STAGE APPARATUS, LI THOGRAPH C APPARATUS AND DEVI CE MANUFACTURI NG METHOD 1.
Field [0001] The present invention relates to a stage apparatus, a

| i t hographi ¢ apparatus, a masking device and a nethod for nmanufacturing a
device. 2. Background [0002] A lithographic apparatus is a machine that
applies a desired pattern onto a substrate, usually onto a target portion
of the substrate. A lithographic apparatus can be used, for exanple, in the
manuf acture of integrated circuits (1Cs). In that instance, a patterning
device, which is alt } Vi r ERA A ;oA icle, may be
used to generate a c??%S?%X?%gg¥§?ﬁgtgggge%ornggﬁgﬁkgg |nd?g$dual | ayer of
the IC. This pattern caANP DEVIGE MANUFACDURINGMETHOPD ti on (e.qg.,

i ncluding part of one, or several dies) on a substrate (e.g., a silicon
wafer). Transfer of the pattern is typically via imging onto a | ayer of
radi ati on-sensitive material (resist) provided on the substrate. In

gener al , ? singlgisubstrate wll contain a network of adjacent target
portions t('hat d successi vely patterned. Known |ithographic apparatus

i nclude so-caj0oed] ThepRedrs inveRtivictdieLdGhtdgdragpirael 4 lidbglaphiclappstaised by
exposing an entire pattern onto the target portion at one tine, and

so- cal | edmeganmdevice gnd aunpihnd derdnandaqEingbdviesn i s irradiated by scanning
the pattern through a radiation beamin a given direction (the
"scanning"-direction) while synchronously scanning the substrate parall el
or anti-paral | Bhckgeoundi s direction. [0003] In order to obtain the
appropriate i nage on the substrate, it may be desirable to expose the
target porti onl08A2k AditBegsaphiaerparsipicis adﬁa%ﬁﬁéhatavéhemﬂ%ﬁlrﬁﬂ@a@(ﬁ@ﬂﬂ?es can
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| i t hogr apturexappla)iatths manufactube ofl integasel drcdlts {I€s R Nh thdhiteios, 4 pattessidlg f or t he
di fferent exposures, these different patterns can, e.qg., be provided by,

di f f er ent d§ya¢es Bhihigalipanatively. refegred to ascanpiker aif%ﬂ%my%ed@ﬁ fogsnerategycirguit
substrate v I p 1 f posur e
wth a trPRRELEE PRh 8 SHRAGMLTRIFL e fp THRG B0 Can TR CjondRARRE
exposur e tegedpbitionge. g Comvheding parabf ghe, stieieral didoudn esubspas (e.g, aisdicobmaferpd by
first exposing the entire substrate with a fi [st patterning device (e.g., a
phase shi ffans %f(&? PAVR 12 RPHANY Y RgMAR@Sranf & layek ¢ laﬁliaﬂan'd%[ﬁ‘tb‘@ pteala

second pa{)r&ﬁﬁp-t)ﬂ&gicféﬁ\éirﬁﬁe §fsBate. gédefgl, 854 s@ithale Qﬁi: (!So¥1tagﬁ( RASHREK bpe

entire substrate wth the second patterning device. rocedure 1s

rat her ti adacanarget portiansithgeare sedceysivedypdtterned. &mownf lthograpine apparams aeludet h
respect so-called steppers, in which each target portion is irradiated by exposing an entire pattern onto

the target portion at one time, and so-called scanners, in which each target portion is irradiated

by scanning the pattern through a radiation beam in a given direction (the “scanning”-direction)
while synchronously scanning the substrate parallel or anti-parallel to this direction.

[0003] In order to obtain the appropriate image on the substrate, it may be desirable to
expose the target portion on the substrate twice or more. Such multiple exposures can be done
using a different pattern for each exposure or using a different optical setting in the projection
system or the illumination system of the lithographic apparatus or both. In case a different
pattern is used for the different exposures, these different patterns can, e.g., be provided by
different patterning devices. As an example, it may be desirable for a substrate to have both an

exposure using a phase shift mask and an exposure with a trim mask. It may be desirable that

both exposures have different exposure conditions. Conventionally, such a ‘double exposure’



to throughput (i.e., nunber of substrates that is processed per unit of
tinme). The drawback of changing the patterning devices can be mtigated by
using rmultiple patterning devices on one stage, as described in U S. Patent
No. 6,800,408. Despite the use of nultiple patterning devices on one stage,
t he exposure nethod presented may still have a significant inpact on the

t hroughput of the apparatus. SUMVARY [0004] According to an enbodi nent of
the invention, there is provided a stage apparatus for a |ithographic

appar at usisRbRYicA®Y MhtleRpSsiny B @RtileQUbIMRL W § A st B&t@érﬁ%@ ldBgica(e. S hipshsiEAt 0 a
substrate, wherein the stage apparatus is constructed and arranged for

per f or m ngask)sthamexahgngipg thet firstpatternang davide witlla seeood gafpaningrdevieg (dlgva tenwi t h

respect to the rojection system reby. .duri ng the scanning operation a
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apparatus is constructed and arranged to position the patterni ng devi ces
To

duri ng t he theughpitdie. opembxriod substretes thaais proctissdanec snbvof aeh Thedpaback ofs
substantial ly. equal s, a. predeterm ned.fynction of the reduction factor of
She poo; cltnbine dobditing U R T bR SR eHAChY S0ng uli8s PE e Aok iRnt 4
field pat §t@%e0a9de_s&ﬂﬂ&dau DES it N3l 6,800,008 ADesPitd BWis€ oPhuRipld patferniBXRAGIH €
field with the first patterning device and a second exposure field with the

second pen ore sidgegtheedxpesire msthodaressated apostitldare asignfewangimpsgeedthapart from
the first ex sutrefltli el d l?% t he non-zero nunber of exposure field pitches.

[ 0005] Ac@f)? 'R‘é FISRRHFer enbodi ment of the invention there is provi ded
a |ithographic apparatus including: [0006] an illum nation system
configured to condition a radiation beam [0007] a stage apparatus
constructed and arranged for perfor mSHYMARanni ng operation of a first and

devi ces 2 bl niBALRHESETS A BB R Y LR eRRl, Bl KB R AR Per s 1o

form a paigparad@dior adittaigraphic dpparitud 2608dd with ulssjeaicn dyafehefoe prgjédtingtaed to
hol d a substrate; and [00091 a projection systemconfigured to goj ect the
pat t er nedPisen RP GrFUBBEMS,. Sriteerin thersiacg SpPHaUE irensrugteband aygangad & wher eby
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subst r at eprojection system, whereby during the scanning operation a pattern of the first patterning
device and a pattern of the second patterning device are projected on the substrate wherein the
stage apparatus is constructed and arranged to position the patterning devices during the
scanning operation such that a distance between the patterns substantially equals a
predetermined function of the reduction factor of the projection system and a non-zero number
of exposure field pitches of a field pattern of the substrate, allowing an exposure of a first
exposure field with the first patterning device and a second exposure field with the second
patterning device, the second exposure field being spaced apart from the first exposure field by
the non-zero number of exposure field pitches.
[0005] According to a further embodiment of the invention there is provided a
lithographic apparatus including:
[0006] an illumination system configured to condition a radiation beam;

[0007] a stage apparatus constructed and arranged for performing a scanning operation

of a first and second patterning device each provided with a pattern, the patterning devices



and wherein the stage apparatus is constructed and arranged to position the
patterni ng devices during the scanning operation such that a distance

bet ween the patterns substantially equals a predeterm ned function of the
reduction factor of the projection systemand a non-zero nunber of exposure
field pitches of a field pattern of the substrate, allow ng an exposure of a
first exposure field wth the first patterning device and a second exposure
field with the second patterning device, the second exposure field being

substanti Qéihg’ caﬁﬁ@&%ﬁ _iﬁ?@ﬂiifng fiticOfutabien bédn® WithGXP PRI S {iteH a PY1d A RAMBERT O
nunber of exposure field prtches. 10010] According to another enbodi nent of

t he i nvenbdaon, there is provided a masking device for use in a lithographic
appar at us accoygdi t he present inyenti.qn, e masking device including:
10020 &t vt HRERR bR S P & h R bR EN | 1ot part of Lhe firoi
patterning deyog9 @Efcﬁ’éc@ioh@?st&ﬁtctl)g%%hzr@d td p6jeti the pafédhé®FAiAGn BRYh GRitd &

inparted by the radi ation beam ] a second masking part for, in use,
obscur i ngtazges persiad of dhetsubstratéyevlierebyt dusiag ttlee svanrjng epérebomtheaattemenf il fizst n of

the first tt.erning device is ipparted . by . the radiation be and faqr
obscur | noPHRHFE Rk §135hE Balcta bEBR G Sne Py BUlR ek BoRSRT it hfbeaten o
t he seconghdahdreinfthdSagdIpacatus i§ conipaticd AndYrradiRdtaPbdiib® thelRasnaddlRRI3] a
third masking part for, in use, obscuring a second part of the second

pat t er ni nguringeihé seanpfngenperation sugh beie dstandeebetweasritic patteray sitbstpntelly emalsa

i nparted by .the .radjatj.on a .0014 ordi.ng. to_an ot her enbodi nent of
o or eseRra iuhRY Bt EReMEe Reugha by X6 hRettiBTcbd Al R R b
usi ng a | bt dxpesaphicll ARA Gt 4iSelppatért o the substratd) b eaid Aexpoyist 8M fikdie

met hod i ncl udi ng: 100151 arranging two patterning devices each including a

pattern ofkpeswedigll wighsheafingbpaticring deraee anden ssaondkexposwe fistd withél seeendar e

bet woon t Ratepae ariiEe S5Rp A Blpoblle BeRERRRL MR- ChARR rhled M MERATT®, 5

r educt i onexpastrerfietf byt the nphjeRChirmber oY skRufitldpitciieszer o nunber of exposure
field pitches of a field pattern of the substrate; [0016] providing the
substrate on alf94Bkeeardingitageotherpmbprliment of Gednyengopdhereinropided 8 maskige

dovtces, S0 SRl 0iP RIS R0 BEGRLASRLNE horbey
devi ce ondevie ihtludingfi el d of the
[0011] a first masking part for, in use, obscuring a first part of the first patterning
device before the pattern of the first patterning device is imparted by the radiation beam,
[0012] a second masking part for, in use, obscuring a second part of the first patterning
device after the pattern of the first patterning device is imparted by the radiation beam and for
obscuring a first part of the second patterning device before the pattern of the second patterning
device is imparted by the radiation beam and
[0013] a third masking part for, in use, obscuring a second part of the second patterning
device after the pattern of the second patterning device is imparted by the radiation beam.
[0014] According to an other embodiment of the present invention, there is provided a
method of exposing a substrate using a lithographic apparatus provided with a projection
system, the method including:
[0015] arranging two patterning devices each including a pattern on a stage apparatus

such that the patterns of both devices are arranged adjacent to each other in a scanning direction

with a distance between the patterns substantially equal to a predetermined function of a



substrate while substantially maintaining the speed; [0019] displacing both
the patterning devices and the substrate stage substantially at the
predet er mi ned speed t hereby skipping the non-zero nunber of exposure field
pitches on the substrate arranged adjacent to the first field in the
scanning direction; [0020] projecting a pattern of the second patterning
device onto a further field of the substrate arranged adjacent to the
non-zero nunber of exposure field pitches on the substrate in the scanning
directi O%d\Ech%%Jflct&C&Qﬁéjbf&jlech@n @&L%rﬂ%ﬁd 8 MBRG LB IRE of E‘)@pdsﬂr‘éeﬁktldl picHeber £ IS
provided an illumnator for a I1thographic apparatus, the illum nator
|ncludlngﬁﬂdpawmnnﬁﬂmeubﬂduelIunlnator channel s, each illum nator channe
havi ng el ement ﬁ@lch dgqfi g e |nbor er. to provide a radiation beam
with desired 6@8 RIP¥S! ing SR A A3NOPEHF H8devi ce arranged to switch the
radiation bean[obﬁ]vn%eaeﬁam fbbihsthe parebriag ABdcéd dndthOatRrachanPpRRterhiRd
illum nator further |ncIu%|ng an additronal part and a second sw tching
devi ce t hweebstative saiheqipigetiaiesyisiem;bei ng arranged to receive the radiation

radiati on boar®PHRUEACRES Rt bR RlmAlENER G P e Fh FElaat e

i 11 um nat Qibstpaé bvhllélMs%tlgllﬁﬁﬁ[t{t§lnmgltﬁé15@9@| y additional desired properties
to the radiati on beam [0022] According to another enbodi ment of the present

i nvention therl801% ¢spledingbo thmtmng)fie\amﬁlayﬁm@e wcbgﬁr@teatase élpi@tatniﬂ@léy to a

radi ation bea the meth c

11 um nat BF PeRRsHERey Spotg B et el BF BT O duns PO Bl aiGhf on he
adj ust i ngsubsitREBRISc8fdRcEREO MHE firkd filld NedhekcahaipnEtection;appl y di fferent
desired properties to the radiation beam adjusting el’enents of an

addi ti onal par [0020] prajeciing apnttein of theseeqnd| Patterane deyirgl onges fyrdgr fipldgdhe i es
to the rad i i y
direct RO rER AR i et e Bt oY SR R EERP R 3 B BEk Y
and usi ngha s&e@ampdigeiidchi ng deV|ce to direct the radiati on beam t hrough
t he addi ti onal art of the illum nator, 4 [Q0023] In an enbodi nent of the

i nvention, t hel0B21lsAsgosdingderangihsriemberagns pf theinventipp theayisapavideddipar at us,
th |1 f h
el umllﬂf?ﬁnﬂag%ﬂnfgfé Hﬂ{ogga | ngdpéﬁltea%ggﬁxg A1 V\ﬁf@%{&j irld ddéﬁ%ﬂfsggllﬁd 5&3ﬁ'&‘ﬁiu§m ﬁ&g
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switch the radi ati on beam bet ween t he rst and second il |l um nator

channel s;ragigtian Beam Witk depired propgitisy: aﬁéatﬁrsttsw«étcgmgtdémcmrrmaﬁlsw? #er anged
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and direct
including an additional part and a second switching device the second switching device being

arranged to receive the radiation beam from the first and second illuminator channels and direct
the radiation beam through the additional illuminator part, the additional illuminator part
having elements which apply additional desired properties to the radiation beam.

[0022]) According to another embodiment of the present invention there is provided a
method of applying desired properties to a radiation beam, the method including adjusting
elements of a first illuminator channel to apply desired properties to a radiation beam, adjusting
elements of a second illuminator channel to apply different desired properties to the radiation
beam, adjusting elements of an additional part of the illuminator to apply additional desired
properties to the radiation beam, then using a first switching device to alternately direct the
radiation beam through the first and second illuminator channel and using a second switching

device to direct the radiation beam through the additional part of the illuminator.



t he radi ati on beam through the additional illum nator part, the additional
illumnator part including elenents which apply additional desired
properties to the radiati on beam BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0024]
Enbodi nents of the invention will now be described, by way of exanple only,
with reference to the acconpanying schematic draw ngs in which correspondi ng
reference synbols indicate corresponding parts, and in which: [0025] Figure
1 A depicts a lithographic apparatus according to an enbodi ment of the

invention; [ OgaﬁislHh%re%b%dﬁnéh@%ean&érﬁgﬁ, treti§ frovided o@ri PRt Iged at us
according to Fig. 1 A, [0027] Figures 2a - 2f schematically depict an
exposur e litbogrepiue appeang ithegllvminater ingndisg afirst andasécond iljupoipglor Fiagoels, 3ch

schemati cal | epicts,t i es_conposed of lyrality. of fields: [0029]
i gure aatueiaerin R R Re SBERsr aBufult B diktiot i Subbeomies.
[0030] Fi grdir&d frdp&rins mdviifehldgymé@RrhiginSarRinPEE®! sWiRheXPATLHBNn HBEH BERen the
according to an enbodi ment of the present invention; [0031] Figure 4c

schemat i claist 3ndgepenst ifuminséersihpnrels; ap efdifiors! plduninatos eaiicthe swWHeliag gicakpnisny an
embodi ment, gt G REESER LG AR Horl BEFR aFh QL84 A1, ENSMAL Ral Lyg shaye 2
nunmber of € ée i1 dS and an exposure “sequence according to an enbodi ment
of the prisedqliation\besii thidugh QR3RHditongLillembtterqlaeitei additloyaldi@ipinédagorgpapossi bl e
conventi onal exposure sequence using a pattern A, 5 [0034] Figure 5b
schemat i ciafinginggpsmanss whﬁsb%vlmaédéb@ﬁ%sdﬁﬁléeds@qn@ﬁé%watb@ Adaatiog beaman

enbodi nent of the present invention using a pattern A and a pattern B;

[ 0035] Figures 6a and 6b schematically depict a possible exposure seqguence
to expose parts of a die with different patterns. [0036] Figure 7
schematically depicts a sta%g appar at us_accordi ng to _an enbodi nent of the

present invention; [0037PHFEGRESCGREIHORNDT dalh PRANINGS an al ternative
2 e 280 1 RCEL I e SULRINTR Al BBl e n 2050
accor di ngwith reference to the accompanying schematic drawings in which corresponding reference
symbols indicate corresponding parts, and in which:
[0025] Figure 1A depicts a lithographic apparatus according to an embodiment of the
invention;
[0026] Figure 1B shows a stage of the lithographic apparatus according to Fig. 1A;
[0027] Figures 2a — 2f schematically depict an exposure sequence according to the
present invention;
[0028] Figure 3 schematically depicts two dies composed of a plurality of fields;
[0029] Figure 4a schematically depicts a possible conventional exposure sequence;
[0030] Figure 4b schematically depicts a possible exposure sequence according to an
embodiment of the present invention;
[0031] Figure 4c schematically depicts a possible further exposure sequence according
to an embodiment of the present invention;
[0032] Figure 4d schematically shows a number of edge fields and an exposure
sequence according to an embodiment of the present invention.

[0033] Figure Sa schematically depicts a possible conventional exposure sequence

using a pattern A;



to an enbodi ment of the present invention; [0039] Figure 9b schematically
depicts a third alternative stage apparatus according to an enbodi nent of
the present invention; [0040] Figure 10 schematically depicts an arrangenent
of four Y-blades; [0041] Figure 11 schematically depicts an XY-view on the
arrangenment of figure 10. [0042] Figures 12a - 12n schematically depict an
operation sequence of a masking device according to an enbodi nent of the
present invention. [0043] Figure | 3a schematically depicts an XY view on an

arrangenent of (0h94yr FigireBItAd Bomarindill @Hﬁlc% AP REBR: exk@%éﬁeq’ﬁbﬂdéra%cé{aﬁlg to an
schematical ly dep| ctsS a cross-sectional ZY-view on the arrangenent

of figur eemBalimp@43he Fegant gvesicorsediagampatisan Ayand@macﬁem B; ZY VI ew on an
arrangenent of

e hame e o IR 25934 SR st b PIES ke Shogsufi SGugig. o exngg 7

Figure 13ggofammd waRldifferé@pattmsa ZY view on an arrangenent of three
Y- bl ades and two X-Dbl ades; [0048] Figure 13f schematically depicts a ZY view

on an arrangen@ﬂ%]olflgtllﬁﬂe‘féhema‘m H dSpIcisOCHBE aFpajine a@ordind kna dnekadimeropi ct s
a ZY vi ew,on ang tgvernlgrrangerrent of three Y-blades; 6 [00501 Figure 14
schemat i CQFI% 8%6 Loy, arrangenment for redirecting a radiation beam to

di fferent partmosf] Figuteld sobematié0ly depRtsedilallefabdd st @upRraths @rdrdle to an
schematically depict a device for redirecting a radiation beam [00521

Fi gure 17embdsenantaiah pregrapinvestien:f ront view of the arrangenent of figures

15 and 16. 1 00RGLeFtaileeh LGSR AIBLLGLhadBR! %e el LI 18I Qraing

according to ent 1 on,

schemat i c@lanyenttedingds of e prédeuninnadtivn; of Figure 18 with nodified conponents
in accordance with an enbodi ment of the inventjon; [00551 Figure 20
schematical |y k?@é?lcElguter% ﬁCPPIH?ﬁlCﬁ‘HV@FPISF apthigdh pleerngtivg %t%eaapp@iaﬁataicwdmg to

an embodiment of the present invention;

[0040] Figure 10 schematically depicts an arrangement of four Y-blades;

[0041] Figure 11 schematically depicts an XY-view on the arrangement of figure 10.

[0042] Figures 12a — 12n schematically depict an operation sequence of a masking
device according to an embodiment of the present invention.

[0043] Figure 13a schematically depicts an XY view on an arrangement of four
Y-blades and four X-blades;

[0044] Figure 13b schematically depicts a cross-sectional ZY-view (A-A’) on the
arrangement of figure 13a.

[0045] Figure 13c schematically depicts a ZY view on an arrangement of five Y-blades
and two X-blades;

[0046] Figure 13d schematically depicts an XY view on the arrangement of figure 13c;

[0047] Figure 13e schematically depicts a ZY view on an arrangement of three
Y-blades and two X-blades;

[0048] Figure 13f schematically depicts a ZY view on an arrangement of three
Y-blades;

[0049] Figure 13e schematically depicts a ZY view on another arrangement of three

Y-blades;



conponents in accordance with an enbodi nent of the invention; [0056] Figure
21 schematically depicts the device shown in Figures 15 and 16 with
nodified reflective surfaces in accordance with an enbodi ment of the

i nvention; 100571 Figure 22 schematically depicts the tine domain graphs of
radi ati on pul ses origination of two radiation sources, the conbined array
of pulses and the arrays of pulses sent to one of two illum nation units;
100581 Figure 23 schematically depicts an illumnation unit including a
number of  optjggsd] BhEREAtSh@nsicallPatHaE ah ArarlpRh@hN@r FdreOiid £AliaBbs BBAN S-
10059] Figures 24a and 24b schematically depict two positions of the hol der
of  Fi gurte dffcreniqeed of Fi ¢lwneingtian systsevmat i cal |y depicts the position of the

hol der as a fu i of [t ne. TAl LE SCRI PTI ON.100611 .Fi qure |

schernt | cal |y BOpIcESy 15 PR dg ST IR a e uee drarte e rifaianbsamen
of the inventi@us2|TheuRPITachématidall|depies a AGHI§RIv eMtht hirdfgenaink ONfiguss €M
(this may be equivalently referred to as an illumnator) IL confrgured to

condi ti oreid I6adi ati on beam B (e.g., UV radiation or EUV radiation). [00631 a
support struct ( . sk | A onst r. . SU r .
patterning de@pg?'e] lﬁggrges ,1 g%t%rrghs‘%a%%ﬂﬁ%%%l%%%rhlé@%"égact§§%§ggll@%@pa§§éqbt% |dlcr)rﬁeenrt PM
confi gur egfth@imestismat el y position the patterning device in accordance with
certain paraneters; 7 100641 a substrate table (e. a wafer table) W

construct ed t ol0A84IdFigureylfatly sehempatically depictsithe jlhimingar elF ighreeld) with medified
connect ed a LE [ .accurately position the
substrat e 5 Ogg@gglgg%gg&\%h% hﬂggbteglﬁég%ngrgfg{hgg@%ggﬁ% [ 0065] a projection
system (e. g., [@OFSfFigatel Meschémptivally dopicsnie Sygtiedadr AT igweflidguittesltdrativer oj ect
a pattern inparted to the radiati on beam B by patterning device MA onto a
target p@MRoFANEIR gecgrdanc with@n §gboAENHE OhibE d1ENESY; of the substrate W

[0066] The il 'Mﬂ%&]zliiig% ﬁys%héﬂhﬁ@ygidﬁﬁi'cféﬁﬁe H&zﬁée%%whléﬂ%z%u%s PPIIECRY with

conponents, such refractive, flective, magnetic, ectromagnetic,
el ect r ostabdifiedreflrcties surfguesinaiccadbncealith aoembodmest, ofahe mvgntt@nbi nat i on
thereof, for directing, shaping, or controlling radiation. )067] The
support struct ngﬁsﬂsb@r?@cg?mé@qaﬁméawgtst%tlméi%awrbgr?ph% r%(gﬁl%} pilsrg

devi ce.  doiRl DI Bl BLRYs WRAHoihe ArdfRBEIsed R nESREATST folkek B

orientatio the patterning
to one of two illumination units;

[0058] Figure 23 schematically depicts an illumination unit including a number of
optical elements and a holder for holding two optical elements.

[0059] Figures 24a and 24b schematically depict two positions of the holder of
Figure 23.

[0060] Figure 24c¢ schematically depicts the position of the holder as a function of time.

DETAILED DESCRIPTION
[0061] Figure 1a schematically depicts a lithographic apparatus according to one
embodiment of the invention. The apparatus includes:
[0062] an illumination system (this may be equivalently referred to as an illuminator)
IL configured to condition a radiation beam B (e.g., UV radiation or EUV radiation).
[0063] a support structure (e.g., a mask table) MT constructed to support a patterning
device (e.g., a mask) MA and connected to a first positioner PM configured to accurately

position the patterning device in accordance with certain parameters;



device, the design of the lithographic apparatus, and other conditions, such
as for exanple whether or not the patterning device is held in a vacuum
envi ronnment. The support structure can use mechanical, vacuum

el ectrostatic or other clanping techniques to hold the patterning device.
The support structure may be a frame or a table, for exanple, which may be
fixed or novable as required. The support structure nay ensure that the
patterning device is at a desired position, for exanple with respect to the
proj ection sysies] Lbstse te (e, 4 REMAP table§ W EleBnstRicted toRSIH'a ABERAE ( J@%’
consi dered synonynous with the nore general term "patterning device." [00

The ter mreﬁiattqomdwﬁerdéman@@om@dh@aémnémguthnqxé’%rcoaﬂglye it aacpragtled as
referrln%) i npar.t radi ati on beamwth a

pat cer e nicl e AR ol it Bhe R 8 in ol 0 1575 172 Tar et

Cross-s 1on SUC

portion of theoeed)sd prajeetion byssdiw. g, Hecfrotiedprojditibn 1dhe spathePs conpanéEd t o
the radi ati on beam may not exactly corrgmgond to the desired pattern in the

target parpicsig mttefm@imétt@ theeadiphen sagni3|by matterning ¢ryiqedylh omie p tatee
phase- shi ;Iotra&?c g ggﬂ%&ﬁ gé ?I&éﬂe'a‘?%%%?ﬁﬁe%ﬁbitﬁ%w es. Cenerally, the

pattern i on be correspond to a particul ar

functi onal | ay[@066]Tlg itlemieioneyNgn eigdhetddd varioletypas gdptieal donfidnedtsCich as
an integrated circuit. [0069] The patterning device may be transni ssive or

reflecti V. ref@@éwm 1gfeiive, maghations|meiTaRANERS Clestipsiats %@k@r typassroatitalbl e
mrror arf{]ﬂYp%n%rgg %pggéﬁmﬁb&‘tﬂe@f fos‘ﬁl%c%m%'\@ﬁEﬁgaé W&bhm '}Qeﬁ@uém

lithograp i nc e mask types 'suc terna
phase- sh| ft a{nd6'thl&rmn@pe:d sphase-sappdrts, i asbesed the a\&:lglﬂrolf aheSpdn;ebmmgl desask
types.

ﬁ npl e of a_ programrable mrror arr g matri x
arrangemalh olg { rPé‘FtFr%‘igrﬁiW%e ing4pnephapgspend Sc%t é?”FW&P%a HePgleninged so

35, 10 " eldeef, @D dbBOBT B 1RSI ORRRAR b Bt AhBNlon UERSL FAMRamAE

tilted mrrors inpart a pat at1 on beam whi I's ref
the mrrwhethatorinst the eT@hinEheevice inhelping emuumrerwysnmﬂﬂt uBedupporestrucsireul d

be broadly inter rete aSS|n pro ect| system,
i ncl udi n aPé‘F?H‘@ ?VéF‘i“EEﬁ grdtosiatie ag?fg&tyfrlﬁ%&ng kﬂ eg to %fra e RS i ¢
and el ectyQgkatrie stEHdrPﬁllucﬁx\@ hfa%e aGfan@ o LAPRI f?)%ké}ﬂ 1% h\%ﬁﬁfma fixed or

appropriate for the exposure radiation being used, ot her factors such
as the ussowdbleaas requiredr Jhopupriogustrdctore mineenssee that the mitecrung devrige ingta disiredhe

goner al - S THOTD RBEERRPIST Ly ASEReT t (RO AL FRFE: A, B BUTeTHE BB ST | o
of a tr anslmasﬁs hé’r@mtrﬂzgﬁ'oe(c%n%dereﬁ RPhAYhids ith the more general term “patterning device.”
[0068] The term “patterning device” used herein should be broadly interpreted as
referring to any device that can be used to impart a radiation beam with a pattern in its
cross-section such as to create a pattern in a target portion of the substrate. It should be noted
that the pattern imparted to the radiation beam may not exactly correspond to the desired
pattern in the target portion of the substrate, for example if the pattern includes phase-shifting
features or so called assist features. Generally, the pattern imparted to the radiation beam will
correspond to a particular functional layer in a device being created in the target portion, such
as an integrated circuit.
[0069] The patterning device may be transmissive or reflective. Examples of
patterning devices include masks, programmable mirror arrays, and programmable LCD
panels. Masks are well known in lithography, and include mask types such as binary,

alternating phase-shift, and attenuated phase-shift, as well as various hybrid mask types. An



transm ssive mask). Alternatively, the apparatus may be of a reflective type
(e.g., enploying a programmable mrror array of a type as referred to
above, or enploying a reflective mask). 100721 The I|ithographi c apparatus
may be of a type having two (dual stage) or nore substrate tables (and/or
two or nore mask tables). In such machines the additional tables nmay be
used in parallel, or preparatory steps nmay be carried out on one or nore
tables while one or nore other tables are being used for exposure. 100731
The |t hoglgipd 6f ARBaf st RYre SRyRepMysa htHR aWaBE@hdht BF sthBR&irrérs PALK T ON
of the substrate may be covered by a l'iquid having a relatively high
refracti vel Whiglegan ke igdividustlztilted sp agty refedtjan incemipgpglissonhsen in Wefgemj ect i on
system ang _t supst.rat.e. . j S| iqui g . he. | i t.0 ot her
spaces i néjlfeﬁte]g? Tt (Segt ;%8%{”5@) gﬁoﬁo@%a a?{gplolrn anlj%glr?p el,ae%ét%@lécte%’nls #gec#gs tR%md t he
proj ecti ofirsyrshiix. | ner si on techni ques are well known in the art for
increasing the nunerical aperture of projection systens. The term

"i mrer si on"  asl00Z@dTheetern npedresion sy sterg aHsedihseain shaytld be bpadly igigenetsd ag
substrate inc i quid, - . r..onl S Jiquid
is |ocat ee cg]gl? \E}\%g‘% %ﬁgg‘g{ (gtf%gjte?%énd sgjé{s? érln&gﬁlddﬁ? tegﬁgﬁﬁé;tr%(%{%@%ucra %aﬁgoﬁ)giéposur e.
100741 Remegretiogelé@romaguetic Andledtiostatit bptidahafstemd, br beC eoriEiBatiorn theieal,iagn beam
froma radiatjon source SO The squrce and the |ithographjic apparatus nay
be separ a#RPretate fogthe exppsure gadigiion brHgseheor durthe fpetomrruel as theuse akar . 1 n

such cas ei?nm%{glt%fg' ?faufdgﬁ thSudd a%@&l&%ﬁg él%jé)?f h© [e%p%g(geafontl%%”![hie)}erﬁ? ﬁxé?@@i ¢

appar at us ‘an e radi ati on beam1s pas romthe source
i 11 um nat @msiderediak Ryidngnmiud wath the heangahetal wemy psyjsttem SBeirt!| udi ng, for

exanple, suitaple 9 directing mrrors and/or a beam expander. In other cases
the source rra%gzl]a/ﬁs }‘WFéiﬁP‘éE?edpQ‘FtapB?ratuﬁ I‘FeOf{ai ‘f%‘éﬁ‘l‘séb’l‘?itgpea%p%’r%?ﬂgé’mg 8r

exanpl e : el : . SOLK :

illum naﬁ%ﬂﬁgﬁeg{é&é& 'eéh{/érvint I@jr;fgh%%pgﬁﬁg%l T%gl?ey syg'? g%%ﬁ%er‘;é%ﬁ?prl%?g erlray
be ref er rpdgtamnaable minradiretyi ddia tgyesasenferfed 0y sdoveher dnployinp atrefledtive meagk ). ncl ude

an adjuster AD f dj usting the angular intensity.distrjbution of the
radi ati on bean‘noog‘nﬁhéa]lltli%raglﬂlcIaBB%rf‘ H@Y&Stogﬁ tma\éing?ﬁ? uula?&"rg&P Or BRfCent

(commonl yg ek RE Bkt ndiSr 6 QYh&E nRM téb\fésb.][‘ﬁlesruch REet indelavionhl hies may

intensity distribution in a pupil plane of the illum nator can be adj usted.

I n addi t i lnysed reparhllelnonraeparatbty steps maychacheried/eutionusie or rare tblgsorfeletane osuch
as an integrator I.N and,a condepser CO. The illum nator may be used to
condi ti onmEWeOtﬁeJd?tglﬁ Bh b51é1§r]rﬂsecfgorﬁ5?/0egu§'desi red unifornmity and intensity
di stribution o073t ShClitASSrapRictabPatatus may also be of a type wherein at least a portion of
the substrate may be covered by a liquid having a relatively high refractive index, e.g., water,
so as to fill a space between the projection system and the substrate. An immersion liquid may
also be applied to other spaces in the lithographic apparatus, for example, between the mask
and the projection system. Immersion techniques are well known in the art for increasing the
numerical aperture of projection systems. The term “immersion” as used herein does not mean
that a structure, such as a substrate, must be submerged in liquid, but rather only means that
liquid is located between the projection system and the substrate during exposure.
[0074] Referring to Figure 1A, the illuminator IL receives a radiation beam from a
radiation source SO. The source and the lithographic apparatus may be separate entities, for
example when the source is an excimer laser. In such cases, the source is not considered to

form part of the lithographic apparatus and the radiation beam is passed from the source SO to

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



100761 The radiation beamB is incident on the patterning device (e.g., mask
MA), which is held on the support structure (e.g., mask table M), and is
patterned by the patterning device. Having traversed the mask MA, the

radi ati on beam B passes through the projection systemPS, which focuses the
beam onto a target portion C of the substrate W Wth the aid of the second
positioner PWand position sensor IF (e,g., an interferonetric device,

l'inear encoder or capacitive sensor), the substrate table WI' can be noved

accur at el Yirec8ing mirrS® #A3/dr @ bR@iekpfier. dlnf(ftﬁér%%esttl@er Qﬁﬁceofﬁﬁ}t bORS irfedri F[)}ah%f path
of the radiati on beam B. A ggsm | e arrangenment of posi ti oner PW and

t he subst thatighagadphic apparius, thessampleavhien ﬂﬁ sgurqe i msrqm lamloy Thelseurte POtand
iti PM and th t tly d ted
POoH gur el TR R o IO Rl b e E PR Bk T A Bk i Bl o

to the pajmdaftiohRestemdi ati on beam B e.g., after nechanical retrieval from

a mask library, or during a scan. eneral, novenent of the nmask table Ml
may be real i zelOWP hhe HbmingonkL @a}’éﬂ? detap ghmisien b or @dbstirethssarelabni ng)

and a shoy tteig%ft); 8%816{(1?%}1' ?th(efrh(ﬁllgtlg 0? a&x‘l[ O@%rﬂ:ge}lhfbg{]l s?t}ﬁe?(gllg%tpa r Jmer haemél' rst

posi ti oner novenen

real i zed éb&éﬁt%c&m'n@ﬂl@réfef@ﬂ% ashehRr andlo- 1&1&“@§ﬁecﬁ$é]?}<@ftﬂ@ﬂﬁérﬁlt mwhn‘bﬁrm

part of the second positioner PW Alternativel the object table NNT or W
can be di mecpupjl pdane\ﬁefrihdoyluannﬁtownéqeraéng@dema digon dhanigluadnatet brmaninglude

linear notors rather t an i arr escribed in
H ooce | TS gl Eoihpoieat, SRR RS Ep AR IR 9 s ShARRRETO, 18R RER R o

nmask tabl ge MEd i@Yoritior BB RRTAt RS Be@matosﬁa@ehdsﬁlfeqmu@%u%@a irfétsity dRkribi@en be
fixed. Mask MA and substrate Wmay be 10 aligned using mask alignnment marks

M1 ~ M @nt getsseetiare al i gnment marks P 1, P2. Although the substrate
AL gnment mar KRgd8y thi f2lRh BapENIYGigaRY m S AGE IO (d ONRaudiay, MY be

| ocated i n spate ween t portions SCT 1 ane

al i gnment wiRhKsheld oSithd Juppdy stridiuri(é. @hia@la&bldlvlvmnaelh i§pateeridicdy e Patetir®ing s
provi ded on the mask MA, the mask alignnent marks nmay be | ocated between

the dies. qws‘iavm&gm\@raedsh%m%l\% é}eﬁa@ék&a@@ begra Fepasges(throgsh gl prajgetion
b
su Stlrife he Fé &Elggﬁlhlg{‘s uta &H}&% aﬂa&eﬁtﬁ&f‘&%%‘me su%?t?é& %{%&%@5@ dg to

Fi g. age non-st'ationary parts of the se

posi t i onetheBb¥ond poditiowdr PbV@ﬁckpcbﬁlorsa%dsdrhE (sgbat fn&tr&rmaahe deVife Memteadoded t he
he mrror block MB |s provi ded with

mrror block MB. In this ex
i nt er f er oet2BRCIHYS $8P D AE ﬂ’ngﬁ@ t%hl? b ERN POmOXBLAFEPEGL Bt & 1S 1o position
i nterferogpffis taerert pﬁﬁﬁﬁl's”d f8%he f)!ﬁﬁ oP BRI thdifforPbeak 8. ™ ﬁ(gsgfblé)iltpﬁl@eﬁ{@nt of the

positioner PW and the substrate table WT are described in Fig. 1B. Similarly, the first
positioner PM and another position sensor (which is not explicitly depicted in Figure 1A) can
be used to accurately position the mask MA with respect to the path of the radiation beam B,
e.g., after mechanical retrieval from a mask library, or during a scan. In general, movement of
the mask table MT may be realized with the aid of a long-stroke module (coarse positioning)
and a short-stroke module (fine positioning), which form part of the first positioner PM.
Similarly, movement of the substrate table WT may be realized using a long-stroke module and
a short-stroke module, which form part of the second positioner PW. Alternatively, the object
table MT or WT can be directly driven by a drive arrangement including actuators and/or linear
motors rather than applying a cascaded arrangement as described in Figure 1B.

[0077] In the case of a stepper (as opposed to a scanner) the mask table MT may be

connected to a short-stroke actuator only, or may be fixed. Mask MA and substrate W may be
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[ 00791 The second positioner PWis arranged for positioning the mrror block
MB and the substrate table WI. The second positioner PWincludes the short
stroke nodule (which is provided with a short stroke notor ShM and the

| ong stroke nodule (which is provided with a |ong stroke notor LoM. 100801
The | ong stroke notor LoMincludes a stationary part LMS that can be nounted
to a stationary frame or a bal ance nass (not shown) and a non-stationary
part LMMthat is displaceable relative to the stationary part. The short

stroke nmoiiphePhidthi MakkIsEndent idasits MNOVI2 Sh@biR it liPAnbntIMek§ PRa2. MEYhdAgh
nounted to the non-stationary part LMMof the |on stroke nodul e) and a

second nothe sebstratsrrdigpment markpsilustiated aesppl éieehis@iﬁg edgetaortiensnihey sray b§l ock
MB). [008 . S t he t abl LT and the first

Doni 1 oncptashd poaheREedi e, AiAbnd (IR b BR'E M ARE il by | |
Fig. | B.SikiR83linAitaaidalih etichubresh@gsheHe i previdey ol eheaiabkIAG thai rhdkkt wo or
nore stages as described. Each stage can be provided with an object table
(such as &ligamepbaarkgtea bgpeatedrpetween the ¢égs. an arrangenent, a preparatory

step such as t@gﬁﬁf@%ﬁ&eﬁ% fa s%b?tfitg %%é?ﬁ(a%ércép‘fde?lﬁo%g?thrcﬁ%)qg Rpged on

one of the obj es can be perforne exposure of
t he substapplied i1 slithegeiphit appathsacaliidgto FRDIA. The stigdt incdudex pigse a
substrate that previously has been neasured,. the st ﬁes may change pasition

from the PRIaHEHERBHRArISEE ARG HORbPesHEoner P Woapjsnor Black MBj aiul the pepstraedatler sa) .
As | t j i f . ‘
an a %%@%?M%t&ﬂﬂ@ nARbEGTck R e ﬁ%%éQ@REgpg%ﬂﬁoX%}:oggﬁ\éB% BRYided with

anot her. e apparatus as depicte be“used in at

| east oneingifetdmeetefminraviwigenad esrandedd@Brdooperation siitinreofdmmdtérs forankastising € MI
and the sybstrate t%lfo)l e W Frﬁ\ﬁpt essentially stationary, while an entire
pattern i #paPtiben phihe MUTPLBIosk MB beam is projected onto a target portion C

at one time (ig79] ﬁhéée@gﬁ&aféstit%r{ePPWB%%ﬁ d-foglﬂ%?sfi%mﬁ% fRURirfR Blgek WiBlafig t hen

shifted in the X and/or Y direction so that a erent target portion C can
be exposetle shbstrategpble Mdtle The kecomdpbsrtiomes iPAe irafludek ¢heeshpasstnoke friodhild (Whiohtis t he
size of the target portion Cima in, asingle stafic exposure. 1003512.
In scan njgyided et 8k Gekeimifor SEih P e am e 1 s T BieSvidetie g
synchr onoggah ¥ir¥id heopLBRHt ern inparted to the radiati on beamis projected

onto a target
[0080] The long stroke motor LoM includes a stationary part LMS that can be mounted

to a stationary frame or a balance mass (not shown) and a non-stationary part LMM that is
displaceable relative to the stationary part. The short stroke motor ShM includes a first
non-stationary part SMS (that may be mounted to the non-stationary part LMM of the long
stroke module) and a second non-stationary part SMM (that may be mounted to the mirror
block MB).

[0081] It should be noted that the mask table MT and the first positioner PM (see
Fig. 1A) may have a similar structure as depicted in Fig. 1B.

[0082] A so-called dual stage machine may be equipped with two or more stages as
described. Each stage can be provided with an object table (such as the substrate table WT). In
such an arrangement, a preparatory step such as the measurement of a height map of the
substrate disposed on one of the object tables can be performed in parallel with the exposure of
the substrate disposed on another object table. In order to expose a substrate that previously

has been measured, the stages may change position from the measurement location to the
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portion C (i.e., a single dynam c exposure). The velocity and direction of
the substrate table W relative to the mask table NIT may be determ ned by
the (de-)magnification and i nage reversal characteristics of the projection
system PS. In scan node, the maxi num size of the exposure field limts the
width (in the non-scanning direction) of the target portion in a single
dynam c exposure, whereas the length of the scanning notion determ nes the
hei ght (in the scanning direction) of the target portion. [00861 3. In

anot her Bsuré RatiBSand e &Nk ASaka@Rin#£ivs ahé bektitasitatdanyvedRdfloRg a
programmuabl e patterning device, and the substrate table WI i s noved or
scanned Sitgeltearothefttern inparted to the radiati on beamis projected onto a
target portio A thi s e L at.l eis

el oyed and tAEr ThrebhaefiRaS gp PR Bl faolld RERCS MO DaTBAER 5
after eachllowigmesdesof the substrate table WI or in between successive

radi ati on pulses during a scan. This node of operation can be read

ily
applied to madRP®4Ysl. | i tRsirapede. theanaskitable DK apg thgrsubsteats BblsatVd e keny
device, s : I 1S L ar f t ; t ove.
00871 cartithafy SafS R AR A Enle eerrloied Bn iBRaRab T BIERAPAZCS,
ePti rﬁl y taghef }lﬁcfifielgC darode smef(i eise sifmle sadtimxb@sued)plithygdbstrhwla&b Wirﬁgthgﬁ 2a - f
2f schematically depicts_an exposure seguence according to an enbodi nent o
t he preseﬁhtftqdnvélmX@ﬁg/t%é(tdleeaﬁ%éo Spt A @rqrﬁtaagfftippﬁ&@%‘gﬁﬁm Be sppnapdit istepr 2
100891 Fi - ! Gt : t ' j 1 j a
pat torn 1000C e EEARHTIACH hY o HRRLE fld MR FT M EFU BRI IRl 2
(Y-di rectd omdle sthtieeypmistier ni ng devi ces can be arranged adjacent to a

proj ection sys of | i thographic a rat.us. Bot atter are spaced
apart in the \tbgg]gti 0 néﬁ@?mﬁgﬂit ?’Qﬁ%@gg ]\iﬁh‘é‘n@ﬁﬂéﬂt%’g@éﬁawﬁ?ﬁ?%ﬂﬁl ap

det ' f j fotti ' : O} i 12
predeter r@cﬁrggﬁi gm&faﬁsﬁl while: feeHChRRed %QBé)fadeftloh@@aﬁﬁ?&ﬁfeﬂ:teﬁ%nﬁiﬁaﬁé&

of the lit apparatus and a non-zero nunber of exposure
pi t ches gforgorf Cél d, psinglerdynahict dxposvaé )erTheoelocgybsd data@ion oftilee sbpoatetabld i el d

itch ca e defined as th.in the, scanni ir i .af field tob
xposed- o Tty e Fisk B S Beup B RRed By BieiEomatuliodho wueanc ar 1y
equal to thgsal rcﬁﬂ’d@t%ﬁﬁfbsfo@?{hegﬂro}éttiérhﬁsi%ﬁpl}@.cm RBn M6t ek A axiieml siderareaphi ¢

apparatus nultiplied with exposure field pitch of the field pattern on

t he waf erexpbsure fiskd Ibuiththp atidibr(msthg @on-sdangingsdirentiom) diythe tasget potiwndmasingengt h
in the Y-direction, the distance correspond to the |ength of.the
pat ter ns PRAPHOPOHPoRiTeR el e faRERE RETon Biries Sihuf b€  wo
adj acent $ch@lifl$ di@ettion) of the target portion.

[0086] 3. In another mode, the mask table MT is kept essentially stationary

holding a programmable patterning device, and the substrate table WT is moved or scanned
while a pattern imparted to the radiation beam is projected onto a target portion C. In this mode,
generally a pulsed radiation source is employed and the programmable patterning device is
updated as required after each movement of the substrate table WT or in between successive
radiation pulses during a scan. This mode of operation can be readily applied to maskless
lithography that utilizes programmable patterning device, such as a programmable mirror array
of a type as referred to above.

[0087] Combinations and/or variations on the above described modes of use or entirely
different modes of use may also be employed.

[0088] Figures 2a — 2f schematically depicts an exposure sequence according to an

embodiment of the present invention that can be applied in a lithographic apparatus.
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the substrate may al so be applied in the predeterm ned function that defines
the distance d (see e.g.. eg. (1)). In the arrangenent as shown in Figures
2a-2f, both patterns 10,11 substantially have the sanme length in the
Y-direction and the distance d substantially corresponds to this |ength.
100901 Figure 2a further shows a projection beam 15, a projection system 12
and a substrate 17 whereon the patterns are to be projected (in general,
the substrate is nounted on a substrate stage, not shown in this figure).

Each patter ni ngossVFigereQanchkanaRuNy 66hiod o peRrhiak devieb Refudim gat@m mt h
patternlnﬂideV|ces can be nounted on a common object table. The object

tabl e or tladiprosedadiagsat tarash ethepin e seangmeadusation (5-diraetiandi A§e AatpBBing| oni ng
device fq ev1c@9§ént%ozﬂlr'ﬂ1 ed Q@ﬁ&% el {fé%hSn ae%?h?%?atlff‘t%gﬁthé %bp%Fa‘?ﬁ?ura ey of

per form thi'sTposi tion pos evi e ma

| i near nqia@téﬁlsamﬂpaée(ﬂqiauah@lﬁeSdeinl’ec@@Sd)\tdr@mthﬂzglcE lde T}ﬁbjlﬁﬁicetda’ﬁh}ee@fal abj ect
tables. For clarity reasons, Figures 2a - 2f do not show the obiect t abl es
or the podrFdstgmiipg actianeot thotrglugtion fagipof @}e BECIpstoacsy stB 1 201 the Hiewgwarbist as

descri be Eﬂﬁﬂ% r | es
t he use g‘fp %‘)raal Searnﬁlgng)El I cCes ggF%ASH% nda gmzﬁe@eﬁr}}‘gﬁegﬁéﬁtﬁ%ﬁ‘éfeﬁg@bof an
enl ar ged gmbstgjt@) mhbhepdsufeqmepltdecammeIduﬂnengastlwgttpﬁtthesdaﬁna@icaneeuftm éfa figdich
ot her (as, sclosed in 940 wherein two patterns

are provi taéva exmﬁeé RB theaguposl#e- nés %W%Plﬁéb? ﬁ’étaéc%é ﬁﬁabwhs@wawqal Jpe
bet ween t@&uo?l%tf%té‘&)ftﬂ@}!rog&% %?st&ﬁ%? lﬁqﬁh(?g?a%g@%%&g&tﬁhmtlﬂgreg‘%ﬁg] apbi ¢

apparat uses are arranged pat terni ger that
t he i ndusdxpysiset ﬁahﬂemtdh ofF tiret fixdd patxeen on thecwfer. dlm tdserbetit pdtteknsniOnat suimesmally ngs

comar at | F SHeHEIICHERD TbREAGERC: R A SF Aceth e PaiHD ke Rl e
ST T G ik RRORNGE OME: blrhHELARUO BEL5h IS L 0 DSINEER 1 oo

exposures. Increasing this gap however rease the pr to handl e
t he enl arthesulpabteenay algp eapiptied if the lpeeaisiengmhéuxtqtmn thao defigasgle dikence d (see

illumnpation s i ngs by decreasin scan | oci t Y, duce .t he
nurber " ofé €t Pt JEe RFEnESH T & BROEHE T4 Pors- SORPR BRero 0 B IO o
to the exposwWeaffe 1EASH i Mty -BRLLRAnd the &a%ﬁbet@&befaﬁh&umrf&p&ﬁwt&ﬁhls
provided wth the patterning devices and the substrate ‘tabl e can be

accel er _atlengtho a predeterm ned speed. Once they are synchroni zed t he
oroy ection of bl LLESE BLLEL A0 00 IS S U0Eh 13, SokaR Bt bon ElslES 20 &
radi at i Ongybstrate 17 whereon the patterns are to be projected (in general, the substrate is rnounted ona
substrate stage, not shown in this figure). Each patterning device can be mounted on a separate
object table or both patterning devices can be mounted on a common object table. The object
table or tables can be mounted on a stage apparatus including a positioning device for
positioning the object table or object tables. In order to perform this positioning, the
positioning device may include a plurality of linear motors and/or actuators for positioning the
object table or object tables. For clarity reasons, Figures 2a — 2f do not show the object tables
or the positioning device.

[0091] It should be noted that an arrangement as described (i.e., an arrangement
including two patterning devices) enables the use of patterning devices having standardized
dimensions. The use of an enlarged single patterning device including two patterns adjacent to
each other (as, e.g., disclosed in U.S. Patent No. 6,383,940 wherein two patterns are provided

on one patterning device having a comparatively small gap between the patterns) may pose
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beam 15. The radi ati on beam 15 has a width win the Y-direction, also
referred to as the slit-width w Wen the first field has been exposed,
both the positioning device and the substrate table can substantially

mai ntain their speed. Wen proceeding at that speed, the substrate table
can be di spl aced over a distance substantially equal to the length of a
field in the Y-direction (i.e., one exposure field is "skipped ) between
t he exposure of the first pattern and the exposure of the second pattern.

Proceedi n oWeEx@ iy HB?B&%H%J%%&M]? a@p?a H&??&% ra%lg&z Exlelgagl:dfee Spagtg;né?é@ev?%g that

subsequen rojecte

resul t ofare ﬂehga tbﬁt@h@ﬁﬂusttylﬂaﬂdaﬁi dBurdfeemercpscask dififetdne ilfumbinhtiat 1tingotake
fields being (?ﬁ)aced apart t;f)gr a distance substantl ally equal to the length
of the fiesdeq iprtheexposre atthe differpntpatterny, proyading p gag@awively smalligaphetwsae

fieldis jhetd, H{i}g&%ﬁE&%rﬁ?ﬁ%?fbvﬁdeﬁhgﬁﬁ&gnﬂﬂge te haﬁ%@%%]illa-lﬂg}aﬁbﬁgetﬁ%%s ine

exposed fields strate nmay correspond t e size t hat

i s manuf alnﬁtweezdhe Ald erpmamnev elnyreating tlex gapseculdl hewevearaycredsk yheygroblepad handle t he
die; as s the di e i ncl ude of g nunber of adj $ cent fields that may
require ES%‘G’EE’@ wtt%rm sl [npagasierae tmsde change g lupupation;seltiggs BY such a

die are d%%%%?igg tl%&scglﬂ'léoggelé&{};rﬁg}ll {]égu%ﬁﬁ?l?ur%@r% Igfgfb dra&@ tl‘?aﬁ’B%d ﬁedmprbgegg&i%?m

the different necti'ng 't er ent s that
e.g. be obtieefitanke.by a subsequent exposure of these fields. As an exanpl e,

Fi 3 h ts t di 18 t t h. ot h
Each di o i nol ClBSr Biarto ftemp St Ot TS piieAal bavBrins goN OBE iRy ided
require, ay i [eRBRIROS trd 4 ORI B REILOE A STHHLARARIRITY

remai n between ‘a ies on a sem conduct or strat or
order to @asithyy sepandirenizdis thengibjecoradf e Esst phitegnrié od)the Jutatreeene staitn case

h fi d d i ) b
the 11 1ot i) foulinann Tprappaatobhe fi TsBh  1Fieegduay fedpijobe sot
accordi ngyd,0) {4 eT}{eq]ahﬁ%\é‘bﬁ‘ YedrlY %b@é‘ widlF 0 "igeS irdcibn, A1QP2Rrre Ha: [0096]

Fs = the exposure f size (or die size e substrate 0097} 6 = the
gap bet weﬂm-vadqhaneWhedltbsﬁmmﬁelddnashb@tempbsrd Bcﬁlﬁ?ol]le psitortimedeeduatditben f act or

of the pro ectlo ste al or 5 0 (Fs + .2 rres dsto
the gap e sEbu B et e sy Subestorpseg i x SR SR ¢ he
scanni ng qu'bEt?é%E Bl c%ﬂ(ﬂ)e ﬂlstTHcE&jo@é%@Q%ﬂirFee fshl?s'téi’ltﬂaﬂwcﬁllﬁ td @Wl&%ﬁﬁofea erld it the
di stance between dies 25 and 26 in Figure 4 en the distance d between

t he firstYaldcsac@rd opatksmsnre field is ‘skipped’) between the exposure of the first pattern and
the exposure of the second pattern. Proceeding with substantially the same speed, the second
pattern can subsequently be projected onto a second field 14 (Figures 2e & 2f). As a result of
this process, two fields are exposed on the substrate, both fields being spaced apart over a
distance substantially equal to the length of the field in the Y-direction, i.e., in the arrangement
as shown, one field is left unexposed between fields 13 and 14.

[0093] The size of the exposed fields on the substrate may correspond to the size of the
die that is manufactured. Alternatively, the exposed field may only be a part of the die; as such,
the die may include of a number of adjacent fields that may require exposure by different
patterns. Once the different fields of such a die are exposed, so-called stitching techniques can
be applied to connect the different fields. Connecting the different fields that form a die may
e.g. be obtained by a subsequent exposure of these fields. As an example, Figure 3
schematically depicts two dies 18 arranged adjacent to each other. Each die includes four

different fields (indicated as A, B, C and D) require a different exposure.
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is set according to equation (1), both the patterning devices and the
substrate can substantially maintain their speed in between the exposure of
the first and second pattern. In general, 6 will be snmall conpared to Fs,
therefore, d can approximtely be set to Fs Rf . [00100] In case the
exposure field size does not correspond to the die size, the gap between
adj acent exposure fields can be nuch smaller than 6, or may be non-exi stent
(as schematically indicated by the adjacent fields A and Bin figure 3).

[00101] Dependi[(ﬂ%ﬂn@%eu@ecwaan%g% 84 g@aﬂém%t&e@ﬁaajlaeérgalés%ata sBhfofResed,

a person skille art can ate the desired distance between the
two patt esuistrar (bheafepahtoedenitnepsie vepmese tedhdividat] diet (Friguive 3 patheeforeig case
devices and the suhstrate can s bstglntlal |y intaip their q_eed i.n bet ween

the expos MeeexppsursBekd; sizs cogrsep S Hie the dagtangs Ghetwpenthe %tfa@fiﬁ?w]g to
Fi 3
igure 3) aﬁé}nﬂfﬂg&e&g& @Q%fiﬁoﬁlﬁg dEvigd iy Be a)rggqucan %ﬁo@ﬂ% élqg gcg ' gur e

3, the patter or exposi ng ¥hese I el e arran such
that the distance beﬂ\ﬁe(%#jlé)-,@atterns inthe Y-direction egyals (a + b +
(5 Rf , wherein a and b correspond to the length of fields A and B in the
Y-direction (s¢@9%i gheei®). [00102] The required tinme Te to expose a field

in a step and rocess can a oxma e followng fornmula: Y
2v T =-+ v a i@?‘]% ?)i&ofu(ﬂ%eerl%f;%g Of(Slﬂﬁ%ﬁéi) OV%C Ehn’ ¥ice to be travel ed
at constant spegp7f %qi’@lk: g%@bét'v@'eﬁ%&ﬁa&%tﬁ&stn tid dubsipaedt h W) [001051 v =

vel ocity during scanning = maxi mum accel erati on of the positioning
devi ce hol di ng [0098] ﬁfbsﬂhe aacblctl{)lﬁ)ﬁﬁ:@)?bf ferprajecfionesystead (uueuzdl‘y 40mhd a, the

vel ocity can be optimzed to mnimze the exp os?retlma J’heotltr?i?d
vel ocity Vopl &0918&)&%*?-6) qyérewnds%t ¢ gap between a first exposure field ina row of fields

arranged in the scanning direction and a third exposure field in this row (see e.g., the distance
between dies 25 and 26 in Figure 4b). When the distance d between the first and second pattern
is set according to equation (1), both the patterning devices and the substrate can substantially
maintain their speed in between the exposure of the first and second pattern. In general, & will
be small compared to Fs, therefore, d can approximately be set to Fis- Rf .

[00100] In case the exposure field size does not correspond to the die size, the
gap between adjacent exposure fields can be much smaller than 3, or may be non-existent (as
schematically indicated by the adjacent fields A and B in figure 3).

[00101] Depending on the actual arrangement of the fields that are exposed, a
person skilled in the art can calculate the desired distance between the two patterns on the
patterning devices such that both the patterning devices and the substrate can substantially
maintain their speed in between the exposure of the first and second pattern. As an example
(referring to Figure 3), in order to expose the fields A and B of dies 18 and 19 of figure 3, the
patterning devices for exposing these fields can be arranged such that the distance between the
patterns in the Y-direction equals (a+5b+d)- Rf , wherein a and b correspond to the length of
fields A and B in the Y-direction (see Figure 3).

[00102] The required time Te to expose a field in a step and scan process can be
approximated by the following formula:

Yy 2.
T =2+22 (2a)
v a
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(2b) [00108] Ina conventional |ithographic apparatus, a double exposure of a
field my require approximately twce this tinme. 100109] In case the
apparatus is arranged to expose fields on a substrate as indicated in
Figures 2a - 2f, the tinme for exposing two fields Tee can be approxi nated
by: Tiz =-+ a - (3a) V V [001101 wherein Y' corresponds to the distance that
can be traveled at substantially constant speed during the exposure of the
two fields and in between the two exposures. In case Y is approxinated by
three times Y (foogod) eH@resh:ze Fs + the slit-width w), the optimal velocity
of equation (3a) Vopl2 can be found to be sqrt(3) tines higher than the

opti mal vel oci tEﬂOéG led. = distaaipe tojpgpiravetedvat gonsparg ypeedequaktoArgld-sizg Hs)+ 1001111
It should tﬁ_ n@{hevg that during Tee, two fields can be exposed. By applying

t he optin%f‘@ oc?ty according to equations 2b or 3b in respective
equations 2a an03es] orevdadity digthdgGeardndgt the time required per exposure is
significantly smaller when the sequence described in figures 2a-2f is

appl i ed i nst ead010@] asrmaxmuahagceeaioniohghespagiivng devicedwiding Big substrafhe
reduced exposur | r.fl ik 0 . - s

noves that are ﬁ)gtéls)ﬂ?g Pigﬁ“{ehgld%r?-f g:%{l?%’ wgeqﬁlpoﬁéggg %@ﬁe%%fzﬁeg@ &gﬁ%q%er@gal SO
reduced (segosug.tindTYulesopienianivedity VAG iafoupdud be the time to process a
substrate can be reduced by approximately 30% 16 [001121 Based on the
above, it should be notedlhat enbodi mrents of the present inyention may
also result in an ing#dﬁ d £ hroughput (the nunber of subst r af processed
per wunit of time) in a single exposure situation (i.e., a situation wherein
each field on t[09108jb$i & abeventiohal litlegwiphRSappRaesys dolble exgospaL dfer fidld bay

applying two substantially identical patterns on the stage apparatus.
require approximately twice this time.

[00109] In case the apparatus is arranged to expose fields on a substrate as indicated in
Figures 2a — 2f, the time for exposing two fields T, can be approximated by:

Y' 2.a
= — 4+ —

T, (3a)

v v

[00110] wherein Y’ corresponds to the distance that can be traveled at substantially
constant speed during the exposure of the two fields and in between the two exposures. In case
Y’ is approximated by three times Y (the field-size Fs + the slit-width w), the optimal velocity
of equation (3a) Vpi2 can be found to be sqrt(3) times higher than the optimal velocity of eq.
(2a):

Y'a 3-Y-a
V,,,,,2=\/2 ~J s =30, (3b)

[00111] It should be noted that during Te,, two fields can be exposed. By applying the
optimal velocity according to equations 2b or 3b in respective equations 2a and 3a, one can
deduce that the time required per exposure is significantly smaller when the sequence
described in figures 2a-2f is applied instead of a conventional scanning sequence. In addition to
the reduced exposure time (per field), it should be noted that the number of moves that are
desired in the non-scanning direction (X-direction) are also reduced (see e.g., Figures 3a and 3b)

As a result, the time to process a substrate can be reduced by approximately 30%.
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[ 001131 The following figures schematically illustrate an exposure sequence
of a nunber of fields on a substrate conparing a conventional approach with
an approach according to an enbodi nent of the present invention. In the
exanpl es shown in Figures 4a-4d, 5a and 5b, the exposure field size is
assunmed to correspond to the die size. Figure 4a schematically depicts a
possi bl e exposure sequence of a nunber of fields 21 on a substrate 20, the
arrows indicating the order in which the fields are exposed. Al so indicated
in figure 4a ar@oifty BERNUKEabd R H sBOAE bERoRA that BRALEAIRh B tLE HEPRs@f] acent
fields as used in equation (1). In between the exposure of two consecutive
fields, thevotiosaayalss wsulpimoan igedovsidtthromplpys 4the apmibatoidabbicaies pragessadeer
substrate " turn.around,' i.e.. th are.repasit.ioned to e t he next
Frerd by anbTrgh et efosh MuRpipb el ShldipP SRR AU b U Btk ¢
that, the @il eglirta®iRsie®yidhePatérhhby lyiﬁﬁb@@ E@stntial | phdeatic 4 pagerhs ona i n
t he non-scanning direction (X-direction). The conbined nobvenent in the
scanni ng dit#g8aPpaEatusyY- di recti on) and t he non-scanni ng direction
(X-direction) (.5, {5di h - 0 i
schematical ly d@g}%ﬂsngggggﬁﬁﬁEggﬁgggﬁgguggéﬂgﬁ%é%?%igg%%ééﬁg@g%¥g0¢$elds

on a substhieer 3Pfields fa substraReompphihCa epPafittdnabaiecahdiittgar appadack abodding nt
of the present invention, includi ng a stage apparatus provided with two
f

pat t er ni nglodagmbedimant PUF Repseriumeniag i Wthgexamuies shawn patiesrssda-4dnea gk tber ns

bei ng di ' i Qi th
scanni ng ' St gl oo s AN TRE R Brchibrbl B e IELDe. Platdf RAARRBIYE,
Fi gure 4b gphgiapésitid yxpdemieatguenbeodd sanbérof\fieldsi2 1tdne dibkfrate 01 tht bebws may

be exposed using the stage apgaratus as described. The exposure process

starts witRdrp@ngithpgrder ipwhighdne Blds prsierpossd. Bdsauddicateddn SgpisAsrac 8 fi el d
25 and th i@l t .
25 o e RRE M TPl LBy HRRRLAE N, AL 0 RO

the same (HeeaRpisie)of3Reednseblifiey fidlbe texXFgeds talaipréviabdwa thdpitlersh@devices
apparatus and substrate stage decel erate and accelerate in the opposite
di rect i on qndyhe subsisptg eturn ovhghose, they ar deppyitigher Expoyedhe perd fickpchtcanning
fields are t i.el .hat e jndic hn Fi '

exposed.  ErTETE) e Rpou R sholR ap i Ead RSB, B obleBls ol Bin e

ski |l ed i nsubkeat@lstalsd lpdsidoriedlif teidnadcaidhd deéctiohgXsdibgtival ETHERObnEnRIXposed
usi ng the described process resulting in an inportant reduction of the tine

t 0 processmavaRyL i the scanningireshieqrafedion) #d the Aperscasninggditpstipmpeglirection)

processed . Nl t i ~n the throughput of the apparatus) can be
i npr oved. @?ﬁmégﬁéﬁiﬁkfSpgﬁg%hgg%%gted t hat enbodi ments of the present

invention nmay al08bl4)eFrppd 4testhbmatidaile depicts a possible exposure sequence for a number of
fields on a substrate 20 using a lithographic apparatus according to an embodiment of the
present invention, including a stage apparatus provided with two patterning devices including
substantially identical patterns, the patterns being displaced over a distance equal to the length
of the pattern in the scanning direction (or, e.g., the length according to eq. (1)).

[00115] Figure 4b schematically depicts the order in which the different fields may be
exposed using the stage apparatus as described. The exposure process starts with field 25,
followed by field 26. Between the exposure of field 25 and the exposure of field 26, both stage
apparatus and substrate stage (i.e., the stage provided with the substrate) may remain at
substantially the same (scanning) speed. After the exposure of field 26, both stage apparatus
and substrate stage decelerate and accelerate in the opposite direction (-Y) in order to expose

field 27 and 28. Once the indicated fields are exposed, the fields that are indicated in Figure 4c
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exposure of so-called edge fields or edge dies. Edge fields are exposure
fields that are partly |located outside the substrate area (Figure 4d).
Figure 4d schematically shows a nunber of edge fields 29 and an exposure
sequence (indicated by the arrows) according to an enbodi nent of the
present invention. The exposure of the edge dies can be done in order to
facilitate the further processing of the substrate. 1001161 The apparatus
according to an enbodi ment of the present invention may also be applied in
case a doybl &RXBOSM! BsihSa Siafilar 8pprbaeh. GaGAN bé Ehrficited BY apehohiskilled ir@R WA Ng
the stage apparatus is provided with two patterning devices including a
pattern Atlfat agubstantiphpareof bhistlpstiatesyy bhexneseshiesing e gegaaibgd pregessresyltidgia or
a binary mask) to be appli n the subst Ity . d t
patterns &Pémé??%é%lcﬁgf&ﬂpﬁ‘ﬁglfnettﬁé’ r%ctegsgaeglgb%%% atud C%éln qrs':rlg]{;réralef gfeﬁﬁ‘%nbepgf

subst ant i alibyra®ePpedcatied ppe@dt ltih®. et g BrdueBpute f e dpparasushsir b ienpabidd. the
patterns and in between the exposures. ggmll?l In a first act of]éédgg%bggubl e

exposure phedédather bengisd 3wt egrbodigrenzyf thapressss inviepten @28 ajsormsyArp hed
'na Convent(l)s%pea(!)f s%gc%g?((ﬁ: g@%hﬁ%gi/@@f}etdﬁg Ries: éﬁg@fi&lﬁ?bﬁ%&gé%rg (ﬁleia?% Sgegyaétﬁ)% ,e

X
substrate sPage isin e-arrows). In a sec act

fields 35,o@6dAtsidehd s@Btrarrda FaxposddFigaire Wy atmeticall4 shows & hehbe i3@dge31,
32 and 33 are exposed with pattern, B, accorgi ng to the process described in
Fi gures 2dields®0 andangxpesiug seayencedingdicaied byrihe aRpWsraceprdingsig an egpodupent off 33

have been t@éﬁr@?e%gir{vgntl? L Hl]ieé;pg(lpﬁﬁ%rh%f ﬁle%dgﬂgieg B RAARNA oRler 1O Bt iR e e will

be clear t person s e art at a simlar procedure may be
appl i ed i fudles erddessind eSthogubdmatesubstrate are conposed of different adjacent
fields (see e.ﬁ. Figure 3). Figures 6a aQ&BSb schgnaticang dePict t?e
exposur e sequen@®lli6h PRRREISACEQ RS P R cmpgfigtent pithe PrISEREHYIHIORARAY #5%| ds
as indi catgedp i fi i 2 B&Ir0l 1Y H8Y EEBDNANE suRTERNIRGurh ReqNPOSE
fields A gﬁ%pg%dé?]ggée:a %% éc%)zedr%g%r?ca?‘%f sﬁgv?/s a1 irgt s%lauernce of e%posures
of fi el ds stagamppaBatud seprexided with tap getternmgidediceninebhdimg a pateanr Adw., alihgser e 6b
18 schematcal |y depicts a_subsequent exposure sequence. The fjel ds expgsed
' the 18t ME)AREEB EFLE a6 BT Opd BMEDIT PR R APEIRS OF BSHOHR dur e
7 schemat iicald ¥ ed R iR RfeRs AtAGRNBEPAIATIS t}?&sq&gedarp@gram @R mfRRRA ment  of
the present 1 nvention. The apparatus i1 ncludes an arrangenent 1 ncluding two
obj ect t abhesantia]ly 4dnstdd speedhluning ¢t expakire of thepabdtetanivith tikepdtess4d i3 may
be arrang%%l each )S?atter ning device including a pattern 44, 45. The
appar at us FUYEASRE PPOFYEEs two act uat or

[00117] In a first act of the double exposure process, fields 30, 31, 32 and 33 (see

Figure 5a) may be exposed in a conventional manner using pattern A (the trajectory followed
by the substrate stage is indicated by the arrows). In a second act (Figure 5b), fields 35, 36, 37
and 38 may be exposed using pattern A and fields 30, 31, 32 and 33 are exposed with pattern B
according to the process described in Figures 2a — 2f. As a result of acts one and two, fields 30,
31, 32 and 33 have been exposed to both the pattern A and the pattern B.

[00118] It will be clear to a person skilled in the art that a similar procedure may be
applied in case the dies on the substrate are composed of different adjacent fields (see e.g.,
Figure 3). Figures 6a and 6b schematically depict the exposure sequence in case the dies on the
wafer are composed of four fields as indicated in Figure 3 and the patterning devices are
arranged to expose fields A and B. Figure 6a schematically shows a first sequence of

exposures of fields A and B. The exposure order is indicated by the arrows. Figure 6b
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arrangenments 46 and 47 for displacing and positioning the object tables over
conparatively small distances, In order to enable these displacenents, the
actuat or arrangenent nmay, as an exanple, include of piezo-actuators or

el ectromagnetic actuators. In a preferred enbodi nent, the actuator
arrangenment enabl es positioning of the object table in six degrees of
freedom In the apparatus as shown in Figure 7, both actuator arrangenents
46 and 47 may be nounted on a comon first part 48 of a |linear notor

assenbly fQpefhtsdall Ya@bﬂgtstau@b%@l&texbaﬁ&@@qayﬁe m@m&rsas&EM@HMn ki et
di stances in the direction (the scanning direction) e |linear notor

assenbl y fagaudnee aierivtligated Vﬂtfsﬁeﬁﬁn@i prdtetn. 49 const ruct ed and arranged to

CoL0PaL e W oD e 8l A AFRELE OB D SPHSSUAIAL L0 L

of alter naérhmgiua@ﬁtaiﬂt}z@s}ﬁemt m@mn TR ér,atlﬁrlﬁcﬂtmtllmlaﬂrah@@nen\’-u(iﬁllﬁ(ﬁﬁg tvad
whil e the other part includes an array of coils arranged adjacent to each

ot her in totiect abdisi et oRn capipatiedt tahie tarratigudng dayics 4 Admperksrarrangeds each
t uat t {
actatof SRENDh 5, ReAANSIHRKAAL 33 TAP e AuPRBEL AR, Rl RBkor

subst ant i adrtangegendth 46 and4p fadisptacimdead ﬁdsnmhlrrgnhobbjkhetahsle@lumetr|cormpfnaatzely of

the projection system and a non zero nupber of exposure field pitches of a
field patteral gstangrs. dnpier iy @ablgdhesy dlS@i@&ﬁlﬁF@s the ﬁ@éyat%arﬁwéméai}aﬁy 3 2 he

l ength of ékaF@ d%?r(c”ude’bfép?e% aéﬁian?EBf élé‘ctRfma%;ﬂ it cttﬁ)at@rsv‘?lg IH? écPérHB&f?ﬁle I ng

eq. (1). to accommpdat e patterns ferent .g,, varylng
from ' 30 ntha attaatddOrrangemehhenatikes ippedouing pt the @byt table il dﬂgrebstof frabdoms. In
relative to the first part e actuator assenpli nﬁﬁ‘é be in

48 y t
order of ab®aPPaARusEs mwnlle@a%%? thé?tH%}Pf Fegemenis o2 %@nge 8’Ph
actuator ag Fhﬁ?st%grtQ8%(Pmear Rétok as@femﬁglrf‘of‘gﬁ 1a8BE e AFSQTYIYs ovRCh

actuator assenbly may be arranged on a sep ate inear notor part. This is
i |l ustrat ecbmpardivglyrlergs.difanpes e Be ScHieenivn ¢tk lsyandewpdirdsgsn)a Btedgear motor

arrangenent incl udin obj ect .tables 40, 4 ovidedq with a atte
AR SPRL o TR PR it R oL P s R s e A A
46, 47. E b %?g&ﬁerreﬁfngqﬁ§ kr¥d ’t}§u§f‘?ﬁjﬂ1tee\d-dlr9&10% fTh o8kerhll BR@parlOf @ 1iR&LT SO,

51 constr nd arranged to co-operate wth a common second part 52. In
thi s arr angetventay indledaddrsareayod aﬂienwa&glpdzietltﬁdgwmememmgnan,ohrwﬁgw imvheled on

borertt ' of Vit wRES wiSlher Pt o tRef T Bt chlS e d p BT A e MO e

actuator waspepidy My be substantially reduced conpared to the arrangenent

of Figure 7. As an i
[00120] In the described arrangement, the actuator assemblies are constructed to enable

a positioning of both patterns such that the distance d between both patterns may be made
substantially equal to a predetermined function of the reduction factor of the projection system
and a non-zero number of exposure field pitches of a field pattern of the substrate. As an
example, d may be made equal to the length of a pattern in the Y-direction or equal to a value
determined using eq. (1). In order to accommodate patterns of different sizes (e.g., varying
from 30 mm to 100 mm), the desired displacement of the object tables relative to the first part
48 (by the actuator assemblies) may be in the order of about 40-50 mm.

[00121] Alternatively, rather than mounting both actuator assemblies on a common
part of a linear motor assembly, each actuator assembly may be arranged on a separate linear
motor part. This is illustrated in Figure 8. Figure 8 schematically describes a stage

arrangement including two object tables 40, 41 provided with a patterning device 42, 43, each
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exanple, it may be sufficient to provide an actuator assenbly suited for

di splacenents <1 mm in the required degrees of freedom As a consequence,

the actuator assenbly may be made substantially snmaller and |ighter. Rather
t han havi ng common second part for the |inear notors, each linear notor may
be providedMh its own second part co-operating with the first part 50, 51.

[ 001231 As a second alternative, both patterning devices nmay be arranged on

a conmmon object table constructed to hold both patterning devices in such a

confi gur atdppet taBRtbeiddRohted GingPactuAG RIS 1 7D BatieidiSatbSasSHRSly A hb@ted
equal to a predetermned function of the reduction factor of the projection

syst em andne fishlizear sotermsetrSlop | eapdigicd and afrangsidite hewpemteawith pepameat t er n

f th b . : | b f
'n the Y arPREro df uERamaeat ol el frenhel @ty Rl A o R &,

an arr angenepittdrsing devieshhE B¢ hdjustepighetheilinedn gotoes. 9a. 1001241 Figure 9a
schematically d((a)gi Ccts an object table 55 provided with two patternin

devi ces 56, 57,[08R2) pArhsueldfed this erangegent sithat sl desged displaggnents 0’?%\‘5?@%‘5‘9” s
ted t t | i i i b
Conpar at | VTR Elar ¥ RLpAEREIY ol ahplied P AE aBnd BBl LY FONSAEVET

part 61 ofexamiple)@aiayBetsaffidiiato povaknstactaioedssamily aiitedfgeatisfglacearnapel aine
with a second part 62 for displacing the object table over conparatively
| arge di stiankessapised graroes @f fisedqmanAs ASoBseNFNCE: thE ARUARE ASEMbHBaYBS BREC t abl e

(or obj ectsubgyﬁt?aﬂ sHBYer 281 -hfe?pf{%%le%%%ﬁeﬂ/hp%ccﬂ?rg% V& ol gmgrfg@ﬁnéap&'owg,ng
actuators an or | hear not S ra er an pplyrng a cascade arrangerrent
as descri badh linedringusrasay’be Prooide@avithRisgiwreseBndedresmoperatin gywithl dpi fattpasisoh an

arrangenent. The arrangenent includes an object table 55 provided with two
pat t er ni n951devi ces 56, 57, each provided with a pattern 58, 59 and a drive

arrangenent 70 [ob ) AL BdecnliaSina@t bolodthih S8FAh R pikecd bt d1 | v

arrangenent nmay, as an exanple, 1nclude a |linear notor "and a uraflity of
act uat or s doarmgoshjtdtsahle gortshrectet tebeld bath mtteHingltweyideis s such® @afiguiatiomthat as
an exanple, include a plurality of .coils interacting with a ralit f
er mnent sdered AFvERG Ca e [SaLsHatPa oo R e Beitakfeng
posi ti on 1&g @aBh¢sdtod FhEprdtectibh systhrh knd & ndRPERGHAMIRH of BGfostiRGickd Filkhes of a
apparatus may also includes a first drive arrangenent simlar to the drive
ar r angenerfield patfepn ofiths phibstiatey Anah powiflé, simmgbacdual st the bingtt oft apdtermpindglie ded
wth a figst patterni device nd.a .second drive agrangenent sim.dlar to
3ldorgplueglels @ ont

the drive BFERHSHRAY P S E TG UL TEREHREN D] ect
tabl e provicHaRativall dépisRe dndighad 9L ni ng devi ce.

[00124] Figure 9a schematically depicts an object table 55 provided with two
patterning devices 56, 57, each provided with a pattern 58, 59. The object table 55 is mounted
to an actuator assembly 60 for displacing the object table over comparatively small distances.
The actuator assembly is mounted to a first part 61 of a linear motor that is constructed and
arranged to co-operate with a second part 62 for displacing the object table over comparatively
large distances in the Y-direction. As a third alternative, the object table (or object tables) may
be directly driven by a drive arrangement including actuators and/or linear motors rather than
applying a cascaded arrangement as described in Figures 7, 8 or 9a. Figure 9b schematically
depicts such an arrangement. The arrangement includes an object table 55 provided with two
patterning devices 56, 57, each provided with a pattern 58, 59 and a drive arrangement 70
including a first part 71 and a second part 72. The drive arrangement may, as an example,

include a linear motor and a plurality of actuators for positioning the object table 55. The first
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100125] The object table of Figures 9a or 9b or the object tables of Figures
7 and 8 may be provided with a hol ding device for holding the patterning
devi ces. Such a hol ding device nmay include vacuum pads or cl anps,

el ectrostatic clanps or nmechanical clanps for holding the patterning
devices and naintaining the position of the patterning devices relative to
the object table or object tables substantially constant during the
exposure process. [001261 In order to determ ne the position of the

pat t er ni ngogemi RS af £ &ldnfe, tlﬁ’olud‘e Splurafity SFRHAE BRGEctinpaiEn Pplusality 6f RehbMmt
syst em a neasurenent syst em such as an’interferoneter syst em or an encoder

syst em nmaymhgnesyputanget] on thegeemadaart 73rin Qrdﬁomadlslsig@t aschpeaifion g eidect 4blg Exdlt ng

Ao exanf & el nal & sl TBierlfy BR7 - PhRAReR R e R oML B0y

9b nay be ﬂart@e/m\eeobrmntgem@mo foF dﬁplraemgrag@g@smmagia figst dBRAStabRNSbVIdEd @éthand
arranged to co-operate with one or nore gratings_arranged adjacent to the

obj ect t abﬁ@épatﬂeﬁﬂﬁaé@/l@w%ie@@@d drayn asgngemenispnilado tadive prapgemert ifen
one or norg V&ﬁ?&ﬁr?gg% at%’dqﬁ‘@%??e%%ﬁd 0{5 n& téﬁ%@o@gde%e\gﬂ’?ag?c%ng%aﬁsrﬁﬁigqlﬁglc%

co-operate ional "grati

rel ative positi@o12d] Thebtbjeahattebf Fighies9a 689b @Qhﬂ@lﬁ]@étﬂhb’l&bfl:lﬂgur%? agl 8 may
mul tipl e readi ng heads in conbination with nultiple gratl ngs, the p03|t|on
of the objleackrovidpd aith)a koddingdeviee & hokbeg the patieraingiieniceheS keddingfdeyicgedom

bl & ned T [EReexapBRPPALky ot sl RECRNEE oRYSLIHR ! oL AOIAERYC1 ¥
i ncor por at gaehefigddvides and efabinteinde thf POsiGotlo b paliigrring sleoices dative es dretobject

invention further provides in a nmaski ng device suitable to co-operate with
a stage apphesr Ggleﬁfstablééé?hsﬁé‘&lalh{ enstral dyringgthe pXPRSYFCAIRSSS -appar at us, a

maski ng device fggl%{} § o8Pl 'a%?erﬁq?neetgégﬁ]ﬁttl%ﬁﬁtlew Eﬂéeéf{li?lggig%génféla‘i%% Y tz{‘

pattern is inmag e projection exanpl’e
such a nasicfarencddranteoriassprd@ston Hetbm,r tbaSureRehesysteApploheatan dmeeroiiecat i on 21

No. 2005-0012913, incorporated herein by reference. In order to stop. or to
mtigate sHEEY @rﬁnco‘i‘erréﬁt@ﬁﬁp%l?er@%ﬁg t Heseagmpb e sneodes SEeR My 1aebice may

be appl i edreac{l]ﬂéﬂe%? %ﬂﬂoﬂél‘g& CTIY aﬁg%i?:agg M@Bﬁﬁ@nsfoﬂhlsorft%%ﬁlg dal., yAF an

typically ac i ng evice at an internedi ate plane in
the il | um exatipbn tlse;xﬂgmnabﬂeom@@e]ct Mbklsidngct&é\irm Egsrassiutal9bymaynisd prdeldeahenthronemr e

sets of novabl e gl(ﬁ% 1Ea ha set of tg{ga > T ttz)ec rrecrganl“(/:l% %O(% I ed to a
suppor t  antl BEERH5R B e SR CQRs EHE £pnadd [0 co-operate
gratings arranged adjacent to the object tables. In case two object tables are applied, each
provided with one or more encoder reading heads, the reading heads can be arranged to
co-operate with a common linear or two-dimensional grating. As such, the relative position of
both object tables can be determined. By using multiple reading heads in combination with
multiple gratings, the position of the object table(s) can be determined in more than one degree
of freedom (up to 6 degrees of freedom). The use of encoder systems is more extensively
explained in U.S. Patent Application Publication No. 2004-0263846, incorporated herein by
reference.
[00127] Embodiments of the present invention further provides in a masking device
suitable to co-operate with a stage apparatus as described.
[00128] In a lithographic apparatus, a masking device is often applied to ensure that
only a certain part of the pattern is imaged by the projection beam to the substrate. An example

of such a masking device is described in U.S. Patent Application Publication
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common frane. The sets of blades may be nmechanically coupl ed or uncoupled. A
maski ng device as described may include a first set of blades arranged to
nove together and apart in a scanning direction (the Y-direction),
hereinafter referred to as the Y-blades, and a second set of blades is
arranged to nove together and apart in a direction perpendicular to the
scanning direction (the X-direction), hereinafter referred to as the

X-bl ades. [001301 In case the masking device is applied in a |ithographic
appar at us Nu. 26D sled129i3t hcrpdladiEhaa$in dF aéfdfenps. Ovi cléet twistolp o WOmpxdgateestng light
arranged adj acent to each other in the scanning direction, it may be .

benef i ci alfrairappging n teeswibpipteavmaskinggledics ayay b8 @pphied: Ha afihaeshigProrFieh es.
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obscuring % %ltbrlg “E‘% tbgg%{écﬁ ﬁrgka?’e%ﬁ{fhgg? %ﬁ?ﬁ&%&ﬁ@%ﬁ?ﬁ% (raB egﬂ%a{{t ét‘z{e?nna of

a second pabkinesmirnge d€l¢ seds oBbladgsandyelst ychiahieally eclipd¢d @mirseamednd maskhigr d
maski ng part_ for obscuring.a s cogd par}, of the second patterni n%t devi ce

af ter the Jsaicedp Aessribehmay doclyde st 3t Af igdercarrapged © maykiogeienidgpart in a
radi ati on h 001 RO St i ' f
four “so- carTaleARhga g OUrEith), BERGRRE oA (FEPhe MeoRle S hAPDRRTR e8! |
t he Y-di r edidesis arfangedtcamiose tgethdr sl apesab bk directianerpenditiutas¢o therscning. g. |

el ectromagpeti.c tyat.ors or . |inear tors (ngt . Figure I1

schemati c ‘Te_fltl%&ﬁ%&aéirekw&’ QWCW rhrg?e:{'ﬁﬁéo ET ﬁaéim%gd. spl aci ng bl ades 80
and 81 rel ati YqOOiﬁ)]eﬁ]‘:(ﬁs@ﬂfé%askﬁlgtd&@icX'iéjdiéﬂ'pﬁ% iPRlitHoB PpHAPpPRrabAHroEded
adjusted. Simlar, by displacing bl ades 8 and 83 relative to each other in
t he Y-dir egith ostage Epagrips Poviiad Vot tavdj pasiemmd arr@@zed @it th gady efber indhepr oj ect
the pattern onto,a substrat t he. foll ow ng sequence may, be. i .
1001541 P GeenadiBERakERy B b Tt Pl iR S e e e Eine R Flggeine
Y- bl ades, #hges Projection beam 95 (originating froman illum nation system
96), an arrangenent of two patterning devices 84, 85 including a pattern
98, 100 arrangd@0bl]alngendes.ithetasking aenies agganding to embpdinyerds peibeipesent
Initially,. bl ade.8 | ocks, the.projectipn bhea t he bl.ades and the, .

ar r angemerlP T iekdyats St i AR LB PEETry o O AR B0 i ¢ ¢ om
this initigfore@patte@rdf thdrst patterning device is imparted by the radiation beam, a second

masking part for obscuring a second part of the first patterning device after the pattern of the
first patterning device is imparted by the radiation beam and for obscuring a first part of the
second patterning device before a pattern of a second patterning device is imparted by the
radiation beam and a third masking part for obscuring a second part of the second patterning
device after the pattern of the second patterning device is imparted by the radiation beam.
[00132] Figure 10 schematically depicts an arrangement of four so-called Y-blades 80,
81, 82, 83 arranged adjacent to each other in the Y-direction. The blades are displaceable in the
Y-direction by, e.g., electromagnetic actuators or linear motors (not shown). Figure 11
schematically shows an XY-view of the same blades. By displacing blades 80 and 81 relative
to each other in the Y-direction, the gap 90 can be adjusted. Similar, by displacing blades 82

and 83 relative to each other in the Y-direction, the gap 91 can be adjusted.
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arrangenment including the patterns and bl ade 83 may accel erate (Figure 12b)
in order both to be at synchroni zed speed when the pattern can be inparted
by the projection beam (Figure 12c). At this point, the projection of the
edge of blade 83 substantially corresponds to the edge of the first
pattern, thereby obscuring a first part 101 of the first patterning device.
Bl ade 83 and the arrangenent including the patterns may subsequently
proceed at their synchroni zed speed (Figure 12d). At sonme point, blades 81

and 82 may accqb@rﬁ&em(d%a@% Brol€lhe pafte@dIohes a subs@ite athd fllovaiyg séuendeznsy peed
and position with the second edge of the first pattern when this edge is

i npart ed l@ppkidse projection beam (Figure 12f), thereby obscuring a second

part 102 of th 4 stn: patterni i . J i I I ow
Phat bl ade 80 dPLGEckiefd: 28 sl PRy RRN, S6hiciud M dulsh @b o o Pieles, 10
an absol utgoje@ il Be@REIN (orilginatifg G@s dreitluididitioh Bested $6),aih dptangdem@a of nso
synchroni zed with the second edge of the second pattern \é/g n this edge is

i nparted BpttemEg dﬁwmeégf,i%ﬂnﬁlﬁé%ﬁ@@étemi%u#@ areanged gl pre IHANCIIHABN ar e
e S5 P _ . ur e t
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sec rEByE f . e _
evi ce) whan, gﬁlt%nlgﬁqgeﬁgﬁée%hea thd ﬁ%ﬁeﬁg&‘ﬁb 1?géxg§éfog§§§ﬁﬁ%&%t%ﬁ%@ﬂﬁ (EiQuteh®c).

second edge o Irst pattern, ade 8 e appropriate
posi ti on fatrthispeinexhoptojetiof of the edec oftdaqeal}t smbstathalyuoere4Rinyds taGhe edgehe the

proj ection, beam no | onger inparts the first edge of the secon tter

(Fqure 12y, P Obseyging lrff?%{lmlb@ (g g%@a;:?rw;ﬁ &y, gk@?@ﬁgﬁﬁm
ade [ - i - am

(Fi gures 1a3rla, Ei]g?‘@nd\%cgﬁg%Hﬁe&gg@gnddygdggghgédt{}%}er%ecg}ld gras ?%rﬁﬁa%%%gaghes

t he proj edtigore BenAt bimelpoi80 bladehd bargh’2 rogy accelepeedigure 4 Ye)c hr @dergmobiaita t he
arrangenment including th atterns to arrjve at t osition depicted in
 gar e 1oy SRRt e PR WAt Becsnd e St p ey RBSHATAEE B i ng
devi ce. Bliaden&Pbpid préiecty RAGETRAe | 6] HElePEobRBrin PALEQNADaENON oPiRCREd at
substantiall'y constant "'speed (Figure 12mM until the projection beam can be
bl ocked bypatteming dedeces G\l{hougly Fegute hle andri@é shaw thapblaile 8O alsp gceaderatee thgethot h

bl ade 80 and , the arr epent i.ncl pdi the patterns nma tart decel.eraglng
eou t i ng 1 oSt nGRTTRRES na 3R o e e 3R TGS Regat B HiesleB PPORECHO
posi tion shemhidnidet GUttEthd deont RA236thOucond phtken SVHRA SIME @d%emﬁ GBSy the
described in Figures 12a-12n, the second set of blades, the X-blades remain

at a predaripetidndiesma(secel ighret ). X lefinrtdadeis 8h and\82 excayprleropized wvith the
arrangement including the patterns, both the blades and the arrangement may proceed at
constant velocity (Figures 12g, 12h). Because the blades 81 and 82 are arranged in such
manner that the projection of the edge of blade 81 corresponds to the first edge of the second
pattern (thereby obscuring a first part 103 of the second patterning device) when the projection
of the edge of blade 82 corresponds to the second edge of the first pattern, blade 81 is already in
the appropriate position for the exposure of the second pattern (Figure 12i). Once the
projection beam no longer imparts the first edge of the second pattern (Figure 12j), blades 81,
82 and 83 can be brought to a stop. Note that blade 80 is held at a position not interfering with
the projection beam (Figures 121, 12j). When the second edge of the second pattern approaches
the projection beam, blade 80 is brought up to speed in synchronism with the arrangement

including the patterns to arrive at the position depicted in Figure 121, thereby obscuring a
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arrangenment of the X-blades (together with the Y-blades) is shown in Figure
13a. Figure 13a schematically depicts an XY-view of the four Y-blades 80,
81, 82 and 83 as shown in figure | | together with four X-blades 105, 106,
107, 108. The X- and Y-blades are arranged in such nmanner that the edges of
t he bl ades that define the non-obscured area are substantially arranged in
the sanme Z-plane. Figure 13b shows the A-A" cross-section. In the
arrangenent as shown, the X-blades 107 and 108 al so need to be displaced in

the Y-diregt rﬂfbdrpl(pfrmﬁe §RoRd b&Wrﬁhé‘a@wg@ BlaBe €0 2R4 Bfcarta géient YnéliidiBE tHeoN
(see Figure 13b). [001361 Figure 13c schematically depicts a YZ view of an

al ternati vlaittamalnﬂgmremed at distraitinldy dongtapt spged (Higare 12mm),untif theamejeqtia hoan ar e

oo e opre 58 R SEEE 1% Ons inbthiof R eRIachn BARs 36 ot

descri bed g afrhiiehRet thdfuding the Pattdris Mad earttdecaceanyrdakiegfinn pdiitibetnts
di stances between the patterns arranged on the support, blades | | | and

112 can besubstdetidbyche énrr@mamﬁgewéthecmrt@@ﬁbwnﬁgﬁamradég 9 1 and 82 in the

g[ ;gggelﬁent of @b%ek}i‘glggﬁh sclgg%)qﬂ?rﬁc%tc ge%r g@(ﬁ) n Mre?v\gé"DrF é"%el%g%& 5&?

are set t Oofsdl’éﬁés the delaﬂ@ﬂ@ﬁlabﬂit\éﬁﬁéﬁeﬁh@d pidtah&d MShé IX diReti¥n diAneskbindle of BRI S
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radi ati on deagemeg odnheaKttdadeaiogetherowitle ey blaget)He sy sk iggredaaisgurs bival
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bet ween t he seen from Fi gure I'spl acenen
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115, i. e., the X-blade 115 can remain at the sanme Y-position during the

entire exp®auics thapthgedaes of theflpdes thay dgfémfethaﬂ%abacyreds%me spsseptighl wgirared he

3
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[ 001371 FihuXeblads 19Mand ly&hlsa neddtebe aisphbmmwesYahfeaﬂ@emderoé alidve bres Rl ng

device including 3 Y-blades 117, 118 and 119. In the arrangenent as shown,
the Y- Dbl ad® dispiaceamthseY- d&F§@60rtQ§e‘f%1IgP€?\/\}3ppre second edge of the first pattern

(conparabl e to fopfsggﬁ%wwé dch¥ Qtflcam/%lgﬁcé% x(]ze Qi Ot4ea en%dftgv thahg&qem

exposure of the ttern and ow t Fi'y St ge o cond
pattern (cianjpdmgll ¥-tales hé0fUrict IDaal 11Bythafardbhrealeed bt tha sking Wrpositting Rladdsng

th t tt As h, the b]a 1 nmb t
tunct s onat Ty Thr 17 2n3 478 3o Ritesd i & sonlsr adppeaiiae bBAeAb S cPht Thinthgur es
12a to 12ngeq @@i&@‘d@&nbb@ 1@?1%’6{6@'1% H"?ZH QH%&r% aéc@%x@écﬁg@folr differédt diddfhces

Y—dlrectlon may not be equal to the distance between h patterns 1n the
Y- di r ect i dsgtween the patterns arranged on the support, blades 111 and 1 12 can be made shorter than the

corresponding blades 81 and 82 in the arrangement of Figure 13b. As a consequence, a gap
may occur between the blades 111 and 112 (see Figure 13c¢) in the Y-direction when the blades
are set to span the distance between the patterns in the Y-direction. This gap may be covered by
an additional Y-blade 114 to avoid impinging of the radiation beam. As an alternative to
covering the gap using an additional blade, the radiation beam can be shut during the transition
of the gap between the blades. As can be seen from Figure 13c, a displacement of the Y-blades
in the Y-direction does not impose a displacement of the X-blade 115, i.e., the X-blade 115 can
remain at the same Y-position during the entire exposure sequence. Figure 13d schematically
shows an XY view of the arrangement of Figure 13c. Figure 13d schematically shows the

Y-blades 110, 111, 112 and 113, the optional Y-blade 114 and two X-blades 115 and 116.

24



a relative displacenent of the blade 118 with respect to the patterns may be
requi red when the blade obscures the radiation beam (i.e., the situation
depicted in Figure 12h). [001381 Figure 13f shows yet another alternative of
t he maski ng device conprising 3 Y-blades 117, 119 and 118.2 of which bl ade
118.2 is deformable. Using such an arrangenent, the |length of the bl ade
118.2 in the Y-direction can be adjusted to correspond to the distance

bet ween both patterns in the Y-direction. In the exanple as shown, bl ade

118. 2 conpri segog137)urafe e she@HatmothtBalterhdiple a@:’faﬁgdhémoaﬂﬁabéﬁlrrgede&tdeve
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parallel to the first branch, via lum nation unit 132, In these
i |1 uni nat i dmngusti, the, efficfiveleogth I@ththm@sdmmyl teehagskibydn¢engthe sdgmpoitecloser to

U nat oo, LDPregPct 20 and fuadtueolep L mnaty on LB Ui ot eert
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two positions of such an arrangement wherein blade 118.5 has a dlfferent effective length Lb in

the Y-direction due to the deformation of the flexible part 118.4 of the blade. In case a

deformable blade is applied, means for holding and deforming the blade may be incorporated

in the masking device.

[00139] It should be noted that a conventional masking device may also be applied. In
such an arrangement, the Y-blades have to return to their initial position during the time frame
between the exposure of the first pattern and the exposure of the second pattern.

[00140] In case a double (or multiple) exposure is desired, it may also be required to
apply different illumination setting for the exposure of the patterns. In order to provide the
different illumination settings during the exposure of the different patterns, the following

arrangement may be applied. Figure 14 schematically describes an arrangement of two

radiation sources 120, 122. The radiation beams originating from these sources are combined

25



may be identical to the device 134. The device 136 ensures that the
appropriate beam (either the beamoriginating fromillumnation unit part
130 or the beamoriginating fromthe illumnation unit 132) is inparting
the appropriate pattern. As such, the radiation beam originating fromthe
(optional) illumnnator part 128 is directed to either the first branch 133
or the second branch 135, such that the radi ati on beam may be configured by
the first illumnation wunit during the exposure of a first exposure field

wWith a patlht%rdﬁe%dla%ﬁd Helitn R@LthArdy K HpUELE ANdptidhadt firhidlumaitat jaei 23e8et i s
configured by the second illumnation unit during the exposure of a second

exposur e fhithitheiradiatiorpheameis senso eithes dbmaingian Wyt W@rd]élvpé"étlo‘]! vy k32 usipg a
exanpl e queggg llf %ﬁl d eg:s”%c[ sth]esg)tlgﬁzb%hl@éhgﬁlufn%ignoh% §Q8Wﬁ'clh&s 1@#{ kﬁi%%) 133 gure

15 schenat { o prismnms arranged

adj acent  th@ilR@fhatinheiit 130 dnlde s¥cstidrigaidhals, ﬂ'ehellqmm sesfirdotanoig vibaBe may be
di spl aced along the Y-direction using an actuator or a |linear rg)t or
shown) . WiBaminggoranit £32. 1184hgss ljumigatigigunits; dHergat seHugs may bsppplie <5ga pO ¢

radi ation Hgl%l{pla%lé in %{Qﬁﬁrpﬁﬁj&gnﬁ ua@ﬁl{)ﬁl%f bﬂﬁﬁlﬁgOﬁ Hltl‘ﬂe% g%ﬂoqgﬁ 6?& I'n

case the prlsms are Irection wn in |gure 16)
the radi atli@ihabieain B4R pémmwthmma ﬁﬁffeaérit eliettatirgarfht 4Q)coarng heiaieh lbeatedf

into the Z-direction. Using_ this device, two beans iginatjng.fr

di fferent STPFUPATEL Ol e furthsy PiogeciRddp dha seme loeation it W@O%de%ceal%@that
patternin h Y

oty 2 e i dPleeany e SRS QY e ona bl pelaciog g,

Fi gure 17 tabibwen arigiXzing fumdflumiretideviit part 380 pothe b8 oripdGiag fromhthepr i sns
137, 138 of the devic shown, i n Fi %ur es 1

36 . (or
directly cHyHm&R{ien uf"(ﬁeféin)elsélﬁlﬁi”ﬂég the PPEAPRIAES RAUF /fsh%}cg ‘%‘ﬁﬁadd%méylbe&’ﬁl bet ween
the prisng g%%Z mgﬂf?ogrh thtefts t%da?) uRlaRg pRANDEGL GFkcBM B HRENBE N bR pBsses

bet ween t he rthe a ternatl ve enbodi nent, there nay be no
connect or tpassondblaetivweEn smdhethptrthsrashanﬁﬁ beeib;%ﬁhay bmenfégttrhd by ite ﬁjstnkkummaﬂon

connection may be provi ded el sewhere, C]H g’rt t he f%ms 137 38 . nD in
e g R ar e S a et aaPedues M evidy s patsEnBhs FL PASIRE ChVier B o
14 may al sfige rafapa%h%@aﬁm &an%u?éd"lgl e E@e‘éh@‘ill&ﬂnﬁ@&l{ Gt @m@ wedxpdate I s

source i s powerful enough can seen fromeqg. 3b, the optimzed speed
of the sta&georajm@x@oatrclﬁeldswslmbm@mn|0ﬁhIsc;cohdgh@mnmga:hvncn a conventional

0GB S S R NG R BRI ST 10 o
to provi derigien 5&8chematically depicts a dev1ce 136 including two prisms 137, 138 arranged adjacent
to each other in the Y-direction. The prisms 137 and 138 may be displaced along the
Y-direction using an actuator or a linear motor (not shown). When the device 136 is in a
position as shown relative to a radiation beam 140, this beam can be deflected into the
Z-direction. In case the prisms are displaced along the Y-direction (as shown in Figure 16) the
radiation beam 142 (which is parallel to beam 140) can be deflected into the Z-direction. Using
this device, two beams originating from different illumination units may be projected
alternating on to a patterning device. This can be achieved by synchronously displacing the
device 134 and the arrangement including the patterning devices.
[00142] Figure 17 shows an XZ-view of the device 136 (or 134).
[00143] The prisms 137, 138 of the device 136 (or 134) shown in Figures 15 to 17 may
be directly connected to one another. Alternatively, there may be a gap between the prisms 137,

138, the prisms being connected by a connector which passes between them. In a further
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powerful radiation source, an arrangenment as shown in Figure 14 may be
applied. [001451 It should further be noted that the arrangenent of Figure
14 may be provided wth two conventional masking devices arranged in the
illumnation units 130 and 132, rather than applying a masking device as
described in Figures 10 to | 3e. 100146] Figures 18a-b show schematical ly an
alternative arrangenent which may be used to provide different illum nation
settings during the exposure of different patterns, in accordance with an

enbodi menta|t@fatiVteerh PyERMEMO therdMay be HECo@ieotor phssifpumwedn the gtises 183 138ncl udes
two optical channels in which certain optical elements are dup llcat?ﬁ% 1%d
1

ot her par tWherg thigsideone spme eennegtiemday be Biov1dse slseabercothc) that dle prisosyl
illumnator |L Iqu%' I1I1des a pol arizer 200 arranged to cleanup the

pol ari zat iI"0H °oF “a°Beam of radiation 202 provided by one or nore optical
sources (not snmml)au It éhqaid be ﬁétebawmmtamngagenms slorven ﬁ‘ﬂ%hganeeMpnmyvalskeUe
upstream of the polarizer 200, and all o(¥v adj ust nent | of thfe direction of the
beam of  r AaPBAd SHMEINEITFdiaidn saities PEP b ARIS PTG Qe War Ubehghe e AS (bRt

uni t 204 \gg@c{?oﬂl Q:%]l 065 @pt%lzg(gép gf SRR ggérgtug it ﬁl%gtaﬂtlﬁmlghérrt%tlh gn of

t he beam owards 'mrrors omt e to a pair of ot odi odes 2
10 (the ph@bmﬁu@dﬁshth@r@lacr apEragpeak. tAs armmsa:qwnctd]emqncad)wmﬁulaadiamﬁ gnur@&tmaon of

t he radi ati on bean). ri abl e attenuator i ded adj acent to the
beam rreaSLheldﬁ@‘rf‘l&irfPtexE@ﬁ& tﬁ strale e eéPW@Prr‘Pé? Pse égé’r%’éﬁo BV RRE cal Iy

actuat ed haged, HRAMBHPitee | e fdn0MahBEn A QL Qvarerigd@ 14104y BxapNke i n or der

to maintain tﬂre ener gy he radiati on beam at a subst antl al'ly constant
| evel . 1001481 [Gokts] | It siouidifwther be hoted et therpctangeserd of ﬂgnre $fvmtag hierpgondéed ce

214 whi ch dto alt tely di t the b
oppost {6 i e GSOrveRal RS Te(g R n i DB T gy i G h S rnd”

Correspon%ém &r{%bh an%%gld@e@eaméé@nbéa mﬂlgirwm £0013%7 Figure 15 (a pair of
prisms with |ve faces oriented in different directions). Downstream

of the first svibPOLA6] nggueyil 8&bZhawtshlecrndtically amsltarnaeparangsnénvdichwpay be

aral |l el cha nel s 6 ferr ower t. 41 1 um pat or.
Channe! | 25880 [oPrerigEALIerY (iRPears ey Bt SReprviar of it alerS hannel
216a), a sieSHARG WAtH &PEmBIdiMehiSofakd RRERbNL %ﬁmﬁlﬁﬁﬁatsm dRam lafm%uat@l 8¢ ion
202 through a diffractive optical elenment 220a and a polarizer 2a. The

di f f ract i veclogasitealoptied] shemnel2poghichscaiirgonsicabaieragnth aregbiplinetedh and othet parts
shown) whi.ch al,l ows e diffracti. é‘f‘}%’ﬁ ti cal el emrent to be replaced with one

or nore aIIPéNthﬁ%WR}léalch?rP? IR IR0y 8f%enments. Sinmilarl y, the polarizer
222a i s hel d byoeuu7¢xThaiN@eindGCiantIsaes(dy8larsleen0) ambrigel takleatvap tHie

polarization of a beam of radiation 202 provided by one or more optical sources (not shown).
A pair of beam steering mirrors 201 are provided upstream of the polarizer 200, and allow
adjustment of the direction of the beam of radiation 202. The illuminator further includes a
beam measurement unit 204 which includes a mirror 206 arranged to direct a small fraction of
the beam 202 towards mirrors 208 and from there to a pair of photodiodes 210 (the photodiodes
are arranged to measure the location and orientation of the radiation beam). A variable
attenuator 212 is provided adjacent to the beam-measuring unit 204. The variable attenuator
212 may be automatically actuated based upon output from the photodiodes 210, for example
in order to maintain the energy of the radiation beam at a substantially constant level.

[00148] The illuminator IL further includes a first switching device 214 which is
arranged to alternately direct the beam of radiation 202 in opposite directions. The first

switching device 214 may for example correspond with that described above in relation to
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pol ari zer 222a to be exchanged with one or nore other polarizers. [001491
The first illum nator channel 216a further includes an arrangenent of spokes
224a which extend radially with respect to the beam and may be noved into
and out of the beam to provide intensity adjustnents of the beam The

first illum nator channel 216a further includes zoomoptics 226a with at
| east one noveable elenent. This is shown schematically as a pair of convex
| enses. However this is for ease of illustration only, and it will be

appr eci at ethyd Mata S ZRRMsOR efledRRFEMBVricntel idl@iffeetR dabeti@Rp EDowhddfeam
exanpl e six lenses. The zoomoptics 226a are arranged to provi de_expansion
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direction of the optical axis. This allows the annul ari t)il of the radi ation
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t he conical,.f. i i at ] ?@ép ._have a di sk shape. Wen a
gap is pr glea{r]l?grgzzztz\%z%ﬁgﬁceagéérﬁ%}?ghf(gaﬂcrggreg) t g'ﬁg%?%bn 230a, an annul ar
intensity di sti{00149] oFhenfiryt illesihdtor dhbendl A6 furtheli imkludrs anarrafgemehteofapokdsus

bei ng determ ned by the di stance between the t coni cal faces., 1001511 The
final opt 2843 wWalchstend sadiplhewith respegt|to H}ﬁtP?é{ncﬂn\éOdﬁ%VnWemoﬂ g %ndao%o% a’tﬁr 232a

which is : I : i gt e .

i £ chi ng i Be T PEREh S e e GRS RaBRE QR furher
(her eaf t elinddades edorh loptise2dfiadvith dt least@ateonoveablarteelent.i Tidk ikhswapthanaticell eaent s
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first ill @rﬂam?@?m@ﬁiﬁ}fs?- Hewayer HyResier cast ] thﬁtfrfrtfoabqqleemﬁp&wahe BPEARS
220b and ypok io%ﬁlrop@i%g§2Maﬂﬁ‘1\éﬁ1dg's$\fe%l%}fse§,%rtéxgﬁﬁle(sfiPEn%amE%o&hfo géent
pol ari zations). Simlarly, the noveable elenent(s) of the zoom opticsS 226b
may have [36a dicansngdd totpravide eikfahsipe nf thegadiatiei beapo202 inanenimlledhmannar sthe

L net o eheneel 2100, SId.he, ST of LG adcon, 230k mmy  have,
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[00150] The first illuminator channel 216a is provided with an optical system referred
to here after as an axicon 230a. The axicon 230a includes two elements having conical shaped
faces of complimentary forms. The axicon allows the radiation beam 202 to be adjusted
between different annular spatial intensity distributions, or other spatial intensity distributions.
The distance between the two elements of the axicon 230a may be adjusted by moving one of
the elements along the direction of the optical axis. This allows the annularity of the radiation
beam to be adjusted. When the axicon 230a is closed, i.e. the gap between the conical faces is
zero, the radiation beam may have a disk shape. When a gap is present between the conical
faces of the axicon 230a, an annular intensity distribution may result, the inner radial extent of
the annulus being determined by the distance between the two conical faces.
[00151] The final optical element of the first illuminator channel 216a is a mirror 232a

which is arranged to direct the radiation beam 202 towards a second switching device 234.
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descri bed above in relation to Figure 15 (a pair of prisnms wth reflective
faces oriented in different directions). The second switching device 234 is
arranged to alternate between a first position which directs the radiation

beam 202 fromthe first illum nator channel 216a towards an additional part
of the illum nator 236, and a second position which directs the radiation
beam 202 from second il lum nator channel 216b towards the additi onal

illum nator part 236. The operation of the first and second sw tching

devi ces 214, 2 [ $y1S j t : ring

Fi gure 18a and P%%zr] e¥F§E{h8€g%§gﬁT&Sr%hgﬁg%2??? gﬁg@@f?ﬁ%ﬁ%{g&;b%ﬁ%@g@@

i ncl udes achaphely ingRidesptiabgiements eidndorre2@hdi genbralld tdthosdexdbahdene in
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O yer e AE = e 4 |
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and the sepay @crnidnlftverit dltEseebh®@vitchingf debvives ax4,204 i280GRhrodiiset v chh bst
illum nator channel is such that the radiation beamtakes the formof a disk
254 in a pwerpchsmateally bcqmpaiing Figge 18xmand bigheet i8n beam 202 is directed

t hrough the sec il ] . C : it L .
noveabl e el enen ? g?“o?“ &;&ég%%ﬁop i gtjgr E%gg% lzil-ré;EBF %gﬁélébg%}{ﬁﬂsg%&ngg@%gtn t he
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that with one or more other polarization shaping elements having different properties. A field
defining element 242 is provided next to the polarization shaping element, and a field lens 244
is provided beyond this.

[00155] The illuminator IL further includes a uniformity correction apparatus 246
which is includes one or more filters arranged to reduce any non-uniformity which is present in
the cross-section of the radiation beam 202. Examples of uniformity correction apparatus are
disclosed in US2005/0140957 (see for example Figure 11 therein). The illuminator includes
masking blades 248 similar to those described above in relation to Figure 13. Finally, the
illuminator IL includes an imaging optical system 250 arranged to image the masking blades
onto a mask MA (see figure 1), including a mirror 252 which folds the radiation beam 202

through 90 degrees. Although the imaging optical system 250 is shown as including three

convex lenses, this is for ease of illustration only, and any other suitable combination of lenses
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the radi ati on beam 202 takes the formof an annulus 256 in a pupil plane.
1001571 Using the switching devices 214, 234 the radi ation beam 202 may be
alternated between the illum nator channels 216a, 216b such that the
illumnator delivers a bearri of radiation which alternates between the
di sk 254 and the annulus 256. The switching devices 214, 234 of Figures
18a-b forma sw tching nmechanism These may be provided wth different

pol ari zati ons using the polarizers 222a, 222b. The di sk and/or annul us nmay

oe. rep acgg, rg hfiqa ﬂie%s%ggtopg&;ggfst% 336?@3 H3de QHa{@ﬁfﬁcQ{ opef bheObr §\®me
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(whi ch adj Tist pdshi»n afitle mpwdadlei eieanetrm(rs) of tﬂqbeocsrp@lpecsan@)ngmhﬁmtsspazam 224b
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shown in | gure | ows conveni ent sw tc I ng ation beans 202
wi th different [900FHr Usig,the buitchirsg dim@séxmmeltheratdmnmemlzwnm}{bﬂ) entire
|IIumnators 30, 1001591 || um nator el nt h ar t to be se arately
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[00158] The arrangement illustrated in Figures 18a-b differs from that illustrated in

Figure 14 in that some elements of the illuminator IL are provided only once, instead of
providing two separate illuminators in which each illuminator element is duplicated. Only
those illuminator elements which are to be separately adjusted in order to provide different
radiation beam properties are provided in two illuminator channels. Those illuminator
elements are the diffractive optical elements 220a, 220b (which adjust the beam’s angular
distribution (or equivalently pupil shape)), the polarizers 222a, 222b (which adjust the beam’s
polarization), the spoke arrangements 224a, 224b (which adjust the beam’s energy distribution
in a pupil plane), the zoom optics 226a, 226b and the axicon 230a, 230b (which together adjust
the beam’s angular distribution (or equivalently pupil shape)). The arrangement shown in
Figure 18 allows convenient switching between radiation beams 202 with different properties,

but is less expensive than providing two entire illuminators.

30



100160] Ot her illum nator elenments which are not to be separately adjusted
are provided only once in a further illumnator part, prior to the

il lum nator channels 216a, 216b. These are the polarizer 200 (which cl eans
up the polarization of the beam, the beamsteering mrrors 201 (which
adjust the direction of the beam, and the variable attenuator 212 (which
adjL[StS the energy of the radiation beam for exanple to maintain it at a
substantially constant Ilevel). 1001611 Al though the pol arization shaping
el ement is descyy [ ' ' [t o ] : t
236, 1t my al s MyhaRAcRERHa e ph1G pBHHk ARkl EtiAta B
channel s 2df®, in2h&bddi{iofal 16Rdindtor pae L8y, Tlerss olenmntsaangdet dobarivatis sleapitge
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202 such t kia¢ crelned be dra thaskirey Hadpsi2éB camtdquiredsiad (the meguisisatsechapbaby afaetor

when it is ;éc)ci dent upon the second sw tching device 270. The second
switching 9 ce 270 may thus have a significantly smaller surface area than

the second 31 S‘/:dofledmi Th GG hf ratost1eMeRYd WEith bR dof o em%afaawg adfselbRed above
inrelation to Figures 18a-b. The swtching devices 214, 270 'of Figures

19a- b f or npmveiei toalyi onge e e iatties mlurdi@aw6 pirt, Aributat the illwomatx chamsls248a,i X 6b.
provi ded between the seco swi.t ching device, K 270 and  the addjtjonal :
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corresponds to the cross sectional area of the radiation beamwhen it is
i nci dent updnsts the emergy @f she2ddmtior Behm, fd0XGGle toomaintaveittak o nabstampinily ednstant

t er m nol og%, lbt may be said that the convex | enses 260a, 260b are arranged
to focus ti€®adi ati on beam 202 froma pupil plane to a significantly
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the additional illuminator part 236, it may alternatively or additionally be provided in
illuminator channels 216a, 216b.

[00162] An energy sensor arranged to measure the energy of the beam may be
provided in each of the illuminator channels 216a, 216b, for example behind the mirrors 232a,
232b (the mirrors may be arranged such that a small proportion of the radiation beam passes
through them to the energy sensors).

[00163] The illuminator may form part of a lithographic apparatus which includes
more than one patterning device. An example of such a lithographic apparatus is described
above in relation to Figure 2.

[00164] Referring to Figures 19a-b, convex lenses 260a, 260b may be provided
between the mirrors 232a, 232b and the second switching device 270. The convex lenses 260a,
260b are arranged to focus the radiation beam 202 such that the beam has a significantly

smaller cross sectional area when it is incident upon the second switching device 270. The

second switching device 270 may thus have a significantly smaller surface area than the second
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addi tional convex lens 262 is arranged to return the radiation beam 202 to a

significantly larger pupil plane. It will be appreciated that although
convex | enses 260a, 260b, 262 are used to reduce and then expand the
radi ati on beam 202, other suitable optical conponents may be used. In

general terns, an optical system which reduces and then expands the
radi ati on beam 202 is wused. [00167] Since the second switching device 270
is smaller (conpared with the second sw tching device of Figure 18), it may

be |ess hg%%gg{gﬁ&ic@bbg‘ﬁoﬁ SERORhasiis ERENKEIIBYIE re?a?i@ntt&Fggﬁree%WSE%hed

nore rapi ween the configuration shown in Figure 19a and

conf i gur at Tlersvatehing demices §id,& 709 Fighines 1Oadsormacwichalg medanism. t he radi ati on

beam 202 when it js ingci first swtching devi 14 | N
(the radiat i on BexlnASHEE SarBphes & SadaoghbaRe Pe Siidn ol inp el
216a, 216byy ahh@Mﬁtﬁ&lai hﬁlﬂig@kbabérpmé?eﬁmoonaagleﬁmw@xﬁahaﬂqe cSoMk bEdtioR Bf

device 214 may have the sane dinensions (and weight) as the second swi tching
devi ce 270the Thiiationl Heams20Rhforfekamplesn dhas édwad csass sediiongl ated/Whish cRmaspopgdtot o

operate at  the sane peed.. 10016 An al ternative,sw tchjing .devi

v t ohi ng. WECHIEHPN T G A raé&‘%&«15’8‘”“iVYPeB|‘td8én°6‘?en¥1“_§?%“g{hf’ﬁ%‘"§6& Fartge
devices 214, 23@01%41@&&%&%@?0&&%}erﬁﬂx@l 9ait khayi e sald tat thatebexiléhskd gur e
20. Figure 20 shows an illumnator IL including first and second opti cal

channel' s 2W8a260bl6barraiged to hesussheapdinten bdam B Samtacpipilgplars/odesignifigantly

conponents of the illummnator L .correspond w t.ho Ck I ve.Ln
relation tIN&e BFIQ pfgl,ewg??ﬁ sgiopf S\Hg?hlg%g%?g%egﬁoﬁg%yh%glgioi (aolgg%rté%3 glg fﬁ(ﬁl}‘ﬁ}%b%hé
Fi gure 20. 3dlieoraédneBk as 96Y isGranped tddasrd the sddiad bsea@od tpekihifcangy hegm
splitter cubes 270, 272 located at either end of the optical channels 216a,

216b. The pwiltmendt 92 beoprsecigtad thee plthaveh gaveexflpnses 2P 26@30d arg seddw e

pl ates 274, 276 |l.ocated befare.the fir ri.z;0 e I and
D 2 B PaRE LR b iog SR LR RAER AR S i e
plate 278 inSgeptaViett@s] ani dpfica shbtemtwhield rediccdGRdWhdrcdkphiads the tddatipdieant208iindow
and a second region 282 which has a''/2 wave plate. 1001691 In use, a

radi ati on Wedm 202 is generated by a radiation source (not shown) the

radi ation beam @g‘f&ﬂﬁ ghircgglf?e;s[eBé)rlaa{)\jveig:ﬁ%c%vic'e 7b@es$$1!q‘g2§ér@{;]a?9d KRR e’ =Y

arrow over |l appi Ion indi'cates e polarization is

in the pl aagitddingdcgieaf2urd 8), itnedyabd l2atleany. ofhit ARowaticaticnd heemndQRvics
cl eaned up %{q the pol arizer 200 and then passes to the first'' /4 wave
pl at e 274.27He be/switghgempreappidiyraetyeen be cenfigisatiqnsbawngsFagure 493 ol BE t he

radiation configuration shown in Figure 19b. The cross sectional area of the radiation beam 202 when it
is incident upon the first switching device 214 is small (the radiation beam has not yet passed
through the illuminator channels 216a, 216b which expand the radiation beam), and so the first
switching device 214 may have the same dimensions (and weight) as the second switching
device 270. This allows the first and second switching devices 214, 270 to operate at the same
speed.

[00168] An alternative switching device or switching mechanism, which may be used
in place of using the switching devices 214, 234, 264 of Figures 18a-b and 19a-b, is illustrated
in Figure 20. Figure 20 shows an illuminator IL including first and second optical channels
216a,216b. With the exception of the switching device, the components of the illuminator IL
correspond with those described above in relation to Figure 18, and will not be described again
in relation to Figure 20. The switching device includes first and second polarizing beam

splitter cubes 270, 272 located at either end of the optical channels 216a, 216b. The switching
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beam 202 to circul ar polarization, as indicated by a curved grey arrow. The
circularly polarized radiation beam 202 then passes through the transparent
wi ndow 280 of the rotatable plate 278. The polarization of the radiation
beam 202 i s unchanged when it passes through the transparent w ndow 280, as
i ndi cated by the curved grey arrow. The circularly polarized radiation beam
202 then passes through the second'' /4 wave pl ate, whereupon the

pol arization is converted to linear polarization in the plane of the

Figure, 204Q%el ifh&ahQHd Ykt hdgeEhdak WAV plalddiZg4! 2 TeEREAYd BOfodd thd st
radiation 1s reflected by the first polarizi ng beam splitter cube 270 and

passes t hrplgtzinhecasesditidr ¢ubeuaridraptitabldlaedl’S raisd betvecenaler ‘4twaya pléesmIhe

t hen passes vi.a a Jr.or 284 to. th econd | arizing. beam splitter cube
272, 1 rom Miie pletd 78 8praddsds e Brd REOT aftRhAlsBedR v RO FR e L

1 00170] | ngeRbfiefeoton M WiGHh hixen .ativatglfae beam 202 into the first illum nator
channel 216a, the rotatable plate 278 is rotated until the radiation beam

passes through K8&6%2Inmeseea midtion bogn 20 jsigsnerasdblie redipeen sapfeer(Byishevakthe he
direction of.circul ar polarization of the radiation beam 202 hQwn
schenat | cantipn Sewe e Be Pheg PoldPedi Jray! BBl P na Tk e s S s
passi ng t hihe y&thatidhebeaRCTUAndicéteWandethi|palagizaidh is he dRmand dffeg@irt YOpahar i zed,
the plane of the polarization being transverse to the plane of Figure 20.
Li near pol pelatizetion pf Bk rediporobdasnd 0 15 slsanesd uptydhe nplariaer 200 anf heminasses to the

pol ari zi ng:.heam spl i o y Labl - Ras coxla a
beam st eerﬁﬁg%n%v al"\{% rlétégzét'i nF % ‘ﬁz/gv%r?i ?t?@%??{)ﬁ\;neft %%@?@é@ng%ﬁg}? a. %%(a)ﬁu&

| eavi ng t higeald 26X to didcllMfbolatigatiocnhaningicaed 68 a cuhedreagh atéwn Theairtdfily passes

t hrough the second polarizing beam splitter cube 272 and into the remai nder

of the il | potmesdapdiption beant H02 then passes thequghd Banspareat wingow) 180ef thaystaiabled
L e ‘0 +1 B g
Pt nat oP B IRE ol RfopihSphiNon BERTAAE AEhEEN y0R 1 dab R uBlIPRE O

aut omat i calrhngpaehtsinddw 2801 ascixdizpled b yheacuraddogre ¢ anbwolThe dirbyladly poleiesksor, I n
one exanple, the tranS{)ar ent wi ndow 280 may occupy hal f of the working .
1S

optical ar®diagpn pepn 205thep aaises hraned thesgeondd wape Piate Whgesuppmths pobwiza
occupy the : | ¢ 2 ] ir wi ||

t hen caus ecﬁgﬁ érda@ﬁg{e?ﬁg&l%lé%%gﬂ 6’8 f}?%efb é rt }%la}?g&rg ’e?%%ﬁdfcﬁ{e%gﬁyrtgg gl%gﬁégggé cond
opti cal chémedéhsarBlfidariz2d rédiathin @ reféesiaday thatiest pdladizing bediespiuert wibe G0 ded/i ce
shown in Figure 20 has a low |ight |loss, the loss arising due to the .

non- per f ecPaséeﬁéFréPPg]&%eéFC(f‘Hje‘HWt% Cglf"é‘%el %*7&3- Phegradiatign Seam i@en Bsses W Ag

beam spli 65 84REthe%sCondfAarizing beam splitter cube 272, from where it is reflected into the
remainder of the illuminator IL.

[00170] In order to switch the radiation beam 202 into the first illuminator channel
216a, the rotatable plate 278 is rotated until the radiation beam passes through the 2 wave plate
282. This has the effect of reversing the direction of circular polarization of the radiation beam
202, as shown schematically by the lowermost curved gray arrow. The radiation beam, upon
passing through the second ¥4 wave plate 276, becomes linearly polarized, the plane of the
polarization being transverse to the plane of Figure 20. Linear polarization of this orientation is
transmitted by the first polarizing beam splitter cube 270. The radiation beam 202 thus passes
via a beam steering mirror 286 into the first illuminator channel 216a. Upon leaving the first
tlluminator channel 216a, the radiation beam 202 passes through the second polarizing beam

splitter cube 272 and into the remainder of the illuminator IL.
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100173] The rotatable plate 278 is a conveni ent apparatus to swi tch between
the transparent w ndow 280 and the V2 wave plate 282. However, it wll be
appreci ated that other apparatus nay be used. For exanple, a translatable
pl ate which includes a transparent window and a V2wave plate nay be used.

In general, the plate is noveable froma first position in which the

radi ati on beam 202 passes through a transparent w ndow (or sone other w ndow
that does not affect the beami s polarization) and a second position in

whi ch the radi ?FObQW]bq’ﬁ@Totﬂ@&%g@até brPMmRvsaagid AndBdReRleat Svitdhhlodle BaRitibh T St
and second optical channels 216a, 216b include polarizers 222a, 222b. These

pol ar i zer sbeaho2batweerhise fisgdnd seappd ifyminpier phanaels 2363.0H 6bf Thaeotptablie platon
beam 202, this will .cause t econd larizin i u 72
Co direct Barmrop bRk RO 0R R oD R Hhet b 1

i 'l um nat ogxahiple, e trdnspsreatesinded 280 nddj distipyt heaf ok avdriziag opticad rdaltf the

radi ati on beam 202 usi ng the pol ari zers 222a, 222b then theégqol ari zi ng beam

splitter ciotasatiplatead’8pand | amane blatef 252 ragaegsipy thesubsrhatfl deatating rafatably |

hi il hat . 50% qf . iatlion. ihd
L B e e
lost. Al t efrdidetote optichehaBRAODTHA QI 6 4tz degirkrbare. splitter cube 272 may be

repl aced by a different sw tching device, for exanple of the type descr.i bed
above in rel atiB817d Ehgswvashingdaviee shownipdigsa 26-hes skopphghtpeisathe 058 griieam
splitter cyb (S [ I | e: 6f t that
t he angl esahaet O\%elz%(%]n P%fﬁgéﬁeg%@éfrgtpag%ee ¢ R’ggglrl] %7{8 g@éans% !ﬂglfagl‘;z;;[ %ybfe%glmal I
that the pglliatet aitles QM0,&72t he radi ation beam 202 is not affected. 34 1001761
In a further alternative arrangenen the first and second. 1/ 4wave pl ates

t
274, 276 and tW817H: dhamtatapleqiae 278 isrAesPnyenic i BPRRAMS Ip syyiteh PoraembiFe 1/2
wave pl at etrér{l%reﬁmg{géw nzgi} agﬂ?ﬂea%'\{':%'eeyﬂcﬁe Y@é’.va%&@v'e@tf?wu}lﬁéa gﬂe@iue f%th%ﬁlePf

the radi ation‘beam e SW't rom being in the plane o gure 20
to bei ng tippasitey ey boudetlgliveexathpld, heraakiytablaipladhivhichtihdudadi tednsparentbeiadow
between the first and second optical channels 216a, 21%[;;. Swi. t chi ng between
the first ansha-gevsmiate maymenstsr Ingsasibithe platsds meyeadlgHem 8ishpositin i/ 2wave
plate wll 3] i i i i Ly
bt i at 1 B ARAAUElof B30z SRS (OB ¥iophdRalePy RRINA o Nithe e BERTAY
V2 wave pl éddes nbsaffast dtedetal Opolevizatiphparfdal decondgpsiticsi inevhiay thedadittiorbbtahon or
simlar). $001771 T el/ll 2wave plate may be automatically actuated, for

exanpl e us %geséh%g g /2 wave plate.

[00174] The first and second optical channels 216a, 216b include polarizers 222a,
222b. These polarizers should not be used to modify the polarization of the radiation beam 202,
as this will cause the second polarizing beam splitter cube 272 to direct part of the radiation
beam 202 away from the remainder of the illuminator IL. If it is desired to adjust the
polarization of the radiation beam 202 using the polarizers 222a, 222b then the polarizing beam
splitter cube 272 may be replaced by for example a 50% reflective mirror. This will ensure that
50% of the radiation beam 202 passes to the remainder of the illuminator, although fifty
percent of the radiation beam will be lost. Alternatively, the second polarizing beam splitter
cube 272 may be replaced by a different switching device, for example of the type described
above in relation to Figures 18 and 19.

[00175] The second polarizing beam splitter cube 272 is located at or near a pupil
plane, with the effect that the angles at which radiation are incident upon it are sufficiently

small that the polarization of the radiation beam 202 is not affected.
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controlled by a processor, and may be arranged to nove between predeterm ned
positions, or alternatively may be arranged to rotate at a desired speed.
1001781 When switching the radi ati on beam 202 using one or nore polarization
controlling wave plates, the direction of the radiation beam nmay be nore
stable than if the radiation beamwere to be switched using a mrror based
switching device. This is because there are no noving reflective surfaces.
In addition, since the switching is achieved by rotation of a plate rather
than by |inear mol16n1P4 furtet Aidnativie AMMgdiBerftant Gifst aNd seBaRANWVER pl¥iteBRT 4
reliable. [001791 The ' Awave plates 274, 276 and the rotatable plate 278 may
be repl aced/Ganddhe otaitde plageed 18 manke fsplared Witk arotatghle ‘b avaye plata @osskiondh Bhe
pol ari zation of the radiatiop heam 202 et | | hi J ichis
o the- pl ainie s ke bl e PRATLRRE AR JEENah b 0P Pled e iich £y g

Fi gure 20. pelheinnReKRhS ok hirei2d t6 BoihE dhhS@rseYo Bigpteyd0) thedebynadichingdhy/ pldtatige t 0
the pockets cell, which may for exanmple be controlled by a processor. The
pocket s cebdamabgteoen the disstend weeond opgcad chamelsrzdp.at litbn Spaghngoztweenibefirst he

B R R S e

system PShas6mal, guthe sdisewhdthhd ingensiag b Bifal@fioh @aaziROR il @einkfoathant bl Btarpn
beam having a sigma of | passes througgf the projection systemPS, This my
a

be useful ¢GNUABQUSBKEHIPE & Wakepatris rtatpd tar exmple falloaving,p sing yrave digikution of or

detecting Bﬁ]‘i’lgﬁrti es of the radiation beam 202 at the substrate 35 table,
The sensor may ‘be arranged to detect for exanple aberrations in wavefronts
of the radiati@1PHamhe02waldpisaybaaitenaicalhavematedhfomatdnplk uying a motor
switching device of the type shown in Figure 15, the sw_tching, device being
modi i ed tePnieHed BY 8 PERSEFS9&cd|maghie arraeged (0 Ve ket wpgupredetermingd pesiiansniing
devi ce 300, I i 304 which are connected

t oget her ghegﬁdéggﬁﬁ?%}ing%r{%@g%ﬁo?gg8f£r&éezsﬁ@% |ﬁ'di cated by doubl e headed
arrow 306. The [H6iT78hiWigndsviichmg tBOfhdimbipn beam ER2Apihe ohe otigwee polagitasion of the

second swi tching device 234, 270. The first prism 302 includes a reflective
face 308, wWdollfg wagdiehthetestan phive dediation heam way pg Borgstablg flgan lﬁﬁm ng a

0 {1 orent AL BTt SR s ooy LS BTk TIICE wiglaces o
i I'lum nat ethedtaré mgmoemgatfledtive bodacap hiy afdition, smoejteeswitchind is achievaet byanakion
pattern f rc())fn; Slatg‘%gtﬁer%ar? B;[/ %ngarsrﬁjobtlsc}nro tn%rr\é\zs', it may be faster and mechanically more
reliable.
[00179] The Y4 wave plates 274, 276 and the rotatable plate 278 may be replaced by a
pockels cell. The pockels cell may be used to switch the polarization of the radiation beam 202
between linear polarization which is in the plane of Figure 20 and linear polarization which is
transverse to Figure 20. The pockels cell is controlled by applying a modulated voltage to the
pockels cell, which may for example be controlled by a processor. The pockels cell allows
rapid switching of the radiation beam 202 between the first and second illuminator channels
216a, 216D to be performed.
[00180] In some instances it may be desired to fill the pupil of the projection system
PS (see Figure 1) with the radiation beam 202, so that a radiation beam having a sigma of 1

passes through the projection system PS. This may be useful if for example a sensor is located

on the substrate table WT for detecting properties of the radiation beam 202 at the substrate
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However, if it is desired for exanple to provide radiation with a sigma of
1, then the switching device is noved such that the radiati on beam 202 is
reflected fromthe diffusely reflecting region 312. The radi ati on beam 202
is thereby converted into diffuse light, which fills the pupil of the
projection systemPL. This allows, for exanple, aberration neasurenments to
be made by a sensor |ocated on the substrate table WI. 100182] A diffusely
reflecting region 314 is provided on the reflective face 310 of the second

prism 304. iiffai S"h@lsér%\é@mtaz%e%ﬁﬁﬁ o dUBB AHeBIRP bx dnfhlD BbdRARNE & wavdfRfitadfitR) beam
i ncident upon the switching device 300 from an opposite direction. [001831

Di f fusel y tadmfismbeam g92.el enents ( not shown) maybe used to generate the

di ffuse radiati ead u5|n dlffu t|n 3 12, 14.
The diffusely P1R05F {gt“feh%l SoMsSrtsaty s ?W‘éﬁ’é i ARy frFided
sui tabl e r1353Itwwl%lﬁgf&vi&fﬂeﬁfgtmyﬁﬁé@&egeneﬁ@@dlff&sé&hgﬁ RRrhg mslgal@m 304.
100184] Figure 22 schematically depicts the radiation pulses of both

radi ati on s’amher@sdeqczdso()gn@lp@ﬁsa”)rstemd sgmd(pglrs@p [#0B) 304swhick arecqonpertest together
t oget her W@[dhaﬁ QE%S?&? r‘gg? i} eh%lre%gl atndO Ccilt ugg:r g@edcgﬁoﬁ(l)éggTﬁehs%\ilgﬁmng%w%gd'

(see Figur Abi e i arron beam ma

i 1 'um nat o3o(nasy folésaarﬁgmemsai)mcpnacte@ftHeIswnnaamehmgrdthwZM @7epThefirsi BAGES51
A benefit of the arrangenent using the devices 134 and 136 is that these

devi ces ar ¥2iprydeser roflervestaed $08aﬁad thegreondmispet Qs iscludescarpilsetavs et $1& mal |
act uat or Olzla\J Iﬁﬁjae %%T?’e%t gﬁénﬂatl&ﬁyﬂ% reﬁgét \Je%c%r&f tlrleoﬁg't BH%?%@% H&?ud%@%'d?ﬁ?sel The

devi ces 13 conmon or " or

1001861 Al fegletratg régiop3 12atrheﬂlfﬁtsaly reﬂchumg@églmg:;tm noailluadinaed Ideamg h@rn&lﬂ t her
an illumnation unit 130 or an illum nation unit 132, an arrangenent as
depi cted i kth pgr@nhk(lzspwnoa@f apwictigpal pﬂtgarf@nzg mgsh M ontond supshasiWt s an

L1 1um nati g[}g@\&’at{? %)sﬂea eamﬂt%éeam% [atiof? %fhcaagl ik e nth?rb %@%gtrnjaﬁlhg nmay

be inmparted by a r adr ation unlnat|on stem

i ncl udes addwxiederno%@sﬁmrthhtahdranigattomeﬁmrzom efleapd froal theldﬁiﬁtmat;sreﬂleﬁingﬂo.
The optical  elenents be arrang adj acent to ea other, T )

ar r angementegiegy’ 1?n€F%Wé‘%ﬁ“§’é%@§p%is tg?rebsr ?%fsﬁle fcbq? %éﬁh&ts\ﬁhﬁﬁﬁatﬁew&pﬂ
hol der 166 el i

arrow 172, Ot HfiefoRBrAGRPLE RN By bl GBEriRA hELLERAR bk ddtEby
by the opt saaér letaedot the68bduate abletWd. exposure of a first pattern of an

?L{)ZP? de B; ? ﬁelsﬂgigﬂné‘n@ f.1|§ g;%é@@1%4%? grOtVEl t otnhtﬁe re%l%lctlt : glce 9%& g% tlhg
second prism 304. This allows the same measurement to be made for a radiation beam incident
upon the switching device 300 from an opposite direction.

[00183] Diffusely transmitting elements (not shown) may be used to generate the
diffuse radiation instead of using diffusely reflecting regions 312, 314. The diffusely
transmitting elements may for example be located over suitable regions of the reflective faces
308, 310 of the prisms 302, 304.

[00184] Figure 22 schematically depicts the radiation pulses of both radiation sources
120 (graph a) and 122 (graph b) as a function of time together with the combined radiation
beam (graph c). Using the device 134 (see Figure 14) part of the combined radiation beam may
be sent to illuminator part 130 (graph d) or to illuminator part 132 (graph e)

[00185] A benefit of the arrangement using the devices 134 and 136 is that these

devices are comparatively small and light. Therefore, a comparatively small actuator or linear
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during the exposure of a second pattern of the arrangenent as shown in
Figures 12a-12n. Alternatively, the optical elenents nay be nounted on a
rotating disc driven by a rotary notor. [001871 The arrangenent of Figure 23
enabl es the use of only one illum nation system |In case nore than one
optical elenment needs to be changed between both exposures, further holders
can be applied. Those nmultiple holders may be driven by the sane actuator.

It should be noted that, alternatively, the illum nation system may be

provi ded wWhbiy, %a@@e@ﬁfﬁcflé?ft t&a6PlacOk idevikec BIRRYICEM Biind PIMBAYISH Ge dric@mDN
hol der for both élements. Each of the holders nmay be driven either

i ndependenty acdiymon agtuaton of metdr not or or they may be driven by a conmon

| i h 3
maybe appl | ed 001K ANFERY SRRt IR RGLA R BTGB H DG Cre

exposure offjulfigatioh it 1306r € RMEnARIN BTS2, arﬁiﬁéﬁg&h@ﬂﬂt&@ﬁ%plﬁ&ﬂ iRBiguppl3 mdyt 0
change the intensity distribution of a radi ati on beam of the ||l um natiagn

system | nbeanpded.t &g@fﬁaﬁg@hm@@w&lﬁ dgpicisragtillpminatian systaam 460 inslidingy ﬁwbqrwé

exposur e oo aoE il BN b2 ilaPGERCL R LBERBpp 6%, THE LR QiehlE.
23 may i ncfugter invdel ﬁcmaeﬁ 166efoomluﬁ@|twel(@maﬁes optédal alegedtsaldasacmatrhe Op'earth

other. In order to ensure that the appropriate intensity di, strl bution is
appl i ed, tHempaih qay beegangrd adimcant to sachrthen rIhe arrpegesinnt By eqladredit Al obe

di spl aced l ay ﬁ?g?o‘}t Pcﬂ‘s;ﬁgl H%EH% ﬁoﬁ:r%é‘gﬁth%@ n%tﬁ%ﬂelg%tglr?ts ?1? fdlfe%{ ogm%%gegond

pattern suc e radiation beami's I nparte ecte

first diffbagiianewo2l @l dehgs®mne dart ensgre thet th prisation heﬁmtlhanpefnadsliy thattern
and that the radiation beamis inp arteg g reflected by the second

di ffracti v%otwakﬁ pragnt 108 <lvpRg theGXPASHTE RE2 Bish BRI ObRN PHRNESASHRS 1

[001891 It [h%'s”l? t?g P‘%H‘atttll?@ltadlaﬁoﬁﬂéﬁnmﬁl ARELS Bf'the"%? Op%%cgfﬂelﬂé anged in

a field p neo |'um nati on system eya I spl ace
during thedlﬁmahue;q;qsumaﬁassecwﬁi paaarneafam)dumngambnma;hownhmFlg(um‘s IPatl@ns) may
be arrangeg erfo |ﬁ acenen as iﬁ%lcated g H ures 24a to
24c. Figur et dhinica ?Ema%frw e pundion roHag s rl(@rh ? FRtgty gpotor.
posi ti on ' desjogpaiednbimingeiont 5 BOLIS L WOGLH B, LSRR system.

el enents. Figure 24c schena ically depicts t position (the position

ref er ence bwdase RBoresthamdincaptad] ¢lamenigeedstobtahamged tRtbdendfoth treposodesicfurtidt as

o) St 0Bl B e 240 Shelmigel Ly detleLs, e pestion ol e

23 may al sg. RRePMR, aRENhGvdPShE [IRFhination system may be provided with a holder for each
optical element rather than having a common holder for both elements. Each of the holders
may be driven either independently by, e.g., a linear motor or they may be driven by a common
linear motor.

[00188] As an example, the arrangement as shown in Figure 23 may be applied to use

different ‘diffractive optical elements’ during the exposure of the first and second patterns.
Such elements may be applied to change the intensity distribution of a radiation beam of the
illumination system. In order to change between a first intensity distribution for the exposure
of the first pattern and a second intensity distribution for the exposure of the second pattern, the
holder 166 of the arrangement of Figure 23 may include two diffractive optical elements
arranged adjacent to each other. In order to ensure that the appropriate intensity distribution is
applied, the holder 166 including the diffractive optical elements can be displaced in

synchronism with the stage provided with the first and second pattern such that the radiation
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different optical elenents (such as diaphragms) in a pupil plane of the
illumnation system In that case, the optical elenents should remain
stationary during the exposure process and may only be displaced in between
two consecutive exposures. 1001911 As an alternative to applying different
optical elenments, a programmable mrror array nmay al so be applied to
provide a change in the intensity distribution for the exposure of the
first and second pattern. 1001921 Although specific reference maybe made in
this text degmtifnpieRdet rdictRadyandiist didpRRAivabpticdl Blehtat owm dekupauafofitks,

it should be understood that the |ithographic apparatus described herein
may have dirbigrattempinddhatitbmeadiation fream it inepartad of edieoted byfthe spacend dilectyst i cal

systens, gui.dance and detection patterns for neti c domai n nenories,
flat-paneﬁxﬁfgﬁﬁ fguv?%ﬁFﬁ¥8?§€%%ﬁ£8F%§P§ %&%E(Ib), thin-film nmagnetic
heads, etc. Thqoei§9]! Rhald bs abteWithdt in aRPERCIpACE dldraénts b drh@geaDintafkdld of

such alternative applications, any use of the terns "wafer" or "die" herein

may be cormingenf et iymdnationyieers. ey Aretablewes tedigplpes GiringdhegXPosHisIPese " Abr

" [ Lvely. T f [ :
or acessed, nissbpls bIREEIA oY palliPTAR fhEed £1SHER gL Sapiey

typi cal |y japid Figsre@ 2b@aner4cofFigee 284 sdhematisallysdepatsean iaitth] gesigbofihe tritalexposed
resist), a netrology tool apd/or an inspection tiiool ._Q?X\here appl.i ca?l e, the
di scl osur eposisioaiinderegnatsd by ef thg hokiles heinghdling the prisah slements. JiglE<Es ng
tool s. Fur - - D L e |l e
inor der r8rapisell g Hd AR RGROREARREL: (R PiC MERaBI P i Rs SRR

her ei n may24al spthe dbkler 166 & s fstioab ftihbaFigate Zédy hernaticaily slepiststthppesition of
processed | ayers. 1001931 AI_thpggh specific reference may have been nade
<of the invention in the context of optical

above to tthehelder Winé%wilt#fﬁh_r _ _ :
l'ithography, it Og‘i% b ﬁﬁﬂg@ﬁx‘eﬂ%%@h&f@rﬁgr&\gfgﬂ?e 3PNGPhIB e éflti%heto p?l?iohn ot her

applications, an ere the~context a s not"limte tical

| i t hogr aphdiffede@0didhl cldracrite (sush 45 didptasgois) insenphipi lgard ofulseidlunenaion sgstemmbass
all types of electromagnetic radiation, including ultraviolet (UV)

radi ati on (&5, teaRAYS eméﬁwﬁﬂfﬁn&fn 8?%10%6%@@6%? C§B®Pre_29r§§esm<? mEE7 or
126 nm and, il G é&i!hrb%t\x/éeglt%lclﬁ)%éwmrea@apaéur&? (e.g., having a wavel ength

: ¢ ' :
in the range of O nin), as we as particle beans, such as ion beans or

el ectron beans.[0pD0] 145 in Thentteveno applysg 'differeneontivel demtetxta priokewsnabiay
refer to Snifror ra]l?ra)(/) Enay also be applied to provide a change in the intensity distribution for the
exposure of the first and second pattern.

[00192] Although specific reference may be made in this text to the use of lithographic
apparatus in the manufacture of ICs, it should be understood that the lithographic apparatus
described herein may have other applications, such as the manufacture of integrated optical
systems, guidance and detection patterns for magnetic domain memories, flat-panel displays,
liquid-crystal displays (LCDs), thin-film magnetic heads, etc. The skilled artisan will
appreciate that, in the context of such alternative applications, any use of the terms “wafer” or
~die” herein may be considered as synonymous with the more general terms “substrate” or
“target portion,” respectively. The substrate referred to herein may be processed, before or
after exposure, in for example a track (a tool that typically applies a layer of resist to a substrate
and develops the exposed resist), a metrology tool and/or an inspection tool. Where applicable,

the disclosure herein may be applied to such and other substrate processing tools. Further, the

substrate may be processed more than once, for example in order to create a multi-layer IC, so
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conbi nati on of various types of optical conmponents, including refractive,
reflective, magnetic, electromagnetic and electrostatic optical conponents.
1001961 Wi |l e specific enbodi nents of the invention have been descri bed
above, it wIll be appreciated that the invention may be practiced otherw se
than as described. [001971 The descriptions above are intended to be
illustrative, not limting, Thus, it wll be apparent to one skilled in the
art that nodifications nay be nmade to the invention as described w thout
departing fhhome tdie SEPRe AfediHieif tlyBsoSBler 34 st thad AWy TcIntifd-HUMBR | S:
| . A stage apparatus for a lithographic apparatus that includes a

pr oj ect i onpreyesseshlayerenfi gured to project a pattern on a substrate, the stage
appar at us conprj.si ng: first ohject table confjqured tqo hold.,a first
orterning. dovi (D158 adenhetnsPilerelentiRE iy FRG bAEREY ol Sl b i

pat t er ni ngeHBYdiments @AEHR iRVerda ih tHeonRAHof Sptie ANHhOBhHIRY, M Widl KéippER fated that
including a pattern, and the first and second patterning devices being
arranged siighnvenaen miag bpasadeinmtlest applicatipnss @an‘azg@ré the erateté allews, anottliveited to
pattern of Hhe fﬁcondh patterning device are adjacent to each other in a
scanni ng d??g%{J ReT4R %ositioning device configured to position the first
and second pat t pOn9410 THE dr@e Stalidliont BRd StEasl ristEherainttndo@PiNsrall tystawifce
configured to control the positioning device, the control device

const r uct edlegirmagneingattion, ipelydingataveolid&iViradintion @eds e ing a wavglength of it nt
adapted to; I r fii i i i I
predeterniﬁgggg%%§§§3%§rZ?ﬁdéegglgiéﬁ%?@?%@&%gﬁggg§¥g%ﬁg?ﬁ{ﬁgakﬁ§%8@%aphic
appar at us, hdving a dac&tmtRiretht henRWIStI0aiR), bo well Pk paeicRr teane ds iRl an iinigaspeed
relative to the projection systemso as to project the pattern of the first
pat t er ni ngele@vancieamst o a first field of the substrate while substantially
Tai ntaining sai fo3oanTho%aPIaH (hik IncloRAAR ISR YBRE IPLE Giibgtantial Ty
at the predeterm ned scanni ng spee so as to §k|p an exposure of a non-zero
nunber of etpisigation dfivatidugtypesvi@ptitdl@ompbsdnta il alingregadtive difkcand, niagnéie
first field in the scannin% direction; and (iv) accelerate the second

pat t er ni nge'@EiAnRagnete akeleqirastatisopenl spmpARdtSspeed rel ative to the

proj ection syst g6 aniledpE&R0LmbbIEHRCANE: AIELEIH YRR bRRISEH Lelid of
the substrate g&?a ge&nég%%cent to the non-zer% ﬁ%ﬂg%?%%? %é%ggﬁﬂg%kgépd
pitch on tWwdl sudygprecadted that the invention may be practiced otherwise than as described.
[00197] The descriptions above are intended to be illustrative, not limiting. Thus, it
will be apparent to one skilled in the art that modifications may be made to the invention as

described without departing from the scope of the claims set out below.
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the scanning direction. 2. The stage apparatus of claim1l, wherein the
control device is constructed and arranged to position the first and second
patterning devices during the scanning operation such that a distance
between the pattern of the first patterning device and the pattern of the
second patterning device substantially equals a predeterm ned function of a
reduction factor of the projection systemand a non-zero nunber of exposure
field pitch of a field pattern of the 40 substrate so as to expose a first
exposure fyweldrys thAiheEDig.st patterning device and a second exposure field
wi th the second patterning device, the second exposure field bein
substantial |y kpaced siygaepparpigpfariadithographiespnssatvethny iackpdpsa pmecg@ﬁsyz%%

mb f fiel [ Y I , Wher ei
The non- zcy 8 Riaar Pied gl ffionds ublfd FER-POBERRLI BBl Tt 2 ™'

iI'lum nation sef fiishgbjeét thble cbnfioed Rtvl¢a fpppawdriigideviebanged  bet ween
successi ve exposures of the first exposure field and the second expaosure

field. 4. The stsgencdphiestaztiacaiguresitphold aspendiptiemingdleyicsneash Bbthrdiy anfe
pattern of se gr?d pzfctﬁe{rﬁééﬁe%{j]{esg 113 réggé%ltge??%gg tl}i,egiﬁ'a Czﬁl}d%ﬂé@éi tattgltﬁ?t%gsfeﬁlgc@gbeing

patterni ng devi'ce substa or o

proj ect i onargangt@mciithdtithd packribyf thb dirstpatieaing deuitband dfe @xtpasefitke fécehdl
pitches. 5. The stage apparatus of claim4, wherejn the positioning device
conpri ses RAUCIIRGAGVIGRATE AAASHY A EIFh T iRy R PEANINg dificeliPlice the first and

second object t :CO rat.l Js L i i
direction and a%p Jggt?oung%{%{levéges@gﬁgs%%ﬁk %{sé!&%%@tfgh% ?E%@gﬁ %t%uljg ir s{b@ ?an
second objwetulisalaleeand n at | east a direction perpendicular to the scanning
direction. 6. The stage apparatus of claimb5, wherein said actuator assenbly
i s arranged on &contiof ?Vlﬁ%\?qnf@f*‘r"éiépﬁomi“ﬁég% POSHI BN ARy IRF CORHOURRYISS n sai d

t t i i f.i t.o:di .th
Frret obj carspdyye ik Hge B Bl ARy dealte ] £t it SBEE R |12

first object e an actu I gure I spl ace said second
obj ect table. 7. The(ist agaccalppre tefsstqfatteinaigdesjcewb erfestrpredutatmandduspeed

assenbly is confiqgured to displ .he first and second object tables
rel ative tG&NFL Y%F’rpﬁleﬁ&’rntsy?tr‘?&aoafcrtgﬁb@og‘fap 38pPargls50 MM 8. A it hographic

?g 3?; ?.t g f, g g gpnr i si ngj) (@) a@Bletdtd WMt ARNo 8 YRl HARRA sEHn G dPeREVE e @
projection system so as to project the pattern of the first patterning device onto a first field of
the substrate while substantially maintaining said scanning speed,

(iii)  displace the substrate substantially at the predetermined scanning speed
so as to skip an exposure of a non-zero number of exposure field pitch on the substrate arranged
adjacent to the first field in the scanning direction; and

(iv)  accelerate the second patterning device to the first predetermined speed
relative to the projection system so as to expose the second pattern onto a second field of the

substrate arranged adjacent to the non-zero number of exposure field pitch on the substrate in

the scanning direction.

2. The stage apparatus of claim 1, wherein the control device is constructed and
arranged to position the first and second patterning devices during the scanning operation such
that a distance between the pattern of the first patterning device and the pattern of the second
patterning device substantially equals a predetermined function of a reduction factor of the

projection system and a non-zero number of exposure field pitch of a field pattern of the
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41 (b) a substrate table constructed to hold a substrate; (c) a stage
apparatus conprising: (i) a first object table configured to hold a first
patterning device; (ii) a second object table configured to hold a second
patterning device, each of the first and second patterning devices
including a pattern to pattern the radiation beam and the first and second
patterni ng devices being arranged such that the pattern of the first
patterning device and the pattern of the second patterning device are

adj acent tQibsAE Ko & deKkpbdt AfiSEPING R RRA kfirs( pdticining BOELE A segosteVvi ce
configured to position the first and second patterning devices and the
subst r at e, expasirg fighd witle thetseesndpattemingdsivice gilie sepond exprsroficld heing sabstandiallng

adi ot | on es s gL B MR P HRE S PR SE Lk AR B

scanni ng operation the pattern of the first patterning device and the
pattern of the second patterning device are projected on the substrate,
wherein the control Hesstege apparadissal clpemde Whgksimihe angeara pmpbe i gepashes field

pat e ni ng AV eabol A8t Bh 10 by B ARhAFor Bl bl BRRTLBRAIG L MBd O o

syst em of bdiRedn subegsiapBkposappar dicubst dxpbswae fieldendttie drend ebsdsurtfield.o a
predet erm ned scanning speed relative to the projection systemso as to
project the pattern of the first patterning device onto a first field of

the substrate V‘%i ! eaffé@i%ﬁéﬁﬂ&n alnks c{?‘;iaﬁ’ﬁa%" Wh@&ié@fg%isﬁ%@%%eﬁl?ﬁeeﬁéneﬁr%fthe

di spl ace the substr i al at the predetermn scanni ng speed so
as to ski pfisnpaicptsgdeviod aal the patten of thersberndafattepnrasduvicef subbtantillyclquals thehe
substrate arranged adj acent to the first field in the scanning_.direction;
and (4) acEer@ioatiactone toepruertionsy EFRimYtiplsd byethe SOPHEror Tpager opPermstEiiFhed
speed rel a{)iitc\ﬁ ;o the projection systemso as to expose the second pattern
onto a second field of the substrate arranged adjacent to the non-zero
nunber of exposure field pitch

5. The stage apparatus of claim 4, wherein the positioning device comprises a
linear motor assembly configured to displace the first and second object tables over
comparatively large distances in the scanning direction and an actuator assembly configured to
displace the first and second object tables in at least a direction perpendicular to the scanning

direction,

6. The stage apparatus of claim 5, wherein said actuator assembly is arranged on a
first part of said linear motor assembly and wherein said actuator assembly includes a first
actuator configured to displace the first object table and a second actuator configured to

displace said second object table.
7. The stage apparatus of claim 6, wherein said actuator assembly is configured to
displace the first and second object tables relative to said first part in a range of about 40-50

mm.

8. A lithographic apparatus comprising:

(a) an illumination system configured to condition a radiation beam;
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on the substrate in the scanning direction. 42 9. The |ithographi c apparatus
of claim@8, further conprising a nmasking device, the masking device
conprising: a first masking part configured to obscure a first part of the
first patterning device before the pattern of the first patterning device
is inmparted by the radiation beam a second masking part configured to
obscure a second part of the first patterning device after the pattern of
the first patterning device is inparted by the radi ati on beam and to obscure

a first part of the gecond pakiieibld@ndendiseiohRi®s suisharepat tern of the
second patterning device is inparted by the radiation beam and a third

maski ng part configured tastadesapparatus compoisidgpart of the second patterning

device after the pattern.of th co atternin eyice .S i rted by the
radi ati on beam 10. The In(il)t hoﬁﬁﬁﬁ%eggﬁbﬁ? 8‘?%{@“ ?‘ﬂ?ﬁ’gﬁﬁ g,mt\%%ér}gﬁiﬁ dt%ﬁlép’
illum nation system corrqqi'?sesa' sedbn PP & MblPadHTi meHHi I setohd pstterihgnch
and a second branch, said first branch coupled 1n parallel to the second

branch, t hteviceresch bf thedhsteamdpesanidmyttarning devide inehiding ¢ pritainie patsat th§ured to

1 um nat G EoerORE PB e B oA B e e P ing PARs I h EaRERRR

confi gur echftie Hist ?@derﬁihg deadd aid 0B phRamof thetseorfd pasterrifigadehcedre bifjacae cond
branch, such that the radi ation beamis configured by the first
i |1 uni nat iesph othiet inguscapging dpedlime of the first exposure field with the

tt f the first tterni o t [
Cont i gured by the second {1 unk FAT b A ieerafinh o8 o AR 8P PRAM sivong

exposure f;;aqleﬂliryg ddvicek And prtdubstrt@fan he second patterni ng device. 11. The

| i t hographi c apparatus of claim8, wherein the non-zerq nunber of exposure
field pitch is selected s@oh theantighdeyigqsanigricdrio sertrqlile pesitiquang device;
l'ithogr aph&l“ﬁ apparatus is changed between successive exposures of the first
field and e second field. 12. The lithographic apparatus of claim8,
wherein a di stance h@)weenprofeetipatysenn caffigutdietofprojstt thapitermédugdalavn beanand

the pattern of the second patterning device substantially equals a 4
reduct i on U R FHEGPOFIRR thrtg? SHasirels sgg}sfﬁé&ﬁwgﬁ PIERE BRETRiRN %6@@%@?1@% Hsmber

of exposurgf | &lethin®ddVi&k and the pattern of the second patterning device are projected on the
substrate,

wherein the control device is constructed and arranged to provide the
positioning device with a set-point adapted to:

(1 accelerate the first patterning device to a first predetermined
speed relative to the projection system of the lithographic apparatus,

(2) accelerate the substrate to a predetermined scanning speed
relative to the projection system so as to project the pattern of the first patterning device onto a
first field of the substrate while substantially maintaining said scanning speed;

(3) displace the substrate substantially at the predetermined
scanning speed so as to skip an exposure of a non-zero number of exposure field pitch on the
substrate arranged adjacent to the first field in the scanning direction; and

4) accelerate the second patterning device to the first
predetermined speed relative to the projection system so as to expose the second pattern onto a
second field of the substrate arranged adjacent to the non-zero number of exposure field pitch

on the substrate in the scanning direction.
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13. A method of exposing a substrate using a |ithographic apparatus
including a projection system the nethod conprising: arranging on a stage
apparatus a first and a second patterning device that each conprise a
pattern such that the pattern of the first patterning device and the pattern
of the second patterning device are adjacent to each other in a scanning
direction; accelerating the first patterning device to a first predeterm ned
speed relative to the projection system accelerating the substrate to a
predet erm ned scanning speed relative to the projection system projecting
the pattern of the first patterning device onto a first field of the
substrate whil® subbhelithperaplic gaparetas af HeimsS fHrthe samPRgingPaapking deyicacthag
the substrate.su stantially at the predeterm ned scanning speed so as to
skip an e%ﬁ%%%ﬁ SV RTHOR ®er o nunber of exposure field pitch on the

substrate arranggfh adkldaagphrt tonfidured fol dbséuré b €irgl pant dfhige Ssapaichgngidedecd i on;
accel erating the second patterning device to the first predeterm ned speed

rel ative tef rigdhe thj“é@f'ihérﬁr%t}’@ﬁ%fﬁi@(ﬂeé@etlbi@@ﬁtéé@Ytthféraéi@élﬁﬂ(H’e%t tern onto a
second Tield of, LG pHASinabS: cHTARIE BULALL Rl oAt MO B AIDEUicOT

exposure field pitc n scanning direction; a
proj ect i ngaftdnehepmittear of thé fitheaseamgdepiat isahiparigd e tiexadiativo b¢dne asewartdedre el d

of the substrate. 14. The nethod of.clai.m 13, wherein the arranging . .
i ncl udes at NEshBithel ‘}‘ﬁ seqonil pattemme dgvice belere éﬁ%@?rﬁicﬁ &leors@wfzfﬁpaét&eﬁn% ficaife
pattern 0fm§ﬁﬁ:ﬁb&ﬁk188%586BéﬁﬂﬁgﬁViCe and the pattern of the second

e

patterning vice are adj acent to each other in a scanning direction with a
di stance bet weethirdmeaspaigtpertwonfigurbdtofdbssire patdoad pamngf the seaadpaderning dowict er n

of the second patterni devi ge substantially equals to a predeterm ned
funct i on oAltea UhecRRier Bhine sReOBf PRHETEIG deyisy fthared 5& herfedi3tibn Beatn- zer o
nunber of exposure field pitch of a field pattern of the substrate; 44
wherein accelerating the first and second patterning devices to the first
predet ermi ned BpeedThelihbgraphicappiretupobilenn Bowhayisttbenlhmiinatoaedysteat i ng t he

substrate to the predeterm ned scanning speed relative to the projection
system i ncf WY& SStcel erating the first and second patterning devices and the

substrate to a gy §HARLESHN BSHpSREEH fifebAhtl Snd PsdcBRd BafbiE Ghid st B Eh@Boupled
in parallel to the second branch, the first branch comprising a first illumination unit configured
to condition the radiation beam, and the second branch comprising a second illumination unit
configured to condition the radiation beam, and
a device configured to direct the radiation beam to the first branch or the second branch,
such that the radiation beam is configured by the first illumination unit during exposure of the
first exposure field with the pattern of the first patterning device and that the radiation beam is
configured by the second illumination unit during exposure of the second exposure field with

the pattern of the second patterning device.
11. The lithographic apparatus of claim 8, wherein the non-zero number of
exposure field pitch is selected such that an illumination setting of the lithographic apparatus is

changed between successive exposures of the first field and the second field.

12. The lithographic apparatus of claim 8, wherein a distance between the pattern of

the first patterning device and the pattern of the second patterning device substantially equals a
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wherein the projecting includes projecting the pattern of the first
patterning device onto the first field of the substrate while substantially
mai nt ai ni ng sai d predeterm ned speed; wherein the displacing includes

di splacing the first and second patterning devices and the substrate
substantially at the predeterm ned speed so as to skip a non-zero nunber of
exposure field pitches on the substrate arranged adjacent to the first field
in the scanning direction; and wherein the projecting includes projecting

t he patt errd@dtidnTectse6ne pRaédionRsiemdeviipited BNthe nbheesanaists of exgbsade fidie
substrate arranged adjacent to the non-zero nunber of exposure field

pi t ches onPitthe substrate in the scanning direction. 15. The nethod of claim
13, wherein the pattern of the first patterning device and the pattern of
the second patterning device are substantially identical. 16. The nethod of
claim 13, wherein tha mahé®onexposinpa stibstite waid elithop@plR\apperats dnpudisgs a
phase shift mask and wherein the pattern of the second patterning device
conpri ses Brofection pstgm.ghe mepiod£PPHEER: 17. The method of claim 13, further

conprising: ob S%ﬁdgﬂ‘% éhd gtﬁgée;apﬁgfahles%fﬁrgtm%d fa!séc%nd%gérgﬁr{g (Rgicgqmt.%gclp A r%f:set he

pattern of the pat t et ni vice I's inparte y a radiation
obscuri ng apsetondhphittthopattedne of ihe Sirstpattéraing degicd @ud de @ttear of the sggand er n of

the first patterning device is inparted by the radi ati on beam obscuring a
first partP%F”Pﬁ%ggﬁﬁbﬁﬁaﬂ@??@ﬁ%F%@‘ﬂ@Vﬂ%éSﬁ%mHWéﬁFﬁEmbattern of the second

patterning devigeejefindRE figdp Yenﬁiﬂg deagt @d 9t @gé@fbrn@iﬂgd 9;{5&%8 YElhipek @ thecond

part of the second patterning device after the ttern of e second
pat t er ni ngp@xtioesyseem;nparted by the radi ati on beam 45 18. The net hod of
claim 13, wherein the non-zero nunber of exposure field pitches is selected
such that an i1 TSRIRAECRE SBETFAL BPredRETTIERSTPaIwIBe b AE IR hegFRcHBd
bet ween suggassi ve exposures of the first field and the second field. 19.
The met hod "of cl aim 14, wherein the di stance between the pattern of the
first patternipgjattug te mttdmt dfahgbitst pattermhg tih‘écsemomditphgttléloﬁthﬁgsuumaite:e

subspan;ia& ¥ & ugl Ehe .EeductH%n gactor of the projection system
nul tiplied w "ﬂ’é aﬂﬁﬂ-&@?’(ﬂl HUMB SR ASF B RWEFE field pitch.
displacing the substrate substantially at the predetermined scanning speed so as to skip
an exposure of a non-zero number of exposure field pitch on the substrate arranged adjacent to
the first field in the scanning direction;
accelerating the second patterning device to the first predetermined speed relative to the
projection system so as to expose the second pattern onto a second field of the substrate
arranged adjacent to the non-zero number of exposure field pitch on the substrate in the
scanning direction; and
projecting the pattern of the second patterning device onto the second field of the

substrate.

14.  The method of claim 13, wherein the arranging includes arranging the first and
a second patterning device such that the pattern of the first patterning device and the pattern of
the second patterning device are adjacent to each other in a scanning direction with a distance
between the pattern of the first patterning device and the pattern of the second patterning device
substantially equals to a predetermined function of a reduction factor of the projection system

and a non-zero number of exposure field pitch of a field pattern of the substrate;
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20. A stage apparatus for a lithographic apparatus that includes a
projection system configured to project a pattern onto a substrate, the

st age apparatus conprising an object table configured to hold a first
patterning device and a second patterni ng device, wherein the stage
apparatus is constructed and arranged to: a) performa scanning operation of
the first and the second patterning device with respect to the projection
system such that during the scanning operation a pattern of the first

patterning devigRerafithcaelPtih€He @kt dnldecsREPatePatd &videdgo BRVirsEpradeermined
projected on the substrate, and b) position the first and second patterning

devi ces duspeadyrefdtivede denraigctiopsistent ol asaelhrating thessugbtsata frode hegdgteemineHe

pattern of the first patterning device and.the, patter he se

Dot or mi oy ne St R b Frolaf S 48 AR BB Slling fle dREariepO0S
reduction pdtRetieg dficdshad HeuBatdtORD SHredadmand pebdrel@Rieo MHerfagfectidn SxASUr €
field pith?] of a field pattern of the substrate so as to expose a first

exposure field whemintheprojacsng ieludss RraiRstias eqtiaipidhe Sstpairrainpetisecitoel d
R T
number of exposwhé&einfthetddphtinghinclddes displacing the first and second patterning devices and
the substrate substantially at the predetermined speed so as to skip a non-zero number of
exposure field pitches on the substrate arranged adjacent to the first field in the scanning
direction; and
wherein the projecting includes projecting the pattern of the second patterning device

onto the second field of the substrate arranged adjacent to the non-zero number of exposure

field pitches on the substrate in the scanning direction.

15.  The method of claim 13, wherein the pattern of the first patterning device and

the pattern of the second patterning device are substantially identical.

16. The method of claim 13, wherein the pattern of the first patterning device
comprises a phase shift mask and wherein the pattern of the second patterning device

comprises a trim mask or a binary mask.

17.  The method of claim 13, further comprising:

obscuring a first part of the first patterning device before the pattern of the first
patterning device is imparted by a radiation beam;

obscuring a second part of the first patterning device after the pattern of the first
patterning device is imparted by the radiation beam;

obscuring a first part of the second patterning device before the pattern of the second
patterning device is imparted by the radiation beam, and

obscuring a second part of the second patterning device after the pattern of the second

patterning device is imparted by the radiation beam.

45



18.  The method of claim 13, wherein the non-zero number of exposure field pitches
is selected such that an illumination setting of the lithographic apparatus is changed between

successive exposures of the first field and the second field.

19.  The method of claim 14, wherein the distance between the pattern of the first
patterning device and the pattern of the second patterning device substantially equals the
reduction factor of the projection system multiplied by the non-zero number of exposure field

pitch.

20. A stage apparatus for a lithographic apparatus that includes a projection system
configured to project a pattern onto a substrate, the stage apparatus comprising an object table
configured to hold a first patterning device and a second patterning device, wherein the stage
apparatus is constructed and arranged to:

a) perform a scanning operation of the first and the second patterning
device with respect to the projection system, such that during the scanning operation a pattern
of the first patterning device and a pattern of the second patterning device are projected on the
substrate, and

b) position the first and second patterning devices during the scanning
operation such that a distance between the pattern of the first patterning device and the pattern
of the second patterning device substantially equals a predetermined function of a reduction
factor of the projection system and a non-zero number of exposure field pitch of a field pattern
of the substrate so as to expose a first exposure field with the first patterning device and a
second exposure field with the second patterning device, the second exposure field being

substantially spaced apart from the first exposure field by the non-zero number of exposure

field pitch.
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