05 OCT 2005 -1 Lithographic Apparatus and Devi ce Manufacturing Method. The
present invention relates to a |ithographic projection apparatus conpri sing:
a radiation systemfor supplying a projection beam of radiatiof§ (gT3gppPOrt
structure for supporting patterning neans, the patterning neans serving to
5 pattern the projection beamaccording to a desired pattern; a substrate

table for holding pihepsiphié 8pparfiudaid PeficeMianethetding Methé®l €Cting the
patterned beamonto a target portion of the substrate. 10 The term

"patterning neans" as here enployed should be broadly interpreted as
referring to neans that can be used to endow an incom ng radi ati on beam
with a patterned cross-section, corresponding to a pattern that is to be

ted i t t j : { ; S | ve"
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to a partg m¥ing:unctional layer in a device being created in the target
portion, such as an integrated circuit or other device (see below). Exanples
of such pat t e? FAdiRIIORSABIET fE PURPEYINg\a presectionpsamcicedatio, a mask is wel |

known in |ithography, . .and it includes skt u a i_nar .

al ternating ph%g‘g’-%gﬁi Sflrt",cglé%%)rgﬁpeoﬁgﬁﬁ %ag%a?%a%gy‘%ﬁ?f“?e S %%en\%g? 1 gys%m\gé?i ous
hybri & mesdftehy e projEttasieheRn acebrdsniCld AdedRekpatierihe radi ation beam causes
selective transmission (in the case of a transm ssive nmask) or reflection

(in the case ofulstrpteftalde fornhwldimgk sulstratehiend adi at i on i npi ngi ng on the nask,
according to the .pattern on the.mask, In the case of a mask, the support
Structure wil |2 GHEIRD SyIgE 1oy PTRIESRE e iPattert BRAE ol TR RPIGRTHRS ) can
be held af;p3glesired position in the 25 incom ng radiation beam and that it
can be noved relative to the beamif so desired. A progranmable mrror
array. One exanple of such a device is a matri x- addressabl e surface havi ng
a viscoelastic control layer and a reflective surface. The basic principle
behi such an apparatus is that (for exanple) addressed areas of the 30

refl ective surface fgf{egGlphtidhitgHeans 9 neds efpldye@sh&ifld bl 8fadiyiher eas

unaddr essed
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



-2 05 OCT 2005 areas reflect incident light as undiffracted light. Using an
appropriate filter, the said wundiffracted |ight can be filtered out of the
reflected beam leaving only the diffracted |ight behind; in t@'ﬁsgcma er,

t he beam becones patterned accordi ng to2the addressi ng pattern of the

mat ri x- addressabl e surface. An alternative 5 enbodi nent of a programmabl e
mrror array eﬁ‘ﬁ%@eg ipgidentdight P&H’é‘@ edolfgb.(tin‘ﬁ&smgrﬁnmﬁqpr@&’cﬁltﬁf t}\ﬁﬁ?@h can
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electric field, or by e oyi ng pi ezoel ectric actuati dn neahs. ce again,

the mnors aredifirhéted Hightcie iRl @iis muoier] the bead deesserbaticriedrascovdig tor ef | ect
an incomng radiation beamin a different direction to unaddressed m nors;
10 i n this nmanteraddrassing griterooé thevaatmxaddpessalde padacac Aoy dtemeptive t he

addr essi ng patt e matrix-addr.ess he uire

erng; of t{] a able mnors. '[ rqu ng trix
2ddr eshi ng oanBEOUBED} B 4B RARAACIE A FSh P BRI A MeE AR B B ¢ ne
situations desghirBROeach®f $ARQYEN BeNBdRAIaAY BlRY 2BBRARS aSRD thg& One or
nore progranmable mrror arrays. Mire information on mrror arrays as here

referred to casuitablegloeaired electic fiddgordiymneploying mdzneleetdic Stmhten Retent s US
5,296,891 and US. 5, 523,193, and PCT H{)QA ent aippl i cati ons WD 98/ 38597 and WO
98/ 33096, whi cDSF a2AIH(BF PUFAESSEE Maki-ardressables Weh that addrgssed anigrosswill 5

programuabl e nj : : i G L LLE s as a
frame or tabl g%g{aéég&n%fngg%}?%g%Hgga#ffeiéelglagl%yﬁn%v?b ed@%g reqS];O?ééjd. 20
- A proiogr ammabinethisGRariiter alie refleced dephds pittesn@hacgoriimsior the hddresdisg pateem i n
United States Patent US 5,229,872, which is_ incorporated herein by
reference. As abbganatrixgddeessablsmurars. Eheireguirgd mepex addressingcagdeenbodi ed as
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speci fically dhérestiove 2he iphehingtriefx @aP L&Bptist/slevirigord pidgkmanbldmatort abl e;
however, the general principles discussed in such instances should be seen
in the broader aEdyst Mereanfopnatiqyaen BERPTITAYE ah Beregefeed éapwn ke glegnedofarh.
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manufact ure of “I'ntegrate clrcul such a case, e’patterning
nmeans may genepatm apglcadions VOigR/IB3DY ahd WO IBEIR006 0w high tafe idBorpdetitad Kkitain

| ayer of the IC, and this pattern can be
by reference. In the case of a programmable mirror array, the said support structure
may be embodied as a frame or table, for example, which may be fixed or movable
as required.

20 - A programmable LCD array. An example of such a construction is given in United
States Patent US 5,229,872, which is incorporated herein by reference. As above,
the support structure in this case may be embodied as a frame or table, for example,
which may be fixed or movable as required.

For purposes of simplicity, the rest of this text may, at certain locations, specifically direct

25  itself to examples involving a mask and mask table; however, the general principles

discussed in such instances should be seen in the broader context of the patterning means
as hereabove set forth.

Lithographic projection apparatus can be used, for example, in the
manufacture of integrated circuits (ICs). In such a case, the patterning means may generate

30  acircuit pattern corresponding to an individual layer of the IC, and this pattern can be

imaged onto a target portion (e.g. comprising one or more dies) on a substrate (silicon

wafer) that has been coated with a layer of radiation-sensitive material (resist). In general, a

single wafer will contain a whole network of adjacent target portions that are successively



i mged onto a target portion (e.g. conprising one or nore dies) on a
substrate (silicon wafer) that has been coated wth a | ayer of []50?‘2005
radi ati on-sensitive material (resist). In general, a single wafer w
contain a whole network of adjacent target portions that are successively 05
OCT 2005 -3 irradiated via the projection system one at a tinme. In current
appar at us, readiAtes, yiaghe prajecEompyYsiEbyong ahf Skcoln eurraas RPRAYPS empleliiBg i ncti on
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table is scanned w Il be a factor Mtinmes that at which the mask table is
scanned. MiFEtPR{&E YiganBimgwirectiops while synshranopsly sepming de speskategableer e
descri bed e for. e.. from 6 7/ ' d

ner oi n_ by WARLT &n daFBRAe) doihis BEERRA wgtd Rt R B o nRERLER B
proj ecto onmagmftaionTactor M(geadrhiey & 10 ahd spded VAatWEik) theSsubERgte ehbdis@canned
substrate that is at least partially covered by a | ayer of
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procedur esg 084!99n, aScorp el hereRPBYFcferbidee (PEB), devel opment, a hard bake

and measurement/inspection of the inmaged features. This array of 20
procedures is used ak ambmfaciuting pricessrusingra lithdgnaphia grojeetymr apphratusdavi ce,

e.g. I C. Such a. patter.ned |ayer may then undergo vari qus processes such
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| ayer. If several |ayers are required, then the ol e procedure, or a

vari ant  tv\aeioesprocedures, kacheastinbiegr repistataating end e acfh balew Aftey exposives thieual | vy,

an array of devices w |l be 25 present, on the substrate fer hese
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connected to pins, etc. Further information regarding Such processes gan be
20  procedures is used as a basis to pattern an individual layer of a device, e.g. an IC. Such a

patterned layer may then undergo various processes such as etching, ion-implantation
(doping), metallization, oxidation, chemo-mechanical polishing, etc., all intended to finish
off an individual layer. If several layers are required, then the whole procedure, or a variant
thereof, will have to be repeated for each new layer. Eventually, an array of devices will be
25  present on the substrate (wafer). These devices are then separated from one another by. a
technique such as dicing or sawing, whence the individual devices can be mounted on a
carrier, connected to pins, etc. Further information regarding such processes can be
obtained, for example, from the book "Microchip Fabrication: A Practical Guide to
Semiconductor Processing", Third Edition, by Peter van Zant, McGraw Hill Publishing
30 Co., 1997, ISBN 0-07-067250-4, incorporated herein by reference.
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



obt ai ned, for exanple, fromthe book "M crochip Fabrication: A Practical
Quide to Sem conductor Processing”, Third Edition, by Peter v ant,
McGraw Hi || Publishing 30 Co., 1997, |SBN 0-07-067250- 4, incorﬁgr Teibher ei n
by reference. For the sake of sinplicity4-the projection system may

herei nafter be referred to as the "lens"; however, this termshould be
broadl y i nystepkefotdx@fple/TioiadRsion gystanintdyalsd inplde 0bmpondrecopepatinpy st em
including refractive optics, reflective optics, and catadioptric 0 5 0 CT
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l ens". Further, the |ithographic apparatus may be of a type having two or 5
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i ncor por atliehogdigptit Appyatuehrerdesabed 1for AkargpieEintUs §,%6b14prand #¥8O a8/4Q709%j ti oni ng

the image of a specific point on the mask to a specific point on the wafer
that is t@%]’@%&éé’éﬁﬁml’bfef?ﬁp%e-to be achi eved, the position and

Cypi ol y one or o e e pRoctt SUARIENRe oB8E MY kBl ARG

provi ded omaskhe aspésfic pbiat of Wfveifpr thit &y b€ exporid.C BoSthsd tode adBidyed, @yer s t hat
are built up by successive exposures 15 with internedi ate processing steps.

Bef or e ea®hsiéivpesdracntaliomainthnwafer needs orhesdtabbished; andor shia pyrpese typiceHxl

error between the new exposure and the previous ones, .such err ei ng

Cer ned. ovant 4yt gretmeaueies i s oRREPH S AR P BE sttt eps may
deposi t fvaferal A @Bvit®maficohdist AAinh ARy TRyHrs HBf 48b%ilt @ By bh@¥ssivd dxpdburkeast be
buried under a |ayer of energy-sensitive material (resist), which can cause
t he al$ gnmatht inteermiediate procdseing Gtephs Befoseleaghieghosiue, aligomient ispedoanédtp errors.

These and at her processi ng ead to.uyndesired shift t he

st&r@%wml}v] also | of
measur ed APTEIEG POBPTIYRT SR FPRBEPENIAEOBY S AL TegRCYBpR PR el sFor
el ectron BegiEmsiddventy ERbr. MOWERE NoRE dffiBe AXQRRMIRS proRBing \RegdiRhyeCt i On
el ectron beamis used for alignnment purposes. However this suffers fromthe
pr obl em t depositeaterigraptopfof theclignojestmarkerse hrd theyrwibl @ taastsbe buried under a
layer of energy-sensitive material (resist), which can cause the alignment markers to be
20  obscured which can result in overlay errors. These and other processing steps may also
lead to undesired shifts of the measured aligned position.
Some lithographic projection apparatus use electron beam radiation for
performing the exposures, and the projection electron beam is used for alignment purposes.
However this suffers from the problem that the energy of the projection electron beam is
25 not tailored to the alignment marker and the particular layers disposed above the marker
because the beam energy is typically around 100 keV. This can result in problems of

damage to the features and/or unwanted exposure of the resist during the alignment

procedure, and poor contrast in observing the alignment marker.

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

above problems.



25 not tailored to the alignnment marker and the particular |ayers disposed
above the marker because the beamenergy is typically around 100 keV. This
can result in problenms of danage to the features and/or unwant @8 0EX a5 ur e
of the resist during the alignnment procédure, and poor contrast in
observing the alignment marker. 30 It is an object of the present invention
to alleviate, at | edBiispad bihal dblyjects e achisosbaqeontihgtosthe in\En@AT iRO05 - 5- Thi s
and ot her objects are achieved according to the invention in . a |ithographic

appar at us HROBHIET APRAATTHAS HECESE A Hig QPAPRE PASETAPENEhERYEIZeAdR thah tenat t he
appar at us LUl iR G RIRbIBESeAth AohMUPUNsG IR AR LREAG biin SUGEL fn Deam
source for providing an"el ectro eamrtor | I'ngi°ng on an alignnent marker

on a subs ;ﬁr@\ti@in@mntél&@n Sefratfotingib@hg 6n ad Aigimbackarkeadi £5adutleamtthon
detector for detecting electrons back-scattered fromthe alignnent marker,

wher ei B t isabsitateytabieh and e hack-sdatieried glepeonl defector for ldetectary ele¢torns bagktseatiesdd t he
l'ithographi c projection apparatus hut .is provided wiihin the.lithoqraphic
br 0] ect | o fierdieaeRmatken et s oS as MeRemenhoL e sXARIGN n ¢ he
| i t hogr aph Gem /¥ PhEthbSAPRRAAGB S appBrafiSut VYHBYIIOM whdken tHRSit i@ge that
al i gnnment %:Ia%mbe perfoglrr%gg1 ?2‘.5% tha é?l [ gr‘llrreﬁ? slensor] even m@g%e

al i gnnent paejedtem dppambsaaesablenligratent ab by paforfrieddn biyu svithiryehe lithdgragse st

and/ or further process |ayers deposited on the substrate. It also has the
advant age PIRIAON EAS8ABr gy of the el ectron beam enpl oyed in the alignnent
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radi at i on aligshennsansbr prv@j ehén e adighinent mirkerf ie bdkduyed hrelaeia)]yestiftedbybeRiyeof
radiation is EUV radiation. This has the advantage that the el ectron beam

of the al iogrsishend/enBisthenprcessdaysrojepesitesipry thasuhstare. df also hatids advenageof
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t he subst pattRuladblateraproces paRieanafalipgmest makanmadepenaemly Yetht preje@tonot her .
This gsrow des a detected signal as a functjion of scan position indicative
of th& posadistinm asd of filee wediagRREHiteTand projection sEsted@t r on beam may be

Preferably 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



scanned relative to the substrate table, or the substrate table may be
scanned relative to the electron beam 25 The el ectron beam nay be
controllable to inpinge on the substrate as a single spot. Al t(s086710ely,
the el ectron beam may be controll able te6di npinge on the substrate as a
predeterm ned intensity distribution of having a pattern which corresponds,

for exanpbekeWi tIisis ajeasigeaupbedausat ¢ sufficiepht drergetiofto pgetatd Gnotphtanyar ker
on the substrate. Were this is done, a mask may be provided to pattern the
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e range of from 20 to 050CT2005 -6- 50 keV. This is advantageous because

it is Suf highi thatcbptrastér bekicattaingenetdvacd nhadditgin, fonyhigheagtacgonbesrop of t he
al i gnnent nmarker_ before being back-scattered, but al so provi desggood
contrast FHrE5EbIbSRIgRENL KBt OBEE! iCeluaHt myek Redenedr nandds Hatsmaere 1YL 19 | i con)

and the thgg orat@ﬁrﬁmkfelﬂyg@%éhigﬁéﬁ&g{ﬁh of the marker (e.g. tungsten). If the

el ectron energy Is e contrast in back-scattering is

reduced. | n additi omccéHrdingvogharthed Spedt@f thrcianentnahée ésprovidedal degfvgent uni t
optical column nust be longer, and is thus nore difficult to incorporate
i nto the Mapkaguapametigsheamnrisng thestspdofig to a further aspect of the

invention there is.provided a,devi manufact ur i Bt hod .coppri sing the
Stepsithr: - 10 - PSR RUPToepavis af ey b pyered By dTpur of ERIRomE  or ed by a
| ayer of radi atdn@fiveS@di&hidll ve material; - providing a projection beam of
radi ation using a radiation system - using patterning nmeans to endow the
proj ecti on beapnowidihg a ppgedtnrbeam dfiradigtigsssing @ cadiaion syStem; pr oj ecti ng t he
patterned beam of radiation onto adgt arget portion of.the | al%/nﬁr .of
radi at i on- sensPi&BAYRERIDEMGans [, epdow tFProJRCtn DAy AiPAGSHHB I1SSE9ST on of
the substrate giiigh, said projecting step, for the purpose of aligning the
substrate with respect to the patterned beam of radiation, by the steps of.
provildi ng- an epregctiog thecateimeddpemdd madiatiorsantd agargeepdriion obdwrinyearmbi ngi ng
th .
© 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
20  electron beam on an alignment marker on the substrate; and detecting electrons back-
scattered from the alignment marker.
The further aspect of the invention may incorporate one or more 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 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.



20 el ectron beamon an alignnment marker on the substrate; and detecting

el ectrons back- scattered fromthe alignment marker. The further OdsRpEENf
the invention may i ncorporate one or nore of the preferred features
referred to above. Although specific ref€rence may be made in this text to
the use of the 25 aggar atus according to the invention in the manufacture
of 1Cs, it shoul d belwethgipresert documpite fisttergep tradiatiencindabeaippareaisgd thas many
ot her possihble appl.jcations. For exanple.. it. y be enpl in.the. .
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magnetic heads, etc. 1he skilled artisan will appreciate that, in t he

cont ext ofhavinga whveemgh ivthe 3ngeHpR0 omb, asrveell @marticde bedmg, lectt &rios beams ol e,
"wafer” or "die" in this text should be considered as being replaced by the
more geénerBfCUHWRFEMSmsk”, "substrate" and "target portion”, respectively.
0 5 OCT 2005 -7- In the present docunent, the terns "radi ation" and "beant
are used to enconpass all types of electromagnetic radiation, including
ultraviolet radiation (e.g. with a wavel ength of 365, 248, 193, 157 or 126
nm and EUV (extrene ultra-violet radiation, e.g. having a wavelength in
the range 5-20 nm, as well as particle beans, such as ion beans or 5

el ectron beans. Enbodi nents of e.inventi wi Ll .now, be .described way
of “exanpl o 10 ony EmopRmeaRe VT adh by R HRET HHRT RSP melR o
Figureol dppy,Ghith RférhdO8BPIICEmMPESYiSE Bia¥in@ARaFAéHs according to an

enbodi nent of the invention; Figure 2 is a schematic illustration of an

al i gnment sensor, whFighreukdepietna ligiagraphompriogeatipn fipparatee a¢aording teamodi nent  of
Figure 1; 15 Figure 3 is a schematic cross-section of a wafer with an

al i gnment qdupent of thi VAN o ectron beam i's i nci dent according to one

embodi ment of the i nggitd Pliia schiMME1fstERINGr Sn i gniRfkefsRl WRfcRts& £CT T ON

detection signal as the el ectron beamin the enbodi nent of Figure 3 is
scanned acias®ontbeemafargrnenenthe earbledmenEofjHigares5l;i s a schenati ¢ cross-section
of a wafer wth an ﬂ%‘i gnEnt rker 20 on,vx/nifch a_patter n%d el ectrci(n beam
i s inéPdent accor di Ng8HE HGRBIMARIIaERtoRHP! # afer with an alignment marker

on which an electron beam is incident according to one embodiment of the invention;

Figure 4 depicts the back-scattered electron detection signal as the electron
beam in the embodiment of Figure 3 is scanned across the alignment marker;

Figure 5 is a schematic cross-section of a wafer with an alignment marker

20 on which a patterned electron beam is incident according to another embodiment of the

invention; and

Figure 6 depicts the back-scattered electron detection signal as the electron
beam in the embodiment of Figure 5 is scanned across the alignment marker.

In the Figures, corresponding reference symbols indicate corresponding

25  parts.

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 EUY 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;



invention; and Figure 6 depicts the back-scattered el ectron detection signal
as the electron beamin the enbodi nent of Figure 5 is scanned agﬂ gﬂmé@?
alignnment marker. In the Figures, correspondi ng reference synbol s’ ¢ Ndi e
corresponding 25 parts. Figure 1 schemat-8cally depicts a |ithographic
projection apparatus i according to the invention. The apparatus conprises:

a radiatiQn gy&lgdobfdct lablef(QibstraRRANENW 20 ROPIdEE Wit QR8HA BBeof (shiskthagY i on
(e.g. W or 30 EUV radiation, electrons or ions); a first object table

(mask t abl e) holilerfiooholderg avublstrate W2 §¢.g.clijesist-cqataskilicdrowvalier), fd corinsttdd gy a
mask MA (e.g. a éEt i.cl e%, and ‘g(?%nfect ed tggfi rst Fos' tiqni n% eans PM for
accuratel y p¥EPEY BRI HePHE1CARS KA Wi OR a¢WEHEY POSIHOPINgNepuDsHE BBt 3
second obj ec}. . t3hl.e (substrate table) WT provided with a second obj ect
(substrate) fordar for hol di ng a substrate W2 (e.g. a resist-coated silicon

wafer)s ard ggHinesHied tife (saBSEIE taBRS W 3D ptvIddeRiE a AW bBjectasabstated hylder
positioning the substrate with respect to itemPL; 5 a third object table

(substrat e tfopheldivBT syhstraied¥d (vt dresist-hoateld sibperc wales)ilosd conngyteddd dhard  f or
hol di ng a substrate V\Bmﬁa resi st.- coat.ed. si|i c%? wafqe{{fl, and connect ed
to third poRITHUMRHGE SUFGCOrately ROV LORNG e YOSl MAUMPTL BTt e, an
al i gnment Syéén%fﬂlly%&i‘é&t@b 'ayAUByiﬂg?Sx%didééo%nE@'t}ﬁﬁi &j@&'t&ﬁ& gger the third
object table] and” a projection system("lens") PL (e.g. a refractive or

cat adi opt i ca piogdceion sostem(rlerns Y Phyp g. dftfactianondataljomfic sysdm, drifitrecdrons) f or

i magi ng an irradiated portion of the mask MA onto a target portion C of the
subst Fat e wWorgpearraydif el bdeflogtara o bragings et irspdigsed patipp ohHiedAagkr MdueEe ag

beam of radi%}e%g??l{%ﬁg%s?fég Sg&%tea\gvor or wiggler provided around the path of

an el ectron orage ring or 15 synchrotron, a plasna source, an
el ectron or ion beam source, a nmercury lanp or a |aser). The beam of
radiation is girbef erably an EUW beam but may be any other suitabl e beam
The beam is cdis&afliation sysiear eanprises 8 seurepiiicwhich prpbisena beamn of tasiationre.g.
L ROk ok bEpd GRSEDE DRI ROIRPiR, Bt g EDoPe
15  synchrotron, a plasma source, an electron or ion beam source, a mercury lamp or a laser).
The beam of radiation is preferably an EUV beam, but may be any other suitable beam.
The beam is caused to traverse various optical components included in illumination system
IL so that the resultant beam PB has a desired shape and intensity distribution in its
cross-section.
20 The beam PB subsequeritly impinges upon the mask MA which is held in a mask
holder on a mask table MT. Having been selectively reflected (or transmitted) by the mask
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 The beam PB subsequently inpinges upon the mask MA which is held in a
mask hol der on a nask table MI. Having been selectively reflected (or
transmtted) by the mask MA, the beam PB passes through the "I @fs0CPLg5
whi ch focuses the beam PB onto a target g portion C of the substrate V2,
Wth the aid of the positioning means P2W P3Wand interferonetric

moved acour APary el e FRkabl MEIPI RN RIG, Sty ala SRR 1T (e

path of the ihrgenis ﬂ?&iec@ﬂ% baé kY (i.d. ARipRsldsRNione freapd pBM@Nd. The substrate
interferonmetric displacenent neasuring neans |F can be used to accurately
posi tion t hdabtaIK2Nas wientshifeasiiodhe Xantlioe Ypdirdstions schhat dHddferem targetgportadn er
mechani cal retrieval of e sk froma mask library or during a

scanni ng not4 S?quwa@%e‘{)gan%ﬁfuf‘%mvenent of the object tables MI, WT is
general |y, 3Gt I i L . t .

posi tiajoni ng?ngér?] 1‘382 g‘é‘%e&mgi%lﬁgglg%hﬁggéﬁr%n%? pﬁ%éb%%%? } gﬁ?ﬁgﬁe ﬁ\?\%g%t gt#o(gx Cnot
explicitly depbtdxpdsddink dngle "flashTHasteR) tied BaskapbRMTUS moahbleén Hge@ni N t WO

different nodes: 0 5 0 CT 2005 -9 1In step node, the mask table MI is kept
essenti al | y ditegtiontibe §o-callnd "serncditacten wagk thej Yrgyectian) pridy tneed vi $p Bakthgo
(i.e. asingle "flash" nto a rget portion .C. The substrat.e bl.e W2T,
s then shi frggetsr tm BB nBr § §Rb el Gne kg nrt PolE bRt
portion C gasle W27 "5 sihdiaBEolRYy hbfed@an ERie & oppdsie aiedig it agﬁéefﬂm? Lal l'y
the sane scenario applies, except that a given target portion IS not
expodéd i n Msjingtlect M mgh¢ magnificatach ofithe lama Pk (EahiM MV4ics 1rfpvithes i n a
given direction gt he .sol-ﬁal | ed "scan direction”, (gdg, thg Y direction) with
a speed v, JPRLE TEREVER YRR ATESROB: BR? PSEXRATEL IV PUL BaVNB{Rr a mask

i mage; concyphRRbhe ohhE&sobtit rate table VBT, is sinultaneously noved in
the sanme or opposite direction at a speed V = 10 M/, in which Mis the
magni f i cat i onFighrethehdvestie Ptinipleg of alvhbgrineht eystdnh Bmboldpinghhspresanner, a

relatively large target portjon C can be exposed, w thout having to

conpron s VHH“?"E%WI%P%W? apielfiran bean sowrce ﬁg“&"i ¥ides am elegiron, Peagh ke nt

syst e INGwhRE | i i m

cour a8 10 A e P ALEREW ayrpRHERh Bt g e T P e Bl e 2 e W
suppor t edingringeswafasuitablel i ghivhendiherket heowr theot afenW dack -3catteradi edgre®one area
suitabl e alignnent. marker 14 on the wafer W back-scattered el ectrons are

gener at edBSRRTASS Whish deq dxtecded By defestatt®rDetails phsuitable edgction;heam) sOuEEed? r on

beam Soura&%sba%g-scattered electron detectors 16 are known, for example, from the field of electron
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



and back-scattered el ectron detectors 16 are known, for exanple, fromthe
field of electron mcroscopy. 20 The back-scattering effici er[}:%/ggf ZmTe

al i gnnment marker 14 depends on the atom c nunber of the elenent or el enents
used to formthe marker. It is preferredpto use relatively high atomc
nunber materials, for exanple, tungsten, tantalum cobalt or titanium

al t hough @iReting"Ble@ldcabof belY 12l s el8e @AP kY 8Emh Sfietic TRIMROKBY a cEHbmatidn COPPEr
(the silicides "or nitrides of these nmetals may al so be used). The narker

may consiaftbotlh. mul ti -1 ayered 25 structures. The back-scattering efficiency,
and its dependence on the el ectron beam. posjti.on,  also depend on the
lateral and clesaizaent syam amthwewwﬁénwmuon @3@6- ar%%ﬂlﬁwmﬂe dept h,
t hi cknes i i t j -] . and
mde. of Bt 3 nBBERSARE baerNERRER o3R RluloRPRer AN IR Kb o o

t he back-wsfef tlecWTe!| Refeiring td Figet 0f tht @ligsmemtisysteitis @8dd toedutetftne §6 t he
back-scattering process is not particularly directional. The el ectron beam

12 is scamdiPrasdarientation of e wifeelV3gn theavalerdablie W 3T ad heevaferdpblerWal iny

i f le WI und . i | 12, b
osccTs008 el BefrtEh e HOE L RO G b S PER) o BRUITTYIOR M G agne i c
fields, qiroR¢tien RASPLNAMIOR th@focﬁ%%ccﬁ?%d@yimmﬂ%%ﬁgfl S\I;IW']@I&Iaﬁ§atEH‘e

position and orientation of the marker oh the and hence the

waf er W isubsthfitiallysimeltawousiztethe ldetenmcogdedby R3WespEiguret 1. tThe poSitinaingr
table WI. Referrting to Figure 1, the alignnent systemis used tq determ ne
the g8si (mEARSIRY o 1lieRed TGt Fesect IoahGARUFCAR DAY RUPGRNE POTIEBR & T, The
wafer ta I A% Ler i ; i i Lh00) ans
Paw o o TEKEP(lSarriE) RIBRSHSELGe /P Pl BRI O PP B0 MR
occupi ed dignRRW dfithEmafieravith (B8t tsthe pasysdtiinasbanrstolgloandri elpogurgitobet aneousl y

to the location_occupied by P3Win Figure 1). The positioning 10 neans P3W
is aligne¥$™¥MRdr espect to the projection beam Since the position of the

marker (and ‘é@faﬂgallt)!matibée#ﬁB?&Yﬁﬁg%ﬁ?k‘ﬁ?vehﬁﬂﬁ E&gosflgﬂéxivﬁj[ @Qiaﬁgnﬁgﬂ%&stﬁﬁ\%a hi s

allows corre 'ghment” o waf er W pect t proj ection beam

t o alisow wnoeaxedadjiacent theljojeprsurs lensTBL, sd thawdligahieat Baichiceed Wibdunmeheaf t he
i nvention (not shown) the alignnment systemmay 15 be | ocated adjacent the
proj ect i ¢ Meeghewafes and pasitiampg means i ap lemativeddisplesstiiocaten.need

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 in Figure 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



to nove the wafer and positioning neans to an alternative, displaced,

| ocation. In sonme instances it may be preferred to provide two alignnent
systens, a first located as shown in Figure 1, and a second (n®tS gﬂolﬁ%)
| ocat ed adj acent the projection |lens PL.11-20 Determ nati on of the marker
position/orientation will be discussed in the context of further

ermbodi ment.g,hakawn iy A 3V ©FiRp of tRefbsh /6 L0 AR BRARWAe! 94 NP fay&erDs or
according to this enbodinment of the invention is a so-called off-axis

al i gnment rgeesating deausist andeng lpeatesolaydre dmt hevdaletaidy beetvlesl dovn page wifeough
the optical centre of the _projection |ens. |ndee in this 25 enbodi nent of
the i nventWorf heelestrpp Bfaéeﬂ? srscgBas TEtRERS hedvalet nasa}ﬁélcéﬁdﬁ’éléh%ﬂ??%gﬁ
entirely i . t l.ec i r.adi-akt oR. .gl ectrons
o the el GEFRE A ERhndHed Bo S WEELARE WP R NTBY by SAY 1P lhe obiB o7

ener gys seldirectid)or imiegEbothithd wafer 204 the eldddok@¥amanctad Yeahdbwedpet ween 20 and
50 keV, typically around 30 keV. The enbodi nent of the invention shown in

Figure 2 may O&eirepiltngsignal rokatediowie ingmsity, ofbaplrssatteregelesrensdptectediygur e 3,
an el ectrgn am is controlled to .j.npi.nge on. the fer Was a sjingle
apot. in o SErs &% ERAGReRsnp SR S E H oG AL e R
i's an ali qRERBEHIRBENR between tRE pATRIH BF thendrker T4 Ad¥ahE QfeMh0h Fgi8. 0di ¢
grating made of stripes of tungsten. Only three of the stripes 14.1, 14.2

and 14. 3 althobgh ttetmakend! 4mdEigurei3ncddSisGCT a20@6ngriagsofkeanetehstiipesHdgyre 3. On
top of the substrate 20 and the marke 4 1is | ayer 22 representing the

r eg i st0and4dny4dr @’Sé‘%’al HgRal deteqigt bﬂé{%&%?crt@’éﬁ@’Sﬁé%ﬁoqvéﬁ]‘ﬁlod‘g%mh%ﬁ‘a’fkﬁ waf er
W The el j j 2 i.adi cat by
the arr owr Syt pp SRR AR0RR, LPUEL Skl shpouity L ulBRaltlmal ) b

scanned i Figuie4ohesdegree bf stho@hingaiepermis dn fieesaimple) tHeheiddnie! prafite dfhike
el ectron beam 12 can_be nov The resulting signal, related to the
1.

d).
i nt ensi t ycFrpmbean dat ﬁeﬁugag%l%r@e@mofdée igndlg1-pyihe defectgd badk-Hattersdas g
functi L] i R , > a
Lo ekponBerdSr RaPRRLA! sy MOMRGLEu Sl RS RE RO ibBRRL S, 2

4. Al thoughocesies itpthk8fack4Fioin Hietetetedl @R8] thé posifioRan®eti@n@idrast the flatitee
metal stripes 14.1, 10 14.2, 14.3, the actual signal detected by the
det ect or 16 cpmbe Heterpingd| A6 Math articahadigharerbmarkeas, sevoralgigfingsanasi ect r on beam

rofile, so there i . i i.n,.th C Iy - | .of. FlL.qure 4. The
Reor be. of PEVARE for e BRI BRtRR Betifos A8 BPEEEAGHE aPh AR Bhen bt f ('
el ectron BrrRAtd¥nighel§ déteRfiine RliORERdNhdridnbtiosi F i matkefand héhcd oF gt ed

back-scattered
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,



electron intensity as a function of electron beam position, occurs due to

el ectron scattering 15 processes in the stack. Fromthe detected signal, the
position and orientation of the marker 14 can be deternined. As)0Fk 205
optical alignment markers, several gratiypgs may be provided, for exanple
with different periods and for exanple at different orientations, in order
to uni quelu§mg%x%srenr& diRg sBRRIE hRfrANE BIbteHeAéHdndTn bHEHBF gﬁﬁoa@@f dence

of the In an alternative 1 nplenmentation, shown in Figure 5, the
waf er st r pattesheontspengingeo3hd gapstlueerd:enhh& fwhmesed)fe;ht markdoddm 12 i s conposed
of a plurality of beamets 12.1, ., 12.3 and, so on, such that_ the

el ectron beam#padvaniage PfePﬂB%ltherFlf'étré’F‘rheP@rtOW’@%alb&nmeé‘é’s%s cemparaditen of the
mar ker g BB A ane PR BLanl b IS RBRRET ShTIYElE One

anot her aspyﬁescrrbe ove an € resu et ect rom det ect or
16 i s shownghment riatkersfhatAhnR be ¢édh W@ Sh bbAd b@ém“ﬂeﬂ’ﬁ’nh?% Bigufe 3, if layer :
correspondence between the pattern of the el ectron beam 12 and t he narker 14
there i s &2peaktadbe ome:aﬂgpeagt@dheﬁ yrveduld pefdierpossibledosemthedéigemenidmaikgrsal i s
t he convol uti on of.

he mar ker. i ntensit
G 'St 11 but 1SHEgh optigal b (M6, FasBaRPEam DRSS Sirriase Bielrdte R BHE oefisai ment
above appl af, WS RE alishviehdb ekt in the nmarker 14 to uniquely
determ nel%&ﬁéggos%?%% an@‘galgent ation g‘%] ?ﬂi 30 wafer W One way to obtain
the patterned Aefiether advahegenod @sing derdequgntteattis shae stzodiing of thesbeam bypthes an

initial electron beam thrqugh as_nask_(not_ shown) which is essentially a
negat i%e @PgNme naREkers a2 BEICHPRBAL B Vtoﬁen‘?rﬁf' toe plighmentyaarkgrsnef Aist BYe UPRET mask

can be defj t
it abl o AUTEof Y AR Frptbet (a8 iftheedbwint Splia) el HBRT, PHicBhalh BE.
pattern calipgaganelisnensitvd mesgaﬁen’powwlghhenf Rathers as obmphred MEMKPticAh.  An
advantage of using the electron beamto provide alignnent, as conpared to

opti cal béb&ﬁ"&?ﬂtgnment is that the el ectron beam provides alignnent with

espect 10, L SNIRIn Tl R0OR YRR Rp AR ARY G, WS,

woul disiot gesv rsofcshbcb;erat@s SeR uhdr@ vatingh eBnditiomy Kasim USieqiréfop Euwd beam
The el ectron beam passes directly through the optically opaque |ayer 22,

t her eby aIaV@dnahg)ratlﬁ)lgﬁfn‘bﬁﬁU‘obbéa%@ﬁieévbél) A further advant age of using t he
el ectron beamis th atte of. th mb markers is
a function of the véa’f’{‘}zﬁi. SB?CI rgg?crilgnﬁg Q??ﬁ%\nké? j%ﬁg? d?ﬁ%glgﬁé)ﬁleorve !

will be appreciated that the invention may be practiced otherwise than as described. The

description is not intended to limit the invention.



surface of the alignnent markers (as is the case with optical alignnent).
This nmakes the alignnment |ess sensitive to asymmetry of the alignnent

mar kers, as conpared with optical alignnent. The invention is particularly
suited to use in a lithographic apparatus which utilises 15 EU%R;@tpngit
operates wel|l under vacuum conditions (nguun1is required for EUWW to "avoid
absorption of the EUV by gas nol ecul es). "Wi |l st specific enbodi nents of the
i nvention have been described above, it wll be appreciated that the
invention may be practiced otherw se than as descri bed. The descriptionis
not intended,f.limt the invention. 0 5 OCT 2005 - 13 CLAIMS: A
I'ithographi'c projection apparatus conprising: a radiation systemfor
providing a projection beamof radiation; a support structure for supporting
patterni ng nmeans, the patterning neans serving to pattern the projection
beam according to a desired pattern; a substrate table for holding a
substrate;il.a proj ectA hthogysHicprofectionppgratas ¢angprisig: patt er ned beam onto a

target portion of the substrate, characterized |g.that t he appar at us

furt her cdnpri§€§¢Qﬁm§W$8H%@ﬁ?o%@ﬁ%6W°EHNBﬂF?Pﬁ6@'Eﬂomelectron beam sour ce
for providing anugh@eithRefirdRaBuipettink FRitdIGing ehead) thdpaBdrh B WRIAhs SBFikElo ON a
substrate on the substrate table and wherein the electron beamis

pat t er nab| Rt thepspiggpion bem perardingye @ dstied Rattes pr edet er ni ned intensity
distribution; and a Racka8eaid 8F 8laRk8slyseite; detector for detecting

el ectrons back-scattered fromthe alrgnment marker, wherein the alignnment
sensor i s 1 ndepeprdgptionofystermefor aeecting thespatierapd beam Reto| 4 tapgsy pepian ©f pieoj ect i on
appar at us pyt -i.s provided within the lithographic projection apparatus to
enabl e alignnent to be perforned in situ within the Iithographic projection
appar at us.charactgyized pp athatt the apracatesdiurtbert eomprrisdsnand aligninentesenscs eothppsiog:emt i on

or 2, whordiot Rebmypaage o Rl ch Bhoirc o AP RAHAIE pF AP BB bR O ™
bei ng scanmedsubsitaat onvthe subseae abt dnd wherkin the clagpartebmss paeonbleng inpngd ai m 3,
wherein t ho% ﬁllélbsﬁggtraé eeast g'bplrgdeiém{nie %ﬂéns%}o %istribution; 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.

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
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 single spot.

7. An apparatus according to claim 1, wherein the intensity distribution is
predetermined to correspond with at least a portion of the pattern of the alignment marker on

the substrate.



the el ectron beamis capable of being scanned relative to the substrate
table. 5. An apparatus according to claim 3, wherein the electron beamis
fixed, and the substrate table is capable of being scanned relative_to the
el ectron beam 6. An apparatus according to any preceding claim0 ﬁﬂ@ﬁ &b t he
el ectron beamis controllable to inpin &-on the substrate as a singl e spot.
7. An apparatus according to claiml1, wherein the intensity distribution is
predeterm ned to correspond with at |east a portion of the pattern of the

al i gnment gmar ker onAntdpparatubskéoadifg to kikifiS0 ofT, ZteHer &ompiisiAg pamadku for
according to clalnté or 7, further conprising a mask for patterning the

el ectron BAIERIngthe glsctonpepm s according to claim 8 as dependent upon cl ai m

7, whereip, the mskn'a%paﬁﬁtﬁé/h&@ﬂmgitbfblaammistﬁﬁéhdéﬁtl WonickimUhWhenid akl y a
negative of the pattern of the alignnment er on the substrate, 10. An

appar at us TRele & Biofied ¢Vitking Pattan dfh“‘thnlé waeré’allh@ pqealivesof tgepatiem ofhie

el ectron Qg egpﬁg&grdnsthggfbst%@w ding electrons with an energy in the range
of from 10 keV, nore preferably in the range of from20 to 50 keV.

11. An appér at us acéerprﬁgtut aeeRriing fe alf opth ef ﬁﬁe@é@ﬁdmg dhigisrirhergiethei n t he
support Stefeyt%n'“%gm%gmé lssfgtsprgvl ?gle'%]ﬁacmg Q/ltf) }gl?lal RS é’%ﬁf rom:F0 to'Y00

appar at us accordi ng t one o e pr ece |ng erein the
radi at i onks'\ﬁsmanpmﬁamﬂywhe angedfifon Yo$ble¥e. 13. A device manufacturi ng

et h.Od cofpri sing t Rg ?)grgﬁs %f c‘fordlré% ltomﬂl}g WS oft Y ?r%éedia ﬁa%lglmas't w'herel%t thlxeealSt

partially cCovered by a at1on sensit providing a
proj ecti orgu;j@eamrm‘tureadnla'isleommus;qtﬂge for heldingtainmask.sy st em usi ng pat terning

neans to dow the projection beamw th a ern | Cross-sec |on
Dr o oct i ng2the pat t BPAEESBUAACTrTPE A 48X S Shi's BreteRingeflaiflsy PRORToHe, he
| ayer of ratd@dﬂioﬁltsyswm&ﬁnﬁisédahedim&tnesbmak characterized by determining the

position of the substyate prior sai ect.i.ng ste for the purpose of
al i gni ng the subst rét‘%"’\‘/if F‘ﬁ“‘ff%%‘ﬁg’@tmtﬂg’dtclﬂ’é‘pﬂﬂtﬂg@? ﬁtégs Yeam of radiation, by

the steps. of prdidl A\@ibshtehRGE atqeasb@mnyrwe@am&emay@tofsamoarseusﬁ%l on
beam i rrpimr; einglg the el ectron
- 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;
- Aprojecting the patterned beam of radiation onto a target portion of the layer of
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; imginging the electron
beam on an alignment marker on the substrate and wherein the electron beam is patterned to
impinge on the substrate as a predetermined intensity distribution; and detecting electrons

back scattered from the alignment marker.

14. A method according to claim 13, wherein said projection beam of radiation is
EUYV radiation.
15. A method according to claim 13 or 14, wherein the electron beam and the

substrate table are scanned relative to each other.

16. A method according to claim 15, wherein the substrate table is fixed, and the
electron beam is scanned relative to the substrate table.

17. A method according to claim 15, wherein the electron beam is fixed, and the

substrate table is capable of being scanned relative to the electron beam.



beam on an alignnent marker on the substrate and wherein the el ectron beam
is patterned to inpinge on the substrate as a predetermned intensity
distribution; and detecting electrons back scattered fromthe ﬁ|5iéﬁﬁg®§t
marker. 14. A nethod according to clai ﬂ%lB’ wherein said projecti m of
radiation is EUV radiation. 15. A nethod according to claim 13 or 14,
wherein the el ectron beamand the substrate table are scanned relative to
each other. 16. A nmethod according to claim 15, wherein the substrate table
is fixed, 1&nd the @l methodbarchdzag tb snsoldiriod 18 ¢b 41, wherdio thetedecgab beanaise t abl e.

17. A met hod rding to.clal [ the el ectron beamis fixed, and
t he substCP%f@%gg 1?" “I%g ngtahﬁés Sg]a%?s' Eg(? agﬁsog'anned relative to the electron
beam 0 510. C T 2003 meilbd ddBordignet biath aS¢ ovidreiy the imensitgf disttibutiomn k3 to 17,

wherein the el ectron beamis controlled to. impi the substrat
Singl e spatedegminad fepewont s Ay’ portenrhiha Beletiodths ApepmET Rrkeiarey

di stri but iggsub&ratepr edet erm ned to correspond with at |east a portion of the
pattern of the alignnent parker on _the supstrate. 20. A nmethod according to
claim 13 dP 19, wherePrined srgardingdo glaimy 13 &r Pathgrert 4 mask ispesckte ppttaseifin 21, A
met hod acGpi@bigal0 cl ai m 20 as dependent upon claim19, wherein the mask
is provided with a pattern which is substantially a negative of the pattern
of the aldlgnment mér Rethodacoopiing tondaimgiteas W?nf}&nmqli‘o%ala’cb%r“&ef?g“ thé any of
claims 13 g %S'Lgr&%h%a%m gbﬂ&érﬁ%‘lﬁcms L;st@cam%hglcaty ﬁg%tifﬁgmﬁéay&eaﬂop%r gy in

the range of from10 to 1 keV, nore prefera range of from20 to
50 keV. alignment marker on the substrate.

22. A method according to any of claims 13 to 21, wherein electrons of the
electron beam have an energy in the range of from 10 to 100 keV, more preferably in the

range of from 20 to 50 keV.





