P-2169. 020 A METHOD FOR MEASURI NG | NFORVATI ON ABOUT A SUBSTRATE, AND A
SUBSTRATE FOR USE IN A LI THOGRAPHI C APPARATUS CROSS- REFERENCE TO RELATED
APPLI| CAPI2OM82p0001] This application clains the benefit of priority from
United States Provisional Patent Application Serial No. 60/639,847, filed
Decenber 29, 2004 and entitled "A METHOD FOR MEASURI NG | NFORMVATI ON ABOUT A
SUBSTRATA, METHAD BORSVIRAH RURGUSEF ORMA TIONABOPHI £ SABSTRATE, ANDA entire

content of which LS.I rej | C F [ 0002] The
present inventi o@bgmfﬁwgﬁﬂ@&#&ﬁﬁﬁyﬁg ‘&ﬁ?é@&i}%n about a
substrate, a substrate for use in a |ithographic apparatus, and a

conbi nation of a lithographic apparatus and a substrate. BACKGROUND [ 0003]
A lithographic apparatus is a nachine that applies a desired pattern onto a

target qRO$S-REFFRENCENIE RRIATHD ARPDIGPNIONSIPpar at us can be used, for
exanple, in the manufacture of integrated circuits (1Cs). In that

ci rcunstléifié, allparpriioatiog clans te besefdiof agortyrfeask United States Rrowigional gener at e
a cl rCu'Ptateﬁ?‘%éﬁri&tisg§%§§199&%0¥k%9t8917?ﬂlehrff'e'cgﬂlﬁé*rab, b@(yzF{ncf) nilfi§ «hC and this
pattern ¢an i maged onto a target’ portion (e.g’“including part of, one or

sever al MEEHDDOPOR MEUISHRIAGINORM ATION ABOUMAf SUBSTRAITH)AN A ayer of
radi ati gn-sensitive materi al ([r esi st). eneral , a single substrate w |

I
cont ai n SURETE PR DaFANChLITH I ABRARATEIS 4 e enfiie ceent b y
exposed. K %Joﬁ&?@&ﬁ%i&l@?&?&%us i ncl ude so-call ed steppers, in which
late

each target portionis irra y exposing an entire pattern onto the
target portion in one go, and so-called scanners, in which each target

portion&ggLeradiated by scanning the pattern through the projection beam
in a gi irection (the "scanning"-direction) while synchronously

soanni nofdag SUDR! 2l RVekdiPlel s @AhetRR R hRasirthe Micinfllisasden. [0004]

Al t hough specific reference may be nade in this text to the use o

| i t hogr apbatmate, appzstrateufor iise inladithegrafhac appasates, andCs combingtiom bfla bthograghicst ood
that the lithographi.c apparatus described herein may have ot her

appl i cataPBﬂgt}lsgﬁcgﬁS‘é%tr? e manufacture of integrated optical systens,

gui dance and detection patterns for magnetic domain nenories, |iquid-crystal

di splays (LCDs), thin-filmnagnetic heads, etc. The skilled artisan wl|
appr eci BACKGROUNR the 1

T

[0003] A lithographic apparatus is a machine that applies a desired pattern onto a target
portion of a substrate. Lithographic apparatus can be used, for example, in the manufacture of
integrated circuits (ICs). In that circumstance, a patterning device, such as a mask, may be
used to generate a circuit pattern corresponding to an individual layer of the IC, and this
pattern can be imaged onto a target portion (e.g. including part of, one or several dies) on a
substrate (e.g. a silicon wafer) that has a layer of radiation-sensitive material (resist). In
general, a single substrate will contain a network of adjacent target portions that are
successively exposed. Known lithographic apparatus include so-called steppers, in which
each target portion is irradiated by exposing an entire pattern onto the target portion in one go,
and so-called scanners, in which each target portion is irradiated by scanning the pattern
through the projection beam in a given direction (the “scanning”-direction) while
synchronously scanning the substrate parallel or anti-parallel to this direction.
[0004] 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, liquid-crystal
displays (LCDs), thin-film magnetic heads, etc. The skilled artisan will appreciate that, in the
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P-2169. 020 context of such alternative applications, any use of the terns
"wafer"” or "die" herein may be considered as synonynous wth the nore
gener al PtB6NRO" substrate” or "target portion", respectively. The substrate
referred to herein may be processed, before or after exposure, in, for
exanple, a track (a tool that typically applies a Iayer of resist to a
substr atcentam:bfdevlehlwsatl\ftempbmsedmr’ osd @f? Be tsafrma“wefer Dlogye drer¢ingpydeei on

tool. VWhere.,applicable, the. d scl os rein. ed t o,,such and

boher s upbriapEas SRR ol LR hOR Wl su R Pror P BREL B S 208
mor e t hasspettdely. The sebehiar referietl tO hétein thay 6 gatesal, bufokrd of #ye expdsures i, t hat

the term substrate as used herein ma){ also refer. to a substrate t hat

al r eady [elofeEIPHs afark (plogl Prbkeialiyaphligy e layer plgeist opHbEEAFANG deyaloRgi on

and " beagt sééisx%QFtZ%F ?b‘[\%ﬂ%%l R eélldn P et a dap?i'c?r% rtﬁé‘ﬁﬁ@lﬁ&ﬁr? heRg{ ation,

i ncluding ul'travio n (e.g. having a wavel engt 365, 248,
193, 15Mmaorbeldppliedo sankl amdwnhermlbelratemocesshrgto@ﬁlﬂ)rt}ree,dhasumnat(eeng behavi ng a
wavel ength in the range of_  5-20 q i such as ion

beans orreiesed e tIge fPHesEP %H%O?%Wfﬁa&?wfﬁ%veai% dhatghe ©ERG her o n

shoul d Repdrapadl Ked REEIMRLS) ﬁgo Aer th 8fsBhdtalAh k1R 28V BRSNS RRltifIaPrdessstiped to
i n‘part a prOj ection beamwith a pattern inits cross- section such as to

create dayattern in a target portion of the substrate. It should be noted

h d d
ot he dBeRT e Bk R et G BaR B bl ar ettt BRRES! Loneral 1y

the pat tepicomapadtic@sdibeor, M 1RIiRE elial et PERN T adMtion (62 hasROadaldedtRaf ti cul ar
functional layer in a device being created in the target portion, such as

an int eg%éxw ¢93.davor 1?@0m7]an¢wétrqc§%ﬁ wlepryielet (EéW)cféd%Wf%gthaéﬁgm ssive or
reflect '\x‘/aeveleﬁétﬁ heesraf? %ﬁhﬂ?%wéi'ﬁ p%ﬂ&%@%hﬁd&cmﬁlfﬁ b%‘h%%%f@%ﬂ@ﬁ €

m nor arrays, pro panel
I'ithogr aps. and i ncl ude mask types such as binary, alternating phase-shift,
and attenuat ed phase-shift, as wel| as various hl)é(lbrl d mask types. An exanple

of a prd bFke e, Battexpingdewics| ayused herginrsheu rheam@aé%mtelme@ﬁn
m ”Ofs,re@grngg t9f d\efo c€ hat em@gsfeg?@m{bgv@é}oﬁcgh}é‘osgn%&ﬁaﬁ%&ferﬁ & s%sﬁan

incomng r ation eam in di ent manner

r ef | ect edetloaanth g tpa:tretaizaf mpattern m & tacget praivplod thaf supstrdterinshogldewnated thhe
support tructure na ne or table, for. ex be fixed
o " hovathebaEH Fgtiey agihe e R Db ey ek G S O R i4b L ReEY BRI e |
at a degj E&C{aﬂ%@tsﬁddl&[‘of %@%u&%ﬁf@b@nera%&l’% ﬁa@ﬁ:ﬁ?ﬁﬁpafr@dft@ﬁaeﬁfr&le@tﬁd Amsyst em
Any use of the ternms "reticle"” or herei n maybe

will correspond to a particular functional layer in a device being created in the target portion,
such as an integrated circuit.

[0007] The patterning device may be transmissive or reflective. Examples of patterning
devices include masks, programmable mirror arrays, and programmable LCD panels. Masks
are well known in lithography, and include mask types such as binary, alternating phase-shift,
and attenuated phase-shift, as well as various hybrid mask types. An example of a
programmable mirror array employs a matrix arrangement of small mirrors, each of which
can be individually tilted so as to reflect an incoming radiation beam in different directions;
in this manner, the reflected beam is patterned. In each example of patterning device, the
support structure may be a frame or table, for example, which may be fixed or movable as
required and which 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”.

[0008] The term “projection system” as used herein should be broadly interpreted as

encompassing various types of projection system, including refractive optical systems,
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consi dered synonynmous with the nore general term "patterning device". [0008]
The term "projection systenf as used herein should be broadly interpreted as
enconpadsilay0ari ous types of projection system including refractive
optical systens, 2 P-2169.020 reflective optical systens, and catadioptric
optical systens, as appropriate, for exanple, for the exposure radiation
bei ng ugedectiye opiigal syskams, Rad 8RORIEI9PHEA! SHHCTS @S BPPraRriatentor sxamplelfar d  or

Synony e ek B T AHERE, of OFoh & Aliokth o e EoERY g BRRMATL " °°

i 11 um natritlenuss pé b @acuvmy. /alyseeoff donpas Sleustlientis niaypesonfidapd as synoapmpanent s,
i ncl udi %thr fractive, reflective, and gatadioptric optical conmponents for

directi RAMITR genek?! te1gh RIPISETIOHEYSEHE - pr oj ect i on beam of radiation, and
such conpegygnt STREM IRl s ysRiemh e disb @nc&%a@y"varﬁﬁislt%:‘o‘f%bﬁcﬂrco&b@ﬂéﬂts",‘r ly,

as a "lens". [0010] The |ithographic apparatus nmay be of a type having two
(dual stiagedingrefrastiee, refldssive.snd catadioptc(eptidlmompaoerss forshirscinegs lshapaid, @5) . | n

such "mul tipl.e stage"' machi nes h addi ti.onal tables be used.in

aral 1 ortontsiHife HeHHSies 0 aiBb S i Ean 208 s e s SR S Rl e e

V\/_ni e ORIV, Capéﬁvgltyhﬁrsiﬁgatah?;sasag‘qe&ej ng used_ for exposure. 100111 T_he

I|thogra8h|c apEaratus may also be of a type in which the substrate is
&

i mrer sed09Wla | Theliorphisgppatatis mayhs|of akypgrhavatgrtaet ([dvd sfaggess mereg. wat er

so as tq {fi i nt  of roj [.OR _System
and the S%%%sa%ertaP%g?a%%?‘g?\éﬁﬁﬁr%%?ggaﬁge@ ?Aaﬁgg h]él?tépp%lgt%%g rglgalg’%%?é{rﬁes%aces in
the |it hagitiaphlitsblappay B used ih paratieRoppeparariy&eps hmbebeedkied anthr diee dri r st

el enent of the pro_jl ection system | mmersion techniques are well known in the
art for MO iyl Me o IRIE OtIer taRiFs PFL AN RseH 0] EPPFYR systens. 10012] In a

manuf actiygimg p i i r i r.0j £t .. a pattern
o g, i R B e g e A R o A 0 RERE RSl Pl Ty
cover ed itmneaselday ediqofd havagy atelativelydngh tefraetiveahéax, alg. (ates,i setay to Btliaspadeo t hi s

i magi ng ,step, .th ubstrate may .undergo various, procedures, such as
ort i g behaeh abe Bual el L AEE Pretogargem Ao Skpen g e TGRS fFat o may
be subj egdrafd apPli&d t*&ecfthé}rsﬁ%g% ﬁé,litﬁdﬁiblﬁéaﬁa%%t f&@%ﬂfeebé}%% {HRERsk

devel opnent, a hard bake and neasurenent/inspecfion of the i maged features.
Thi s ar raay thef firspelementinf dlee projegtiensystena limasirsion techaitiuesrate avgllikndivaiidthel | ayer

of a devi C8: i 8 9uind | C. e%ucgl a . pat er.ne[do Isa er my t hen undergo various

pr ocessd& 8Lglﬁ e%% %@Eehrf%, i Qﬂ)— f‘?%%l At AETER SY 816151 ng), netallization,

oxi dat i qug12§henpr Mpehaattaahg pRIcESHisiig,a 1@hSaraptad projdttion dpparh@s fd pteth of f
(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
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
(doping), metallization, oxidation, chemo-mechanical polishing, etc., all intended to finish off
an individual layer. If several layers are required, than the whole procedure, or a variant
thereof, will have to be repeated for each new layer. Eventually, an array of devices will be
present on the substrate (wafer). These devices are then separated from one another by a
technique such as dicing or sawing, so that the individual devices can be mounted on a carrier,
connected to pins, etc.
[0013] During the manufacturing process of, for example, an IC, specific process flows

are designed to define the device structures. The proper working of the device often depends
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an individual layer. If several |ayers are required, than the whol e
procedure, or a variant thereof, wll have to be repeated for each new

| ayer. BvEAt@Elly, an array of devices will be present on the substrate
(wafer). These devices are then separated from one another by a technique
such as dicing or sawi ng, so that the individual devices can be nounted on a
carri er ,on thoalrgnmaeng of te padiyiduak stackedryes. Bor thirgourpesenaligninzant marksgprer ocess

R N e

device stru €s. er wor

P- 2169. Ggn@enttsbesodmagrhigrntd ffr thidveadoud oy ihdudbnse@akatls |afiygedsueldpiig, fdr S
purpose, alignnment narks are often exposed in resist at |ocations where no
devi ce NOPILOR GFEENRAEODr esent underneath. An alignment sensor maybe used

for the pepgout pfmt ?&Eglsé SUTRA M HBHESali gftfrle R mAKY S ARARE slu_fue{urespﬁawggon

determ nation. 10014 r the purpose of alignnment, the alignnent rks, or
mar ker stsedighichéy themintdyactionsweith avhingringiyg ligkt eainnfoe alagriinian bearb hgekratarpi ngi ng
Iight beam (or al.ignnent bea enerate one or.nore diffracted beans. From
| or Bt Sor WO St P RSO Sl B o n g & HECE0ei ¢ 1 on

of the MREKEthE FdRVES the nfarlRe $1htiRNt0 A pokitien RatHeaRte R bl the nBRkatB® be
determ ned. Typically, a marker consists of sone periodic structure such as

a grat i rigterminedhTlypieadlyua amrker seepisinielsonfe perindis stmdture sisbhe s gritd@ivhicbur i ng
the ali gnqeat of the rrgﬁ}gs attégrt g}free on top of device structures, reflections
of the al'ygrnent Y GhY" 1A BESTFP Y om t he devi ce- speci fic under-1 ayers.
Because [005] UnD&fih%tHégali%ﬁﬂlleﬂﬂ’of&Hé matkRAhd1@rd @pdop o deGibe BB tirds, St tidhel

density, which are knowmn to induce different signal responses, even wthin
one di e,of il afigament b may qecwr frap thiedayics:spepifip underdayers. aBreayss/thenduce a

positio i I - J eg r (e I ion after
r eadout n?/a{[]%%g %W%ﬁ%e@x‘é‘gg g%lrt lFrQT g‘%ilg? {né Eec%r&égggﬁﬁg}tgpar{gy% g‘é’HE&s ed to
provi de inddeedififerémrsignial @oporses kvaswithiausie diayiatyingtdress-taliudtehay cursf Suetat i on,

exposure dose infarmation,. etc,. Cross-tal ttributable to. . .the underlying
and/ or m%sé%}ha@%n@wt%glw@fawgbﬁb%\é cad i ngpEeqt Rk POFIHPR FHFMAHN bei ng

provi de%ft@b’reta@&lt%?rllﬁe al MR nsE0017] 1t is an aspect of the present

i nvention to prov ée a met hod fsor preventing cross-talk between resist

mar ks arfi0tdle uOfeouryd, mprkswbapbe ssadrio prwiideotberinfrmaten, duch agfocus
information, overlay information, exposure dose information, etc. Cross-talk attributable to
the underlying and/or surrounding features may also create errors in any information being

provided by the mark.

SUMMARY

[0017] It is an aspect of the present invention to provide a method for preventing
cross-talk between resist marks and the underlying and/or surrounding structures during
readout.

[0018] In an embodiment, a method for measuring information provided by a
substrate is provided. The substrate includes a feature that has been created by a lithographic
apparatus. The method includes projecting a beam of light onto a marker disposed above
and/or near the feature on the substrate, and detecting information provided by the marker
with a sensor. A coating is disposed on the substrate so that the coating lies between the
beam of light and the feature to substantially prevent the beam of light from being reflected
by the feature and causing an inaccurate readout of the information provided by the marker.
[0019] In an embodiment, a substrate for use in a lithographic apparatus is provided.

The substrate includes a feature created by the lithographic apparatus, and a marker created in
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readout. [0018] In an enbodi nent, a nethod for neasuring information
provided by a substrate is provided. The substrate includes a feature that
has bee®-d¢%¥&Ped by a |ithographic apparatus. The nethod incl udes
projecting a beamof |light onto a marker di sposed above and/or near the
feature on the substrate, and detecti ngTi nformati on provi ded by the marker
with a $dnespef reaist ghavedgdios neardhpisare nlheypakanispprangeddte prevde tfemagani ng

li bet L ght . t i : t th
beam of “Frane FESTRE oG ey SHobi § GRLHE forBoa RN Mo Rblike PEEHE D, e
r eadout offightheed fifraieteating thepnfovindtdeh frpvidaé byrdhrekearker ORI 1H2Ing neflectedebypthei nent ,

a substrate for use in a lithographic apparatus is ided. The substrate
[ nol udedcaie gl 6P WRGTUER)S A0l HEGPasRRRo A ded By e arer rar ker

created [pirof P- 21689 aR2Rb8diInR%E N 1Rhodr8RiS hpRPAYEInRRAWRRatRa At Dutkeat wse. The
marker is arranged to provide information about the substrate. The

subst r atuee &l tho lithograplissapparatstis prpvided. Jhb dithographid apppragnsaneludes an beam of
light usgd for. det?ct%ng t@ﬁ i.nformati gn Cf)rovi de bl}/ tggr markerrt. from bei ng
ref | ect dUUBYPAHHLSYSIEATFQOHRGME dCRY ARG HEL i3 BAPORJBLIPRPT g S

i nf or matpafemgel e d TRY phif@niteldédice s¢rV€2Blimbart 8 WakOsk ra®iation ¥ithiatpaggmaphi c
apparatus in conbination with a substrate for wuse in the |ithographic
appar at us its srop-gsetiged Thapepardtuhalge dshides apyhwiratedable for syppertiag the supsirdteiat i on
system for ndi & ioni . m.of radi ation, S t r pporting a
act or nifo BN e P BRI R p R el oy B o etRE R gt Fop ARiER

radi at i gobstatd) aid Padrser for measuring i6fopmat Gesioudthe siberad PRiicadubstrat fehides! udes
a substrate table for supporting the substrate a projection systemfor
proj ect iarigeturserenigd Rt prtTHRS FRedram diragdiatinn with thepaftgming deyinerand prejectinge
substra L (o Ta N [ : ate. The
substr a:ﬂge ?ﬁ%ﬁﬁgg%zﬂ{ %%%E%@%?g{gtﬂgg’e tyﬁ}f ngg tt er%ﬁ%ggﬁ E‘getﬁgﬁg iSErhgdi ation

wi t h t heulpsaitatee pmd agnadey iccatednd apayey eftesisgabolvhengyat hear tiedfelteam Tfe maderat i on

with the projection system.onta the targe ortion of the substrate, and a
mar Ker o BESE0 fPR ik as s den apou B Rbsr o Rel iR o d RIS  The
marker  chgif foRRARANEAPHRVEAR gl Ram Al RBEb ANhERQEE: thhRe BthBgtabRice. The
substrate al'so includes a coating for substantially preventing a beam of

| i ght f rapparatue froenisong fefletted bl ithehiogtuegdndeausipp an axageurhtcoeadoat ofghe ef | ect ed by
t he feat.utfpe atnd cau I%E%%% i n?ccur ate readout of the information provided
by the ARPKBFOBRPEEC I"PABN OF THE DRAW NGS 100211 Enbodi ments of the
invention will now be described, by way of exanple only,

BRIEF DESCRIPTION OF THE DRAWINGS

[0021] 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:

[0022] Figure 1 depicts a lithographic apparatus according to an embodiment of the
invention;
[0023] Figure 2 is a schematic cross-sectional view of marker structure of a substrate

used to provide alignment information for the apparatus of Figure 1;

[0024] Figure 3 is a schematic cross-sectional view of one embodiment of a substrate
used to provide alignment information for the apparatus of Figure 1;

[0025] Figure 4 is a schematic cross-sectional view of another embodiment of a
substrate used to provide alignment information for the apparatus of Figure 1; and

[0026] Figure 5 depicts an embodiment of a method for measuring information about
a substrate that includes a feature that has been created by the lithographic apparatus of

Figure 1.



with reference to the acconpanying schematic draw ngs in which correspondi ng
reference synbols indicate corresponding parts, and in which: [0022] Figure
1 depi cPL160-92Pt hogr aphi ¢ apparatus accordi ng to an enbodi ment of the
invention; [0023] Figure 2 is a schematic cross-sectional view of marker
structure of a substrate wused to provide alignnent information for the
apparatus of Figure 1; [0024] Figure 3 is a schematic cross-sectional view

of one %ﬁwbggbﬁpf#ﬁ@trate used to provide alignnment information for
t he app 7 [0025] Figure 4 is a schematic cross-sectional
vi ew of [@02F] her eiFimde ireclientdtically depicts n dittegrepadt dppaqaneviiOde caddirgoant

i nformation for fq&f agPa tus of Figure 1; an&.l?%m Fih&nlque'S depi cts an
embodi nPAticylr MARLIRGE! Pihe SRR ddeiaRprMaLl D Giflufss ap IUNWaRR SIS t hat

i ncl Ude%ill%nfi@ﬁ&?ﬁl@ fdr vihﬁ% ab&%j'éc%r‘?@éaﬁﬂﬂ%f H@l@adoht(@%g[ﬁ’%ﬂﬁti@ﬂﬁﬁli@ws of
Figure 1. 5 P-2169. 020 DETAI LED DESCRI PTI ON [ 0027] Figure 1 schematically

depi ct s radifticnhagiizsphippod siyastates. g1 0 mask tabth) MjT far suppaing apattemingrdsuge nent  of

the i tion, t 0 incl ud i1l um pati t ..

G Saear e A PREBEGHeARAT 2 R P ePrER dpush PR Ruit b Biiopingy. Ly

radi ati gRe gHiteFile ddvach WRith dpect do ftér L, & UROhtc tBBIE lqg.{g.uer Rafetable)aVmasSK table)

MI for supporting a patterning devi Ce@\%ﬁaﬁgﬁ a mask) MA and connected to a
t

first posldingonsubgtraies gea RMsteratedowefe prriecteditp Agecand@opidioniagni ng
device w.th ect to jtemPL. I t abl e, g, fer le) WI
o notahg  Eiskebdely ElEning b MR EN T ARG b Pl AR Ehaldie® T,
second R@séhi(@pl Aw@fractend p16jebUif Rhs)FIClor ah&divg PSitdrh ibaged toehspdfdctiai € Wi t h
respect to itemPL, and. a(gr ojection system(e.g, a.refractive projection
| ens) Pes P brabe pattanipgtderics Moata %@r&%p@lﬁ@nﬁg Gy énqleting el Py t he

pat t er ni L 0 a target portion C (e.g. including one or nore
di es) ofd%tg?]gﬁéhgg?sgp%egmw [ 0028] As here depicted, the apparatus is of a

transm 46028¢ type Aschete depigbdyhagpparatisians atrasdnvissivasky (c.4l dneploghguel y, the
AR IR N LR AT T WK B N N
The Lo/ EAeateell NECR, MR guAmaDkhtt el B A e g 2o o <0
exanpl e,[0639%n t he The illuminator IL receives a beam of radiation from a radiation source SO.

The source and the lithographic apparatus may be separate entities, for example, when the

source is an excimer laser. In such cases, the source is not considered to form part of the

lithographic apparatus and the radiation beam is passed from the source SO to the illuminator

IL with the aid of a beam delivery system BD including, for example, suitable directing

mirrors and/or a beam expander. In other cases, the source may be integral part of the

apparatus, for example, when the source is a mercury lamp. The source SO and the

illuminator IL, together with the beam delivery system, if required, may be referred to as a

radiation system.

[0030] The illuminator IL may include an adjusting device AM for adjusting the

angular intensity distribution of the beam. Generally, at least the outer and/or inner radial

extent (commonly referred to as c-outer and o-inner, respectively) of the intensity

distribution in a pupil plane of the illuminator can be adjusted. In addition, the illuminator IL

generally includes various other components, such as an integrator IN and a condenser CO.

The illuminator provides a conditioned beam of radiation, referred to as the projection beam

PB, having a desired uniformity and intensity distribution in its cross-section.

[0031] The projection beam PB is incident on the patterning device MA, which is

held on the support structure MT. Having traversed the patterning device MA, the projection
6



source is an excinmer |laser. In such cases, the source is not considered to
formpart of the |ithographic apparatus and the radi ati on beamis passed
fromthé&Zdef2e SOto the illumnator |IL with the aid of a beamdelivery
system BD i ncl uding, for exanple, suitable directing mrrors and/or a beam
expander. In other cases, the source may be integral part of the apparatus,

for examgie PBprssestthroughihedens RL avinel foghses thensanmendo g dereelerosima@f thee
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ot o ad B, IERDELS A O LRR BSSI 5) RLYe FYBLAS i RIS e T,
adj usti mgeﬂemmelooctdvfaay thelsubstrata gatilh®V T eanghel o vddrdcemated y ecg s6 us toytosionof t he

beam rall at | ea the oute nd/ of_i nne extent (commonly
referr edi et drgetuart 9nsa¢1al féle.pﬁﬁ%&fl h%ﬁ?-@al%l fg ?J’Fi% PositigRggdgvice

di stri bytyi i 5ﬁbtl§’erﬁ%5ﬁhbn BERBE(H sﬂ%)'chﬂl H%M&Q%c&@ﬂe%o@%oﬁ%%ﬁeﬁﬁn
addition, the illumnator IL generally includes various other corrponents
such as davice begmt@trgzrpebtl\loahMpahoﬁﬂméwsmrPEC@g aﬁﬂencdﬂaumlrmtrmvabﬁr@mades a
condi ti one eam of, radi atio referred to, a

navi ng SURELPRED RALTEE ety Bher et RSt it R CHEh P8R 0be sect i on.
100311 TEhsstiatcahsietwoRvieaRedBed sithnEé Qiﬁrbtfa%hgtélﬁkﬁaﬁdcﬁwﬁﬂﬁsépymﬁ@nh@ whi ch
is held on the support structure MI. Having traversed t atterni ng device

MA, t he apd ajseert-plaekeanediudg Gnapsitipasia), pﬂllplaﬁs@spa@mfdhgnoalh@nn@d@wm PMhhi ch
f d
L6 ne” s BN TAMAR 0y el 56h RO O Fp st 05 e SN ) ol bt =

interf ernmy&ferdoﬁnamdl t@&)shotth&olswaﬁﬁa’t@tcﬁﬂy‘z abhery\BE @0, blee }ﬁ’ﬁbﬁéﬁdngﬁﬁumalt/[@l Y,
e.g. so as to position different target portions Cin the path of the beam
PB. Si mianépybpiraten¥ maybaaligged usips pattereiag idewce pranmnt arser¥dd. Mosindi on sensor

(not shgmra&%ga gﬁ%{g@. ap%ur ately position the patterning device MA
Wth respect to e pat f1 e beam PB, e.g. after nechanical retrieval

froma [0k |i br dihy depicted wppargtua nsaydre.usédingbe &l biwingrexangamoaes:t he support

structur and the ubstrate able WI' wi | aid of a
ong- st AR nodul & ( codf SEP B PeAmT SR NChBKL e FkEBUEIGT B ne

posi ti Oﬁ{'eﬁ't@ssenWQH}?Batfl&{a?ﬂ/ I%{Je a%fenhi’bepa%ﬁi ﬁﬂ;ﬁﬂb&‘@b @epr&e&idANeadtd PW
However, 1n the case of st epper (as opposed to a scanner) the support

st ruct urpeOJMTed oy ab@gctqmm«m €dn poe go §ilvon singterstdtis expoiae)oiThe nm@strat@rtabiay be

pat o7 nihG IR G V&S et kil R orhp i Pt o P Rmr ks P 1.

P2d [ 003%pos elnd%plrﬁd@dﬂﬁnﬁzamhuﬁmm tb@e;t{ﬁa@ﬁl'eiffbld himitk ed 93 sXahewagal e
nodes.:

portion C imaged in a single static exposure.

[0034] 2. In scan mode, the support structure MT and the substrate table WT are
scanned synchronously while a pattern imparted to the projection beam is projected onto a
target portion C (i.e. a single dynamic exposure). The velocity and direction of the substrate
table WT relative to the support structure MT is determined by the (de-)magnification and
image reversal characteristics of the projection system PL. In scan mode, the maximum size
of the exposure field limits the width (in the non-scanning direction) of the target portion in a
single dynamic exposure, whereas the length of the scanning motion determines the height (in
the scanning direction) of the target portion.

[0035] 3. In another mode, the support structure MT is kept essentially stationary
holding a programmable patterning device, and the substrate table WT is moved or scanned
while a pattern imparted to the projection beam is projected onto a target portion C. In this
mode, generally a pulsed radiation source is employed and the programmable patterning
device is updated as required after each movement of the substrate table WT or in between

successive radiation pulses during a scan. This mode of operation can be readily applied to
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[0033] 1. In step node, the support structure MI and the substrate table W
are Kkept essentially stationary, while an entire pattern inparted to the
proj ect iPo®PEEAmM is projected onto a target portion Cin one go (i.e. a
single static exposure). The substrate table W is then shifted in the X
and/or Y direction so that a different target portion C can be exposed. In
st ep nodeasklepelithagriapiynihat yidizss a pregranmakigmatiemimeleyics; sush@pa pyygangablene

t ar get rﬁplro}m%?é.}it??%ggreif&rﬁgag@eg static exposure. [0034] 2. In scan

node, the supp cture and the substrate table WI' are scanned
synchr ooy whi I@Gnzbipattane and/omparatieds dothehabopr dgsesbédomotbasarfiuss opr oj ect ed

onto a target. portion C (i.e. a.single dynam c exposure). The velocity and

directi SR élﬁ@reglhwgﬁ?%?fé@%ﬁééw ml%{ﬁgve to the support structure M is

det er m neesApy the [ﬁrﬁﬁréd@ﬁ%'lfthd‘g@ﬁﬂlﬁ@a fhtud tw@ﬂ_lymiﬁ@daghgreaﬁésﬁ&abﬁél cs of
o]

the projection systemPL. 1n scan node, the maxinum size t he exposure
field |ianlesinglresubpteate tablay Honevenrmaadaesiargnaly feaslieblgriy waiich theretase gfdeaspor t i on
in a single, dynan,c _ex ur reas the | engt f t canni.ng. noti on
ot or m 08 HRERRIE pRY Y el OTHRRS ol Tor s GRRBI, Bt R SERMRT | O

f 00351 Jesdribe@OURRE SRS PateRENSSIFHIFN 4431 6,062,096 alll 61 A OlsA9t Teedasiti al |y
stationary holding a E.r ogranmabl e patterni ng device, and the substrate

t abl e WPPFEtin®paEciple bsbind saeh mivki-ptagswanpatatusiip thappyehiteafish sybisatg td)le stat on
beami s j 1] j , y a pul sed
Paarat ;Y BBekE BogRbR RIS AR LR SochTol PlrbsulTRe e ¥ 2, B
updat ed lasitademuthiteablaf 4 ecosdalbstime eatdnitanatin tde ladbt positen distterddla or i n

bet ween successive ragi ation lgul ses du\#ign a scan. This. node of operation

can be P %{‘ﬁﬁﬁqd_eﬁﬂ‘ BlERte PCioURsQNEYs 61N ST BY W%%W&Bﬁf}le?ﬂg?m $PPzes a
pr ogr amgbl & Ak Rha %eﬂ%\’dn‘ag%%?%cgraﬁéfeﬂhlé’ hoWsAhTRR B thébtdRbredos@¥n0f 2

type as referred to above. [0 nmbi nati ons and/or variations on the
above desdernball thequesciodn systenoas soentas explopumidf filer fust substiats iofomdetedethe al so be

enpl oyed. 037] Until recently, .lithographic apparatu icagl.ly contained
a singl| éyﬁ‘_gglﬁnt_ ats- In iy H’aélp?‘ﬁg/ités %‘lfﬁ@?ertﬁt‘%‘?f’%?ﬁlsgl?“%\ﬁavae?mﬁ‘&%‘%/nes are now
avai | abligrolghpiliveich Heteh Rifto™s the€asst of bwWRersiif 8paRABALIN.. IMY6@AIe substrate
tabl es; see, for exanple, the nulti-stage apparatus described in United

St at es Patdentooddwnt the, 988 pintiplecaddbyewd vetguet oneGubttite tFhie whish & moysdr at i ng
principle, behi nd such multi-stage aratus is that, while a first substrate
table i sbe%eenteﬁ%osé&ep%ngurfl%asﬁ%eé?e??B%S%E(gnéér neath the projection systemfor

exposur goe¥s]a fir Shesppshiuatl © may also provided with a plurality of sensors 50 that are part
of various systems that provide information about the position of the substrate relative to the
patterning device and the projection system PL. For example, the apparatus 10 may include
an alignment system 60 for aligning the patterning device MA and the substrate W with
respect to each other in the XY plane, a focus error detection system 70 for determining a
difference between the focal or image plane of the projection system PL and the surface of
the substrate W, and a level sensor 80 for mapping the topography of the substrate W.
[0039] The alignment system 60 may be of any arrangement, such as an indirect off-
axis alignment system described in United States Patent No. 6,297,876, which is incorporated
herein by reference and employs an alignment beam of radiation that is radiated by a separate
alignment unit and that is incident on a marker, in the form of a grating on the substrate W.
As described in further detail below, the grating diffracts the alignment beam into a number
of sub-beams extending at different angles to the normal of the grating. The distinct sub-
beams will be directed with a lens of the alignment unit to different positions in a plane. In
this plane, an element may be provided for further separating the different sub-beams. The

lens system will also be used to finally image the different sub-beams on a reference plate to
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| ocated on that table, a second substrate table can run to a | oading
position, discharge a previously exposed substrate, pick up a new
substratele9Bdf orm sone initial neasurenments on the new substrate and then
stand ready to transfer the new substrate to the exposure position
underneath the projection systemas soon as exposure of the first substrate
i s conplcesatsdn ithge otiheneark Harihis egfemnes plpts, 2 trifereneemank, mayt bé propsdiand @ t o

i ncr ease, bstant al t he. machi n rou i.ch i.n turn oves the
boct oo Fal RN R Aol TR mal B SR ben il b el dilar TRESVES
princi platpaosikehl bethmebcvmrthUesiep@memsmb&é effeft tbaizﬂleh Weiiflage of theved

bet ween exposure_and neasurenent positions.. [0038] a parat us 10 may al so
provi deduisitets markjand she referesice sk spiacide. Infihis Wethsaﬁent aliggmeptef t8y st ens

that pr S’iYa‘rE’ﬁ ohThOLBR %Ar@%%ﬁﬂhe E%eﬂ%&ﬂk@f‘m%e hiEms R Shit i'fﬁa‘% HeGh&sikg 1o the

patterning device and the projection systemP exanpl e, the apparatus
10 may iand bptdeizedriltel degaatmnnaysynsluém@@raﬁ@mdammdetgctbtsefopmba&umgmhy; devi ce MA

and the.substra I.es ea h t he XY pl.ane, a focus

s or TS an Dy ot G Tk LRI oo Breh Becileamb HBdRTTRE fooal or
i mage p'tl?él&gﬁfnehhﬁupﬁféhﬁ%é A1nsy & £88cbhd ARG ehdREn&UES ?&E‘exﬁxfnglet Bee sabRbaate W
and a | evel sensor 80 for mappi ng the topography of the substrate W [0039]

The al i ¢gmihersubsiratet teble0thnthy abgnrocntalmy Hhis aengodeeferensemiarkes may themdier ect of f -
axis ali nrrgtqt sn){s%e ghescrtl bed Unjted.States P tﬁ{w No. 6t297 876, which
is incorag%‘? e S HRAEENRS Q%Vé%e usé‘}ﬁ)‘f’%?ﬁéurs 28} AJHIRRATE ISR of

radi ati eqethdieds descrivedimUafedPtatesPRRME Noe5, 124,868t 18Thdorphidictihetein By
incident on a marker, in the formof a gratlng on the substrate W As

descrl baefeiencs, mrayheruiserbiogithat uTRe%e- the grating diffracts the alignment beam

into {1‘6{% r_ of i al?%téﬁzﬁ gff&*b?%ﬂla'i!% tgFngblfltf gét%ﬂlt Ql- Sfe}c]ittﬁattcﬂ%ct@% ma' Of

the grating. The distinc eans W Prect al1ens o

al i gnmetighmiért b%mndnxfeét@rm Pasiket prosided oa tid cubstrate rW viaths ppdjestien s;merﬁl errent
may be prow ded for further separating the different sub-beans. The |ens

syfst em Wit 1Thay Regmpwill Redifirerteq bgthe ynarkg g8 ttlwbamtﬁé?}’ e difigrenisyhbesns a
referenggq Rlll"fll:)@retfféc(%d fmtg Jfl@egptg tlﬁrﬁ %E&Bgﬁp}r\gg‘%‘ﬁ;“ﬁgﬁ %gcélolnrk thI'nSPL

reference plate, a reference laton sefsitive
det ect orthe(dlffenensmstma)nsmjﬁ bleefoarsedmgedefbehcmdlgnheant mfadsree pnmdmirtk theThe

out put signal of th ect or WI nt to ich t he
Crmpe. opegfamedint FiA s A tedbr B BCE P 08 G ab A teG
the ext %ﬂ&%e‘afu pBh I YERAEN R mdrRé& in MY peterrdily aéw‘cesmhs tmltu@ \M&V\éhk Rxicheof ef erence
marker in the alignment unit nmay be neasured and ogtl m zéd. The detector

may i nclebgemens péthetrearkerddnyihd gabstrdte Woanditke feferennsasarkemyy thepatterning device

MA can be measured and optimized. This may be done by using a radiation sensitive
detector (i.e. sensor) constructed and arranged to detect the alignment beam traversing the
marker in the patterning device MA. For more information with respect to the on-axis
alignment system here described see, for example, United States Patent No. 4,778,275, which
is incorporated herein by reference.

[0041] The apparatus 10 may also include a focus error detection system 70 for
determining a deviation between the focal plane of the projection system PL and the surface
of the substrate W, so that the deviation may be corrected, for example, by moving the
projection system PL along its axis, the Z axis. For an extensive description of an example of
a focus error detection system, reference is made to U.S. Patent No. 4,356,392, which is
incorporated herein by reference.

[0042] Figure 2 depicts an embodiment of an optical marker structure 200 on a
substrate. The substrate W may be a semiconductor wafer that is being used in the

manufacturing of semiconductor devices. As can be seen in Figure 2, the marker 200
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intensity and the aligned position at different orders. To finish the
alignnment, the reference in the alignnent unit should be aligned to a
second Pét@0%&hce marker, for exanple, one provided to the substrate table
with the alignnment unit. This second reference nmarker may then be aligned
to a marker in the patterning device MA using exposure |light. An apparatus
and rneibuleas seéiae PR adth mpanipdicdly Poruilpbls fwaﬁéfmctlm of g bgarn o gupingiBch i s

i ncor pOEi 1 €@0RATEL R abden tﬁ&%ﬁ%@in%vi?i%le%ﬁ% $Qhe akuRY rlg‘%fiﬁlg%l{g% gi’t s an

Al ternatfvely, a direct on-axis I gnnment system na e use
al i gnneiightb@ans phiovetet by awposor &0 hk senspr 5 mdp e anthe b gsmbsitsystew, thevi a t he

projection system PL. This bea i1l be diffracted by the marker on the
Bt 1 af A o PP SYRFID, @B BRaensatdaseibed S, of Pek Peer g e

proj ect kQRoSwuat REY F-conrh@bd Bﬁcﬁé&%%b@% tBRuRY iAFRRTatiON pRXde@Byithe matite

di fferent sub-beans will be focused on a reference ali %nrrent mar ker provi ded

to the 2p&tkevibagppredintsd thait iThet ¢saenjiel it thh peedisity Bibe swiggtteforf or ned by

- : ny d. h f Kk FR th [
devi oo BRTATRnn gy TRE eiiPethetbfin” SidhRAEoRR St el bk

subst r atfipl¥hendd Wi 4 grRdeng® fatakiefor shottBiew Pad drigthyi st Guidebié €8 loder can be
nmeasured and optim zed. This nmay be done by using a radiation sensitive

det ect oway¢lergths dhe tarin ‘dighEtaswsed Beraiids Bt lanideditotavglangths viiftin Hieivisiblent beam
t . ( ( . ool
S S o AP 0 My LR AL

exanpl ewalkleiighk. St at es Patent No. 4,778,275, which is incorporated herein

by reference. [00411 The apparatus 10 nmay al so include a focus error
det ect i §#043) st em Fhe g@ﬁmgaﬁf EPTRISHT Rl %9%9? lings gR4pwithadaresid traehss Mane of

the projeet ism%c%m%%%e NGt RenGidE ﬁ?&eﬁavbe%fd%ﬁiedt%ﬁﬁ%ﬁéc?to%e% dupate t he

devi ati on nmay be corrected, for exanp ving the " projection system PL
al ong i vfthaxinss 20 &he periodicityBof dre gratingns cerepoked of b pine ondtfP and etrangdl e of a
focus er rf% detection system reference is made to U S. Patent No.

4, 356, 3934t WHich is incor porated herein by reference. [0042] Figure 2

depi ot S @AqpmOdi Pyl B RSALAL ITRIEEH POIA! #661200 21 BirehiRly at e

The substrate Wnay be a sem wafer that 1s being used In the
manuf actliredtiog sobstaeially paghodionladievthe agfacAsf tarsubsrase®h Alterkdtyalyea Aon-t he

For i # PRRERIOHAgRE K008 e IMAmIEdis Fg | g A o i THPEE Okl B HhS vl |

Wit hin (e b¥iugddd sl RNE&nUmboain&REFhitdMBht, IRE ik 9k Bebadband wavelength,
may be used on other, non-diffractive marker patterns.
[0045] The marker grating 202 of Figure 2 is a so-called phase grating. A diffraction
pattern is schematically shown by two diffracted beams, each having a diffraction angle 6
relative to the surface. In the diffraction pattern, the position of intensity maxima and
minima is governed by the periodicity of the grating. When the wavelength A of the
impinging light 100 is within the range of visible light, periodicity P may be 16/n microns
(where n is 1,2,....7) to obtain a diffraction pattern suitable for purpose of alignment. In an
embodiment, the line width Py and trench width Py are each 8/n  microns (n € {1, 2, ..., 7}).
[0046] In order to obtain sufficient diffracted light from the grating 202 and to obtain
an angular distribution (a diffraction pattern) of well-defined diffraction maxima and minima,
it may be desirable that the grating 202 encompass a minimal number of lines and
intermediate trenches which are 1lluminated by the impinging light beam. For example, a

marker of this type may include at least 10 trenches within the illuminated area. Of course,

10



light 100 is provided by a sensor 50. The sensor 50 may be in the alignnment
system the focus error detection system or the |evel sensor described
above, &r21¢fe0be any other optical sensor that may be constructed and
arranged to neasure information provided by the marker 200. It will be
appreciated that it is not essential that the periodicity P be suitable for
di f f r acorhsntypes ¢f myhrkewimay be wded, asiveould be eprseciptadby anelof erdinasygfoliimihst s of
the inveption may be inplenmented with a periodicity P suitable for shorter
wavel engths or suitable for |onger wavelengths. The term"light" as used

herein i[@47pt i nﬂheﬂltémlmvﬂie&ngtd&sedvﬁemisﬁs fuRtBevdesérbliged Ippe ideptmoftic nmay
enconpass |ight of |onger wavel enath or shorter wavel ength than_ visible

wavel endepdies ?%zpé{twrﬁ@ adompyriage 209 ot b dingy 04 n 3 cerggin ésre%ﬁonm fladraoed, wit h
inter poglg H{eg Fa?lﬁ g@a@terédrht ttﬂ?ﬁo? Jf@c%@O@fof qﬁ{eg Q?? aJXM thl-gh%ﬁ fa%%Ches 206

have a respect to e top sur 4. The
peri odi séa:tty:rda ah bbttezm@rlﬁtaf thge trmchemﬁﬁﬁssbduldfhaae h cergaimpbldse rélatiemth abtdinench

wi dth P11...] 0044 ht 10 h wavel engt h
> 1o appsreR s rrerce et tie LiSorim o ephuretieat fed bhe wur f ace. o
the subgtfigdiGityVe. ﬁet&bﬂ%m&{rynches DO8rel RVE RETHIt6Y bidtack POR N BHel 1012 964 t he

i npi ngi ng beam 100, and also a nultiplicity of wavel engths may be used as

wel | . | shaxd bmwdhthﬁmosnwhmterfﬁrmgﬂﬁwﬂh aceur, Ielsgtﬂthwrttﬁfqermeoaumnde,wavel engt h,
may be used. .on n-diffracti nark 045] The mar ker
grating Shigtigp Ogﬁﬁr‘%lagwnéo%lc% S\i%‘aWBr?a ‘g}a ?‘?PSI? 9{[(9 9% acti on pattern
i's scher[r(mgFal Iy shharphye grm@ngizdzf frRGhRecRasdH the affraltedn figteth My bé act i on
angle 0 ative to the surface. In the diffraction pattern, the position

of i nt endhemptinaibi drdueascps fallowwainder aglect métst bgf of RBotoRs reflgrican e b t he
grating ur‘&%é‘%(faé‘gg TW@YI?L‘SE th dle%fse&l}ig sef %h@%&?geﬁécgmthg‘ﬁg?ﬁld’\ﬁfttﬁé n the

range of "SI periodicit ere n

1, 2. ... trépcHed® 20@tlﬁlal’gl‘a§ndhifef::flﬁ€9 i amnnfeasityanhaxisuint @l ecduarwipmrthe prasef

allgnrrent In an_ . enbodi nent, e I|n width P, and trench width P11 are
each 8/ f!ffrencs s light heams scajtering r3r°mz ine terosheiaces? 45y andriray theyrench floasst i ci ent

di F 11 actpdidd8hin OISR R0 mg[top&gag%ﬁ%roﬂpﬁp bRk RlafieddBadngul ar distribution

(a diffraction patt fined diffraction maxima and mnim, it
may be ¢@EOf abl e (Habutshengrtgid oafgn@RE sﬂmctmrqmaﬁbaumdrto medvideimizderende for nes

and T neLIed ate Lienehe MOLCh AL RALLUN IRt 60,0 APE iRt ng Lo

W thin bagsdd fob Al it pa@ip8aes, Fnof Bikried tolbe FndkeAn @8Pway. For example, to
perform a test that maps the focus and/or leveling performance of the apparatus 10 over the
substrate W, a special patterning device may be used to shift the image source in an entrance
pupil of the projection system PL. This may provide an image at the substrate W level that,
at certain locations, will experience a focus dependent lateral shift. For an image that is in
best focus, there should be no lateral shift. If an image is not in perfect focus, a lateral shift
in both the X and Y directions will be detected by the sensor 50.
[0050] In an embodiment, the marker may be arranged to contain other focus
information, so that it may be used with the focus error detection system 70 to deduce the
focus information, e.g. alignment of the substrate W relative to the projection system PL.
The embodiments discussed below apply to any type of marker that may be used in
conjunction with the apparatus 10 of Figure 1, or in any other type of lithographic apparatus
described herein.
[0051] In an embodiment, the marker may be a box-in-box structure to be used for
overlay and/or focus measurements. The box-in-box structure may consist of single lines, or

may also consist of gratings. It should be appreciated by one of ordinary skill in the art that
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ot her types of markers may be used, as woul d be appreciated by one of

ordinary skill in the art, [0047] The intensity of the diffracted beans is
further Pdét9%eRfi ned by the depth of the trenches 206 relative to a top
surface 208 of the lines 204. In a certain direction of diffracted 1ight,

the light rays scattered at the top surface 208 of the Iines 204 and the
light r&esenakosimenteal de sabisia Wdesgmbegrbelqyemay b aprlicablsgo sRy maskeisieé a

t t
raht 1B iRl olely 8hal Seflor RS chihdkin Y IR0 BRBHE SRS S IlFS® sepi
of the tneoffliesopi6l melralopy @ol (.¢ het dpegifisaltyfiacie Rt(thmf)hlthappdimtmesl 0204 s houI d

be such that positive interference will occur, else if the interference is
negat i véssoﬁlﬁtedé’%f}l he@PRAAYE)- t he signal will occur. This is known as the

phase d?(lﬁiéi condi e3[s9&%ls‘3l croSs §e|3?101999a3§1b9fr§t%'W%&Q@mg%‘@n bﬁb@dhiﬂ%ﬁ?”ce in
the dif rac ion pattern may be schematically deduced | ows: under

angl e 0oathprr@tentstevermfonpH’diﬁ@nlsstna@fWemcludcrs at heast @ fe@urerw%hatmsbgﬁfn the lines

206, et 3R TR aditic el it Ao B bhE et abiof Pt br Thayieins he- prnce

differ e@@@erﬁéd lbdaghéfla@laﬂsn %@pi@édtm)ﬁtds @rtargéi@omdha)ﬂtn@swgfrﬁta@ﬁaq th@8 and from
the trench floors 210 is substantially zero at the gagatl on front PF of

t he di f Praedtied speemP togasite be feasvie S0, fﬁwottl@/b@u@derﬁﬁw Y oBg pidine® may be
used to ?ﬁlg?{'t e reference for nmeasurenent. Although the marker 200
illustra in the fi gures and descri bed herein may be used for alignnent
pur pose$0053% not iAfceshdec ih Figee Biigra tdstsg3 i Othanlyasw@yn démrsitek avaplties attlenst
performa test that maps the focus and/or |eveling performance of the

appar at Q8¢ eatge 890.¢ Hee re§1l§b%1t0rlaﬁ>élr\%}uds aé)ﬁgeinaantlprsﬂ@Céwmca@mwe%ﬁoe goREPle used
to shiftedhgs {o QG‘B%R’CC’%'C& i &@p&@&ﬁrﬁﬂé%@eerpmelrém@fsmQﬁ‘d BeQl RGLd S System PL.

This may provide an I nmage at the substrate Wl evel , at certain
| ocat i ofisturai3D0. Ehperailen2eol & 1hmgutomepm"mtsm1t3ﬂ0ahmcﬂy osdmth@ feafwe 360by nage

t hat best, f th houl d b . | at hift. If t
2 er  aiferpB abend Gl Sicif Girk APt dRice At iRl 40 ibe RanRRT) | he"
det ect ed\ Y tHeBark&MER ha’ Beed 8Q2Rpeld Nh@fesRIDPAFs WM wWitheanBYakes cdfivg BSo

arranged to contain other focus information, so that it nay be uséd with
t he focissush racwa)dhatetb@ pmﬁlngﬁﬂem%tan@albedumtdver the pearkeri 2000 dmratheon, e. g.

2l onmon 8 o1 SRS B ek b £st8: LS BER) AEL R HRL S Bl 1S,

conj unciin@ite W b bf tHearcapRar WoUsva @ codting BOroE sabst;@malm tieanetthiekndsy pethef
| 'i t hogr aphic apE)ar atus described herein. 50051 I n an enbodi nent, the

mar ker #RBSUBECA2GHRE the lines2 Wk (Lles wep thepiedlqefdhe mgrker 200 is not been
substantially changed with the presence of the opaque coating 330.

[0054] In an embodiment, the resist 310 may be provided and the marker 200 may be
imaged so that the marker 200 is near, i.e. beside, the feature 300. It is to be understood that
“near” in this context means that the marker 200 is close enough to the feature 300 that the
feature 300 may reflect the beam of light 100 emitted from the sensor 50, thereby
contributing to possible error in the measurement of the information being provided by the
marker 200.

[0055] The opaque coating 330 substantially prevents the beam of light 100 emitted
from the sensor 50 from being reflected by the underlying feature 300 and causing an
inaccurate alignment of the substrate W relative to the patterning device MA. Thus, by
providing a coating between the beam of light 100 of the sensor 50 and the feature 300, the
marker 200 may be imaged directly over a feature, rather than being isolated to a portion of
the substrate that contains no features. This ability allows a product substrate to be qualified

using more accurate results. It also allows the product to be used for defocus mapping, which
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overlay and/or focus nmeasurenments. The box-in-box structure may consist of
single lines, or may also consist of gratings. It should be appreciated by
one of 843Py skill in the art that 11 P-2169.020 the enbodi ments of the
substrate Wdescri bed bel ow maybe applicable to any marker that provides

information to any optical._sensor, used ejther in the |ithographic apparatus
10, or mygaweﬁmurtﬁ%r GRUACER pﬁ%{urcbﬁawhtaag?r Q=IRINE ASETISHER ) FRATToPn t he
|i t hogr aphif eRpRaFAddss idBrmMtdn, a%iv%gﬁﬂﬁ'b%ta?&e\é\fﬁela e%g_ra?&iﬁ&fy%ki-u iR QoA

Figure 3 shows a cross section o substrate Waccording to an embodi ment
of the pRG6ENt i nlrem ¢robodiffient, thehepanee evating A30 oeteprises almeetsh, suhersf eat ure 300

that has, been created b | i t hogr aphi t hod . usi ng the |jthqgraphic

appar at urgRR Grahite i orko IRHRSR M0 TP LG R et Pl S fe

proj ect ed nat@eferdbdy, gIes thRhEdsOT R ofaldBe SHbing 330 & Weitbr thbg abdftaDeed.i On system
PL to create the feature 300, as woul d be understood by one of ordinary

ski || i GOWR® cagtings coaBIngpther mefalaring magriply magbe ysed, prdsthe thigkiesy efgthe has

i mal udo oo e P bt S e ThER B i o FRS) IR

"BARC, " it iitways di sposed in between the resist 310 and the at |east one
feature 300. The narker 200 is inaged onto the resist 310 directly over the

featurel®50] by p&t tesmPement iERNEAUG GRIIAE PP MAY R CEeatRsh RSt HEWEA ce t hat
i ncl ud i - Af I d, th
I nc’ uge elegrlafér %&@Hﬁg%llﬂ@%%pmﬁ cbgﬁ%ggbﬁtgg"féggpgq%% mas BeeRxdRye! ape e

resi st I's coated wth an opaq such a way that the
coat i ng s&8ldayes naythettanblual, byd/onihk @pagquevestalt hey baalkeim@200 Thismat dlew theor ds,

the trenches 206.of the rker 200 are not .conpl ete filled in; instead,
Lhe bor SR Seap beamale: BeraRaefiaanBo RS RECS e B Obe ipedos of
subst anficahfoymbtiéh SRVRICH By Glk@8& e300, N shdulPbS Mipréd fed Bt SichidpexhmpRSs 204.
This way, the profile of the marker 200 is not been substantially changed

wi t h t heopinesdertie heflimitagap agpueay oRt ffarent 3eterid D08y be nseddn tempsdilayentand t he
resi st 3: b rovided and,the marker, 200 naybe imaged so that the

mar ker gégerﬁ%hegggfna’fb&us (g%sﬂag?p%%gr?ee%%ture 300. It is to be understood
that "npeossf in thifer eMligKncheadsortfbals nidisuremieks haddbednIakdnQ e compgh to

the feature 300 that the feature 300 may reflect the beamof |ight 100
eni t t ed 380 sy brecBeYRsdse thy the sibseny W aryrbemaeqentgdifvrthrss dn pther werdsy then t he

reasur DRl 5o LR ARCHEIB BN RSBy RS 1230 L BEET T
substrate W, as would be appreciated by one of ordinary skill in the art. Inclusion of the
BARC 320 may assist in protecting the feature 300 below while the coating 330 is removed.
[0059] In another embodiment, shown in Figure 4, the substrate W includes a feature
400 that has been created by the lithography process described above. In this embodiment, a
coating 420 is disposed between the beam of light 100 from the sensor 50 and the feature 400
is provided below the resist 410. Such a coating 420 is preferably an anti-reflective coating
(“ARC”) that provides anti-reflective properties for the operative exposure radiation of the
lithographic apparatus and for the beam of light provided by an alignment sensor, but is also
preferably transparent for the wavelength of radiation used by a level sensor that is used to
map the topography of the substrate W. For example, the operative exposure radiation may
have a wavelength of 248 nm, the wavelength of the beam of light provided by the alignment
sensor may be 533 nm and/or 632.8 nm, and the level sensor may use a beam of light with a
wavelength of about 900 nm — 1100 nm. Thus, the ARC should be anti-reflective (i.e.
absorbing) at wavelengths that include 248 nm, 533 nm, and 632.8 nm, but be transparent at

wavelengths between about 900 nm — 1100 nm. In an embodiment, the ARC is non-

photosensitive. ARC’s that have been used in lithography are often photosensitive, and
13



fromthe sensor 50 frombeing reflected by the underlying feature 300 and
causing an inaccurate alignnent of the substrate Wrelative to the

pat t er niPRgoFBYi ce MA. Thus, by providing a coating between the beam of

i ght 100 of the sensor 50 and the feature 300, the marker 200 may be
imaged directly over a feature, rather than being isolated to a portion of
the subgefFastise irdax mageiing sebiofensungrieas therARE las?fﬁth far ¢ashdaygr prdbduct

substrat ws the
oroduct TBe” heciiPile By iR BEAR B AL BB Rl o0 s EE Y BEed 1
further quforfswostdneamyﬁ)ldl@brs and fowplires.as for obt ai ni ng overl ay (X Y)

i nformation and for exposure dose i nformation,_ as. would be appreciated by

one of é?QﬁOELary s@gqreﬁﬁieplﬁﬁ agyqmbodjmers §f a methad WOSGHMEBHIINEIROTBA e

coati “9 éaoﬁ%é §@o%tfaterwt a'i“he SibcHa@ Sy ﬁ{cmegﬁ%at&@@OWOObtﬁa%%&l onto the
resist 10 W th a thickness of greater than about 20 nm Preferably, the

t hi cknesscagfd tylthe bﬁmgwhm@@pamgls:m@iepstegneEtgnre 1 hdhe atsthod S0 starts aDb10.cour se,
coati ngs tal ni ng.oth nmet al s terial be used, and the

C b cknacu B! Shel g St Tho ey Slskeed o Bh R 3T RtbuRies B s aflSi e e anp es
are not gAhendeddoofie kitthic®. hfdorRMonW¥vidd@BP dilk hirkem@adictRaby t he
opaque coating 330 may be created by first growing a seed |ayer that may

al | ow f@lne @pﬁqrrﬁé)laté?-ﬁ}sifhd; 1ré<mwttlhnmayeh¢ abignieiet ln@tfmlatlon;deaéxafwnetlom he seed
| ayer f l and/o q[ije mstat rrg befa p My Thi Sh

al l ow t B8t ang‘& AT TES*PE e %Sﬁé‘i“?"gga Th 8t ARy PEdRT MY aLal B ¢ a4ihay b bance
of the gralidé B mbker BREHMIncabn withe: sefddr Hﬁbmrth@ngmmﬁgmjebfea oy fker 200.

It should be appreciated that such an exanple is not intended to be
limiti ngnqrheramB e goatmer 339 624 lsmp@ﬁqdaﬂrsthﬁﬁl}b%teu\é/é@ thet threoadivgd3pA28 , and

di fferenfs H&%Eﬁtﬁ%aﬁ%f‘f@ﬁglﬁ?%eﬁﬁe ?é%ﬁﬂé‘?o@%b@'to sx[b@@a%ﬁh%%}eﬁéari}ttﬁ@b@a!rﬂ gnment

and/ or focus neasurenents “have en ta t’he coati n renoved
so that of Itightsllﬂlostdmbeing\/rmﬁaqctddd)ynhocﬁ@a&eGO(ﬁ 4O hed cadsmg)admaacommtdsaadoﬂt@f

oo Bt he R Bk S e b Cesi et
skil'l inoseng art. th Qﬁleh'l%b&’iﬂqe%f depé&ndi h@%%e@ﬁ’ni%ﬁﬁﬁt?&n Be%gﬁ?&‘izﬁ%&bgg the

feature 300 bel ow whil e the coatl ng 0 1's Tenoved n anot
enbodi rrehﬁtma@:howo iarpoFitigniof the, subﬁmtfs&bmtay at: edJWtedlon @lﬁbé@sa a‘felatt daterting00 t hat

hae e LA Db Rk A RE BB SE R RIS i MR 1 o
t he sensgaumoampatt&ﬁuﬁ%eaém@m&_ the X-PriMicded pasitiowof i suBsikaié WikEy bSuch a
coating agj%lgteld ?n t%ree)z %r ;E)algng g{lsoalr%ttllle 1;1?cfnln§g<t)r|1 l\algngc gr%[\/lldngi is focus or alignment
information of the substrate relative to the projection system PL along the Z-axis, then the
position of the substrate W may be adjusted relative to the projection system PL along the Z-
axis.
[0062] It will be apparent to the person skilled in the art that other embodiments of
the invention may be conceived and reduced to practice without departing from the spirit of
the invention. Methods as described herein may also be implemented as software, firmware,
hardware, or some combination of these (e.g. in the form of one or more sets of machine-
executable instructions stored on a data storage medium such as a disk or computer memory).
In an embodiment, there is provided a computer program comprising program code that,
when executed on a computer system, instructs the computer system to perform one or more
methods as described herein.

[0063] While preferred embodiments of the invention have been shown and described,

they are not intended to be limiting in any respect. To the contrary, the invention is intended
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("ARC') that provides anti-reflective properties for the operative exposure
radiation of the |ithographic apparatus and for the beam of |ight provided
by an alPidffEht sensor, but is also preferably transparent for the

wavel engt h of radlatlon used by a level sensor that is used to map the

t opography of the substrate W For exanple, the operatlve exposure radiation
may  havecreompael Bhyartigns anggmadificatipns wathan thegphitend seapetsd abs aendaght
provi ded bysthe alignment sensor may be 533 nmand/or 632.8 nm and the

| evel sensor nmay use a beamof light with a wavel ength of about 900 nm -
1100 nm Thus, the ARC should be anti-reflective (i.e. absorbing) at

wavel engt hs that i nclude 248 nm 533 nm and 632.8 nm but be transparent at
wavel engt hs between about 900 rim- 1100 nm In an enbodi nent, the ARC is
non- photosensitive. ARC s that have been used in |lithography are often

phot osensitive, and 13 P-2169. 020 refractive index matching is used to
ensure that the ARCis effective for each |ayer and feature of the
substrate. By providing an ARC that is non-photosensitive, the ARC nay be
used for substantially all |ayers and features. [00601 Figure 5 depicts an
enbodi nent of a nmethod 500 for neasuring information provided by the
substrate W The substrate Wincludes a feature 300, 400 that has been
created by the lithographic apparatus 10 depicted in Figure 1. The nethod
500 starts at 510. At 520, a beamof light 100 is projected onto the marker
200 di sposed above and/or near the feature 300, 400 on the substrate W

I nformation provided by the marker 200 is detected by the sensor 50 at 520.
The informati on may be alignnent information, focus information, overlay

i nformation, exposure dose information, or any other type of information
that may be provided by a marker in conjunction with a sensor. Prior to the
| i ght being projected onto the marker 200, the coating 330, 420 is disposed
on the substrate Wso that the coating 330, 420 |ies between the beam of
light 100 and the feature 300, 400 to substantially prevent the beam of

i ght 100 from being reflected by the feature 300, 400 and causi ng an

i naccurate readout of the information being provided by the nmarker 200. The
met hod ends at 530. 100611 In an enbodi ment, depending on the type of

i nformation being provided by the marker 200, a position of the substrate W
maybe adjusted on the basis of the detecting. For exanple, if the
informati on being provided is alignnment information of the substrate W
relative to the patterning device MA in the X-Y plane, the position of the
substrate Wnmay be adjusted in the X-Y plane. Also, if the information
bei ng provided is focus or alignnment
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information of the substrate relative to the projection system PL along the
Z-axis, then the position of the substrate Wnay be adjusted relative to

t he projPede9@BA system PL along the Z- axis. 100621 It will be apparent to
the person skilled in the art that other enbodinments of the invention may
be concei ved and reduced to practice wi thout departing fromthe spirit of

t he i nveMHAINIS GeAPMER 185 descri bed herein may al so be inpl enented as
software, firmvare, hardware, or sone conbination of these (e.g. in the
formof one or nore sets of machi ne- executable instructions stored on a
dat a storage lnedi Wmsthod fasmeaastrisg irdprncasivppreviderema sybstratenthasulesttatedi nment |

there is pravided a ¢ te rogram coppri si rogram code that, when

execut ef°ORTANE4 W€3ﬁ§§§§@ﬁ%“?%%?f%%%ERPﬁ%WE%ﬁﬁa?gﬁwgysPE§?¥g per f or m one

or nore cofptiiagds as described herein. [00631 While preferred enbodi ments of

the invention have been shown and described, they are not intended to be

limiting i n @gjcttvgpdwam ofdighhentegrinaliendisposed ahpvenndionnas thafeatvaren the

P—2169.02&m%%,%&§0npass all variations and nodifications within the spirit
0

and scoﬁ% e appended clains. 15 P-2169.020 WHAT IS CLAIMED IS: 1. A

met hod for nelaguting@fdrifationptdvadedbyasaldiaskkbywih aubsor;at €, the substrate
conprising a feature that has been created by a Iithogra hi c apparatus, the
1

met hod  conprihsTaiya cppiblede dispesed pebmPwpirite ghihab Hieroalipgriehetyrdpdged above
and/ or @%@5} ogggrgfaﬁgﬁﬁé fallie f]ohs%bstﬁh'tpﬁ Filent ﬁ@%e%t&%@h{‘ﬂoﬁﬁfeg{g@ﬁé&

provi de er wmth a sensor; wherein a coating iIs di'sposed on the
subst r athg tisofehtuadt atdausiog bin ipcturets reetoneeditht forniemmpodvitledby thamehrkdre
feature to substantially prevent the beamof |ight frombeing reflected by

the feature and causieth@daBcdrimgaocRin 1 @hckeli thotodtihg dorfpeiseddn @paqpe ovi ded by
the marker. 2. A nethaod accordin? to claim1, wherein the coating conprises
an opaquayer phipaterialthatgs depostted pafop of thepedict-ed on top of the marker. 3. A

met hod according to claim?2, wherein the opaque |ayer conprises a netal.
3 A method according to claim 2, wherein the opaque layer comprises a metal.

4. A method according to claim 3, wherein the metal comprises aluminum.

5. A method according to claim 1, wherein the coating comprises a seed layer for

growing crystals of an opaque metal.

6. A method according to claim 5, wherein the seed layer comprises tantalum

and the metal comprises aluminum.

7. A method according to claim 1, wherein the coating is an anti-reflective

coating disposed between the marker and the feature.

8. A method according to claim 7, wherein the anti-reflective coating is non-

photosensitive.

9. A method according to claim 7, wherein the anti-reflective coating is anti-

reflective to the wavelength of the beam of light.

10. A method according to claim 9, wherein the wavelength of the beam of light is

about 533 nm.

11. A method according to claim 9, wherein the wavelength of the beam of light is

about 632.8 nm.

12. A method according to claim 1, wherein the sensor is an alignment sensor.
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4. A nethod according to claim3, wherein the nmetal conprises alumnum 5. A
nmet hod according to claim1l, wherein the coating conprises a seed | ayer for
gr owi ng Fe?lys928l s of an opaque netal. 6. A method according to claimb5,
wherein the seed | ayer conprises tantalum and the netal conprises al um num
7. A nethod according to claim1, wherein the coating is an anti-reflective
coating di spdSed benwdmd acherdingtk staimrld whaesir tigtsemser 158 fosunsenberd accor di ng
to claim7, wherein the anti-reflective coating is non- photosensitive. 9. A
met hod accor di4ng tAnettaidracgorditigep elammtlh@vharein the eéhsoc isi aneoptioaltsengpri s ant i -
reflective to the wavel ength of the beamof light. 10. A method according to
claim9, wherléi n tAeettededceorginy tofcldimd , bdaramthe linfghhaticn prabidad bp3ddnm 11. A

met hod according to claim.9, erein the ngth of the beamof light is
Tbout 6 IBgeanbrises (e RaTHoh OLERb RHHEG T e LG e \wher ei n the. sansor 1S an
al i gnment sensor. 16 P-2169.020 13. A nethod, according to ¢claim]l, wherein
the sensor isd%% fdtisthadpeeerdingsta claimgs whereucthe pasiien egmprises gn alighgder ei n

the Sen?r?)%itiioﬁ 0?&e%ﬂﬁét§42%re?§%95ap%%%&gé dggﬁrcrgﬂgth@%ﬁc{%‘?'ﬂg& Lifhafded M 1. wherein

the information provi by sai rises the ‘position of said
marker in the-X-Y plane., 16. A net hod ,acgording to.claj.m.15, wherein.the
bosi 11 on cont sed aiusdaforgtelf PR A R Aty & BeheinttbiloReh ol

pat t er nisngste@VorCtheibasik Besdid tévegimphi ¢ apparatus. 17. A nethod according to
claim 16, further conprising adjusting a position of the substrate on the

basis of saidgdet echicfthd akBordtgBichadl 12GHeretH e ihBrRAtRInPrévidél8y edig t he
information provided by said nmarker conprises focus information. 19. A
met hod du@berdiomprises ocas midrgatigher ein the focus information is used in a
test that maps focus and/or |eveling perfornmance over the substrate. 20. A
met hod accor di9ng t4 netteidmctordidgep elammtliewherkor thrafocmn ifoowatiheds byedsaiad

mar ker conpri ses exposure dose information.
test that maps ?oc%s ancg/or l%vghng pen%rrnance over the substrate.

20. A method according to claim 1, wherein the information provided by said

marker comprises exposure dose information.

21. A method according to claim 1, wherein said detecting comprises detecting

light diffracted by said marker with said sensor.

22. A method according to claim 1, wherein the method is carried out in the

lithographic apparatus.

23. A method according to claim 1, wherein the method is carried out in a

metrology tool.

24. A substrate for use in a lithographic apparatus, the substrate comprising:

a feature created by the lithographic apparatus;

a marker created in a layer of resist above and/or near the feature, the marker being
arranged to provide information about the substrate; and

a coating for substantially preventing a beam of light used for detecting the
information provided by the marker from being reflected by the feature and causing an

inaccurate readout of the information provided by the marker.

25. A substrate according to claim 24, wherein the coating comprises an opaque

layer deposited over the marker.

26. A substrate according to claim 25, wherein the opaque layer comprises a metal.
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21. A nmethod according to claim1, wherein said detecting conprises
detecting light diffracted by said marker with said sensor. 22. A nethod
accor di Af16%02€1 ai m 1, wherein the nmethod is carried out in the |ithographic
apparatus. 23. A nethod according to claim1l, wherein the nethod is carried
out in a netrology tool. 24. A substrate for use in_a |lithographic

appar at us, t RHé- substybstrate@geridingite glaim 265 whergindhe metal eemprises REIMINEMogr aphi ¢
apparatus; a marker created in a |ayer of resist above and/or near the
feature, the 2%ar ke suhsiralg aceprdimgde alaim 24, whereia theeentingcompriagsouseed kaaer

subst rateg; ?ﬁ%%ﬁ@%@?ﬂnéﬁqﬁ%ﬂ@m ally preventing a beamof |ight used

for detect n n provided by the nmarker from being reflected
by the featur,g and, causing an..inaccurate readaqut of,.the informatiqgn

ot ovi ded by O nat for reaacEainai Eiath 38 hGREG 28 B el Ty ¢ e
coat i ng .p@BPHeSk&aladdnRREUAumidingr deposited over the marker. 26. A
substrate according to claim?25, wherein the opaque | ayer conprises a netal.

17 P-2169. 02827, AAsﬁHQ&t%ra@é&dﬁa%Q@Eﬂirﬂm}\gh&kiﬁitﬁé SutinasfptiSesdiounifet a

conprises alumnum 28. A substrate according to claim 24, wherein the

coat i ng refdarprve seasing despeskd iaypstweehdhe griowd argl the ywrkdrs of an opaque netal . 29.
A substrate according to claim28, wherein the seed | ayer conprises tantalum
and/ or the netlal cosgisirsteqcadrdimignoniaidG0, whareinghe adterdlecivacaagng s mnai m 24,
wher ei npﬁ_‘he coating conprises an anti- reflective coating disposed in

bet ween PPRESFSHYGre and the marker. 31. A substrate according to claim 30,
wherein the anti-reflective coating is _non- photosensitive. 32. A substrate

accor di ng t o3¢l ai it SPstralsaeeqrdingrie claip 30, wheraigithe antirpdlertiye ¢aatipg s anti-
reflectiy, efh()%(ﬂﬁe%‘é@l'eﬁ&ﬁto?t}fbfbetanxﬁotq%ﬂm of light. 33. A substrate according
) th o

to claim erein the”wavel eng the beam of light is about 533 nm
34. A substraye aceording L3 Sbifn 32NGhGHR DG VAUTFBBR toim'dpe beam of

light is about 533 nm.

34. A substrate according to claim 32, wherein the wavelength of the beam of

light is about 632.8 nm.

35. A substrate according to claim 24, wherein the information provided by said

marker comprises the position of said marker in the X-Y plane.

36. A substrate according to claim 35, wherein said position of said marker
provides information about an aligned position of the substrate relative to a patterning device

in the lithographic apparatus.

37. A substrate according to claim 24, wherein the information provided by said

marker comprises focus information.

38. A substrate according to claim 37, wherein the focus information is used in a

test that maps focus and/or leveling performance over the substrate.

39. A substrate according to claim 24, wherein the information provided by said

marker comprises exposure dose information.

40. A substrate according to claim 24, wherein the marker comprises a plurality of
lines and a plurality of trenches, the plurality of line and trenches being arranged in a

repetitive order in the marker.
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light is about 632.8 nm 35. A substrate according to claim24, wherein the
informati on provided by said marker conprises the position of said marker
in the X-2V69028ne. 36. A substrate according to claim 35, wherein said
position of said marker provides information about an aligned position of
the substrate relative to a patterning device in the |ithographic

appar atus. 37l A dupdstaieacerdingde algin d4cvagretnahe magker epnsisthel 4anf or mat i on
provi de i onprises focus information. 38. A substrate
accordi%89%3%%#EP%$EQF%&ﬁ%rein the focus information is used in a test that
maps focus and/or | evyelin erf ar manc ver the substrate. .39, ubgtrate
accordi ng toqgl ai n‘él‘ .y ,s{r\a%%g ‘golr%lngﬁ%claln (%g’rrvﬁ{’?rglrﬁ%?g alrrclzlggﬁg}i} ls's%riogéerrél}ih r
conpr i seshapbsddppachdse i nformation. 40. A substrate according to claim 24,
wherein the marker conprises a plurality of lines and a plurality of
trenches, thaspl urakivsitatfactdrdgad dlalh eChBSG cighdBeadt bERERGs prdvRled iePet i tive
order in the marker. 18 P-2169.820 41. A substrate according to claim 24,
wher ei n mdiwlegrtRer consists of an arrangement of single lines. 42. A
substrate according to claim24, wherein the beamof light is provided in
the 1ithogradghi c fapthagmpbs.app@atud iis odysbinatie wik osdbstigte or obainth@4, wherein
the beamof light is prgvided in.a netrology.tool. 44. A |lithographic

appar at nghqgﬁap "rﬁﬂpﬁﬁ‘lnl%oﬂ’e\ﬂqg‘?grﬁpqgﬁB%Hafaé?secqng%sgge in the Iithographic
apparatus, the |itRogiAMisn HRRAL AredSndifbRhL 8ibREH FRadidtidhri nation system for
conditioning a beam of radiation; a support for supporting a patterning

devi ce, the patt enrsupgpertiforiseeposbng i paftaroing dayee.tthe paitepaagrdefice saiyiagiton wit h
a pattern in.its cross:section; a.substrate table for supporting the

subot r artrd s el ARG Bl pRe ST B TRE pat « o1 ned beam of

radi ation onto a taug&tate pbletfopsuppbrtingahssidstritai e, and a sensor for

nmeasuring information about the substrate; and o
a projection system for projecting the patterned beam of radiation onto a target

portion of the substrate; and

a sensor for measuring information about the substrate; and

the substrate comprising;:

a feature created by patterning the beam of radiation with the patterning device
and projecting the patterned beam of radiation with the projection system onto the target
portion of the substrate;

a marker created in a layer of resist above and/or near the feature, the marker
being arranged to provide the information about the substrate; and

a coating for substantially preventing a beam of light from the sensor in the
lithographic apparatus from being reflected by the feature and causing an inaccurate readout

of the information provided by the marker.

45. A combination according to claim 44, wherein the coating comprises an

opaque layer deposited over the marker.

46. A combination according to claim 45, wherein the opaque layer comprises a
metal.

47. A combination according to claim 46, wherein the metal comprises aluminum.

48. A combination according to claim 44, wherein the coating comprises a seed

layer for growing crystals of an opaque metal.
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the substrate conprising: a feature created by patterning the beam of
radiation with the patterning device and projecting the patterned beam of
radi ati 819 %A the projection systemonto the target portion of the
substrate; a marker created in a |ayer of resist above and/or near the
feature, the marker being arranged to provide the information about the
substrate; afd a AotAMPigatyacspisdneaAciam 43, whesetntie seedla £RMBIISES ght fr om

t he senwﬁ%{lﬁ anBor tﬂé&&gﬂéms%s RResaLUs frombeing reflected by the

feature and causing an inaccurate readout of the information provided by

t he marker. . AC :natio - [ t ' \ i ting
conpri ses angébpad(s‘u(g a@%ﬁdn eﬁmtg Cga\?rgrﬁt ﬁ}gé&lﬁg}r grcf)%c‘%ﬂ%g}osrgr%ﬁa Ton
accor di n¢fldctivetaiting dSsposddan detwdeh eheofeatytcandajemadi@npri ses a netal . 47. A
conmbi nation according to claima46, wherein the netal conprises alum num 48.

A conbi nati ogjaccoy ginginitforcdcdbidirfidto MR, Whefeeh m@&hﬁﬂ@ﬂé‘c@ﬂpbbﬁﬁ% ig seed

| ayer for growing crystals of an opaque netal. 19 P-2169. 020 49.

combi natPehaleessdiveg to cl ai m 48, wherein the seed | ayer conprises

tantal um and/ or the netal conprises alum num 50. A conbination according to

cl ai m 44, whéRei n A ¢tmmlyoatidmagcerdmeg tostsmal, wheiein thefaheeeflective oedtinggs di sposed
i on according to claim

in between the .feature and the rker. 51. A c i nat

50, whe AEAe LAV R e Faf Pt TR of Hho PRGRE RS Bt GRsf ve. 53, A

combi nati on cording to claimb50, wherein the anti-ref]ective coating is
anti-reflect %§et ?Orgi’éblmaé?ﬁ%‘idﬁl%tfo %‘@Sge&’ r(?fntﬁ"?g‘fﬁve{?%t&}ioéétt?wmt e
Sensor. | isAb&RABBERAAL1 on according to claim 52, wherein the wavel ength of
the beamof light is about 533 nm 54. A conbination according to claim 52,

wherein the \g@vel 9\”%@&95&%&9@%{? tngIaillﬂ! ﬁmvﬁlér%frf@g%avgl%ﬁgtﬁ e t%gm &

conbi nation according to cla wherein’t ographrc appar at us
furt her lighnipubee$32 8lmvel sensor for mapping the topography of the
substrate.

55. A combination according to claim 44, wherein the lithographic apparatus

further comprises a level sensor for mapping the topography of the substrate.

56. A combination according to claim 55, wherein the anti-reflective coating is

transparent to the wavelength of a beam of light provided by the level sensor.

57. A combination according to claim 56, wherein the wavelength is between

about 900 nm and about 1100 nm.

58. A combination according to claim 44, wherein the sensor is an alignment
Sensor.

59. A combination according to claim 44, wherein the sensor is a focus sensor.

60. A combination according to claim 44, wherein the sensor is an optical sensor.

61. A combination according to claim 44, wherein the information provided by

said marker comprises the position of said marker in the X-Y plane.

62. A combination according to claim 61, wherein said position of said marker
provides information about an aligned position of the substrate relative to the patterning

device in the lithographic apparatus.

63. A combination according to claim 44, wherein the information provided by

said marker comprises focus information.
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56. A conbi nation according to claim55, wherein the anti-reflective coating
is transparent to the wavel ength of a beam of |ight provided by the |evel
sensor . P8769.080 conbi nati on according to claim56, wherein the wavel ength is
bet ween about 900 nun and about 1100 rim 58. A conbination according to
claim44, wherein the sensor is an alignnment sensor. 59. A conbination
accordi ng t o6¢! ai v cpmbingmedcpondiig te ek 03 vehozein o cueindgmatiop @s usad in

conbi nati ! i i is an optical sensor.
61. A c%t ?H%f?%%9g%g%%gyﬁgg%%h%ﬁgpﬁﬁﬁﬁﬁk&H%ﬁg?%ﬂg g&infornation provi ded by
sai d marker npri,ses -t-he. posi tion .of i rker.in dhe X-Y pl.an 62. A
conbi nati on §(g:)'cor & Cnozn oM aa}cﬁ%wgfg RSM%’E‘?%“%’ ‘g’g?r mpt(})lg ilrfffogﬁatb%n psrngge rr%¥ ker

provi desaitl Mi@karRbmPrisalivgt irdomadtiogned position of the substrate relative to
the patterning device in the |ithographic apparatus. 63. A conbi nation

accordi ng toggl ai M dmbidiRineicBordfif tb Rt WhskeRY @Y nthgkbrR¥mpsiadsth mar ker
conprises focus information. 20 P-2169. 020 64. A conbination according to

cl ai m 63lusHdy ef hnasrradfagdwslityrifdronehdsothe phirggsgf jine ard trenphes being amgnged ocus
and/ or | evelir erfor er the substrate. 65. A conbination according
to claiH%ﬁ%?eﬁﬁgﬁgﬁﬁnggpﬁﬁ#%gnation provi ded by said marker conprises dose

information. 66. A conbination according to claim44, wherei.n the marker
conpr 1 ses a6t ur & SRR drge o S e Feginghe piaghie Rageie By ur al 1 ¢y
of 1ineaapthetdcanéMess108h&Y arranged in a repetitive order in the marker.
67. A conbination according to claim44, wherein the marker consists of an
arrangenent of single lines. 21
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