; €3eSVS(6TVSY. -1 Lithographi c Apparatus and Devi ce Manufacturing Method.
The present invention relates to a |ithographic projection apparatus
conprising: a radiation systemfor supplying a projection beam of
radiation; a support structure for suppgrting patterning neans, the
patterning neans serV| ng to pattern the projection beam accordl ng to a

desired pattern; nd a
proj ection system g}%ﬂmelg#%E)Q}@Hég%%mgiryﬁg‘ga@efg%gﬁ{go grget portion
of the substrate. 10 The term "patterni ng neans” as here errpl oyed shoul d be

broadly interpreted as referring to neans that can be used to endow an
I ncomng radi ation beamw th a patterned cross-section, corresponding to a

pattern that isto created in a t substrate; the
pat e Ot LS L0 e e o AR BPeb PR ok bR Lo
pattern \’Vicbxhﬁﬁélh gespond to a particular functional layer in a device being

created in the target portion, such as an integrated circuit or other
devi ce (see belaawjlatuﬁxwmheﬁ)rstﬁppﬂjdnglapmjccé'ronibagnmﬁaatﬁatiqncI ude: A nmask. The
concept of a rrask i s well rf]own i n l'tho%g g% ﬁlf'alli i ncl udes mask types
such as b| nar y @ SUPREE} SHEHCIYE [5HHHBRATURS PAICTAY MigARs aé‘ﬂ“‘b‘?ﬁa’é‘@a"asﬁf‘lf"ﬂ“g Qs
wel | Buutéth ki Srofbehibd peam&o}am %a@sﬂ&&ﬁﬁ}}}n;‘-’f such a mask in the
radlatlon Peam causes ective transm ssio In the case of a transm ssive
mask) or refl eatsubstrate tableffer baldiag afsubstraed, ladt i ve mask) of the radiation
I mpi ngi ng on the mask, according.tg the pattern on the mask In the case of
a mask, the supmERiectan systemfer RHOIJQC“Q%H@rP&FtFV‘CBQe"dn RRWI trpst QOI‘U%P& Censur es
that the an be held at a desired position in the 25 inconm ng
radi ati on beam and that it can be noved relative to the beamif so
desired. A programmable mrror array. One exanple of such a device is a
mat ri xaddr essabl e surface having a viscoelastic control |ayer and a
refl etive surface. The basic pri nci pI e behind such an apparatus is that
(for exanple) addre CAR ' ect incident
light as diffract ed%ﬁggr?{ E1t%r(ri)ke§ts garrllad ﬁ‘éré ‘é@bio‘fr@d %Uui@ﬁeebrbﬁcfl&/

interpreted as referring to means that can be used to endow an incoming radiation beam

with a patterned cross-section, corresponding to a pattern that is to be created in a target
portion of the substrate; the term “light valve” can also be used in this context. Generally,
15  the said pattern will correspond to a particular functional layer in a device being created in
the target portion, such as an integrated circuit or other device (see below). Examples of
such patterning means include:
- A mask. The concept of a mask is well known in lithography, and it includes mask
types such as binary, alternating phase-shift, and attenuated phase-shift, as well as
20 various hybrid mask types. Placement of such a mask in the radiation beam causes
selective transmission (in the case of a transmissive mask) or reflection (in the case
of a reflective mask) of the radiation impinging on the mask, according to the
pattern on the mask. In the case of a mask, the support structure will generally be a
mask table, which ensures that the mask can be held at a desired position in the
25 incoming radiation beam, and that it can be moved relative to the beam if so
desired.
- A programmable mirror array. One example of such a device is a matrix-
addressable surface having a viscoelastic control layer and a reflective surface. The
basic principle behind such an apparatus is that (for example) addressed areas of the

30 reflective surface reflect incident light as diffracted light, whereas unaddressed
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*159159* -2 areas reflect incident light as undiffracted |ight. Using an
appropriate filter, the said undiffracted |ight can be filtered out of the
refl ected beam leaving only the diffracted Iight behind; in this manner,

t he beam becones patterned according to.the addressing pattern of the
matri x- addressabl e surface. An alternative 5 enbodi nent of a programmabl e
mrror array e i h
Can' be i ndi vi danrT soer] PEehti SoRRarRRledliont, Pingeh ShSpiapillep i g
el ectric fiel dundiffragteceligiteyn bgfipered oat efcthe refleatet bairmpleavingosly tkhce agai n,

the mrrors are matri x-addressabl e, such that addressed mrrors wl|
reflect an i ncdiffiaged dghtbhshid; pethin mannser.dhe beameecomes pateraed acsordingier essed

mnors; 10 in b & ROAE L dSe bRf SELeRaheatd o, RAL L BRdagGor di ng to the

addr essi ng pattern reéssabl’e mnors uYred mat ri x
addr essi ng can emo@mén@bﬂegrdgﬁnnﬁatﬁamﬁbi arfl eaglo@ ﬁammngérﬂerh@mnpf the
situations described hereabove, the gatternl ng neans can conpri se one or
more progr ammaBNECFs, eachrof avhichean berpdividuplly tikied «ﬁwuban wm byeprlyinggs as here

referred to can eane fromU States Patents US
5266, 891 and RIlEAET ey fia. B AT Broii PeethissHE: RRER 8% and o
98/ 33096, Wwhi clprRE 8gdinGRE RAFEs AFk MefrRLMdRksAtE, S0aN RS add?cs&élﬁnﬁ?o?@w@lfl a
progranmabl e mi nor array, the said support structure nay be enbodied as a

frame or tabl erefiest areinaoping ragdintiahberay irbediffereatidisection vabhaddessedemirrorgd. 20
- A programmable LCD arra such a gonstruction s given in
unt 1 W0 ot es. BL RS e sala3s BORR e RRE T B ORLD EiF OSSR Bt
reference. As @bal\eqnatmafadafépﬁeretmﬁdrycwI%qhﬁe&xhhax%al%s chifpenbodi ed as
a franme or table, for exanple, which may be fixed or novabfe as required.
For purposes opels”omnpdmLtsmgysultabieeleesonloinetam sintbext ofithy sitetionedésaribed

sk L abi &; - hoBEErover he PyETEnaIoant AEh (A CRE BE e PPN B A e

shoul d be seenairhyst Mol iRRABALGSH Bfkorfra ?E'ﬁs RAL teéddg caﬁe@gleaﬁe&%reabove
set forth. Lithographic projection apparatus can be used exanple, in
t he mdhuf act ur exahpleffiremiatied StitescRaterss USCs326,891 anddFS 5,523,383, anddPCT

tt d
"ol vi duat | ay ErteBrappEnees Yagad! pid o FEBAI00 iR B e BePe:
portion (e.g. &pratElefibd)dnQMEcRE of@bﬁag@drﬁﬁhbl@%ﬁoﬁé&?@t frRtsGid(shippdrt SRuck@Eer )
that has been coated with a | ayer of Tradiation-sensi'tive material (resist).

In general, a siaydeemimflied apialftameonttabile, far ewamipde, vdticiomiy bé fiaed acmovatiar get
portions that are suc(fessi vely -3 irradiated via the projection system
one at a time. ¥4 ent apparatus, enploying patterning by a mask on a

mask p@bl e, a di sbpRginhdle EED PRy nad xARpMREBudi Wb @ioBns giviR &S URfed
machi ne. In one type of |ithographic projection apparatus, each target

portion is irr QthtestRagent | SeXpfs8 12y wihieh is mndorporated herpmthyenefcr@moAs hovear get
ti i X t f f
Crepper. I antl BRI eg yRARSR iR BT of a s ronuit Tprenabple) ©f

step- and- scan JPRM BhHBe fixRPsiindvabEess rB@litddon is irradiated by

progressively scanning the mask pattern under the projection beamin a
gi ven ref Epepiyposgs pés;mpdmltyz tthferestsqfathmtwg mayj, nwnamrlycamms epesjficdilyatisos | y

th bst t |t t hi t
oF noosS P elr GRSy ipga BRR w0 d ek i PoREVE b seremalgineintest i on
factor M ﬁ&&ﬁk@é@in' Shck inktahces! shBulARR&Eeninfthe BRiadtt doRRxBHDRE bﬁﬁ&nﬁlg%&nk S
scanned will be a factor Mtines that at which the mask table 1S scanned.

Mor e i nf orsibareabovevsetfortegard to |it hographi ¢ devi ces as here described can

be gl eaned, for exa om US 046, 792, cor ated herein b
et or ence. I n a manigEaRin BrocH0n dEPERA G5 TERIST SHRe RS ct | on

appar at usmaﬂufﬂa&up@&ftlﬁ{egaee-a (Qrcuit.@ (1esiras Each'as éak fehiife ﬁ1e§ﬁ1sb;ﬁ£ afubat I's
at least partially cov ayer of At on-senst t1ve et rla
(resi30). akircwt piterm bmrsespomijm@@ amtmmvmdah]asutxsftthame andishisipateigcanviser | ous

pr ocedur es, such as primng, resist coating and a, soft bake. After
exposur e, IMpged a3 Wa&eépﬁwn%gsqmmsﬂlt&'dortecprd?%fiwﬁmtwmsggte (silieop as a

post - eXpO%ﬁ&%@ﬁ&( s@@égat&?ﬁ%ﬂ 9?%%951? rafl; alfﬁgﬁ QC@% Rial >greggrst). In general, a

measur enent Spectl on NS arra
single wafer will contain a whole network of adJacent target portions that are successively




20 procedures is used as a basis to pattern an individual |ayer of a
device, e.g. an IC. Such a patterned | ayer may then undergo vari ous
processes such as etching, ion-inplantation (doping), netallization,

oxi dation, cheno-nechanical polishing, efc., all intended to finish off an
i ndi vidual layer. If several |ayers are required, then the whol e procedure,

or a vari fhar.eo 0 _be. .r t r .

Event ual | f/ia-%cé]t%{%grvraa{peg}%}%éetlvolgggge% ?rPe %é%gégél? guslfé%it aﬁ‘%?{}Hg%}é‘@g@%{%t e
(wafer). Taseifkey £aasiesa haehtabRhadakiaeidl GmbeeadebRiARN tWY defdréthni que
such as dicing or saw ng, whence the individual devices can be nmounted on a

carrier, dppasedmeghing. Inians typetaf lithagrarthée priojectiemappapaius; eagdr tdigagpastiemnis
processes .can Pa obtained, for example, fromthe book."M crochiﬁp

Pabr i cat | JHAGIACHEY EXPOSIE (s eRtre s pniern, ARt S e FOBIRD 1A GS ETVER AR ¢ i on,
by Pet er ti cd¥iieh ' | ok : ; =Q7- 067250- 4,
i ncor pgr a;/aggmﬁgl?é?cn by @gf@?gﬁ%gﬁf&éﬁ%ﬂge;ﬁ%ﬁgﬁ of aisui%%rn%tlﬂi/écii%?%a&tshe

pr oj ect i orcomynsdrdynrefayedtoras astptand-soen appfaeatusd- ¢aoh svgdtipertidnan &radiattbever ,
this term shoul d‘f#e broadly interpreted as enconpassing various, types of
proj ect i orPTaSFELSE yqeﬁ&linaar%gm? fRAHERD UAJeihE PEQjSCoRE@Rn § 81VSPEFiEENCand

cat adi opt rg: € ;= i By f:Ql..: iatl | so

i ncl ude céf rlr%gtrlloenn ses ?)é?)&er étg n%ggté(gﬁ%g? iﬁgsy?égﬂg%({/ugg/;&%%(g@eé%ggﬁéﬁ]ﬁ&%%gs for

di r ect i ng,pasdilepomantioparaliuhto tid diregtidinesinue pingehéral) thegaojeobion sydieai willhavaad
such components may _al sQ be referred to below, collectively or singularly,
as a 'Pendnagntigatige factardd (gsnerblyrabhthe sagssaY at whichehie Wwbstgate tableis scapaed ng
two or 5 r : t. such
il 1 pi e s 3HagbE B EnbRLFR AR sk BBt i BRI R on W 5"

pr epar at orygasd eplithogyphie devités Bhefdestribedian Gk ghean&l, fardxamplh frbm ©GSie or
nore ot her tables are being used for exposures. Dual stage |ithographic
appar at us 6040, §2sitcrperated ipreip by yeference.n US 5, 969, 441 and WO 98/ 40791,

i ncorporated herein i I: t ] | e

positioning the i naglgxééﬁg%gg@gfpf %&gﬁlgﬁ?@gﬁﬁ}oﬁgiﬁg@%@ %tpog] %P%@ltutsi ¢ poi nt
on t heé5wafpatternlfel. ins haskh s ignaged eto afsubstidie that 9 abRaaPartRVe dovdrEEbpaiykd oNn
and orientation of the wafer needs to be establijshed, and for this purpose
typi cal | y O5fréigjonrsspating mgtepiah@esist: Paios to hisdmaging steppihe|subsitateapay ungdeggo
provi ded : er : | | St | gyers that
are bui l tqﬁrﬁ&%& @tggggég%@gg%lg@ﬁ’ éééls?gg%&gﬁ%lﬁ%tsgﬁ%%@é}%frB%grseé?%g st eps.
Bef or e eachbstrapansy be suljéctinm ther prqzedires, sech dsta postexpadaredake (REB), i onal
error between the new exposure and the previous aones, such erraor. being
termed ov&fYEgPmBéRt hardibaks ad megspemsmt/ingpedtion of thedmaged fsateessThis gray ahs
may deposi i : i: : ) at
Tonst Do BBl § E0A0 ppEm T BATRAN BR: PRIl A ARG L o
can cause phatianed lagermeay themokdargo varidue p2éresdes suuhed ewtirgy) iansimplasatidn i n
overlay errors. Theﬁe and ot her processing _step?, may al sq | ead to undesired

shifts of @pingeRedrizgtion oFHRtopgdemodrRechapical nalishiagrets nalk infngdpd o figsh
appar at us : e &gl for..nar j .and t he
oy ot oS TR P AR Ao T A 1 BerOhte iRl ok M Wbk Frof RS UF £ Spridh
suf f er s f tlmredfheilphavelte be tdpatted for eacieneyy layer. Hventpaldy, @n tatran ofdevides ovill beam i s

25 not tailored to the ali gnfmant mar ker and the particul ar | ayers_ di sposed
above<? he PHREFREN thetuhiaate (atepe hess fievigss 216 thaprepapied ftomy ORFRIOHIST REY. Thi s

can resul t_ &0 &% plaggagg L osure
of the retstﬁcglglqgt%?‘?!r}?g tlcgﬁ% |gnne$1§&6bge§%%3€&el%dgﬁéﬁ g%égéaét)ﬂr?t@g&srﬁéﬁ (?18(9
obser vi ng chiier, @ohgsersetd pirsy &erFurtier Irifornsation relardifig surh processpseaebé | nventi on
to alleviate, at least partially, the above problemns. -5 This and ot her
obj ect s aPBtayied; oy etprapledrem g Beokt' Microshipdiabogation: 4 FraetirahOuisiite appar at us
as specifieed.i 1. NG PR h i zed, | > ar at us
further pggr%ﬂ‘%og gé&grnﬂg)?«%}éﬁggﬁﬁu@%@g?m&g%geﬁgﬁggﬁaﬂdcg} %‘%?ﬁ g#’ E@%ﬁp ource
for psevi diond9en, 18 BECE-0PM6HESOM fifEorphiateddeRan Bfirelétedde. gnENt Mar ker on a
substrate on the
For the sake of simplicity, the projection system may hereinafter be referred
to as the "lens"; however, this term should be broadly interpreted as encompassing various

types of projection system, including refractive optics, reflective optics, and catadioptric



5 substrate table; and a back-scattered el ectron detector for detecting
el ectrons back-scattered fromthe alignnment marker, wherein the alignnent
sensor is independent of the radiation systemof the |ithographic

proj ection apparatus but is provided w t4hi n the |ithographic projection
apparatus to enable alignnent to be perfornmed in situ within the

| ithographic projectio aratus. 10 The inventioon has the advantage that
al | girent SYSFDE OGP 0E G T YT T A1 e LISk SOMPORINS QHFEHPEhe

al i gnment j : oy s hi \Vi yer ISt

and/ or furt é?ﬁgrtgglgg@ﬁ%ggg%gﬁgg ﬁr?gl eéc{)t%\r% hﬂeat@%o(gs}tcro gEréﬁMEtthe;érg e@ﬁ%rg t he
advant age behvatof ridatineiglysuoh compodneaihipilsdBarafergd tobelbw, Rolldetivelyicgnnment
sensor can be tailored to the particular wafer, process |ayers and

al i gnment singhlagly, asafdensnd@nthey tas lithagraphisjapparatym mpy be ofiiadynedevmgdawerort he
radi atron s oj.ect | m _Pr.eferabl he projecti.on heam of
radi at on.n'ilas4§ W&ﬂ?@%ﬁ aﬁ&/oh'ﬁ?%&yhnzél%tlﬂ%ﬁé \}gs ftalg'gﬁécﬁ hrgPR]PEée&%qeeg ‘r’lgﬁs beam
of the al igsmRitiorREABRE nAkte ub@ Akl iof Prepaditary seps ﬂara? bt B4leiee BeESH ot

each other. Mreover, this has the advantage that both the projection and

t he al i gnoenorgiadles whilaone pemarecother teblesirmbeing usedfos exposprashBudistager on beam

and the sybstrate table are, capab of bejn el atJ ch
ot her | ThiEhagr R A AR TS CRDS G amBlenth US aobg b g Wt SsidrBF,
i ndi cati venQfpdrited R&Rinthyaefepdnckhe al i gnment marker. The el ectron beam may
be scanned relative to the substrate table, or the substrate table may be
scannéd rel ati ve t o Aligemehtis thegprobesaof p@itiorieg i emagorl Hspeoificppinyen the
controllable to inmpinhge.on the substrate.as a single spot. Alternatively,
Che. el ect MK HEa ORI TOUR QDT BRICLDI R OF FEpargts B PHEiodisschiptice s o

pr edet er mlpaﬁgoﬁ t&ﬁ&g[frén}ta)ﬁoqio?ftﬂé Wikt Aitdto BodstdblisRed?8hd ﬁﬁ@hi&"ﬁhﬁes&%fcﬁﬁ?onds,

for exanple, wth east a portion of the pattern of the alignfrent marker
on the sulbst pamere ANgoment harkeisssugbrae a smalipsitermpgre Ipeovideshondtbe sulstipt t er n t he

el ectron be the mask 30 preferably bein rovided with a pattern which
s subst aRFHED! A SeVIEGHEY ST O HATHAYRE AT B (EHbUS PY SHAFEVelAPRBICn t he
subst [ gt €. ifrifefhadihid ptdt@ssPAEGe 0BG réhc?rpékrg%ﬁxrb SalfgRmeRt Qpedbiteddbect r ons
with an energy in the range of from 10 to 100 keV, "and nore preferably in

t he r ange nohinlicoany®sitional er®r 5etmemheT1tﬁ“se)dp©sud\aa&ttmgarcvisummleh etror s
sufficiently energetic to penetrate through.any |ayers on.top of the
21t gnment PHEBRERGr 1YY BiPn HONEY: Sk CUPEietRAdls BER iR SRES o
contrast yepddfGhatesaoh g the Bdin &t BlikeRE aNe ey AR 28 WASH BeduRiell @nder a
silicon) and the higher atom c nunber material Of the marker (e.g.

t ungst en) layef ofiénergytsensitivmmbieriah (@esintlyyhich dap gadserthg hlignnhent owrkersistbei n

back- at'hgri n ilfslcredurceqt. I n ﬁ%gi tion éor gi &her el ect rsﬁn beam.energi es,
the afl gnfEHE TRy PClE SR BVSHEY THLE: BRCFSRY SHCr BIOGeS I STRs Y s

di fficultda@ tb GRERE aifts bthe nielsurkd hl@a pBitién.appar at us. According to a
further aspect of the invention there is provided a device manufacturing
nmet hod conpri si ng t Remedighpgraphic projectign eppatktergise edaglyon baara radiationifor at | east

partially caver.ed.by a |ayer radi ati onsensitive material: - providing a
broj coti oRengnibeeatrufitoindlbe AR APRARIERE R & Bp B b e ng

. means to enéloevel s fitRkEREM e ﬁlﬁﬁmhh&héeﬁéi%% 8f the!phojeétionlQtaPehmqs. 15 -
projecting the patterned beamof radiation onto a target portion of the

| ayer2®df neidedoned to e alignmens mrakerrandithe particwartlayeary didgpdped dboerthe miankert he
position of the,substrate priar said [ecti ste for th ur pose of
VT gni ng Dreas e bram ehorey R v@ep ol Bkl Pud raliresulin PSRNt on, by
the steps ohasdoINd féhﬂggesaaﬂdf%k BV AREd BaRte i eREfadis durfs tﬁ@hlﬁ’grﬁﬂéﬂrt] ection

beam inpinging the 20 el ectron beam on an alignnment narker on the
subst r at e prazadird.eind poonepniriastan pbsesvibg diesdignmeneniatkeom t he al i gnnent mar ker .

30
It is an object of the present invention to alleviate, at least partially, the

above problems.



The further aspect of the invention may incorporate one or nore of the
preferred features referred to above. Although specific reference may be
made in this text to the use of the 25 apparatus according to the invention
in the manufacture of ICs, it should becsexpl icitly understood that such an
appar at us has nmany other possible applications. For exanple, it nmay be

I d i h f i d | cal . ..qui d d
et oot ton patter s 0 FGNE R AT R TR AreEame R APy B I €0 <pl ay

panel's, t isekdghip J SEE‘&H& in&hé opellif Sdfdrhstt] cRArhét88skdh kar BePT eCi at e
that, in the context of such alternative applications, any use of the
terns "rewppdratis furtief eothprses ‘adiaBgnmenttstiser t@mprissing ah dldoron bemn saredfoas

bei ng replaced by the nore g?neraj terms "mask", "substrate" and "target

portion", PFQ¥dgag ap gierion beanyfor impingmng AnanelignpsBiRAKEr OR fgubsiaigen the

"radi agi og,,@h t”ﬂ@:aéﬂ'dl ﬁa%kgéﬁg{éaf%‘g&&%%&%@é?%ﬁde\kméégﬁg gf%teu&ls%&.gg%g%%t | c

radi atton, 1ncluding u avi o Iation wavel eng 365,
248, |93, flomvthemligaBemmharkérd wheéin © tali gifient lsénisar iifdependend bAthe eatiationd .

havi ng a wavel ength in the range 5-20 nn), as well as particle beans, such
as i on be#Ysemnpef Bledithomapiie RivicctipnBpRArAEHDY ipProvifisdiwithim thedithegraphiow be
descri bed 2 10. onl |t fe Q. companyi ng
ar avi ngs. PrOSERboBaf B Sic hioBhels oftendrSindt RIS lfhud IR 1AFGRIRACY
accor di ngpfd;e@ianggp@dﬂug_ent of the invention; Figure 2 is a schematic
illustration of an alignnment sensor, which uses an electron beam_ for use
in tht0 embodi ment offhFiigjgndon hastthe mivpntage that slignmee eambe perbormed uging theon of
a wafer with an_ alignpent marker..on which an el ectraon be I, Se 1 NCi dent
ccor ot no PPty S R HE b it . SR 8RN il o0
back- scat befegidt APt fuRRerdRb&EE 1a96rs FeHodited 84 tHeBbAIRE Kk Ao haaRelalvdriibe
enbodi nent of Figure 3 is scanned across the alignnent marker; Figure 5 is
a schemat fhat heenerey @f theoleasfondeomieaployedtin the alighmantsensarsek be taflorediowiiei ch a

d_el. b i.Sy.ineid l ding. nbodi f th
nvent 1 onPEuR ok RioP AR b a5 e BN ek sk BRI r BRORORARR, o
si gnais asrddiutioflanof @i ragiandn §ysichtaRiMofci®néys@m.Figure 5 i s scanned across

the alignment marker. In the Figures, corresponding reference synbols
i ndi cat e corr espondPrgjerably the projection beam of radiation is EUV radiation. This has the

advantage that the electron beam of the alignment sensor and the projection radiation are
independent of each other. Moreover, this has the advantage that both the projection and
the alignment system can operate in vacuum.

20 Preferably the electron beam and the substrate table are capable of being
scanned relative to each other. This provides a detected signal as a function of scan
position indicative of the position of the alignment marker. The electron beam may be
scanned relative to the substrate table, or the substrate table may be scanned relative to the
electron beam.

25 The electron beam may be controllable to impinge on the substrate as a
single spot. Alternatively, the electron beam may be controllable to impinge on the
substrate as a predetermined intensity distribution of having a pattern which corresponds,
for example, with at least a portion of the pattern of the alignment marker on the substrate.
Where this is done, a mask may be provided to pattern the electron beam, the mask

30  preferably being provided with a pattern which is substantially a negative of the pattern of
the alignment marker on the substrate.

Preferably the electron beam source is for providing electrons with an

energy in the range of from 10 to 100 keV, and more preferably in the range of from 20 to



25 parts. Figure 1 schematically depicts a |ithographic projection
apparatus 1 according to the invention. The apparatus conprises: a

radi ati on system LA, |IL for supplying a projection beam PB of radiation
(e.g. W or 30 EUV radiation, electrons pr ions); a first object table
(mask table) MI provided with a first object (mask) holder for holding a
mask MA ( i Gl o | tiani for
mcour at el y OsYy (1Bt s adtRs RARER S3ufrRicrty ShergBR, bRk, BEGI Y 0

obj ect t abdyers(¢ubp of eeauliigales) mMREr tefar¢ibdig batk-beatteedcbutchiAreEtes good
(substrate) holder for holding a substrate W2 (e.g. a resist-coated silicon
waf er), asentEashindmckdcatisriag ceeféicispihatventi the sulstiate (PEvyilienn) ané thedighey

posi tioning t.he substrat. ith respect to jt PL; .5 a.third obj.ect table
(subst r at Stmipre e veGra i dhemaReh o8 eirieelen Bl B ol dermedy Bt er f or
hol di ng apgdMe'cBh@adBn bkGcarern@Sé fldusR LI ddditibh FePhisAédotroMamonnect ed
to third positioning nmeans P3Wfor accurately positioning the substrate, an
al i gnment esgrgicethe)elignmadnit ynit ppicsh t@dmasnust bb dinggr, pndisi thesimoresdifftdutt to hi r d

object table; and. a projectian system("lens") PL (e.g. a refractive or
cat adi opt F‘?Cé’q?&%‘?é‘ﬁf’ﬂgelﬂé‘?gra?hlﬁf‘ % or an array of field deflectors) for
i magi ng an irradi at J : i : Q..C of the
substrate W The rag‘lcégt&:ag&rg tgygsfgglﬁ%rgg%%rg?g%]%‘%ggﬁ? glée}{l&%%\?gﬁf%}%&es a
beam of r adinafactmningenethodcomprididgahesteps ofii ggl er provi ded around the pat h of
an electron beamin a storage, ri.ng .or 15 synchrotyron, a plasna, source, an
el ect On or i oRTYEHRE &Supale taatr}%?tda%%pwy BPVered byselayer ofjadiglionn of
radiation is pE&ngf\Q%é{eﬁﬂ' EUV beam but may be any ot her suitable beam
The beamis caused to traverse various optical conponents included in
i1lum natton sysividing b psajedtioatbetthof rakationasingraadiai?éh bystena, desi red shape
and intensity distributjon in its cross-section. 20 The beam PB

subsequent |y~ i PR GALEHNE ANqaRS [ FIRWNAE REAIGOHOR Seara Math; PateR it EPSer on a
mask table M. taying been selectively reflected (or transmtted) by the
mask MA, the beam PB passes through the "lens" PL, which focuses the beam
PB ont® a-t ar gptojqmoingitlenpatienfed tboam ©if baliateheoniPa taget puvtidn dfhiee layet off t he
positioning nmeans P2W P3Wand interferonetric displacenent neasuring neans
| F, the subst r BdatoRmersipgermagith can be 25 noved accurately, e.g. so as to
position gidfRL el HhlefFnirhig Eh'e?)'aﬁtign bt AEb Bt it shidGor ﬁamagpﬁcp,%mé arly,
the positioning neans PM and I nterferonetric displacenent” neasuri ng neans

| F can bepupest ¢falizomgribe sibgtrate svithirespetite thapiteheditichin of esdiatidn, by thehe pat h
of the beam PB, e.g, after nechanical retrieval of the mask, MA from a mask
i brary oSCBRRT REVIISE h FCRETHRSAMRACREAEH of S BFoISGHOn beame RRINEIBE tehe

obj eci t able@ForMeam/éd ah ali gt AlatRér 30 teeRbbeRE A librebiiey Ab&rdk back-

| ong- stroke nodul e (coarse positioning) and a short-stroke nodule (fine
posi ti oni sepyteredifionn theradignmentenpkerci t 1|y depicted in Figure 1. The depicted
apparatus can be us i.n.tw different npdes: . -9 In step node, the mask
o DTe M i o Rept oodBnfutdier Jorertar Ty orian i e apr o RaD e <

pr oj ect edpleRerRAGe Aret refbrredtodbdge.e “flash®) onto a target portion C. The
substrate table W2T, 1is t%en shifted in the X and/or Y directions so that a
di fferent target poAlthoungtGpeaificlrefeiencaniapbethady in this tortmmtiByse of the

25  apparatus according to the invention in the manufacture of ICs, it should be explicitly
understood that such an apparatus has many other possible applications. For example, it
may be employed in the manufacture of integrated optical systems, guidance and detection
patterns for magnetic domain memories, liquid-crystal display panels, thin-film magnetic
heads, etc. The skilled artisan will appreciate that, in the context of such alternative

30 applications, any use of the terms "reticle", "'wafer" or "die" in this text should be
considered as being replaced by the more general terms "mask", ''substrate" and "target

portion', respectively.



5 1In scan node, essentially the sanme scenari o applies, except that a given
target portion Cis not exposed in a single "flash". Instead, the mask
table MI is novable in a given direction (the so-called "scan direction",
e.g. the Y direction) with a speed v, so, that the projection beamPB is
caused to scan over a mask image; concurrently, the substrate table WT, is
si mul t aneously noved._in t ar osite _directian A V = 10
M/, in which Mis tH8 grgﬁeef‘?@‘gt%fngﬁ“gfép‘? e§|r8%‘§{‘ﬂt 4("@ ‘g’ﬁgl%mn/?@%%edi“’or 1/5).

In this manesthpasfall &ypab bf Skstrdnidgaierid Aebn BAEhLERG Ulirsddledradiatiaweesl wid 4 hout
having to conprom se on resolution. Figure 2 shows the principles of an

al i gnnent vaysleagthefi368,248g19hd Spoes2omm) andRUNojextréme vltiepvidlseradiation)| &gt r on
beam source .10 whi c raqvides an ectron am 12 15 directed.towards a
narer oW SEER R el nBINGH i ap T 20 P, el e GrIE BT, SRR D s
on a s&itapl ﬁ[)'égqu]gm. nt marker 14 on the wafer W back-scattered el ectrons
are gener at egovvnél:c are detected by detector 16. Details of suitable

el ectron beam sources 10 and back-scattered el ectron detectors 16 are
known, for exanple, fromthe field of electron mcroscopy. 20 The
back-scattering efficiency of the alignnment marker 14 depends on the atomc
nunber of the elenment or elenents used to formthe marker. It is preferred
to use relatively high atom ¢ nunber materials, for exanple, tungsten,
tantal um cobalt or Embaivhents ofidht pwegtioroviie nowe elescaibsd,ywal fexbaplenpl oyed
for the marker, such as copper (the silicides or. nitrides of these netals
may al@o Balyywithyefengnee tathg apcompanyips draywings inwhiehi- | ayered 25 struct ures.
The back-scattering L ¢l , i tron beam
posi 1 on, "l so. dependbsh ! OEREH z ARGrhiric HRAERUTAGR-AD: AASHEHERI " T
mar ker . Spedbdinteat bf/the evesieipii;h, t hi ckness, width and spatial separation of
lines formng the marker, and nade of high atom c nunber nmaterial, are

i nportant. The precit&8reads # sabismatic fiivstrafignelapalisament senss: YRR Bes@dt or 16
IS not crit.l ek - i ng process is not particularly
directi ong#e.b&%%&gﬁggf‘?%ﬁgé%}ﬁnnl ﬁ?esﬁgg?‘ﬁ%é%ﬂr elative to the wafer W The
scannifg can be per Riguies idy soiemiatigcliobesastidr bf 4 alafe with andghnmest marker

stationary el ectron beam 12, or by -10 deflecting. the electron beam 12
usi ng el eBR MWhichanplestranheamiis encidept greording to,ong eam?gm%m Phfhednvenger,  The

al i gnment system en [ f].Qr L J : 4 on
the wafer W and he#g lﬁ?ﬁtggééﬁgg?é %?F gg ?@%lg& e a%%ﬁ?gglgf@edggftwe%ﬁ%%%d wth
respect t bedrhén thewaftedimeai bEFighre Risfsedrmied geioss fhieglipemdnt ridrkeral i gnment

systemis used to deternm.ne the position and orientation of the wafer WB on
the wafer table WsTHgHER %3 thematt erogepsectian pha wafer Avidy s ligameny, rgarker

transpyati : | elnlf&' & PCITA %?.} O b m F@Rd 1 on
| ens PL. @ﬂl‘@ﬁ?hgé)%{e oce;%dgﬁ%(@)%gd%l e@g%lf/acé |ént8|r'—é|ngﬁl$e 1$(P2€{5ticas

transl at ethventist,andi al | y si nul taneously to the | ocation occupied by P3Win
Figure 1). The positj oni 10 means, P3Wis aligned with respect to the

proj ection beam Si .&\:b?é‘r? ggelﬂ)‘ﬁtéiﬂ?el k'(?f’atfqli?ed %Qt%&ddefe&ﬂanmp@rasmelﬁr%om
relative bouh RemeRadoblr8f FRARS BWnrbliadrod! (2 WefiRkA Gkl | onrent of the
wafer with respect to the projection beamto allow an exposure to be
performed. In an al frethedligures, eotresponding reférehdeesymhodnindioate cootspehding) t he

al i gnpent ifl’gsstem may 15 be | ocated adjacent the projection |lens PL, so that
alig nt P#sS-achi eved without the need to nove the wafer and positioning
nmeans to an alternative, displaced, |ocation.

Figure 1 schematically depicts a lithographic projection apparatus 1 according to the
invention. The apparatus comprises:
e aradiation system LA, IL for supplying a projection beam PB of radiation (e.g. UV or
30 EUYV radiation, electrons or ions);
¢ afirst object table (mask table) MT provided with a first object (mask) holder for
holding a mask MA (e.g. a reticle), and connected to first positioning means PM for

accurately positioning the mask with respect to item PL;



In sonme instances it may be preferred to provide two alignnment systens, a
first located as shown in Figure 1, and a second (not shown) | ocated

adj acent the projection lens PL. 20 Determ nation of the marker
position/orientation will be discussed igg the context of further

enbodi nents bel ow. The above descri bed el ectron beam al i gnnent sensor

according to_this.embodi t of 1 i LQR, .S so-call ed of f.-axj

al i gnnment seﬁg%crongé’g%ﬁgtggﬁﬁ%u})&lae%?ﬁ%%%é@&r’f&é%ﬁda‘?ﬁbﬁ Se(f%g Oﬁlg‘ft (ﬁ‘é%s a{eﬁrough
the optical gelREFrAbldidpen RLOIRAE WDR.J. @Rssistlcbate@dilichi wafers ar®ciHeodd eent  of
the invention, the projection beamis EUV radiati on and so has optics

entirely indegsendpositiofing means ROV fomacheratel yipostroneng the aebhstrateonith Mispect to
el ectrons in, the electron beam 12 generated by the el ectron beam source 10
have an enerlj@m & in the range of from 10 to 100 keV, and usually between

20 ands50 keY: j:cal ; . i I i
shown |5n Fi ggﬁhé}&lz(pdr}%? t{)‘%e é%&eﬁ@gggﬁg éﬂgmvﬁ@%ﬂian%@ Sﬁegtt (g&skggézgsrﬂ:dglg to
Figure 3, anfelhetdifigasktane W3 (&g .aavsistaddard silizoh Maiféeryand Roheetedad eiirdV as a

single spot. In this exanple, the wafer Wconprises a substrate 20 on which
there i s an BOSRMHRmMmensHdY faraccumielypgsitianingthe substratehen alignmest systeser i odi ¢
grating made I . . of ripes 14.1, 14.2
and 14.3 ar e®f ef%@tdr@? %agésn‘éﬂo%%ﬁ%%@owé%rﬁo%vse&Q{eegﬁ llrgr?biegtetﬁﬁ%ué@es. On top of

the subst reat g prfjectiofl sid1em MBénse) PI fe. 4.5 réfrh@iv@lor eadiBpirR S 98t nfi6r greﬁ;%;t
and any process |layers that have already been |laid down on the wafer The
el ect 1Bn beaon apartay of dighhdaflectorsaforvimagingtandrrogifted povtion of tht aske Abgnte ke

arrow 24 (though as. tione bovg, the wafer Wnay alternatively be
scanned in tﬁé&éBB‘i@gﬁgogﬂﬁfs&égﬁe\éﬁ; or indeed both the wafer and the
el ectron beam 12 can be noved). The resulting signal, related to the

intensity of back-scattered electrons detected by the detector 16 as a

function of sdam rpdisgtian system eompisema saured lgdywaich praducsaa bbamoé cadiationdeg. i s a
correspondence between the pattern of the rke 4 and the signal in

Egur o 4 SAPABAGH OF Raealet PRBROEE APt int A5 of Blecirdn BE%p Lt sEtada Rngic,
profihe mMy@lhrstidn, BPFashf-sdurcd,tinkdectron bt ich bebSodfdeUdefdugPRinpdittaaadepd by
the detector 16 is the convolution of the marker pattern and the el ectron
beam pr of iTlhe begw of mdiatiangs prefasabdyran £ Vhhedny, buhmay b eny etessudtable beamFi gur e

4. The de of .snoat hj epends. on,. for _ex l e, the. wdth and profile
o the ol abg Peny SRkl PR TR XBycH RorBERTR: Frilee i uhin0R Piigh

det ect ed hBek ti5€ Bictre§BEUnEbRfl PR Rad d&NREd bbaps and irfterday idairilfiopli@as r on beam
position, occurs due to electron scattering 15 processes in the stack. From

the det ectcws-wgi@al , the position and orientation of the marker 14 can be
or ovi 880, 1 or T5EEEAP S fupRlayPi RRLesAPb e ups R WA o Rl B R o7 e
ori entat i @oRler b a @iadke tableOMIN| Hiiehg/bedalselettivety feflecte® sirttiaasmated) By iheHhaki on
of the marker and hence of the wafer.
MA, the beam PB passes through the “lens” PL, which focuses the beam PB onto a target
portion C of the substrate W2, W3. With the aid of the positioning means P2W, P3W and
interferometric displacement measuring means IF, the substrate table W2T, W3T can be
25 moved accurately, e.g. so as to position different target portions C in the path of the beam
PB. Similarly, the positioning means PM and interferometric displacement measuring
means IF can be used to accurately position the mask MA with respect to the path of the
beam PB, e.g. after mechanical retrieval of the mask MA from a mask library or during a
scanning motion. In the prior art, movement of the object tables MT, W2T is generally
30 realised with the aid of a long-stroke module (coarse positioning) and a short-stroke

module (fine positioning), which are not explicitly depicted in Figure 1.

The depicted apparatus can be used in two different modes:



20 In an alternative inplementation, shown in Figure 5 the wafer structure
of Figure 3 is used, but the electron beam 12 is conposed of a plurality of
beam ets 12.1, 12.2, 12.3 and so on, such that the el ectron beam12 is
patterned in a simlar way to at | east portion of the marker 14. The

el ectron beam 12 and wafer Ware scanned rel ative to one anot her as

descri bed above and_ the resultiﬁgrdetected signal, fromdetector 16 is shown

in Fi gur e®6. mAtepmodss the ki table MT iy kephessantaly stationary AdanfabERemes bet ween

the Oat ect ed R R CIFELRCYAEE ey £ (ARE Sy TR s MISERC. Tul BBl on of

the pattern (gbleW2T, R iHedrshifedh tHe X Rgd/onYedigtiionsboshdtialiireeht tﬁf%et pétion
el ectron beam 12. The same comments as the enbodi nent above apply regarding

usi ng sever & cgjr ba irragintédbyi the bpam P&, 14 to uniquely determine the position
and orJjentation of the 30.%@{ W One way to obtain the patterned.el ectron
beam 12 a&cdPdFifymede. eaeat BiSHBRECNANQ APRICS.LXSRPtthat @i glyendpiget PIHOB Eam

t hrough as : 3 W Lh i santiall i t esired
portion of (B Res 3 MR I aREHR il LMt st o
exanpl e, -difectien (the sarogktié'scanrdiettiar”, s.gi thal direveibey wah atspedd| vo sé thahthe

el ectrons in particul ar gorti ons of the pz%;téqtfgr,n correspondi ng tq the gaps
bet ween t he RBFlGTEREagT PP Apcapsediorscayovess AMAgE CoBuIEBtinghe fEbsERECt r on

beam to proyi i t : 1 yS. t hat

t he el ect ro\éh@gﬁ%’%gw é@ngﬁsgnmntﬁgﬁtéﬁsa?%sdgg?k ogt?%adgﬂe?{éé\%n %r%dr}(,ers t hat
cannol0 be sedn, imivhieln MoptthemhgiifieationRdftley lennBL{@glMEss & 1/6). Ih dyer 22 were
to be optically opaque then it would not be possible to see the alignnment
mar kers usi ABATRL GFelabiely fargsiarggt @orioa & fanbafERAPGIa ddButiaVERtPy t hr ough
the opticall 22 thereby allow ng alignnent to be achieved. A
further advf\égg’g%ﬂggohg?s%mﬁé el ectron beamis that scattering of the beam
by the 10 al i Hipgoes2 shawdehe prindples biimcilignment sytsteen exabodyingthetphesent | gnnent

mar kers not just the upper surface of the alignnment markers (as is the case
Wi th opti BYENGON. JheIRPYSes 7R electiek Bean pRures i(bwﬁ@htprwggs agesheqtion\peamd 2

asy ry i qap,g%g W i j I t. The
i nvrenr?t%’it ond?ésCt%d;t?r?%:dusl ar y; sul tpg;gft?%oﬁgg% ?%nggl??%ﬂﬁoyrhggﬁl}écagéﬁ)%%rﬂae? ﬂlrs@\r/l\hl ch
utili ses ibapikgdd onsd suiabletaligmaeattrearkec] 4 oruthd evaferad¥|bavkesoatkred elestrdnsacsium i s

required for EUV to avoi d absorption of the_ E b as nol ecul es). il st
speci f i c BRSERT ik agst daterieq m@ﬂ?th&éﬂal&g\éua@g Flepen améqgrms\% Il be
appr eci at g l%]ef&ﬁl chthfed QVGRI ettty .lg‘ﬁreﬁfdﬁ)%, ﬁﬁﬁx%?fé{ ﬁ'bﬁxeth& Refd #Slectron 3

descri bed. The description is not intended to I'im e I nvention. -
microscopy.
20 The back-scattering efficiency of the alignment marker 14 depends on the atomic

number of the element or elements used to form the marker. It is preferred to use relatively
high atomic number materials, for example, tungsten, tantalum, cobalt or titanium,
although other materials may also be employed for the marker, such as copper (the silicides
or nitrides of these metals may also be used). The marker may consist of multi-layered
25  structures. The back-scattering efficiency, and its dependence on the electron beam
position, also depend on the lateral and cross-sectional geometry of the marker.
Specifically the depth, thickness, width and spatial separation of lines forming the marker,
and made of high atomic number material, are important.
The precise position of the back-scattered electron detector 16 is not critical because
30  the back-scattering process is not particularly directional.
The electron beam 12 is scanned relative to the wafer W. The scanning can be

performed by moving the wafer table WT underneath a stationary electron beam 12, or by



CLAIMS: 1. A lithographic projection apparatus conprising: - a radiation
systrem for providing a projection beamof radiation; - a support structure
for supporting patterning neans, the patterning nmeans serving to pattern
the projection beam according to a desi_i(z_d pattern; 5 - a substrate table
for holding a substrate; - a projection systemfor projecting the patterned

beam onto ,a.target portiqn of..the suybstrat char act.eri zed in that the
apoar at us SFhEThe Sftandat ekt Sdloraottefi bElos ooy Aorlimasiang,
beam sour geph@r providing an el ectron beam for inpinging on an alignnent
mar ker 10 on a substrate on the substrate table; and a back-scattered

el ect ron det edhenligronerd systerh iengbled the positicn dralodientation exf dat rharken 1den tlei gnnent
mar ker, wherein the al iﬁ_‘gmant sensor i s independent of the radiation system

of the |i &Gr¥piddeproinsdratemWapsts Bibs acartelydetrrminedavithesprch tq the
lith i i i A t [ di
ol o o8 2P WaerRasl SPF. REreARAAL ke 1 O AR fert s AT sel %o HEeRBRE B> ' "

accor di ng pbsitich andwrientamoarofitiie wafletl W3 @ the tiater tildaW 3. Tiwafer tbld W3EGY
radiation. 3. An apgar atus according to claiml or 2, wherein the electron

beam and thea tapbisiredtvaa tranplasionraf pesipemng mepnHi Wdo sdesstien belewatheve to each

other. 4. An ratys accordi to clail. ret.n the strate table is
fixed, anarﬁﬁcqﬁﬁée}enél Ctro%lst}g%{r%%ﬁtéonc%ﬁu_lgé%%r be}n%ggrgraln@gpfsetf%‘tgﬁffg to the
subst r at e siledniall PsimditandiRelyab dee 1864ih Gcd\ihiddObycPIWITh Figutb €Y, €THE pddicRigct ron
beamis fixed, and the substrate table is capable of being scanned relative

to t ht0 el areenvR3Wdapligred with wepprst tx the pepdestion bpgnt Singayhepastivniafghe| ai m
st 1 il S5 P TRLENL BPRE s RS PP s 2
the el ect ARFNRGAGE the Wb Wit eé_@B&t t®the PRI jEERNWRamNE aB6 Bh leRpSSuAStode
predeterm ned intensity distribution.

performed.

In an alternative embodiment of the invention (not shown) the alignment system may
15 belocated adjacent the projection lens PL, so that alignment is achieved without the need

to move the wafer and positioning means to an alternative, displaced, location.

In some instances it may be preferred to provide two alignment systems, a first
located as shown in Figure 1, and a second (not shown) located adjacent the projection lens
PL.

20 Determination of the marker position/orientation will be discussed in the context of
further embodiments below.

The above described electron beam alignment sensor according to this embodiment
of the invention is a so-called off-axis alignment sensor because the electron beam
radiation does not pass through the optical centre of the projection lens. Indeed, in this

25  embodiment of the invention, the projection beam is EUV radiation and so has optics
entirely independent of the electron beam alignment radiation. The electrons in the
electron beam 12 generated by the electron beam source 10 have an energy set in the range
of from 10 to 100 keV, and usually between 20 and 50 keV, typically around 30 keV.

The embodiment of the invention shown in Figure 2 may be implemented as shown

30 inFigure 3. Referring to Figure 3, an electron beam 12 is controlled to impinge on the
wafer W as a single spot. In this example, the wafer W comprises a substrate 20 on which

there is an alignment marker 14. The marker 14 is in the form of a periodic grating made

of stripes of tungsten. Only three of the stripes 14.1, 14.2 and 14.3 are illustrated end-on in



8. An apparatus according to claim?7, wherein the intensity distribution is
predeterm ned to correspond with at | east a portion of the pattern of the
al i gnnent marker on the substrate. -14 9. An apparatus according to claim
7 or 8, further conprising a mask for pajterning the el ectron beam 10. An
apparat us accordi ng to claim9 as dependent upon claim8, wherein the mask

I's provided vmt I I, e pattern
of the S ﬁquéﬁﬁ‘é]rﬂn ﬁf .«%5‘ mtﬁ%ot%sstfgs%{a%nidﬂlftﬁe %‘r?ﬁgegggra 1Lf‘g&aici(ﬁ:'ordl ng to
any one Ofreﬁrés%naﬁgq%%m a8l 3hyBrockfRahRkthhiieive hRE4dyReR BRSO OF $hd WafkPr

providing electrons with an energy in the range of 'from 10 to 100 keV, nore

pr ef er abl Wi The kkectrambeanoi 2 {s oanid rel:atlﬁ()oldba/wafcz WASllrmlmaendehwhe arowidi ng to

any one of the precedin Iai W e|n the 10 por t cture .conprises
a mask t akih 8“@13)?5 ’I"?B!“&ﬂ"ﬁg go A(Ha%f)lﬁ’é'i‘%ﬁvﬁ Lﬁo)? lhedJPé’ﬂ?‘t one of

the pr§ce§ir9&1c§4 8t H?Eleed"&ﬁ ?de”w&f@xeal{datﬂé @febt%h Bkt mé}ﬂ%’ﬁlb%‘%ﬁ a radiation
source évi ce nanu acturing nethod conprising the steps of: -
providing a s(hstesaltingtsigial, irslaet td drshtepsityt ofddatlr scatteredeedeclipnadétegtet byf

radi ati onl S sensitive material; - providing a projection beam of radiation

using a r & AR Kyasadinetion fispan Ef?ﬂtt%‘r Bi ﬁh@wﬁé‘éﬁ§“f“o4 eGP PhEEeBrBFEdR i on
b th db f
ot 1 on?aefEvmghthct Beblctn BERRRELLH BF mark 1 BaRE e W fr ARIRL T°F, Doam ©

material, Aﬂimugl@tmrrhﬂ& BYyind@fre Bicohsigs bhe rqeasighliapprodile inbeal swipss tat,e prior
sai d EI‘OJ ecting step, for the purpose of allgnin the substrate with

respedd td4t2hég§a‘thf—éﬁtl‘ié@1§@éﬁ¢té¢tc hytherdetnstord is fe copeqlution of the B\ ng an
o SUEY
beam on af iRk G BREAE b8l Rble LGRS XnESRindih I Ul edy et |00,

2S scat t eFaghré #OMhE degrad bOMIBIhing@epeaids od, for exXanie, hndw@dtﬁaﬁdipmjﬂé @fmb aim
14, wherein said projection beam of radiation is EUV radiation.

net hod ac&§eapmbeany 1¢) 4 further bypadenime qx/rﬁlaer%grhal,tlr?eﬂ&d@&creérba%a%t@m the

substrate I
accordi ng {C@m) lﬁén%fg %?WUBE %lg&gou bst ﬁgﬁ&t?ﬁbﬁeculr sgl}cl]té ed‘%t g%?ﬁgrmg
el ect 1dn bareydes irsthannckl Fenathe\detecrdisippak thesgoshion dndlrientafién ofthewidnks

according to claim 16, wherein the electron beamis fixed) and the

subst r at e 1§81 be feferniped| As Yithioptisy alignmeRidnaeLs: Seyeral SatiRgs BR%BE r on beam
-15

provided, for example with different periods and for example at different orientations, in
order to uniquely determine the position and orientation of the marker and hence of the
wafer.

20 In an alternative implementation, shown in Figure 5, the wafer structure of Figure 3 is
used, but the electron beam 12 is composed of a plurality of beamlets 12.1, 12.2, 12.3 and
so on, such that the electron beam 12 is patterned in a similar way to at least a portion of
the marker 14. The electron beam 12 and wafer W are scanned relative to one another as
described above and the resulting detected signal from detector 16 is shown in Figure 6. At

25  scan positions at which there is correspondence between the pattern of the electron beam
12 and the marker 14 there is a peak in the detected signal. Again the actual detected signal
is the convolution of the pattern of the marker 14 with the intensity distribution of the
electron beam 12. The same comments as the embodiment above apply regarding using
several gratings in the marker 14 to uniquely determine the position and orientation of the

30 wafer W.

One way to obtain the patterned electron beam 12 according to this embodiment is to
pass an initial electron beam through as mask (not shown) which is essentially a negative of

the desired portion of the marker 14. The features of the mask can be defined, for example,



19. A nmethod according to any of clains 14 to 18, wherein the el ectron beam
is controlled to inpinge on the substrate as a single spot. 20. A nethod
according to any of clainms 14 to 18, wherein the electron beamis patterned
to inmpinge on the substrate as a predetﬁzm ned intensity distribution. 5
21. A nethod according to claim20, wheréin the intensity distribution is
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5 - a substrate table for holding a substrate;
- a projection system for projecting the patterned beam onto a target portion of the
substrate,
characterized in that the apparatus further comprises an alignment sensor comprising: an
electron beam source for providing an electron beam for impinging on an alignment marker
10  on a substrate on the substrate table; and a back-scattered electron detector for detecting
electrons back-scattered from the alignment marker, wherein the alignment sensor is
independent of the radiation system of the lithographic projection apparatus but is provided
within the lithographic projection apparatus to enable alignment to be performed in situ
within the lithographic projection apparatus.
15 2. An apparatus according to claim 1, wherein said projection beam of
radiation is EUV radiation.
3. An apparatus according to claim 1 or 2, wherein the electron beam and the
substrate table are capable of being scanned relative to each other.
4. An apparatus according to claim 3, wherein the substrate table is fixed, and
20  the electron beam is capable of being scanned relative to the substrate table.
5. An apparatus according to claim 3, wherein the electron beam is fixed, and
the substrate table is capable of being scanned relative to the electron beam.
6. An apparatus according to any preceding claim, wherein the electron beam
is controllable to impinge on the substrate as a singie spot.
25 7. An apparatus according to any of claims 1 to 5, wherein the electron beam is
patternable to impinge on the substrate as a predetermined intensity distribution.
8. An apparatus according to claim 7, wherein the intensity distribution is

predetermined to correspond with at least a portion of the pattern of the alignment marker

on the substrate,
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14. A device manufacturing method comprising the steps of:
- providing a substrate that is at least partially covered by a layer of radiation-

15 sensitive material;
- providing a projection beam of radiation using a radiation system;
- using patterning means to endow the projection beam with a pattern in its cross-

section;

- projecting the patterned beam of radiation onto a target portion of the layer of

20 radiation-sensitive material,
characterized by determining the position of the substrate prior said projecting step, for the
purpose of aligning the substrate with respect to the patterned beam of radiation, by the
steps of: providing an electron beam independent of said projection beam; impinging the
electron beam on an alignment marker on the substrate; and detecting electrons back-

25  scattered from the alignment marker.

15. A method according to claim 14, wherein said projection beam of radiation
is EUV radiation.
16. A method according to claim 14 or 15, wherein the electron beam and the

substrate table are scanned relative to each other.

30 17. A method according to claim 16, wherein the substrate table is fixed, and
the electron beam is scanned relative to the substrate table.
18. A method according to claim 16, wherein the electron beam is fixed, and the

substrate table is capable of being scanned relative to the electron beam.
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on the substrate.
22, A method according to claim 20 or 21, wherein a mask is used to pattern the
electron beam.
10 23. A method according to claim 22 as dependent upon claim 21, wherein the

mask is provided with a pattern which is substantially a negative of the pattern of the
alignment marker on the substrate.

24. A method according to any of claims 14 to 23, wherein electrons of the
electron beam have an energy in the range of from 10 to 100 keV, more preferably in the

15 range of from 20 to 50 keV.



