﬁ%'ﬁg,ggf'dtersios\,eg%pfi gured to detect oscillations in at |east a
part of the detected angle-resolved spectrumin which the Otl and at | east

one of the +l st and -1St diffraction orders overlap. 14. An apparatus
according.to claiml1, wherei.n the radiation source,conpr.i ses. an . adjustable
beam condl | onAl Bt e ey Benr bR hiel BEHRL FRARs ST b SRRl P
a desi reglcillalionsinat lead aPRADS theRleteBtediahPoGE AR GpaiRRal Rt wisice HeiaatiRg: an
illumnation systemarranged to illumnate a pattern; a substrate table
conf i gur deast enhelf the &1 seiskst ]l adigtracsiop oojescaviedpp-syst em arranged to project an
i mge of the pattern onto the substrate; an alignnment system configured to
detect an alignment marker on the substrate, the apparatus conprising: a
spati al | yi4cohermnippatagitacsarding@o clith il gwh&dintthe Rdiatiod shaadrahprisagdamt i on; an
objective |lens_configured to direct the beam of radjiation onto the marker
on the sudisiaplebeamropditiopmneoptical syntem corigrdite dburaimatgyhe substigie ke? ; a

sensor c Eiir&fﬁplﬁfﬁiﬁaﬂoggw}o%t an angl e resolved spectrumin a pupil plane of
the objective Tens; and a control circuit configured to detect spatial, or

tenporal variations or both in the detected angle-resol ved spectrum and a
Fﬁ:l tioni lr%g sysp'E ﬁtwoé&s)}%gg%a\égmg 8015&%19? ection of the alignnment marker by
an illumination system arranged to illuminate a pattern;
a substrate table configured to hold a substrate;
a projection system arranged to project an image of the pattern onto the substrate;
an alignment system configured to detect an alignment marker on the substrate, the
apparatus comprising:
a spatially coherent light source configured to emit a beam of radiation;
an objective lens configured to direct the beam of radiation onto the marker
on the substrate and to collect radiation diffracted by the marker;
a sensor configured to detect an angle resolved spectrum in a pupil plane of
the objective lens; and
a control circuit configured to detect spatial, or temporal variations or both
in the detected angle-resolved spectrum, and
a positioning system responsive to the detection of the alignment marker by the

alignment system and configured to position the substrate in an image field of the projection

system.

18




al i gnment system and configured to position the substrate in an imge field
of the projection system 18 16. An apparatus according to claim 15,

conpri sing an exposure station and a neasurenent station, the substrate

t abl e bei ng noveabl e between the exposure station and the neasurenent
station, and the alignnment apparatus being positioned at the neasurenent
station. 17. A netrology apparatus configured to neasure a property of a
substr at el6.t he Ampfaratsmcodingrto slang:15acongnsong an\espesurestatimgad at 0 nmeasure a
property of a target .at a onvvn Ioc%tjon on tpe substrate; an al ia?lﬁgﬁent
syst em coRFASYIRTEET $1B1Qfe fectOSIRICIRPIG RAERMAERIE PeRFIeR S CXRRTT Sigton qfj dhe

appar at UsmEQNRM et ffkiorf afPRk hBbler APSARNE bdih @PSsitRAME Gane Hthigned to emt
a beam of radiation; an objective | ens configured to direct the beam of

radi ati orstgwno the marker on the substrate and to collect radiation
diffracted by the marker; a sensor configured to detect an angle resol ved
spectrumin a pupil plane of the objective lens; and a control circuit

configured.t o dehrebloppapparhtus Enfle@rIAA6 dleadtdé h pEopefts oA sitRkrite, the t he
detected angl e-resol ved; and a positioning systemresponsive to the

det ect i orpppfrafU§ComPgiAgent marker by the alignnent system and confi gured

o B3 4 et 3 BRSSP YA,

nmet hod of detecting e pos € method

conpri si nye sudstratej nati ng the marker with a spatially coherent radiation

beam collecting radiation diffracted fromthe marker using an objective

lens; detecti i§ aHAgeRgSEsten son@pedipatotsctisn algnmeptmarkenpmihg sppstiafrethe

gﬁjdecti V%pbﬁgﬁis coﬁx‘ﬁhﬁﬁ&:vel y nmoving the substrate and the objective |ens;
a spatially coherent light source configured to emit a beam of radiation;

an objective lens configured to direct the beam of radiation onto the marker
on the substrate and to collect radiation diffracted by the marker;

a sensor configured to detect an angle resolved spectrum in a pupil plane of
the objective lens; and

a control circuit configured to detect spatial, or temporal variations or both
in the detected angle-resolved; and
a positioning system responsive to the detection of the alignment marker by the

alignment system and configured to position the substrate in a field of view of the sensor

system.

18. A method of detecting the position of a marker on a substrate, the method
comprising:
illuminating the marker with a spatially coherent radiation beam;
collecting radiation diffracted from the marker using an objective lens;
detecting an angle-resolved spectrum in a pupil plane of the objective lens;
relatively moving the substrate and the objective lens; and

detecting oscillating signals in the angle-resolved spectrum.
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detecting oscillating signals in the angle-resol ved spectrum 19 19. A
nmet hod according to claim 18, wherein illum nating the marker conprises
provi ding annul ar illum nation of the marker and detecting oscillating
signals conprises detecting oscillations in a part of the spectrumin
which +I" and -1St diffraction orders from the marker overlap. 20. A

nmet hod according to claim 18, wherein illum nating the marker conprises
provi di ngl%.ul | mumthodialcbqrdingad) clom 08, w}imeinﬂldminatmgihdﬁtad(ﬂ corgproesi | | ati ng

signal s conpr.i ses ect.| i iong jn at art of the
Spact r um RAvGHEAYAG BtRda S itk 5 der el ybi e mises
diffracti dla"t'ecﬂhggééllzftfoﬁmri A?arf@f" th€EpcRi¥ Bt iR Rhich 11" Andle Y g AoMaH batkd#rbMd
nmet hod using a |ithographic apparatus having a projection system the

met hod cohpmiagiengverthgt ecting the position of a marker on a substrate, the
detecting including illumnating the marker with a spatially coherent
radi ati on beam collecting radiation diffracted fromthe marker using an

obj ecti vey(d. ens; A drtipdtadcagdiap t@elging1 8 asrsl e dhepasidptie ifarlér poplisep! ane of
the objective lens; relatively noving the substrate and the objective

| ens; anopra\@ﬂ@@tfulrhgumbéhumwwﬁg)f thegnarker and deteetingeficilafing sigods capRiéses um
posi ti oni g, 1. gos%'ﬂ aﬁfoﬁé ﬁ%ls?atn% %fﬁtf?e %{Jr}gtr%% %EthHe Y Sh PR <§rf‘efo%rtﬁ{ce to

the detected position projecting an i mage o tern
ont o t he sifest -at é1ffts¢tm>g otrdi@s fromj the iatkar syslapm 20

21. A device manufacturing method using a lithographic apparatus having a projection
system, the method comprising:
detecting the position of a marker on a substrate, the detecting including
illuminating the marker with a spatially coherent radiation beam;
collecting radiation diffracted from the marker using an objective lens;
detecting an angle-resolved spectrum in a pupil plane of the objective lens;
relatively moving the substrate and the objective lens; and
detecting oscillating signals in the angle-resolved spectrum;
positioning the substrate relative to the projection system by reference to the
detected position of the marker, and

projecting an image of a pattern onto the substrate using the projection system.
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