A METHOD FOR MEASURI NG | NFORVATI ON ABOUT A SUBSTRATE,
AND A SUBSTRATE FOR USE I N A LI THOGRAPHI C APPARATUS
CROSS- REFERENCE TO RELATED APPLI CATI ONS [ 0001] This
application clains the benefit of priority fromUnited
St ates_Provi sional  Patent

of Trom
A B EGD SR Wk RS R RS BRI R 365 A BV oAt SERATE, AND A
D & SR P FORUSA TR B O CRRTIE RPERRATES

the entire content of which is incorporated herein by

reference. FIELD [0002] The present invention rel ates
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adt ated by scanning the pattern through the

[0003)r O] adithefafieanpiafetds i§ia\tedthtliertBs labpiies @tdeired pattern onto a target
"“scanni ng"-direction) while synchronously scanning

portiqnf asibattate tLathg graphic appasptug parl Doyised) freexample. ip the manufacture of
: jreet i ong~0 ifi f er
iteg S B AR ICL AN e (R, T0BRblod BB £l By e
used @geacmteuscifanittphtementtgpohding tohin indsyidual layloaflthe HE and this
undeg)st ood that the |i t.ho%r aphi c _agpara us descri Bed)
patterR &R PR HRRFAPRR? BIERE OISR BIPF ISR Pati ok 03 of pryeral dics) ona
substﬂ?ert'é%aﬁ K1cEn Qhfdr ihe R 85y eP BE Fa8Bkion-3% iR X Enat & ¢RBEH. In
and detection patterns for magnetic domain nenories,
generpl, geinglecubgitag wilicanping scwodef adjadenhtafgel portragntbei are

succe?s:;”;*\‘;jl )?]%xpeotsgd. I(Tn%%vnslhhclnérg&lig .'Ellgplalsa s i\ﬁmcilu!ie aPRaRG's etpgerts,hl%t\ﬁhich

each target portion 1s 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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I context of such alternative applications, any use of

the ternms "wafer” or "die" herein may be consi dered
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in this manner, the reflected beam is patterned. In each example of patierning 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 moré 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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requi red and which may ensure that the patterning
device is at a desired position, for exanple, wth
respect to the proj ection system Any use of the terns
"reticle" or "mask"™ herein naybe consi dered

synon us with the general term attern
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an indidad lé))]:er. 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, ete.

[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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readoupf or mati on, etc. Cross-talk attributable to
[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 readéut 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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t he underlying and/or surrounding features may al so
create errors in any information being provided by
the mark. SUMVARY [0017] It is an aspect of the

present invention to provide a nethod for preventing
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used tapovddapiinorenhndornation fadbamparaisofFagke d;

[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.




Is arranged to provide the information about the
substrate. The substrate also includes a coating for
substantially preventing a beamof light fromthe
sensor in the lithographic apparatus from being

refl ected by the feature and causing an inaccurate
readout of the information provided by the marker.

DETBRIEH DRSSGRPPIHEN OF THE DRAW NGS [ 0021] Enbodi nent's
of the invention will now be described, b
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dies) bNGkWdesrage Weat ure that has been creat ed by the
| ithographic apparatus of Figure 1. 5 DETAILED
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a mask an connect ed o a first posi tronin
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tem PL trate
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pattern rojection
111um1nator IL to gether with the beam delivery system, if required, may be referred to as a

radiation system,

[6030} 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 c-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 1n 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




beam PB by the patterning device MA onto a target
portion C (e.g. including one or nore dies) of the
substrate W [0028] As here depicted, the apparatus is
of a transm ssive type (e.g. enploying a transm ssive

. Alternativel the apparatus nmay be of a
bean? EBIPéﬁSFP {theoyghyie | e@SéL ¥ héwqﬁ@s the bpasp paletd trgetagfion C of the

w0/ OO AP ey o
interferdymetnic atvice)lihatsitbsirater oble 3V T ad ht nored aeneelH@.g. sd beto posmon

B L R SR SRR, S35 Yoo SRR i
PM elrﬁsa%f)thef' ?os?t‘rtﬁﬁeﬁﬁfr €20t sh&en)s&i%l%%%sé@to%&ur%ﬁf?ogﬁfoﬁ%é Patterning

form par the [I'ithographic apparatus a
dev1qed\dmmtlmmsp@am ihs ppﬁmfelmb lﬁaaonPB,hfeg siftar wectB@ickloretrivaal from a

LI th th
masigliprt O g < o Bemepite o Sfens B B GPpRICt i e, P e
substedtelfdrle W’Ib@ﬂﬂb@[)é@@iédahth thB afdt dTerlofa§iRske Iﬁ(ﬁﬁll@ﬁélﬁﬁ@@ Wonmg)
be i nt egral part of the apparatus, for exa

and 7 fhertsigke @nglea(ﬁﬁ@p@mwum%)nwhlcwmm @Ehsmnawinméewces PM
and P\Jv' g%@@%roﬂirdéé‘ﬁasg Q85 gtlg er‘@ﬁ (%f)g%)ge?lrtg tl)lleesru\f)port structure MT

may beﬂﬁbrﬁlbd:t@dh tsy ﬁioemtroﬂcg 830 torT ey, drinbeyi Hb«’ﬂ:&ﬂ T}Le Wmmg device MA
cl ude an adj usting device, AM for adjusti aneM
and Sa FatV may Bﬁélﬂwd drige Pﬁ%@mngﬁlewe@h@nbe@ém &rMP apd

substﬁatte %‘%ﬁeﬂ Rggeuiieppand/or inner radial extent

l'y referréd to as a-outer and a-inner,
[0032{] es pectThealepjctaif apphmatis mayrtsi usyd ircthe falldwdng mmphe modes:

il Ianeofth | Lum nator c adj usted. In
10038551 41 B "% H Steb P G GOk e BT §19 Hepiiate able WT are
kept ¥8&itRUS s@tlb@m GRRTROMEMiSo patteNindsurted td BE BEYj&ltBR benand

a condenser CO_ The illum nator provides a
projegteth gntoiadaegt pration 6fin paelbaficon smgl@fséa{m@apo&ur@sTlnm‘exbstrate table

WT i fht%h %ﬁﬁ#ﬁ o 91%%%d° &‘ Y ﬁ?}éétl 19, <3 tﬁjzﬁs ! Jl&greﬁﬂ of po[r%«%g'é%can be

ensi I'ts Cross-Secti

expos’Eh.eInmam recdd, die Ibﬁﬁmﬂﬁ&l:LESoﬂtl‘i@eﬂﬁi@ﬁremld lﬁlﬁlt@ﬂfetsﬁferdif g target
hel d on the support structure M.

.device NA, which is
pomqnaéFlﬁﬁge@r‘%\?éfr@@&t%t}ﬂ’éaxﬁgﬁutr%r ni ng device MA, the
[0034}])r 0j ecti on Iﬁs@aﬁ B Bth@%ﬁ?}ﬁﬁt LALAHONTE DR he B 8@51? tal:ﬁe WT are

whi ch focuses the beam on a target portion
scanngd bgichemeusly while mh@namﬂamefd tblilee prepotich bexwi tsippajiectgd onto a

evi ce.PWand positi on sens
argel BRHT vt e 0T es Porhe - Tup st Pefeatliiectionorn syistate
table WOV RGhtA6 G FiRtsBhYort ﬁrl.ﬂturé P/ﬂafs deférﬁﬁfeﬁ Pk (d@gﬁlfaglﬁlﬁeitlon and
t ar get Eortlons Cin the of the beam P

lmag%’emrﬁﬁrc gractengios jof die pp@gftttqncsarstngl Rie\H sean nRMeathd maximum size

not shown a}r

or e3P 5P Ushles BRNF R chPnsRaRiGe h0icaEoNRE il porion in
singlerdsapait exﬁ;@sdr&&vlllb@éé@ tief leh @ olp ﬂl%fﬁbﬂﬁmngi‘mﬁtlmﬁﬂét@fnmes the height (in

mechanjcal retrieval froma
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 patiern 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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mask library, or during a scan. In general, novenent

of the support structure MI and the substrate table
W will be realized with the aid of a |ong-stroke
nodul e (coarse positioning) and a short-stroke nodul e

masl(%leésqghc%?%ﬁy' iot: dl[i]l%%\? {@ng&mn%’a‘bﬁ“ r;?a?t{%:}nng%se & ngc‘%'sa% g;n(l)eg'}gmmable

mirrbeSrgREasgt dsqensd anatvig. t he support structure
nmay be connected to a short stroke actuator only

[0038hy be ?Pwéalaﬁwrﬁiéirt\féflﬁmwg opdhg Fhevemescahed @96@& qfalts@ or

]QH devi ce al i gnnment
ennr}é}Ygﬁt)Sfer%lﬂ, eg%? Séﬁb stS J’r?g% Erﬁ%ﬂ%&%mm mar ks Pl, P2.
[003/P032] Uhel n&ecpntlyt hﬂhog];aphm apusatnBiypellysedaingd & kegle mask table

and & i DGl BBy BN i Bt HB A 0¥ VR G VG G are at last

two fﬁ@%en@&ﬁ%&@éab% s8b@LkORBIY. sedth] &afip1 £ Rd ﬁl@ltl%%eeabﬁaratus
i nparted’to the projection beamis pro ected o a

descnmdgetUrpt@dt&taics atem Noses,8@.44 1. 6, 26a,7§6,ragpldé Blt0R49¢ The basic

osure he, substr tabl e then shifted in .
opergiffy Bitsiide b i iR BLli ek BeRues R ch VT Bro e Babte s a
the eRpdsutedbsEiohamdbReatBXROSBkctidisySleBPoNBARsulehd B siibdate

size of the exp osurefl dllmtsthe size of the

located prg Erat tablsy ﬁusmndzsubﬁérg@dablﬁ can Binfeg p doaging nositionpdisehaee a
prv 07 hphed gL R SRR SbY U B e on

the n\aﬂmshlesuatepmﬁtthemstantpmdl}etd tia@sfehthe mevm s&bsttta&ﬂtobb@éﬁpoﬁure position
ected. onto a tar et portl on

undeag?ﬁ e PigsHen pwfem %@)O@@F Séquyreafﬁah%f ﬁsbittbﬁ%ﬁ%srcosmeted the
cycIestl-=l«9§'1tef)@‘attée Inttﬁﬁlrﬁan}% 'it% ﬁ&ég%‘ﬁa 9nd:B e%HlPs?eﬁ{tffallig{eL{ﬁﬁdﬂﬂ%

I's determ ned by 't magni | cation I mage
througbmér which @Ihamunmolvestﬂw esst of owhesipp of ﬁtcunmhlmyﬁtshml@be

undefstorﬁ%%%ﬂ tli;r:cgsa%ed%rﬁl% anccal.ﬁg Qq?] gxem%{i}ﬁtf%% &}%(%@f ﬁl,’: V\g\ach s moved

betwééﬁeaxbashﬁ@hmpﬁéﬁdu@di\nérﬁp@sunﬁisng| e dynam c exposure,
whereas the | ength of the scanning notion determ nes

[003§lhe heigmrappaugtustlRanascasmirayided Wik eipdepliyfolsensorsa0ghet are part
of V&H?ﬁst §e/?t8ms [ﬂ%ﬁ!%?ivuge 1n¥&m%ﬁ<9ﬁ %b%ru {}B%%Fltl%)pl of &%%B@%%]ltﬁ drie:lna(\t/]iv%l to the

re essen I onar

pattemnmieam@ahﬂ ﬁlmbjeeﬁdm §gtedeMi.CBor aﬁﬁplehﬂlesapbahmatle may inciude
e Wl is ved or anned gfélle a Ie)({tern i nparted
an ahlgem%e‘iyi}rﬂauﬁé’ Pgﬁf‘ﬁwajs Yige Vi eyt thesabsiiste W with

respePQb eh @ otfrer lhgﬁ\ ’gjjlgﬂr']éogﬁq cud &b cfkltécﬁolg’ [sy%ﬂl,lﬁ ) f(greﬁi'te?ltrﬁrﬂffg a

source 1Is € e programmable patterning

differdecci tetwées th@ﬂmtl]ecd immge plgod ofdtle pfdj@tior agdtermbl.emd mlne oiiface of
abl e ween

strate uccessi ve

the sy oA P S5 P pBind P Ghe Byl W
[0039§an be TheadbhmeRRPbtbRGORaybaBFRkY ﬁﬁ&léehiehp @ﬁépﬂ)ﬁntzﬂcﬁlrect off-

utilizes a programrabl e patterning device, such as a
axis ahiguigeairpieibinalescribed 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 namber
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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mrror array of a type as referred to above. [0036]

Conbi nations and/or variations on the above descri bed
nodes of use or entirely different nodes of use may
also be enpl oyed. [0037] Unti | recently, l'ithographic

ar at us tai ned a mask taple n
crea§ AR AT B E SR horB i a7 PRmEH PABSM SN & WBHed and a
radia@¥Akémhlve defecithi(icd) séﬂﬁ@ﬂ) had R a%née%a&hndttﬂpreference mark. The

i ndependent |y noveabl e substrate tables; see, for

outpyhsigng] @l the Helegtar will ke dapendappon émﬁtlend@sghgdbéx& linage c:jf the
i 969
s 58 D B e R . PP g g

marketibit theStibg@tcaWpRItRtHéSefefent Oimbrkei the a?rﬁﬁérﬁ tni% HRG e Mc@sured
table is at t he exposure position underneath the

and qpfigyieseh TBmdgpeoamny Bicluds sensintendividnal detgetors fpsmeastang the
1ntenslf}pﬁtd(%g %@E?}Bsﬁﬁ? LE4if f@reﬁ?cg'ﬁag 'ﬁyﬁﬁlgﬁ ﬁfeedh o ousﬁt;%rlleference in

schar g
the alkgmose dnis wloatld ht eh gnpit tuka sizond f&'Weﬁaﬂ:bﬁzirka‘t ﬁ)r eR@npler (Fdﬁe provided
SO i ni 'aI. asyrenents _on . the new substrate an
to thE HERTE HhlE ignpFRiifle lﬁﬁewﬁgwf_st%s&ma%r may e be
ali @%ﬁ%ﬂﬁ&epﬁ%é bﬁﬂermﬁ? Qerlaﬁmhu&% ){f)()gir@ ﬁ%gt‘?@gﬁ%ﬁér% Ad

soon as exposure of first rate et ed,
methodas de@c]t@bed in hbmted SpeestBatent Not il 44,36 werih iis indogporated herein by
QSS| ihle to ase substantially the machi ne

i-n
referqige. Hh 'tsed\%ﬂ'ct%ﬁp "% n i nproves the cost of
[0040pwner s Iperdtivielie a aReRIoRBxisl dli gﬁﬁi@hﬂ s9stb® mailayssd afdldirects an

that the sane principle could be used with just one

aligngey hepmtdiro dip Peonhinerker rowigedan thenigseate Bk plo sha mrojgation system
PL. TREGHEFETN be BORMAP up ptieFby U BRRRE B i i gybeams

and wikbt reftetted dnito oS pidjesti@nsystehalP LA foti teh@ ers i ko e@fion system PL,
t he p05|§| on, of the substrate relative to the

the di%?%’%m g8 Tasted pee FrigrRc aligAmsyigpaiprarovided to the
patterﬁ?h%'ﬁ@bi%e MACTIRPRALA LS. %Qbs?i%é thitbidne éﬂ\S}f 12%' %RB&%CF may be

system 60 for aligning the patterning
imagedhgpon @tﬁ;ltet"qt@@ewamkttrhn theef@ttamtngtdmveaMAotlhmus way, thesexXent of

atignBuaF hedrinheth G e ol b BReBlpRE gienm b veipine device
MA cph B@ﬁre@sfurér‘hﬁldﬂf %d‘ qf]11§1¥1§ B&udtle AR adidlib6Rs@ive
the substrate | evel sensor 80 for napping the

detectpbp Ggieapdry C@fstltlﬁtéd gnrb@rmpé toygetad d@ga]llgrmrﬁntd:rea@nmmng the
marke? %rﬁh?; ?gﬁ&gp‘%}/degﬁ:e %Aa@'Xr @b feqﬂﬁ%ggp éﬁl \gi’t@ gt?,spg F‘ﬁ on-axis

I's al i gnirent 'sys

alignnidmit systenSherceiesdPibee Bie, Nﬁf exmpe,/UBIT&L Stafas BhrehiSNo. 4,778,275, which
i ncor por at ed ere|n by reference and enpl oys an
is mco&P?r@Wﬁg‘ﬁfe”b%Fﬁ gF%adi ation that is radiated by a

[0041 P €PAr AT Re aHat AINTRInad ?1'56 it B! e?rok1 H&E&E}El:sygt?rga}%for

marker, in‘the formo grating on the su _
deterrmsmgesbmabeni betwetn thelfecal gttarna ofttb@lr@ectlomtsestgnét[i arg the surface

of the gﬂt@%@é‘&é“@@&‘ﬁl& ?Eﬁg@tnnt Ia?f tren‘fclg?r%toeéﬁ@? E%afti&@thrén%%rﬁte
projecBbn syReend PRLIIG its HRB, HeH € LRt WR extensive deseription 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
subsirate. 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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beams will be directed with a | ens of the alignnment
unit to different positions in a plane. In this
pl ane, an el enment nmay be provided for further

separating the different sub-beans. The |ens system
r ent

. ] SO ed to.finally.i .fhe. diff L
el | g BRge G wlR AReliPubiLP svitple O tiohiol s g gepipeine
light110@ witrakwaveRengihi }SweR h@th@ 66 RIS Ringdof BE 8p&AGt. "Mmpinging
_ nag,be provided and_a radiation séensitive detector

light (D0 & predfedhy a paagob¥). afheaaged SHatl i in ths alighmeniaystem, the

u [ f t etector will.Dbe .

foou AL deEon LR be AR o BB B gLk bf Ry other opical

sensas s hiagbe comvtiuceddntl beangt es eRERrdMfdn@abA rdleded by the marker
y, the extent of alignment of the marker on

hi s wa Lne !
200. hh_%ﬁlshmw&%eww i 1§ nohessptfab ghtbe PrEpdery P heshigable for
- . o . r .

sl O 0] L BBE ST 54 AR [Ny may o
implevecagadrwitiga péreodidift R mstable fanchotthiewaldlagdd gpasitdtil®for &dnger

Fif%er nt_orgders, To f'hnish t.hel. alignnment, the . ..
Waveragily dhicdih gAY AR Bk it v lengits gritin th visible

tAMSBRAORE) dnebBp RGBS 16Rker wh ' isi
"Pee to thgﬁﬁs%(utlnlst rgt e i{%abl e lsmge{rh at ﬁgﬁ?%ﬁﬁtﬁ?%ﬁﬁﬁﬁgﬁ?g visible
wavelsggibhid ref erence marker may then be aligned to a

0T R TR e aPe GG SRR s AR PB RPN fyrepes 206

in theSugfh@sofSabs@iate Wo Thd trdAched 866 haviaGlRpihsd, WihQEHREBHERE top surface
reference, may be used ?or t hat pur pose.

herein b
of ther kg B94. ﬁ@@ﬁﬂ%@lﬂ%@? ¥ the gaatingds casppased of alingwidsh and a trench
widthpstem may be used that directs an alignnent beam
irectly upon a marker provided on the substrate Wvia
[0044] he pr &j Bigtie) tissyisdpdiigindlight bears 10@ anihWirdveldd@th A is directed in a
iffracted by the marker on the substrate into

. .

directignsspstaniolly nprpadisglar taribe surfope ofethe shstiatedl. Alemativay, a non-
-0 ' : Pl t t4nAV.erS . proj | on

PG BRIl o040 bIGHERLGEL s

. system PL,
may bg us@ff s veslc dn ah iegibvodintentewliderlight, dei ok with 4 readband wavelength,
devi The i mage of the substrate

atterni VA.
may b?rﬁ?‘?geqn (ftg‘%n’é‘a"ﬁégf%’é(e%k%é’éﬁnﬁay be imaged upon the
[0045] ef er engemARek ?,rag? 20N 6f Pghleerifh @&cgl?érgéﬂﬁsé\@atiﬁ%! h}é BitBaction

i
way, the exten al i gnnent of the rker=on
patter istsharzatisally sheavnt yetwoatiHraeted earns, leech havirgediffiadtionanglg 0

. devj.ce _MA can b sured and optjnized. This may be
i Sy, T8 Rt et BT St e Y 5
minimaeNEeined %g&ﬁé peioReki gt t@%rﬂﬁ’%‘?Whteﬁ tRke 861 ﬂgﬁm of the
.. alignment beamtraversing the marker In t%
impingjag gghtriioﬂgs withinghe Mage BHyisibisrlight, pecdediaity Brmayi tiehl 6/7 microns

' t . on-axis. alignne system here .
(oord R bt e b 0T on Pt DRl F BB adigprg Tnan
embodmdntSthe Tite widith Phand SerlcRGRAEMT,3tE&h %lyr?ijﬁlig’&’)ng ? ergnee. .

u

[0041] The apparatus 10 nmay also include a focus error
[0046]g et ectln ordes y&oltpinanifiaient 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 illuminated by the impinging light beam. For example, a

marker of this type may include at least 10 trenches within the illuminated area. Of course,
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determ ning a deviation between the focal plane of the
projection system PL and the surface of the substrate
W so that the deviation nmay be corrected, for
exanpl e, by aning the projection system PL along its
axis, the Z axi an ten3|ve d r|pt|on of an
otherdyRedf gragors may zusthas BoTddederign P Rkt PrEns Al in the
art. 1S made to U S. Patent No. 4,356,392, which is
i ncorporated herein by reference. [0042] Figure 2
[004Yepi ct sTlmianEithbﬁthﬁﬂifﬁractahb@ptsi ig ﬁiﬂhﬁﬁtﬂd{ﬁmiﬁ¢d1ﬂmtﬂ‘lﬁ Idepth of the

verc B3R B U B R84 YT B o o ittt

light, rm@ugmhwdcﬁtﬂer&f at&Eéﬁo%%ﬂﬁh&tﬂTS St 16RS 20 anE AR 1REL SN
ure 2, the marker 200 9 includes a grating 20

In FI
scatteipd pf agacé@m ) ithg trenches 2Qthsheulddravel p céntaie phase rdﬁtlfal to obtain a

t s havel e
posiE e h R s L ol O s Rid PR ot
periotithy BgThgdepth ghthe h@ﬁches 2p6 ealattledo Byt tap SENRON0S0f th-Ehﬁles 204
sensor, 50 may, be in the aljgnnent system the focus

shouldbe spehyidplrasitiy migeerspse will ¢asur. else & the Byesfrense depemekive, an
extindRVE th O g%c&HYT}ﬂEg'; Qfno WL ds G pha§ee cgmﬁoﬂ.my be
construct and arranged to neasure in rna I on
[0048)r ovi dduol thyyphabegraank 202, ti20@terfctenas inl thbélfﬁ@mroaq:iaﬁbmdnay be
that it js ot ssentlal er|0d|C|t
scherlgie i iedupes PR ditPomes 1&? Bk pRothm ¥eogicd e iop
surfadel 008 bbihe 1#B8264)athi R fRRE @fﬂlfoténb FoflddVAMhd ABorAY d2%he
lemented wWith a periodicity P suitable for shorter
trenclmﬁ@ﬁ elngitgrgenohregum Blyingnfensityl roagjmum waleicen ghes thelptase
d1ffer£:1$ce clf Ilﬁh?%heams sg:ﬁ e%%d gy?n\r/tl%l ihBlF opn%%gﬁsﬁgﬁqaﬂgﬁro%?e trench floors

210 1mm@ dercgahtth@prob eh fvavEelr 6Ngt difibctsBEdrer
wavel ength than visible wavel engths. [0043] The
(0049 at i n ZGQrsemutm@fémaﬂée@@m@ 188y bq yed topupyvidgjamference for

: 0 f
messSA RS SRGGR00 LS, IAAES, O AUDRKA Bl
be usadnfer alignnsant pmpesespﬂs nbhmtdnldadaa) E0dmitihpén perwadi Birtexaridple, to
f of %pe grating S co osed of agllne wi dth P1 and _ a
perfor i sk hHRER I EDS P VH R ERSaFEATSE of 16 sPRRRNG LG ver the
substrkicORT 2 §RAM AR DcV1BY £l BE hgbd]to 'sl%ﬁqhé ﬁﬁz{%@o{u@e & an entrance
dlrectlon substantial |y perpendicular to the surface
pupil ef the heojentigs syiere Plv Thlis wen atavids| ap, lmagmairth@sxhs@atduw Ugvet that,

onyf L he in
ot cerpfiblAha ) Sopbiko FRIGRIHEAE] T Linaf B ulaepypt s
best f(ﬂms &H@ﬁ dhdiibe nwihtéral slHl@hIf,anllmﬁge isinghin parfebt fBcus, a lateral shift
adband wavel engt e used on ot her,

in both&w Xang XahquV@Sﬁalﬂlu@rde&&%/qd@ﬂﬁhe smeuS] The narker

ratin 0 u I .
08 025G SRS ek By oL I, AL 08
infornmitibhirsacha&dt lenbs nsedadith thavbong emrodddiéatian siyaem F0gb dedlice 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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relative to the surface. In the diffraction pattern,
the position of intensity maxima and mninma is
governed by the periodicity of the grating. Wen the
vvavelength 1 of the inpinging light 100 is within the

the REEREIs phi SuSsralWidesEibea BoloSi iyt by Hticaple 1 any marker that

pro%ildléfs 1ﬁ1%ﬁﬁ!1t9ﬁ1 tBah Bpticad Héntséihls%d Efoter RUMR ORI PEphid zﬁﬁbﬁfﬁ%ﬁt 10, or in
I'n an nbodi nent, the line wdth Pl and trench w dth

any Pfihngcpmlcebmhtr@bgy mobﬁansot(speceﬁc{aily i2the. 11t];10g731:)h10 affr@Oe 10, but
to obtai.n sufficient diffracted Iight from

r
assofﬁée%dxflﬁl hRGPPEFUSnd to obtain an angul ar distribution
[oosep diff Fﬁgﬁﬁ‘é DEhdRA 4 @H8) seBfiond¥ o sugﬁf'dt@ﬂﬁadéblfdﬁﬁ@@tdncﬁ?nbodlment

maxi ma and mnima, it may be desirable that the

of thgipagserignpaioand: berphstratg %lmlw@s ahlgagione &ramrc ﬁ@@ﬂahhas been

ter
crea eH be aqﬁl%ggq p%l #%@egﬁl]gln%eclg;{l%pﬁ)ﬂé% laéﬂreﬁa r?‘ii(e%r E%r]p 1t ﬁl}hat 18, the
pattdris(@ﬁbeﬁiﬂlyoﬂ rﬂtﬁbﬂ;&dﬁwﬁ plbjbat‘eﬁ ohfd 4 fagREPpOGoMDT thie Bubdiite with the
il]lum nated area. course, 10 other types of markers

ProJ?P&‘;?ﬂ pestes &, to &SeaWdh‘F fapae é% e #orlddy usgleistped by one of Ofdmafy
y skill in the art. [0047] The intensity of
Skﬂlqﬁmeﬁfract ed beans is further determ ned by the

[005dEpt h of&lstotséowhmﬁrglu%B BQGresigtl A Ditha htasab&ntd@pomadﬁ)aaethe at least

t di t
one Gerd doct e B ¥iyhinde € Bortepe PutdrREistoafihg 20, cgmenty

referbddf thas g “BAR Of tHah% didpaesd iA@dtadd theh@sibid Tdtant dSat least one
scattered at a bottom 210 of the trenches 206 shoul d

featuna§@0. aler,t’emmétﬁanQﬂwlamag@I catt e TQSGﬁt b@ dirertly ovgb@ptfwm‘e 300 by

poncip P oF PR RaRA PR G Ao B ader sy marker

Aftetlpininriedr 200 @as benciredogdo tHeQbﬁitB\I@ id @atddavitioin Spagh@esating 330
208 of the lines 204 should be such that positive

in suph e fay dhad Hreecoting 3 YLisgrbstantially priferreoyen thermukens. iy other

WOr eﬁl@we es 306 ofthE ! Eér%}(}q; dﬁe it %rﬁg &I(ﬁﬂ\éd Ill’l ﬁl%%ggjth? P]ottom

hi's 1S known as t e phase tion.
surfabhél@)hﬁhe trgncites BO6 B% a ¢daeng Bﬁ()amffsabﬂmﬁallymhd daene thickness as the

di ff at |1 d
top SPEAE NG o AikdBres aith) T ey the BoI0R0L tBE PisHEAr and s i beey
subst@ﬁhél%hﬁﬁ%&d vﬁﬂ%&g??&e&%%f%e cﬁﬂaué éd’éﬁﬁ% 284, while a

second ons reflect at the Tloor 210 of the
[0054]r enchels ap@@botiment,ghe easistd Hewey bapoyided ancﬂlt}@rmatrk?r 200 may be

e PR e R 2B e B B o LT Rhlpastpoa

nearanﬁl trﬁg edhitéf endanemahthk naoks 208 1 clbse enulig @Nhé ﬁiahu‘e 360 that the
he propagati on front PF of the diffracted beam

featu{eo%@g]lam egfiiheskeamypf lighy A0 gmitied diest thesenser §P.<herghy be

f
con 3 o B By USRI g Y
markcdeBkX i bed herein may be used for aI | gnment pur poses,
{005 ia?r'glt e'_lL hrétog)ggl?edcc}agngb §3(5 surgstantl ylpr}e\?erz% tﬂa%;eam 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
12




performa test that maps the focus and/or |eveling
performance of the apparatus 10 over the substrate W
a special patterning device may be used to shift the

i mge source in an entrance pupil of the projection

PL., Thi de a at. t he
may G/ Wi 0 Rirtnef duig B 38 s s dadbedihink SEsadr ok Elsopmation,
and fH1064pSs18€ AeRAANImhadE hdtvosldl et appﬁ@fateﬂrbyl Jre Qe oicﬂﬂ{ry hlﬁll lifthe art.
best focus, there should be no lateral shift.

[005G]rage i18 ap@mboAingsk fecepanve g@tma 3pacenpiises numqtal stwh as
t .
oo BT 4052t S O L0 M, P ARLEREEA Y g
20 nn&r Pmﬁ@eﬁiy,t the dockn@isoiakderaqhe coting 300 & gredtédhan sut h@hm. Of

it may be used with the focus error detectlon syste
coursgropiigis@utaaningather yelgls and meterals Bay beusgd. andithe esﬁof the

coatn%}‘éayéﬁ%%ﬁér@d ﬁ)r\%gﬁhﬂltﬂeé{ﬁtgt %h Jéeexgﬁlg e? ﬁlte' 1ol 1rﬁéﬁ?i%§'f8 l? hmiting

nment s  di scussed below a 0 any t
m anyreeker that may be used in conjunctlon wi th the

(0057t ﬁi,;‘ﬁﬁéﬂ %&% 8 a%fpgtt eopaa%%%qafla%gg‘ﬁ@% % Ere%‘é@@x%frw%wng a

seed 1%9&%@1% @E‘?cfjft alloW @ r Bk eryeey gf&é}frﬁ oP X opAAub At FYCE le, the

be uséd for overlay an focus neasurenents. The
seed lbmr nhay-tsgrntgtupy @nai(pethmy aquensétaltmaf besilurglnend. i Hesmappllow the

grain %IZXS % esgs ) ES tlietéeby (}%{cﬁg Ho%s@lﬁledtlsélfu‘t%g]?%g%f%e %Q}?l% §1(1: tl%tr%adout of
the mﬁjﬂiﬁdblﬂ'pﬂivﬁe@fbyttﬁkﬁ‘m&ltkbﬁﬂ(l(ﬁtlesﬁﬁhﬂfﬁ@ipphﬁfhté?ﬁh@t\/ﬁuﬂlﬁﬂn Bemple is

plicable to any marker that provides information to
not méﬁﬁtgle%)t CHnItHEHs By Wae dDEferens mafesialsreay ba #ed inibnisecd layer, and

, ne optical netrolo
dlffer{aggll%t?% H'gay]og us@ ad e ?Il?:ﬂ};lf ?{?ftail'n i hepl i t hogr aphi ¢ 9y

not speci
[0058hppar atAler 11, alignienteemd e fae theasitrbmtdtehapiremtalier), the coating

0oL By O P B B e
embo&iﬁ%n%%&hﬁéﬁ By 6 g?&leﬁtqﬁ'&:nﬁbn LB83%koRdea fl@rﬁﬁéﬁrﬁct%%qyémttest the

been create I'ithographic nethod using t
SubstraﬁetWo@r‘a@Hd be apmramated byohe pf @dmmskﬂThethe ag, Iltclh@on of the

BARP I BV Bt R B bR TR AP BRI R B fielpisppmovea

[0059BY St enlrPAnctiger efdadigncht) ehdve@irlFigur3 Q0 theagbaed W ﬁi@ludes a feature
under st ood by one of ordlnary skill in the art

400 thﬁb@@ﬂeew@ét@ By wie lithogrrrftyrrogess desgribedabeve.3inghisteanboripent, a
coatm? Q8h i %9%5& ggcwggl? he&gﬁn% h%l?[aﬁ)b et fhe S?ﬁ?“to%& al;?’(P %e f;ml?re 400
eS|st 1 a boftom

|nc anti-re

is provddat baigw 3]2501;6816047]1&3 riuyh a cedtmprd2d it prefsatdy alBﬂFEQeﬂetﬂm&t coating
si st 310.and the at, | eas

ARG abi PR antuneotRE Prariiss Toots PRET31}YE GERPYFR T dieFien ot the
lithoglaBRic SbpAas Ghd &% ihe/bAMES HoRCploGRIE bF an WeriMent 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 '




patterning a beamof radiation with a patterning
devi ce that includes an alignnent nmarker. After the
mar ker 200 has been devel oped, the resist 310 is
coated with an opaque coating 330 in such a way that

the cqQating, 330 i s substan I | faorm.over the
refraghyq Boppgth nrglmffélrto Choraba s AR s et b ot leyea and
fea‘rt[f@ﬁf(ﬁl"e sB0a R B9 AL Yhah id ﬂo%%ﬁo&bsehﬁﬁ@@% ARBSnay be

bott om surface 210 of the trenches 206 have a coati ng

lmﬂB@Dﬂ¢$msmﬁbméhm¥a$hmi&hmn$ane thi ckness as the top
rofil.e

f 208 of | 204. Thi h
1003he, o REREsoenaS A PRREReRatheraned 00 b rBiite i DRetion
providd@ bR HRSRIBELatO W t MBe QPRGUR WeRdIhAE a33Burc 705400 ﬂhat 1#8 been

enbodi nent, the resist 310 may be provi ded and the

croaiebK g 1begramlyc bRparatnatodepisted indiigune. e mthcm)q warts at 510.
At SB(? rlje oo élgfhhﬁi()qg pI‘OéQC%’;‘,J on% ?na:;" ern2tOQ d%s!p?%% bO'\.]Fl g]ild/?lH’éear the

ers IS Cco

feaume be10@ 00 thessubkiase We nmﬁﬁhlatléh proeidece dl thema@er 20aks deeted by
feature 300 may reflect the beamof |ight 100 emtted

the sepsgp{ Hed Yerfdsrinipnaticignsnle dighmenofarigtion fpesdniergation,

o Bl B Ly o DE 0 LT A g g v
provﬁIBﬂ) bg alnsﬂ'mnn abdjyngiroawetit ssehire. Beaamocthe lightteirdOfrojected onto the
marlghe aior{h ¢ 420 i BoPsti s TTr GV ot e 430, 420

lies bRk GHRAMENGa oft 1t 39‘@%{1’ @1% %aWrE §b@t410‘6@0 E&sﬁaﬁiﬁally {)revent the beam
patterning device NA by providing a coating

of hgbéﬂ Weaomthieeguretented by ihg hﬁ“@attnr@ 00@ 40P ad serssr ansifacentite teadout of

be | [ |
e GRS i 1B TP St 200, T Pl PRRER #°0Y
[006por t i onmeh enttiaenﬁeﬂ@saepai Hethe %@ﬁbﬁhrﬁ&nﬂﬁufnﬂﬁlﬂg&ﬁﬁwded by

Thi s ablllty al | ows uct substrate to be

the mygkeer 20 ,@&OSG@WQ’ ﬂilﬁosr“éSta%‘éW mexbe adjusted on the bapis of Hie dsigsting.
For e&glﬁp]%e?%q fdrf ? om tﬁﬁgplfogfdlegfgﬁ eHﬁB | Bt ﬁ‘l@ ?dgstrate W

use qual I e pro UCt as
relatieto Tbbpattemmg demee My ir( e YQ-YIpIMn(B[ tha tpogitipn ofithe sﬁbmrate W may be

z:u:ljuse pogzlr,lr)g Hgo e A&Q {}Fﬁ | o? tl(g]r elilrllgd?rggglgﬁ fﬁ)%lé%érea 1gnment
mfon%ﬁ'@c%jéﬂﬁ@ tsubs&ﬁ‘t% réRaS tﬁ@ﬁ‘oj B33t PPP %Io%ﬁ?haazjﬁfsqmm the

such as alum num and may be coated onto the resi st
positepEf fietshbsiratehWekne be adifisted wiative ta theprejbdiom systemi Bh along the Z-
axis. Preferably, the thickness of the opaque coating 330 is
greater than about 40 rim O course, coatings

[0067]0Nt ai Ni Wl B fipardietcths paséh dElcdlih BhSart Bt BBetsRsbdiRAHs of
the thickness of the coating may be altered for
the inyrtiapipdy kaseaneelvedrpdiedesed ipprasticerveithnot denprémiBemithe it of

e T Wb S 5T U PR e, v,

hardware or some combmation 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

14




seed layer that may allow for optimal crystal growh

of an opaque netal. For exanple, the seed |ayer nay

be tantal um and/or the opaque netal nmay be al um num

This may allow the grain sizes to be smaller, thereby
_ reduci ng possi bl e di sturbance of the grajns on_the
to enqazppstfll wiratioppandpedifigations Wity thg éamgﬁmi pePHaf ﬁl@rﬂppeﬂded
claim@00. It shoul d be appreciated that such an exanple is
not intended to be Iimting in any way. Different
materials may be used in the seed |ayer, and
different netals may be used as the opaque netal.
[0058] After the alignnent and/or focus neasurenents
have been taken, the coating 330 may be renoved so
that the substrate Wnmay be processed further. In
ot her words, the enbodinents provided by the present
i nvention may provide a non-destructive way to test
the substrate W as woul d be appreciated by one of
ordinary skill in the art. Inclusion of the BARC 320
may assist in protecting the feature 300 bel ow while
the coating 330 is renoved. [0059] In another
enbodi ment, shown in Figure 4, the substrate W
includes a feature 400 that has been created by the
I'ithography process descri bed above. In this
enbodi ment, a coating 420 is disposed between the
beam of light 100 fromthe 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 |ithographic
apparatus and for the beam of |ight provided by an
al i gnnent sensor, but is also preferably transparent
for the wavel ength of radiation used by a | evel sensor
that is used to nap the topography of the substrate
W For exanple, the operative exposure radiation nmay
have a wavel ength of 248 rim the wavel ength of the
beam of 1ight provided by the alignnent sensor nay be
533 rimand/or 632.8 rim and the | evel sensor nmay use
a beamof light with a wavel ength of about 900 nm -
1100 rim Thus, the ARC should be anti-reflective
(i.e. absorbing) at wavel engths that include 248 run,
533 rim and 632.8 nm but be transparent at
wavel engt hs between about 900 rim- 1100 rim In an
enbodi nent, the ARC is non- photosensitive. ARC s that
have been used in |ithography are often
phot osensitive, and 13 refractive index matching is
used to ensure that the ARC is effective for each
| ayer and feature of the substrate. By providing an
ARC that .is non-photosensitive, the ARC may be used
for substantially all layers and features. [0060]
Figure 5 depicts an enbodi nent of a nmethod 500 for
measuring information

15
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provi ded by the substrate W The substrate Wi ncl udes

a feature 300, 400 that has been <created by the

l'ithographi c apparatus 10 depicted in Figure 1. The

met hod 500 starts at 510. At 520, a beam of |ight 100

IS projected onto the marker 200 di sposed above and/ or

near the feature 300, 400 on the substrate W

Informati on provided by the narker 200 is detected by

t heClsgrdsSr 50 at 520. The informati on may be alignnment

i nformati on, focus information, overlay information,

exposure dose information, or any other type of

i nfior maty RBthbA &r BN inRMiREHd o RYePo R ratk Mhe substrate

conjunction with a sensor. Prior to the |ight being
comprigingca xtwntthatt s baeardeated2bp 2 lithographiti apy2i3Be, the2@ethod

IS dis rate t hat t coat i
comp Ty BEREfn2d IR, SCRRh (BN Ea Mt PO ey Rl e e
featireainuthesi®eate;400 deectingiaformbticl gryvifedhiedatd mhdkebenlin sakor;
| i.ght 100 from bei ng, refl ected t he feat.ure 300, 400
Wheztl 2 eQatenly BROTHA P VTR IR (A onie P e gt P e
of 181 1l tRE @ahEeth MpstaiiealFBikent RO Beanl Bﬁlig!ﬁtfhﬁdbaﬂ%i fefRéted by
" 230. [0061] In an enbodi ment, depending on the type of
¢ foatuse act Gaypng en ingepravirepsguinf the mEormatip proyptgd by the marker,
i _ ; .
andBASK) 88 DRI rBHRSLE S IR P ABIARAEY 4B lfon o o
the mafker.mat i on bei ng provided is alignnment information of
the substrate W relative to the patterning device MA
in the X-Y plane, the position of the substrate Wmy
be 2. adhethd®stcbididghe cMinY 1pvB&ein tH §Rqud faydrREmprises a metal.
i nformati on being provided is focus or alignnent
information of the substrate relative to the
Pr & GhiREY RYSURP t5klafth @NShéBS e A&hBooni AfGinum.
position of theﬁg%bsf}até thayg%e ad?hgﬁgg;reng?ybe
to the projection systemPL along the Z- axis. [0062]
It w,ll be apparent to the persgn skilled in the art
tndt “oprBh BRBEHEe g SBRAT R e et el yer for
growppcsistbbiandpigeuatd. t o practice without departing
fromthe spirit of the invention. Methods as
described herein may al so be inplenmented as software,
fi rsMsah&hod RRALAMNRS © clff £ WRrHPIMRISERLILRN cBfiplile $Mitalum and
(e.g. in the formof one or nore sets of machi ne-
the migtabeaneiyises dlwinuoct i ons stored on a data storage
medi um such as a di sk or conmputer nenory). In an
enbodi nent, there is provided a conputer program
- cormp mt siethgd p!t‘cag‘dia_g] te Qlﬁn: h E[:tu‘it]her Wbmpﬂ?ﬁxg abl taﬁ’fi—rﬂhatcﬁve coating
. _conputer syste insfructs e conmputer systemto
dispgss HT<Or laﬁghﬁwgtﬁﬁg?ﬂﬁﬂs_as described herein.
[0063] Wile preferred enbodi nents of the invention
have been shown and described, they are not intended
t 0 Toe? Imethiod; argoidingateyclpias e sthereptheanticigAeqtiag yoatitigels non-

ﬂm&Q&ﬁgﬁ%pn is intended 14

8. A method according to claim 6, wherein the anti-reflective coating is anti-

reflective to the wavelength of the beam of light.
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to enconpass all variations and nodifications within
the spirit and scope of the appended clains. 15
CLAIMS 1. A nmethod for neasuring information provided
by a substrate, the substrate conprising a feature
that has been created by a |ithographi c apparatus, the
met hod conprising: projecting a beamof light onto a
mar ker di sposed above and/or near the feature on the
sulssirmtthod andrdiey ©aldime, whkeinmt veRclphigh ofed baym salight is
b @ﬁkger with a sensor; wherein a coating is disposed
abo M8 substrate so that the coating lies between the
beam of |ight and the feature to substantially
prevent the beamof |ight frombeing reflected by the
f edOupangthed aecadingtostiatimn® odheran therwagtsngthoff thdreeam of light
ﬁaﬂ&ﬁ?ﬁf@ﬁ&?n provided by the nmarker, and wherein the
coati’ng conprises an opaque |layer of material that is
deposited on top of the marker. 2. A nethod according
to claim1, wherein the opague |layer conprises a
etld] A meod aehordling do Clam Y T SherFRIOR{SAn AIREPER AensHle
netal conprises alumnum 4. A nethod according to
claim 1, wherein the coating conprises a seed |ayer
f orl2. §roesipaspceorgsgae slavt 1 avhesya dhiescnsor il a fosus sanseet hod
according to claim4, wherein the seed | ayer conprises
tantalum and the nmetal conprises alunmnum 6. A
nmetliod naaticak atcordingoo clami iy viherdin tiehsensoc Graprapsital geraor.
anti-reflective coating disposed between the marker
and the feature. 7. A nethod according to claim®,
- WhareiAnmkthed aldtdrdigfth @edimVE wRadih RBe ifoM@fion provided by said
hot osensitive, 8. A nmethod according to claim®6,
margrCPBIPHsesie pasitionof £3id starkee Inc¥at i nplans ant i -
reflective to the wavel ength of the beamof light. 16
9. A nethod according to claim@8, wherein the
wauél éngethod kedonding eactniof 14, wglwrein she pdraticn SB%risen anl figned

o TEHBEGURARH bR % S5 B bR

16. A method according to claim 15, further comprising adjusting a position of

the substrate on the basis of said detecting.

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

marker comprises focus information.

18. A method according to claim 17, wherein the focus information is used in a

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

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

marker comprises exposure dose information.
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11. A nmethod according to claim1, wherein the sensor

is an alignnment sensor. 12. A nethod according to
claim1l1l, wherein the sensor is a focus sensor. 13. A

nmet hod according to claim1l, wherein the sensor is an
optical sensor. 14. A nethod according to claim1l,
wherein the information provided by said marker
conprises the position of said marker in an X-Y pl ane.
15. 20Amtatmd aa@(ﬁdlhgi it glair® 16 hbierdinl daid \BBRERIgNcontpRises detecting

tio es an aligned position of the
h@gg%é *‘ %@‘V@Wﬁﬁ%ﬁﬁ%ﬁﬁernlng device in the

| ithographi c apparatus. 16. A method according to
claim 15, further conprising adjusting a position of
t hélsdb stethadeaceprdingelobdsins | ovhersindthd eneshad isgearrdad o in the
ding to claim1, wherein the infornmation
]thﬁ%ﬁﬁ%%%ﬁ%@ksald mar ker conprises focus information.
18. A method according to claim17, wherein the focus

i nf.ormat i is used |n test. t hat s, focus and/ or,
it %@qdf BRI REe [ GBI { Tn VSRt FREthorlgls Sariget Aggin 2

Inaﬂgggndmng to claiml1, wherein the information provided
by said nmarker conprises exposure dose informtion.
17 20. A nethod according to claim1, wherein said

detRCt s._det. f
sai Hgm&&gﬁ§%§§%$giégﬁé9€@ f%bgg@ﬁg#é accorg%nﬁng a
feattue aréadednbyl thevilisrgeaphict dppanaeshe charker ceoateil éxl acm{er bﬁret;leabove
It hogr,aphi ¢ _apparat.us., 22. A nethod acco to
andlgr iepe 1P r & RS PR effgue el AF e it about the
subd¢tRitd: @h@l)tozitﬁh@for iBstariafy Edveig KHamU:ﬁ"nghfhs@d for detectmg the
I|thogra hi ¢ apparatus, the substrate (40 r|S|n

infopgatiqyy @Ozﬂd@éb@ dnepiparkere from: edngr fipsted Bp g tee causmg an
inadTRiakce Feaﬁ&ﬁa&teg]h {hf fi‘éﬁ? r&fldé‘deﬁ‘j/ Ste %%91\@ Wﬂ% o[hen&ﬂﬁmg
t he feature, the mar e| ng arrange to pr0VI

compripEsraraipRQIT la\baodtposih@i msuthstmaalm and a coating for
substantially preventing a beamof |ight used for
detecting the information provided by the marker from

bei2ag A efdseatedcdniinghe ddat 03 ewhdeinCiat DpAgiedldyer comprises a

i.naccurate readout of the information provided by the
metglar ker, wherein the coating conprises an opaque | ayer

deposited over the marker. 24. A substrate according

to claim23, wherein the o qye | ayer conprises a
25. A substrate according to claim 24, wherein the metal comprises aluminum.

26. A substrate according to claim 23, wherein the coating comprises a seed layer

for growing crystals of an opaque metal.

27. A substrate according to claim 26, wherein the seed layer comprises tantalum

and/or the metal comprises aluminum.

28. A substrate according to claim 23, further comprising an anti-reflective

coating disposed in between the feature and the marker.
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metal . 25. A substrate according to claim 24, wherein

the nmetal conprises alum num 26. A substrate

according to claim 23, wherein the coating conprises a

seed layer for growing crystals of an opaque netal.

27. A substrate according to claim 26, wherein the

seed | ayer conprises tantalum and/or the netal

conprises alum num 28. A substrate according to claim

23,290 Wr $ubstfate arprdigd Qiam B8] wireff e GhiiveflecE@atdafiflg is non-

di sposed in between the feature and the marker. 18 29.
phojosenftiier at e according to clai m 28, wherein the

anti-reflective coating is non- photosensitive. 30. A

substrate according to claim 28, wherein the

ant30. pefubsicaté eeonlveg forgaiins2 & rthierein thicl aptitréflastivocaatiog is anti-
vel engt h aof the.be of .l i,ght. 31. A substrate
reﬂég%l(‘:/g}odﬁl%g 'y %e%gﬂé?frnt%%g?amv\ﬁfel%geh?'n t he wavel ength of the

beam of |ight is about 533 nm 32. A substrate

according to claim30, wierein the wavel ength of the

beath %f subsirgff tacgding 6‘21?%23.08 Shgrein . woyelaipl qlethe beam of
ligh®R&CPbE 939 ok Cl @i m 23, wherein the information

provi ded by said marker conprises the position of

said marker in an X-Y plane. 34. A substrate according

to gl aj ' ' i 5].0F ' r

pr ot e Stsipte AR oF B R el Ble SRl d55he g of
lighs iskibbutadde.&rmh.at i ve to a patterning device in the

l'i thographic apparatus. 35. A substrate according to

claim 23, wherein the information provided by said

nmarken ot seerdiftibscihinf 23, idr@ the3@forMa®dPSlovRAEE by said

according to claim35, wherein the focus information
marker qpgwaisesthapositiogtofspd narkgsén aEuS PHARY/ or | evel i ng

performance over the substrate. 37. A substrate

according to claim 23, wherein the infornmation

pr ddi. dedubyyragaratordiey ke claoco M3; ivdescie spidsposgiodosfesaid marker

Proyley BAE a0 8P MR PRUPTCOE AT RE T T Fhadrisaine

devitefh tHealthdgyaphic dpp@aebes, the plurality of line and
trenches being arranged in a

35. A substrate according to claim 23, wherein the information provided by said

marker comprises focus information.

36. A substrate according to claim 35, wherein the focus information 1s used in a

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

37. A substrate according to claim 23, wherein the information provided by said

marker comprises exposure dose information.

38. A substrate according to claim 23, 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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repetitive order in the marker. 19 39. A substrate

according to claim 23, wherein the marker consists of

an arrangenent of single lines. 40. A substrate

according to claim 23, wherein the beamof light is

provided in the |I|ithographic apparatus. 41. A

substrate according to claim23, wherein the beam of

light is provided in a netrology tool. 42. A

|'i thographic apparatus in conbination with a substrate

for,use in the 1ithographjc apparatus, the i

li tHogh a?&ﬁ?t@tf‘aﬁﬁ%ﬂr%&%%@ﬁlﬁ% i23i eherein the marksiagqusists of an
arrahYSh&RLf Qhole GRAMI tioning a beam of radiation; a

support for supporting a patterning device, the

patterni ng device serving to inpart the beam of

r adjratyi ' t Wi Its .cross- section: a.. ..

b P b SBR Sl o7, WS B G profidea im e
lithggraphacipparztsy st em for projecting the patterned beam

of radiation onto a target portion of the substrate;

and a sensor for neasuring information about the

subst naduBstradd bcbiigngStdRS4imat3e wherRY thé bBfn oflikRat YoRided in a

created by patterning the beamof radiation with the
metfegydppli ng devi ce and projecting the patterned beam

of radiation with the projection systemonto the

target portion of the substrate; a marker created in

a |Ryekx lnlfographics bppabrdwse irandmbinati@awithhe shileatter fyr dshein the
marker being.arranged.to provide the inf.ormtij.on
GRS PR StiD e L B TR R R GE P BBRAHGT sl for
confitieM@ptd Bgard dTABa86n;! 4 Ghppdit &P §upBorBiey KOpattchib Vevice, the

l'ithographic apparatus frombeing reflected by the
Patipgifg f it ingide MgPah thenbragy phradigtion gith agrttehein its cross-

idH, Qr Bt tab ROV LB OiRY thd QivaRdik el SPLyatehd jecti
Seccoatisng gbnﬁr%seslgﬁ Jpgque§1ayef 1€%€?tegg§VegmpFﬂ%mng
the paitdeed betdr ofraduitibi matol @ mrgat portdinng theo swistiatm 4®R| a sensor for

wher ei.n. t he. opague .| ayer . conpri.ses a tal . 44. A
e iR PT o BR R G BTERR R 435 RROPIS ROTRE i feature
credt@pY paReniggd theibasmof rafdatibn. with he fphitdiaing deviae el ptoftgtiigthe

claim42, wherein the coating conprises a seed | ayer
patipged g Hgaeinyer A8 B PANCHRRGUE Rty theBirech portion of the
subf%%‘f@'aﬂﬁ&ﬂk@ﬁbr@éi&%dd Dert &F 164181 oS andMieled fhe trllRurS 8BH marker

ayer conprises

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, wherein the coating comprises an opaque layer deposited over

the marker.

43. A combination according to claim 42, wherein the opaque layer comprises a

metal.

44. A combination according to claim 43, wherein the metal comprises aluminum.
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tantal um and/or the nmetal conprises alumnum 47. A
conbi nation according to claim42, further conprising
an anti-reflective coating disposed in between the
feature and the marker. 48. A conbination according to
claimd47, wherein the anti-reflective coating is
non- phot osensitive. 49. A conbination according to
claim47, wherein the anti-reflective coating is
ant4s: pefdnithdieg deorling twaleh engivhcrein thd ol Boipribdsthiced
rovided by the sensor. 50. A conbination according to
lwwgﬁmaWWMﬁc @lsal an opaugaRFtlengt h of the beam of | i ght
is about 533 nm 51. A conbination according to claim
49, wherein the wavel ength of the beamof light is
abdi6t 263omBinatien Becording derisilavat 45 rwhercior te rsged dayet apmprises
tantIom m%r ﬁ{er}m%tgl }_nl t. Qé)s%mﬁmhl ¢ apparatus further
conprises a avel Peensor Tor mappi ng the topography of
the substrate. 53. A conbination according to claim

52, erein the coating is trans ent to the
gm’%qmblsﬁmg et Lol e S fﬁvﬁeaec@rwsmﬁ@m Wigptlective

coaﬁ@kﬁ@i{osecﬁﬁ befveeR M fBahicdnd AaRsiféng to clai m 53,

wherein the wavel ength is between about 900 nm and

about 1100 nm 21 55. A conbination according to claim

42, e

o r?g:“%a{oﬁ%ﬁnag%goar%gmﬁ"g ttb %lzf?lﬂ @il Xgl@fégd;{he 371?1 ﬂéctlgg (éOatﬁg is
nonipdotséBidive. sensor . 57 A conblnatlon accordlng to

claim42, wherein the sensor is an optical sensor.

58. A conbination according to claim42, wherein the

| Nf49r Peddnetindtiod e dinB o Sdidl 4TRRdHRFeif ﬂiwnltﬁ@ﬁedhk}@ coating is
position of said marker in an X-Y pl ane.

anticréﬂﬁﬂﬁ%&q the wardenh elghe bea af lrahSBrovwﬁféblérh@ S§%pa

position of said marker provides information about an
al i gned position of the substrate relative to the
pati0eAriompinatiew agerdimg tohdain 4% edrerephihe vapplangih o the@@am of

: C iznation according to claim42, wherein the
ighf 5P hes

8ﬁ1prOV|ded by said marker conprises focus
information. 61. A conbination according to claim60
wherein the focus information is used in
51. A combination according to claim 49, wherein the wavelength of the beam of

light is about 632.8 nm.

52. A combination according to claim 42, wherein the lithographic apparatus

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

53. A combination according to claim 52, wherein the coating is transparent to the

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

54. A combination according to claim 53, wherein the wavelength is between

about 900 nm and about 1100 nm.
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a test that maps focus and/or |eveling performance
over the substrate. 62. A conbination according to
claim 42, wherein the information provided by said
mar ker conprises dose information. 63. A conbination
according to claim42, wherein the marker conprises a
plurality of lines and a plurality of trenches, the
plurality of Iine and trenches being arranged in a

r esét Al borabiautitdr adcordinpeton@lbien2, Gfereif BOMEBALDALY 8N alignment
according to claim42, wherein the marker consists of
SeN¥h  arrangerment of single lines. 22

56. A combination according to claim 42, wherein the sensor is a focus sensor.
57. A combination according to claim 42, wherein the sensor is an optical sensor.

58. A combination according to claim 42, wherein the information provided by

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

59. A combination according to claim 58, wherein said position of said marker
provides information about an aligned position of the substrate relative to the patterning

device in the lithographic apparatus.

60. A combination according to claim 42, wherein the information provided by

said marker comprises focus information.

61. A combination according to claim 60 wherein the focus information is used in

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

62. A combination according to claim 42, wherein the information provided by

said marker comprises dose information.
63. A combination according to claim 42, wherein the marker comprises a
plurality of lines and a plurality of frenches, the plurality of line and trenches being

arranged in a repetitive order in the marker.

64. A combination according to claim 42, wherein the marker consists of an

arrangement of single lines.
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