STAGE APPARATUS, LITHOGRAPHIC APPARATUS AND DEVICE
MANUFACTURING METHOD 1. Field [0001] The present invention
relates to a stage apparatus, a lithographic apparatus, a masking device
and a method for manufacturing 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 example, in the manufacture of integrated

circuits (ICs). ASHENABRARAHESHIFY Qehidd, HAGA RP ARAB Sely
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pattern to be formed on an individual layer of the IC. This pattern can be
transferred onto a target portion (e.g., including part of one, or several
dies) on a substrate (e.g., a silicon wafer). Transfer of the pattern is
1typicafiyija imaging onto a ,layer of radiation-sensitive material (resist)
provided on the substrate. In general, a single substrate will contain a
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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
2is irraQ@%%Ochscanning the pattern through a radiation beam in a given
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target portion on the substrate twice or more. Such multiple exposures _
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of the lithographjc apparatus or both. In case a different pattern is used
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socalied stiperss dnovid hadtetniagetpdaioteigirradiaed 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’



mask) and finally exposing the entire substrate with the second patterning

device. This procedure is rather time consuming and generally result in

an inferior performance with respect to throughput (i.e., number of

substrates that is processed per unit of time). The drawback of changing

the patterning devices can be mitigated by using multiple patterning

devices on one stage, as described in U.S. Patent No. 6,800,408.

Despite the use of multiple patterning devices on one stage, the exposure
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patterns substantially equals a predeterm functi

thraeebpot ehéhpraeatidnssystem 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, SH&4&dhY exposure field being
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stage apparatus constructed and argalqr#ged for performing a scanning
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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



[0009] a projection system configured to project the patterned radiation
beam onto a target portion of the substrate, whereby during the scanning
operation the pattern of the first patterning device and the pattern of the
second patterning device are projected on the substrate and 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
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provided with a projection system, the meth ing: [0015] atranging
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in a scanning direction with a distance between the patterns substantially
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of th?ﬂ?)lljglsgggzibnd 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



[0016] providing the substrate on a substrate stage; [0017] accelerating

both the patterning devices and the substrate to a predetermined speed

relative to the projection system; [0018] projecting a pattern of the first

patterning device onto a first field of the substrate while substantially

maintaining the speed; [0019] displacing both the patterning devices and

the substrate stage substantially at the predetermined speed thereby

skipping the non-zero number of exposure field pitches on the substrate
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beam through the first and second illuminator channel and using a secong
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_ provided an illuminator for a o _ o _ .
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.



lithographic apparatus, the illuminator including a first and a second
illuminator channels, each illuminator channel including elements which
are adjustable to provide a radiation beam with a desired properties; a
switching mechanism arranged to switch the radiation beam between the
first and second illuminator channels; an additional illuminator part, the
switching mechanism arranged to receive the radiation beam from the
first and second illuminator channels and direct the radiation beam
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only, with reference to the accompanying schematic drawings in which
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embodiment of the invention; [0026] Figl,fLre 1 B,shows a stage of the
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. invention; [0028] Figure 3 schematically depicts two dies composed of a
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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 SERREFEDESCRANYTON &F ATHBDRIEMDIGESe present

invention: [%O é -igur 43 chematically.shows.a number of edge fields
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withvefirencd 60 8] ddguepisyrcharhatiadtyiceyings m pdssibteceswentiopatference
v SXRpSUre sequence. U iﬂl% a apr%ttgﬂg @1; Vgh[l£();934] Figure 5b schematically
ylaleplcts a possfbrre XpOS éjsequence according to an embodiment of
the diigShthinmeatidndepingsa pditamphiang mpatteancBrd 336 ki igubediGent of the
| 6h schematically depict a possible exposure sequence to expose
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;
| g y depicts ap p q
[0030] Figure 4b schematically depicts a possible exposure sequence according to an
P P
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 5a schematically depicts a possible conventional exposure sequence

using a pattern A,



parts of a die with different patterns. [0036] Figure 7 schematically depicts
a stage apparatus according to an embodiment of the present invention;
[0037] Figure 8 schematically depicts an alternative stage apparatus
according to an embodiment of the present invention; [0038] Figure 9a
schematically depicts a second alternative stage apparatus according to
an embodiment of the present invention; [0039] Figure 9b schematically
depicts a third alternative stage apparatus according to an embodiment of

the pte@3i Mguistidhsqbemalirly e niots eHusrableaRpasyR seguence according to an
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-view on the arrangement of figure 10. [0042] Figures 12a - 12n

sche 888k iaepi deand pbrehsmabeplbhdenist 4 Ressibiise dovids sequence to expose
pa%qgrgi&g (ﬁﬁ%ﬁf@@ﬁ%@ﬁ%@f the present invention. [0043] Figure 13a

schematically depicts an XY view on an arrangement of four Y-blades

and MBSl Hiismes 7 @haaptrgibedeBls SchemareRnaEsmeeerling to an embodiment of
thgg}g%%&{{gg%p(-view (A-A") on the arrangement of figure 13a. [0045]
Figure 13c schematically depicts a ZY view on an arrangement of five

Y-bld883 7k ieurndthematc iy Aspiig e el enative Hage anpHapieas epfding to an
S MIBYPBr e Aranasment o figure 13c; [0047] Figure 13e

schematically depicts a ZY view on an arrangement of three Y-blades

and 18381 0ime JoedeprigealyciesirieAtasean alepaty s At R BAlgnRccording
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ZY view on another arrangement of three Y-blades; 6 [0050] Figure 14

scheA8#hieuepithsdismatiniderienictsr ibircttngat Yadiags ARpassaecording to
andifferRntRarisrohaprileminaiansystem; [0051] Figure 15 and 16

schematically depict a device for redirecting a radiation beam;

[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 13¢ 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 13¢;

[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;



[0052] Figure 17 schematically depicts a front view of the arrangement of
figures 15 and 16. [0053] Figures 18a-b schematically depicts an
illuminator according to an embodiment of the invention; [00541 Figure
19a-b schematically depicts the illuminator of Figure 18 with modified
components in accordance with an embodiment of the invention; [0055]
Figure 20 schematically depicts the illuminator of Figure 18 with
alternative components in accordance with an embodiment of the
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holding two optical elemen [0059 Figures 24a and 24b sche naticall )
iR OB i e ORI a LG ES55, THOBERET, 6 s ot cmbodiment
ofsabematically depicts the position of the holder as a function of time.
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[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 pdsitioner PM configured to accurately

position the patterning device in accordance with certain parameters;



[0065] a projection system (e.g., a refractive projection lens system) PS
configured to project a pattern imparted to the radiation beam B by
patterning device MA onto a target portion C (e.g., including one or more
dies) of the substrate W. [0066] The illumination system may include
various types of optical components, such as refractive, reflective,
magnetic, electromagnetic, electrostatic or other types of optical
components, or any combination thereof, for directing, shaping, or
contriiieg radiciinn{ QA7 pe supfortdifeiciWiecauppoctsd e hdidarsufiwrate (e.g., a
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programmable mirror arrays, and programmable LCD panels. Masks are =~
pogidiikrfonexamiplsoyidprgpesh doitturieirsiior HsEssUARBYSBIRRR)C terms “reticle™ or
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hybrid mask types. An 8 example of a programmable mirror- array employs
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cross-section such as to create a pattern in a target portion of the substrate. [t 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



directions. The tilted mirrors impart a pattern in a radiation beam which is
reflected by the mirror matrix. [0070] The term "projection system" used
herein should be broadly interpreted as encompassing any type of
projection system, including refractive, reflective, catadioptric, magnetic,
electromagnetic and electrostatic optical systems, or any combination
thereof, as appropriate for the exposure radiation being used, or for other
factors such as the use of an immersion liquid or the use of a vacuum.
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tables (and/or two or more mask tables). In such machines the additional .
CIEQBIRASHAG & WBEPIPIRIFSHER BY RSP 8 s E rhi-pEllestia Gidioptric,
mAThaNE dedioreatles MdilkeRne it nereatRestanie s g RIMb HSEd hereof, as

exposure, [0073] The lithographic apparatus may also be of a type
APRIfBRETS 5%9%%?’&’86%?0%%?%8 [AriAntnd b8lEEyEreigBy U hdgithe use of an

imRyHgnaitRiRtivellcigh JEH agtivenindexy 8sg ofYRteErHC @S e filh R 8RARrein may be

between the[]loro ection system and the substrate. An immersion liguid
COPRT St B ABURAN S0 S UpE STRETRL RGP L AL ARs, for

exanppie1 patwieas depictaskhangphaRsqiestio o HESeiviMRIGAN, employing a

technigues are we)l known in the art for increasing the pumerical aperture .
o RN P (AN L A IRRREH .2 o TR 2 18 - Smploying a

propeanmtibhd m st slighyps & sefesicdie, dbuse e suiprsiged rfiettide mask),
butr I ans that liquid is located hetween the projectipn syste
anc (10 2D U GERIRD & BBELTA® (674t LM FIg P A gl aaze or more
sublitraven@tded (arelfentes arachati o ieabldspniresuediatichn sautecaddti e tables may

souree and me Iith(r) I‘%g%g asggp%ratus m%X be e&aéatgn%ntltles, for

be gi%n%%l%a\r/%gﬁ ?ﬁg source’is an e%ﬁﬁgre Iasrélrff‘ 5 Suc casgg,nfﬁree é%bl}?ééﬁ hile one or

moiss ntherdaigiclersdbinfouse p éot etpheutithographic apparatus and the

A BB TRACA Y ORI 0 rinor
thedivbetinlg mitydis cavdrod dvediquekbavider taldivelydsgbstimcdowr talexay.g., water,
50 ?ﬁ@ﬂﬁ”&%ﬂé@é Bar8tn 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



the lithographic apparatus, for example when the source is a mercury
lamp. The source SO and the illuminator IL, together with the beam
delivery system BD if required, may be referred to as a radiation system.
[0075] The illuminator IL may include an adjuster AD for adjusting the
angular intensity distribution of the radiation beam. Generally, at least the
outer and/or inner radial extent (commonly referred to as a-outer and
a-inner, respectively) of the intensity distribution in a pupil plane of the
il lmiRaInE ARG ACIURIEH UpARIHOM HiRcH mip aersbuidRin #yobeds integral part of
various other components, such as an integrator IN and a condenser CO.

thy highieenhiaap PRE HAo S8arp e oMRRORCHR FSRIISAGRCBR Y B Mal e gource SO and
thEeRlIRE Rty andt iensibbeisiriRuHRR, B diskeopsseqticed @k0le referred to as

The radiation beam B is incident on the patterning device (e.g., mask MA),
a (9HiaH98 REEBN the support structure (e.g., mask table MT), and is

patterpgespyring MatBIRNAL davictdirMRg ApVaLsedie mapkddA dibengular

radiation beam B passes through the projection éf/stem PS, which

infeegise digvatnEamnob e mditer peribn il stbstr B guRRARHY dger radial
eﬂén&?@&ﬁ%@?@éﬁ@@% RW a0t PasitionsenSespEc(R-Es)@T the intensity distribution
e

_interferometriC device, linear encoder or capacitive sensor), the substrate
intaiplepimaseero btheriBvatinacen sanchy, adiysted 48 adideniche dimarinientiepay include

vRRIODRS H&H@mﬁé,%&'ﬂ%%‘#ﬂ%@@r%mné pPessiiesar@nIene Mwhinator may
the positioner PW and the substrate table WT are described in Fig. 1B.

besipaiteteycamditinathssadisiet mpraria bavsaclepbdigh fCBRES RgHRITIS Ntistribution
inSxPlicity depigted in Figure 1A) can be used to accurately position the :
mask MA with respect to the path of the radiation beam B, e.g.,

g after
mechi@4Tel TbgadiztirmbenBsie BTSRRI MGUF AR IRy e {&rg, mask MA),
wiiQyaen of (e pask tahigdytl mayheaskeabradiTiaifesdigketied by the patterning

long-stroke module (coarse positioning) and a short-stroke module (fi

degirgtidnge imersedegarc oMb Herpbaronbrasib resmmiyoueh the projection

sydiaverse i HirscasksiatsAabienky 2 maviip feat Cedf ubing: Bsteng $iroth the aid of
module and a short-stroke module, which form part of.the seco

. Nn¢ d.

thpsesradaopipnaiPhandogsiiion sehser Taliener SRR RRITES %ﬁ‘é‘&ﬁy‘meﬂr encoder
orQ@ﬁﬁBi@Ve%éiféM@,&H@ﬂﬂﬁmeﬁmm@mbﬁmﬁeﬁmﬂﬁrﬂm@ﬁ,m@thr&s to position

_rather than applying a cascaded irr n eénent %S desgrihed ir;ilgigureal %inent of the
diftsaen RaRPLLPS (IR b5 pah S E%ﬂgs BH08 88 RRE R asK Bbte
poMEicnayPe aadnhesivstiaasbierisTrakedestuibial mrfyg orBnaimhddikgdhe first
po'g{%(s)lﬁel\rﬂmggds elljr%stgt%tgo\é\llﬁrgg %etr)gorl ?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 fong-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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aligned using mask alignment marks M1, M2 and substrate alignment
marks PI, P2. Although the substrate alignment marks as illustrated
occupy dedicated target portions, they may be located in spaces between
target portions (these are known as scribe-lane alignment marks).
Similarly, in situations in which more than one die is provided on the mask
MA, the mask alignment marks may be located between the dies. [0078]
Figure IB shows a substrate stage St (also called substrate chuck) as can

alb@e@p@hi@gjmﬁlﬁhgm&mhmﬁppmmmmmmw& Ei@nhﬁeﬂ'th&askaGH 2. Although
incl des th non-stationar rts of the seco ositioner PW, a mi
ST SRR as AR S (et SRE Wrbro PRI BBEy ay be
10&31&@)&@6@;@[&3 therwrirofa fleckoMiBris (aemideel M@wnﬂeﬁ&fmﬂet&mﬂgﬂm&t marks).
Wh clbére arran ed for$l (Eeratlo with in rferome for meas%%% th K
|Hbﬁlt61ﬂ EniitrSPSIER %895 llehlggocvd p03| BREP P e Tas
alﬁjﬂ&[@ﬁdﬂﬁlkpﬁﬁiy%m@ikﬁ tvasehldekdiB and the substrate table WT.
The s ositioner PW includes the sho oke mogdul WhIC
o S RIS s Aot o ot AL Rt SR il as can be
ar(pvhichinia pravigeshivitppatnng Ricokingmaidiig OM). [Hﬁ)ﬁﬁl]ag@@tlﬂft@lﬂﬁﬁﬁe
motor.LoM includes a stationa art L that can
QRN HARE 8F FEAAAD PUAEnet e Plo e MECehdL® supeprate able
WIMM thadd so dispisicealiib e RiBe Io tiie Gtaﬂﬁmﬁmrtyl@arm5hblsdof*ﬂﬁnemowded with
B TS REEE E e e
thsthdmmﬁmmﬂﬂnar)bm BBM (that may be mounted to the minor

block %2%&%811} ILs g%lgil(ibrengy haltshaartraml% Fgﬁ)Sk t%l? %Mnsggﬁ]éjr}lhﬁ l"rﬁ ock MB and

positib fs&s® Ve'a simifar StruCtUre as depicte
thngb]atBnte{@ﬁlﬂE]WTsoﬂﬂwlIsml:cnmhpstagmma@lﬁ imelndep ﬁ@@hmpgte@,kwmdnb (which is

prf) Sucﬁige r? siF scrlbe aﬁ@&/\@)&l %1] E’(H{é) %%8918"{%?&??1%8%@ with a

e SUbstra an arrangement,
lopgepmiamnyjtsvneb@dh:h as the measurement of a height map of the

SUbS Oﬁrﬁiﬁgﬁgg O@r%@n‘?&@%‘%ﬁg&% 3 ﬁ%ﬂ&%ﬁﬂ M6 fat can be mounted

paral e exposure of the substrate disposed on another object

totablationagpdéans expddaacsubesatectrioprR\iod shndrast samaagddEV that is
ditDR SIR0RS AN ENANASREILIRY Fam ik TRASUISREALIBFRENT 1 ihged 4 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. Fach 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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exposure location (and vice versa). As an alternative, the object tables
can be moved from one stage to another. [00831 The apparatus as
depicted in Fig. | A could be used in at least one of the following modes:
[00841 1. In step mode, the mask table MT and the substrate table WT
are kept essentially stationary, while an entire pattern imparted to the
radiation beam is projected onto a target portion C at one time (i.e., a
single static exposure). The substrate table WT is then shifted in the X

e@%gﬁ?é %&ﬁ%ﬁtﬁﬂasﬁég@gﬁﬁiﬁﬁ@eﬂ IRGRLPATIRR ShRNPE&RAEImYed from one

tep mode, the maximum size of the exposure field limits the size of the
stagegetapoition C imaged in a single static exposure. [00851 2. In scan

mOdaOEﬁ% ﬁ&%ﬁ%%&?ﬂ@bﬁb&:&%@ﬁ@t%%%@ 8464 §FaNRAs one of the
rono I

sync sly while a pattern imparted to the radiation beam is projected
fobnwinetaregdas:portion C (i.e., a single dynamic exposure). The velocity and

direciggyef the substials fahle, WTIRIRUNEIEVINE Mg [RBlerMd (Bhae W are kept

deter ined_b’y the (de-)magnification and image reversal characteristics
esefrthial yrosiaionysydidman Sntiregic i dnpatid et ipear i projected onto

R ASUEfield inits the width (indhenan-Sening dieclianiefdhalargat is then

portion in a single dynamic exposure, whereas the Ien}%th of the scanning

shifigtlon thet&raies iheirsigpn o thaé a<ASHAG ERRSERBHI Y theptubgépposed. In step
mBertign. 1098613 inappthetmadathemaskiabies IV ostkerirgesgpHallyC imaged in

stafionary holding a programmable patterning device, and the substrate
a gHIgle WANGCHRSVEEF or scanned while a pattern imparted to the radiation

beanjjggypiected anieaA asaet PRIEERIGabMT MRl seieralitable WT are

pulsed radiation source is employed and the programmable patternin

scaiengs Yachysatedyautyde i ratrEER R fodhe fdition aagwéfr%c?s%@to atarget

po\Aé-lc;rPCif}'._Q?téNﬁ é&pﬁ%ﬁ%@@%@jormﬁmﬁyrm aisaarbr?chﬂst_llmmtrate table
of operation can be readily applied to maskless  litho that utilizes .

W panragHe pat/AR HOVRAY 6T ST o Pl AR H D 2ot image

refelYRE s ieferer 40 e R8I Als (stsnbirmtinnscan dlodyatiatinndonnhdze of the
above described modes of use or en_tirel different. modes, of use may(. . inole

e RIS S OSSP B PE 2 9 SR HEHER AN A etdtg potton in  sing

dyBXRAS WO SaRYEREErascoiiageth afheshodime niofdhdqeantmsitehtight (in the

that can be applied.in a lithographic apparatus.
scanning directio%g of the target p%r?i%n. PP

[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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12 [0089] Figure 2a schematically depicts two patterning devices including

a pattern 10, 11 disposed adjacent to each other in the scanning direction
(Y-direction). The patterning devices can be arranged adjacent to a

projection system 12 of a lithographic apparatus. Both patterns are

spaced apart in the Y-direction over a distance d. The distance d may

equal a predetermined function of the reduction factor of the projection

system 12 of the lithographic apparatus and a non-zero number of
expod0i8diefigitefessdiarfiichhadepivoftthe prateniar devbhsitaie)udibg a pattern 10,

osure field pitch can, be,defined as length.in the s ing directipn of a .
L A B R e s SR St (Y e g erming
dbecsubstadiatiyepdaddizthet kedpetivatiactes eithe pryjaationrsyhieappdratus, Both

the lithographic, apparatus ltiplied with the, . exposure_ fjeld pitch of the
Sl e e SR S A
ptive samadé hgbhtinithe Yediedatiton thetolistrheethjvajoamyespond é6 tielithographic
alegl% Qsogntckilg O%Etggps iﬂ' the Y- irection.é)}ger.gigram tgs uch as%};et p

GA bedveeh two & jaréelﬁpﬁre?) SEROHHE LGSR Ao Uspiadf s wafer (or

Y
subsrpraddierenpesufarfatidipithicde badsfineddisiange th(Sre camgingdifék)tion of a field

In the arrangement as shown in Figures 2a-2f, hoth patterns 10,11
T o kR TR P QRS o B LIBdAaly caual 1o the
redutistaritielly obttegpondsito tyisciendthe [0B8Qtdpigidrepparfnithankidws &ith the
rojecti eam 15..a projection system 12.and a substrate 17 whereqn .
e R BB Ty GG Gt PR Bupstanialy
haggither st stiagetniot thied¥ivdimctiis fityadipidnackl patyeroingpmdae tandiggth of the
e ;object table or both patterning devices can he
P G S B b BT £ geont s on
therrubeiratt orey Ssgecapplicstirs trchuckinanpesitfonotipul éhicddbnes the distance d (see
ogitieping; | I object tables. In ord erform thi .
o b e B2 2 S Rt spanciny
hagp e saptlsrgthior hesitidhigionandiijecd et sijetntiddlys:dFesponds to this
1e§éﬁ{jty reasons, Figures 2a - 2f do not show the object tables or the
positioning device. [0091] It should be noted that an arrangement as
desct988](Féguen’arfaribenibows adneiisgowbsamtéiingraissden seviepldd and a

subhg M5 05 RABHNAY SRMERSNANG Slajad 78 d AImenRionT R li's?‘ﬁtxounted ona

of an enlarged single patterning device including two patterns adjacent to

subdiatesings. @R g dhisSgurch Eathanaliarniosslageeosn ihwaintedon a separate
obRRHAHIE G 8JOYARRhing 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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on one patterning device having a comparatively small gap between the
patterns) may pose 13 problems in that not all lithographic apparatuses
are arranged to handle patterning devices that are larger that the industry
standard. Furthermore, in case different illumination settings are desired
for the exposure of the different patterns, providing a comparatively small
gap between the two adjacent patterns may provide insufficient time to
change the illumination settings in between the two exposures.

pr%glff!&é%'&g%?ti%gam wgﬂégéabﬁwwgaﬂw@aaeetman@memodwlapdtermeg devices that
arged pa _ i : AR
ar e ORI GG BIOR P P G L R i ar

e humber o

deii‘;‘(%&tﬂfﬁlﬁl% ﬁ?o‘s‘fé&t@?tﬁé%ﬁ%%&g patcunitppbtidiag WOSAb Rty tbytheall gap between
osure of the first pattern 11, both the positioning.device pravided with .. .
hae P HATES B BN BN B HRR B R S o et i

beRIBIRIRHIRSE, pRaREs. DRes: thaymIesynebithized e prejectthn phislem to handle

first pattern 11 on the substrate can start. (Figures 2b & 2¢) resulting in. ..
e LSRG A R SE) B8 B DU ings b

dedReSAdiAQRRaAN Kidias mavidiawikbeomdiestiansasesrdtarcen to mocessed per
the slit-width w. When the first field has been exposed, both the

Unﬂd@;ﬁﬁ%ﬂ?ﬂg device and_ the substrate table can substantially maintain their
speeghgdd)aniprasarsingaauibal spefith ietcaubsiiath thbiposaivhimg device provided

displaced over a distance, substantiall | tq the lengt field i -
BT M SO R GRBaD b e o gimed specd
oi%% tg&g] ﬁSﬁ@fﬁfgﬁéﬁtﬁ tﬁ&gg@ﬁ@i@ﬁmmﬁ@?mm f)hchbeedhsgwtthan start

s ] , the seco ern o
(PO b S SURBR BRI b S0 21 AR o s e rdietion
beQﬁQQ?.SSTEWE’agQM@ﬂfeaﬁKDMﬁd itk substhat¥-dicthtiveldsseiegrphieas the

apart over g _distance s ntially equal to th of. ield;in.;
o e ton V2D ATSAE L AL A R e R ol B e
sugﬁﬁﬁg?bﬂﬁ?% &&mdﬂhﬁﬂ?ﬁﬁﬁﬂaﬁﬂ@?z?eédh SEhepamedehding ahtiabspecd, the

orrespond to the size of t ie that i .

Suhﬁf@}?&ﬂ%@ﬁgﬂi&e ég&gg ceeg AR %é%ﬁ?/ %l%séjégg%%‘f%@g%%gi%‘ﬂ%‘% oifhaeﬁeld in the
v diedninitidydaoéaosimbieldfiadihiamdishetben thageepuie eiibedi pattern and

by different .patterns. Once the differ [ - 3idig,ax
g NUF ST IPICES i DL (sl o R ERpEEd he sccond

pafieldscdacnbegfirgthddiiforerit et tsademfisldidhiEiguses AscioBthinbya result of
thi%yp?o%:gsbs??\% ?ﬂa‘ic?sx g%%g%gg&%%stﬁé i%@&rﬁé,%tﬁmlﬁciﬁ.@ E‘ﬁﬁc@d 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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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. 14 [0094] In practice, a small gap 6 may remain
between adjacent dies on a semiconductor substrate (or wafer) in order
to easily separate the individual dies (Figure 3). Therefore, in case the
exposure field size corresponds to the die size, the distance d between
the first and second pattern provided on the positioning device may be

set acmdéiq'qrt Eﬁ@ifz‘é”@‘éﬁ%l%@lﬂ@tﬁ:ﬁgr %ﬁéﬁ%‘&\@qﬂcﬁ%emg%]on a semiconductor

whereln:; [0096] Fs = the exposure field size (or die size) on the substrate

SphoYRied s iefgaprsatretradficentaieshsrindi idupkeigsd fomgg PiRiEheriore, in case
theduptondarinr Qfihe RESIRAICR-SYRIAM (s uall Qe FPORRLERSH: 03t and second

corresponds to the gap between a first exposure field in a row of fielgs
PafeRgEavideH oache ARSaRBRISH sdra s e aseattBEnrths thltorsing equation:

(see e.g., the dis gzbgzngen dies 25 and 26 in Figure 4b). Wherelt?e

distance d between the first and second pattern is set according to

equati@iqd) Wettedlve patterning devices and the substrate can

substﬁ‘ﬁ@é pmnaiptain their s eFPd in between the edgosuge of the first and

CXPOSUIE I1C 1Z¢ (Or A1C S17C} O supstrate
Seco pattern. In genBraH % Wi e sﬁa compared 1o |L—1$, trﬁerefore, d

can afi9xjriatehe hersbttocks aBihcia0dRObinthasetsieagxposure field

size d orrespond to the die size, the, gap between adjacent
cepod A I i PR R iy did i S P R eastcl P
scherpeofgllgFineizafedrissibedadipgriapaldseeandibs iR fisi@eield in a row of fields

1001011 Depending on the actual arrangement of the fields that are )
ST eﬁ&?&&ﬁ%dﬁ&&%ﬂrﬁ@%ﬁ%ﬁ CResEEHE MbiLtPisian e the distance

bhieyeachict B tiva patie g by Mﬁﬂ%@@iﬁ%&&%}l‘éw&mﬂk@ﬁﬂ 4he second pattern
. patterning. devices and t ubstrate can substantially maintajn their .

R BT kBT T B S A TR J A AP PR DG Gy e substantialy
mexampidelrefeuing W figeiehd)etpsidevitiexpasaibediols piand. Bibbeneral, § will

dies 18 and 19 of figure 3, the patterning devices for exposing these
bR TR APl CREAAB Rt %Fﬁa%térns in the

Y-di_rﬁsﬁm?quals ffthst Be B;Ipam%rﬁmd?s%dwe&;%teé&%%&ﬁ&hs 1081 size, the
of fields A and B in the Y-direction (see Figure 3). [00102] The required

gapnhetwesk asiptsad exneryin fickie paarks seueh sroekerdhemder 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+ 5 +J)- 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:

Y 2.v
T =—4 —
¢ v a . (23)
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approximated by the following formula: Y 2v Te =-+- (2a) V a 15 [00103)
wherein: [00104] Y = distance to be traveled at constant speed (equal to
field-size Fs + slit-width w) [00105] v = velocity during scanning [00106] a
= maximum acceleration of the positioning device holding the substrate
[00107] For a given value of Y and a, the velocity can be optimized to
minimize the exposure time Te. The optimized velocity VOP, is found to
be P (2b) [00108] Ina conventional lithographic apparatus, a double
exposulé0df 3l fislbemaay require approximately twice this time. [00109] In
case th r is.ar edt i -
doat e Pioired S B AL S Tclaire P+
alproxdimated by: T~2 =Y+2-a (3a) V V [00110] wherein Y' corresponds

to the g't%ilﬂgﬁ wggj%m?g%@ﬁ?ﬁ%gﬁsmmiaIIy constant speed during

the exposure ‘of the two | een the two exposures. In case

Y' is adffddtdated hypximas thersdevatitre dlaht pios trainghis vibe widding Yhe substrate
the optimalaglasity. i ) , . to he. o
imos M et AR T R RN minimice e
exoswrertifoe k1 [lhshpuidibes etedith.eusifepiés bwo fields can be

exposed. By applyin optimal velocity according to equations 2b or 3b
in respective gguati 2a and 3a, one can deduce that the time reguiyed

per exposure is signifigantly smaller when the sequence described in

i . e e o :
i lORI6h|S BRPUSIIRIERE BLR CAMMACRAGREA U E BURNER: B a feld may
reuiTa RiEevipatale swics: thie 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 Te; can be approximated by:
T,= r + 2a (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) Vpr2 can be found to be sqrt(3) times higher than the optimal velocity of eq.

(2a):

Y'a 3.Y.aq
K,m=\/2 z\/ ; ~+3-¥7,, (3b)

[00111] It should be noted that during T, 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-2{'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., Figures4b and 4¢)

As aresult, the time to process a substrate can be reduced by approximately 30%.
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desired in the non-scanning direction (X-direction) are also reduced (see
e.g., Figures 4b and 4C) As a result, the time to process a substrate can
be reduced by approximately 30%. 16 [00112] Based on the above, it
should be noted that embodiments of the present invention may also
result in an improved throughput (the number of substrates processed per
unit of time) in a single exposure situation (i.e., a situation wherein each
field on the substrate only requires exposure by one pattern) by applying

two supgpnijaly.denficaloAltensQRdhe Kiaee-arRAaisdRASLT IR present

following figures schematically illustrate an exposure sequence of a

itPHEIER GTAIENED SASHI b3 P EIFh HHPRBRB AR luREF B ppFo B (RRRrocessed per
A eRraerhacsAbling Josak sMRAdINENt oL RSP ANKRALATCR Hihe substrate

examples shown in Figures 4a-4d, 5a and 5b, the exposure field size is
QU IR D CHOBSSINHABCAR §T8)hrePiyine Vi sehstrpiiibnd aisrltpagierns on the

Qib gxposure sequence of a number of fields 21 on a substrate 20,
thé arrows indicatin% the order in which the fields are exposed. Also

indicat®81Agdhe falkywingefigusss schemeigadlyd s g areyapee sequence of a
hetvest adiacent figlls ag UsehdRSanatian Ahhdn BEHARER Wit SXRYSYERH according

of two consecutive fields, the object tables provided with the patternin
tgapiedodinamOShsshrats timeatsindn fhe cxraplsshayus iiditaures 4a-4d, Saand Sb,

(RXRRSEshe Rautfald by acRRioerBIpYRMEThidiae PP Psig e stiimatically
and in addition to that, the object table provided with the substrate is also

denieisinionet bis BTN SIS afaaiurPex Hifsldor) 9he i, the arrows
HIRVARE HdR NG SEINNINORErasHRNY «dHQRION) BB IR RAONIBGRARME are the
direction (X-direction) is indicated by the curved arrows 22. [00114]

ceppstecdis ktsigriatiead s Sbstpssuinferesiditifs asysrchiserriaton (1). Inbetween
uebesRE fields eRRURREIBIR0 HsiDe; & HINPRERYIG dRPRAIURE patterning devices

according to an embodiment of the present invention, including a stage

2ng) i SUBS RSV e RPNE G Bafisiniig aBORARNSR QRO S bR IR)d by a scanning
ndoBkcAt RAHRBEpHRPAtEHISD]INGI K IRRIALATO YRA At HESIANGS KBNS ided with the

the length of the pattern in the scanning direction, (or, e.9., the Iengfh ,

s '685%@a%aoerap?f»l.q@%&&sﬁ*@iﬁeﬂé%@sﬁé}ﬂaﬁmﬂﬁdr@@m@-o gécinbined
nRisheartifiesemdialelai roayde (exnrediising tiensiageARRR alkie@sh (X-direction)
.described, The exposure process starts with field 25, followed by field 26.

iHadiE (e tak SYEHE BIR¥RPS and the exposure of field 26, both stage
apparfis1 apdrsphstriectiagaidatly hpistagpayauides pwihrthr quast &eh number of

ﬁgﬁ?’ Org g‘?tilgs?}ate 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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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 17
may be exposed, using a similar approach. It will be appreciated by a
person skilled in the art that a substantial part of the substrate may be
exposed using the described process resulting in an important reduction

afdhodioredeerosess 3isubstaieoAdha RANSESIgNGecINEed WSS skilled in the art
iubstra unit of time (i.e., the throughput of the

d
bﬂégra‘tiaegtf%g)?f %%Eﬁer%%%%%%ﬁm BEfIRISEE FREd R SeEsHibedipRRsss resulting in

of thepprese Ridovestiontirayndse prapilicdiierine AxpasHeghiarcalledumber of
edge fields or edge dies. Edge fields are exposure fields that are partly

ROCAERICS RIS IFSHiEPSBBHH e e & @Eid s duivhe Ry Lind U YepRIATHESAR be improved. Tt
shovis famunbenoteden digldsid%anthamesRAsH SeAten e (intisaledpplied for the

by the arraws) according. o an embodiment of the present inventign. The
%’i%%%iﬂ?é’ T"[ﬁglge(‘i?g?egﬁ? OB SRS ches M KA SRABT HFids that are party

processingdf dhessbhistratacdq0ighet The EppacatdseeGbad Q1R vs a number of edge
also be applied in case a

odiment of the present inventiop ma .
@%%u?@i&%%ﬁ%@&ﬁ%ﬂ&?&?éﬁ@ﬁﬁ%ﬁ O {1 UrREHEAE NI RIMgRRbodiment of
siageespparatusds. pldiidrgosiife bichpadeening daviresdneimdingeato facilitate the

atern A (e.q., a phase shift mask) and a pattern B (e.g., a trim mask or
@“ﬁ‘ﬁéﬂ%?ﬁ%aﬁé%%%ea%ﬁfé@tSn the substrate. It is assumed that the
patterr8HrEs pridrgapaucls thebidmgtagm apitaditsrtaT Majiiaiénainvention may also

supstantially constant speed during the exposur e substrage with the .
B e R OSSP e eP b SR by gruming the
stagosRpre Proce psovidies 8ilh 3dp 32wndi B3 dedeeFigLliiei @) anaydit A (e.g., a phase

[ onventignal manner usi tern A (the trajectory.fqllowed
B R e R b oty e S P e substrate. I
15pYs fiokibteE, tB6 paTerandr8 @umaay dbsexip dse dhesingoatteatisand fieltigain a
3Dstas d with pattern ccording to the process .
S O e B e R hagand i
bgtwgad the tenasusesn exposed to both the pattern A and the pattern B.

proce ol po e aog e SO AL LS BT L 31,32 amd 3 e
Fightiporen ot ifrarasediacern fisltionsananngs usiggrmB)riity (ths Bajanaty followed
b rRcERalc i SRRIE RPN AR eN S BRI BB elds 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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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 18 schematically
depicts a subsequent exposure sequence. The fields exposed in the first
sequence are indicated with a striped pattern. [00119] Figure 7
schematically discloses a stage apparatus according to an embodiment

efibe piesentipreptionbihpanpaiitisdRelldasanay @REBPLeRdsed in the first
includinsq twQ l%bjec tabL(;s 4Q, 4&. On each object table, a patterning

FEHEB A2 2 S e dHsh g8 8eH Batterning device including a
patternjdd1 1. Fheiappathtumfidhedisclodes Mg asppataruasabginpentan

46 and 47 for djsplacing and positigning the object tahles over . .
ETROIAERER) (U R ARy oA PREERASIP HRASS AR08 FRIRbinoluding two
tigeactubliar A0y ange@ment inyc @ le, expanipiting dewd ecof Digz magtbdersnged, each
or electrorga\gnetic Eg}uators. In aéaf{ec[grr embodiment, .the agtuator
B AR SRYISR BT LL BSARANAT 6 tie-o DT FRRBIRMS Sk heignsdudss two actuator
freademes dteaappiaraitidias sliogumihgoigtiohing hbtobieittat®les over comparatively
arrq; ements 46 and 47 ma@%e moupted on a common first part 48 of a

r

a

FREE S ETBY R BRI 5 e Q?ﬁift#ép B SR T SX S OB B ABRROSR may as an
aegeptisiankek iof fiezy-ditedienditlek scamangtiraciiatysT e dpeeferred embodiment,
I otoE ssembxlly furth rin%iudes a}s.secondf;gﬁ\rt %9 con Iructed %nd [ freed [
araRgEd s C8 8 Ele With thBHHsPPak Tor g‘j‘e"né?%‘tiﬁg & G Giveges o treedom. In
theuppirdhe Xs-direstidn Figgene ialttonsyasst afrthgdiness 46ciod AYayiay be mounted on
include an.array of glternating polarized permanent magnets, agran in
R g B L ETE e SERROERIR over
aujgeent tol g dolgothanmdhm thedifetitimmiolp Ch20tdniting dasctibeld The linear motor
arran ent, the actuator assemblies are constructed to enable a .
B R A A SRS Boperate withthefirs
patttmgenraythng ithadeqwuisstbntally thq Waldiveatimed tagmirell fuaghdrobthe linear

ele tj t e jection m _.an non-zero number of . .
e o S e S AR B RE BBle i the
Yrdiyaséionardelle dhabthetmatbmgthdss ampamer v inalearratigedtishaoesdaaheh other in the
2 Ypliggetermined using eq. (1). In order to accommodate patterns of
different sizes (e.g., varying from 30 mm to 100 mm), the desired

displad@fieft bf thedsspeidetbamangeraave the anuniter pembBhyretonstructed to enable
aﬁ%%iﬁé%ﬁ@@ﬂﬁé&@ﬁ% b LGS 2hAP BE AR BB 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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[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 19

object table being mounted on an actuator assembly 46, 47. Each

actuator assembly is mounted on a first linear motor part 50, 51

difastrable Beantnasiangbshtoncrapeialie sl pdcormeacisacwiach pasicnrbly is mounted
In t?ﬁs a rangrement, theﬁijsﬁ?ce between both at%rns 44 and 45 | b

Brovided BRETAE [AkaFhihg teffiEs Fﬁ%ﬁ;ﬁ&daﬁﬁ%[% (TR TREfiekin @ common
sNRied$a0G222h fhbenefifcehibis, aicadigameticisvdrat ibe gesivied 44 and 45 provided on
gis lacements af the actyatoy, assembly may be substantially reduced

O RIORH & LA BT AL GI GBI R ERRble, it may be
sufficig®102)rovibenafitaihidanaagemily isuliedioddispladaplatéments of the actuator

in the required d f freedom. A “the.actuat
<SS 5 AR AT FSRAI i ARG e e - Asan

camply comaydse sefficierpastfayibe dneannatassenedgRdinebiomditplatdyents < 1 mm
ond part co-operating with the first

.b ided,with it 0,
e B et GODN CMAESR L AEUIEISE PGP ey be made
sabsangédlpanealkaranddiglobje R atietcansim atecb torheid duotitdpattefning linear motors,

devices in such a canfiguratjon that . the distance d between both patterns
o Pl i L ARtOTh R S FLAERER P - PRARTNG YLDy irst part 50,
56f the projection system and a non-zero number of exposure field pitches

of a fi tern of the trate. As an example, d may be equal to the
o BBl A s R £ S A A R R il g on
cequativntjtyt S cnsirvargemboldidot perraticalgest agpic te duntFigureiguration that

th\%ﬁﬁ@g&%ﬂ Eé%%%ngﬁlo?ﬁhgﬁ%?éig %l;yuggt%izﬁé%})flqg%%%wt ;&a g}ggﬁ%r%ﬁ%\g%%pction of the

two patterning devices , eac
rephetisty dettzizié 5 psajsotintety stonapratiuainzassenbbe 60 formpdisptatinlg pitches of a
' parativ. Il.di es. T tuator .
R & ey o et ie (R e A of e inthe
Yagiseciiparnged el do-opdustdsistminsdvsing pavedorfél diSuclcangativengement is
s@x@iﬂﬁﬁﬁ%ﬁk‘?&‘b‘?&%’%ﬁ‘?}@}f%(. large distances in the Y-direction. As a
third alternative, the object table (or object tables) may be directly driven

by a df0E2dirdrigurn atihamating A denisis ameokiediieble Hbrornyidedavith two
péﬁ@t@ling 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 dﬁve 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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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 20 part 71 may, as an example, include a

Al 0f goHs bvamtEnaNitk a pilutiitydtprsmanastinpagneiplurality of permanent
arranged on the second part 72 in order to displace and position the
? (ﬁfg ‘f cttable 55. It

BREET BRSS! A0 iR SrelRatidtetd BdetiR eRl GPRARSTIEIRATARIS
WinlvdasRdiist-driveranaagameptsifidlaia ja lheiftive ariangemBrtaf@igement similar
displacing and positioninig first ohject table provided with g first

ip&be G AERnEERFY A0SReshEPiTRe ZNARGEHRIMESIAIE 95fts Abigeprovided witha

fasiangement 46 fo¢ ishlasingadslpasiinninda seenadtobiralriabl@rangement 70 for

C'gs?oviol_ed with a second patternin devi%%. [OOlZS%Th%Rﬁtgject tagle of . devi
BlirdesrrdPep BPHHE SRR BRSO IEY Heh & AT B iAtage device.

with a[pidisp davies;éet heldinprierpattentivlg deuicesietuables boEigges 7 and 8 may

device may.inclyde vacuum pads.or clamps, electrostatic clamps or ) )

bf‘n@Waﬂ%awﬁﬁ?ﬁ%‘%%%?&fﬁ@a{%hﬂﬁﬂﬂ&Fﬁﬁ@%&%@& ﬁﬁwﬁirﬁaﬁﬁﬁ&%ﬂg device

Rasitiondf heupaitesaing drvigeseletaliveate tamaiyecmiabimpabliaaps for holding the

tables substantially, constant during the expasure process. [00126] In . i

P B AT AR TR BRI S G AR AU B PN e h e B do the objec

tibferntgctanis Qrsaptajepibnesystamdarime dalke prentsysiessssuch as

an interf efer system or an encoder syste ay he applied.. In .

oo LR B R R e O S e e R i fejative o, e, 2

rdibegratagmey Heroretidimnsnsion al medsvoeticme sgoaal sichan aaxategteometer

the object table pr object tables depigcted in Figures 7 to 9b may be .

SHS R SREBASr TSk BS BP s el do podetfhatem may include o

readanpgechdond ©perting. Wiheqreting masebgyoatintis ensimye chadjactintettsional. As an

the object tables..In case two abject tables are lied, ea rovided . . .

Ry T ERERO NS BRERFIR BRRIECT SO0 BEMCBlovided with one

oamangeattoecocapmmteaditicansiomtad adihaaangeto-divepmesithadidratingr more

As such, the relative itjon af. b je les ca i

AR e RE RO IRE e Aok R BT IPER e, cach

pposittdniotitive objauotalstiedaranading diradnirtkelriveding ditads wndeegraged to
B A L SRR psioncr
bgmgmj@%@gm,q%@pg@mméﬁwing rnurl)’gplc 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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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 21 No. 2005-0012913,
incorporated herein by reference. In order to stop or to mitigate stray light
NOMJRRRITE NS SHRRIAE AT BISKIRE AQVIGR St Resanpligth Hifgate stray light
lithographic projection” system, this functionality is typically achieved by Lo
fpovidingeinagaimpabieat awshte&ﬂ@dra@waﬁweanpmg-i|ﬂ@rﬁih§l@&ﬁaphm projection

$ ?éﬁ{%[@%?c?ﬂowﬁﬁgi NG AGVIGES Jaatally IC Ao ane @mimeKenaiswYe at an

. oval’:)I(_e blades. Each_set of blades may be mechanically coupled to a
igtpspGetiaia dleae mnslippornafipe H¥eMted on a common frame. The

sets offjasles mayhe Masbanical FauNad ordncadRladSorAskige blades. Each
device as described may include a first set of blades arranged to move

srigéthledesaasdrimacaaBiaHi A RlRECRoRS PRV AN PRAE  Rigrdic mounted on a
JsigrsoioRs thee\dladasandr.gar0nd-pehrhiadapliviaranesehied. A masking

move together and apart in a direction perpendicular to the scannin

deivisstitsricansibedimastiog) U frepeliiatest Altelides ?csfaga‘ﬁbtm%éggﬁ%arﬁad apart in a
stAGARE Eﬁﬁ%&ﬁ%ﬁﬂ&‘ﬁﬁﬂi@@ti&ﬁfﬁéﬁﬁﬁ@r'lﬁf&%ﬁﬁb@s AP RIeISecond set of
Wi

with a stage apparatus provide wo patterns arranged adjacent to

bladas BABRAGIA L RaYIRg RS TR THEA SR BRIREHRSAPEIHFIgr 4o the scanning
dﬁ@&%ﬂ%ﬁ@%&é@tﬁﬁ%ﬂ%ﬁﬁ%&f@l@wiﬂgastig&érxs‘bta)&lﬁl] In general,

the masking device according to embodiments of the present, jnvention

includ B9 &3 Mstlprasify prtUIOBRYGR P RRIES Padd BhasraiafRRAfRS provided
viaviceabetprma datiesniatdneifii shoal et lenical indiaveatiereayitbeher in the

radiation beam, a second._magking part for obscg{grin a.second paé;[?glft

: : I . th :
SERRP I HIRTHG AR SRRl pat AR YA ARSI ISR Y JEURER TS In the following
fipypeyted by the radiation beam and for obscuring a first part of the

el A AL o8 e BB I s
11see0d patuatdhdisacanckpatterming seviatngftefithepabeeniottipatterning device
bg?o%g gdpgt%éﬁrgmge 1r\§itC§a%?eirrrﬁﬁgré%9igg itshl?nrp%gfigéig? the tadiation 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
rﬁdiation 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 adjﬁsted. 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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[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-dilet3idh [ therdmapiirgant e adjtstechtd2 ROIBAE|nherfidlotoipgoianience may be
the o ttern onto a substrate, the following sequence maybe applied.

aﬁ%f 41 Figure 12a schematically depicts an initial arrangement of the

Y-blad#E} 1] pigjecticha beam Ak {byigieEtingf ommialnatlanginatonsysécenblades, the
96), an arran nt of two tterning devices 84, 85 including a pattern
R e ey L oo Qe R ent of owo
paitatindirde 8384 dk nthedprg e ptiterin8)7 ftharlatagieaan g fined distance apart in

N L T R TRt T e—
invdydargdle aecfBiganeviiplip noderoaib. tSthéms fyncisnizied]spaatbn, the

attern.can.be imparted by the projection bea igure . At
e L A SR e LB Rheale (A b fter both 0
toahe rdgenafatfi epdird vdwitehe, thenebyaobscumacal tinsthpartd ckiof tham (Figure 12¢).
irst. I ice. Bl 83,and arfan ent ncluding th
A o B R IV etiohobie g the e of the
froaisarsother oo dokardies Bfirsineh 82 M ayf Hechlst pet¢Ringedde), iBlade 83 and the
iR a: ' osition with the second, edge
e S o SRS iPed speca
({rayead 20)f) Ahenraispoinsdolrides & bend 82 wapt aoelobth éMigsreptedrningder to obtain a
ice.: i : 80 alsg. accelerat .
e A 0 e SO Ol B e B PR s e i

irgBafied th dbesciension ol €F@Is I ficihorhzeebsvitnitige: secomtipdgt2 of the first
p&dRa REgOndLaRIBINRSANS PHOGIE ITNANRIRY B@fdeoéﬁjgﬁﬁ%%é%?&mes together

(see Figure 121). When blades 81 and 82 are synchronized wit
Wil dlrsismthendddethis inaghanehssluse manisemaned tisdasiced thangendpe of blade 80

PABERE SR Al T E s v
PioisaEosbeRmdspohiEt® 1RB-ihaledss thi adcbharqramehicuiradith the
am}gg s iRE Thé QAtRlHCH AR MO HISHCRLYRER 1Sy 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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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 12i, 12j). When the

second edge of the second pattern approaches the projection beam,

Rlasiel §Arts brosiik ypcknspaadrifiriyaehicen SRt thel ankangeipemtnt including the
includin%the patteJ‘:s to arrive Ft the position ge icted i%F'égure 151, oction b
RALFLE, LRG3 B RBHA P AN L FRAE I CBS pamd i) (G praacction beam

Blade B0oked thetarnuesoaFigeiuding thacpditemsitienipresaed doth blade 80 and
ubstantially constant speed (Figure 12m) until the projection beam can. )

B RSCRET ) 1S A 5 RS T80 I UL ToH I ch g ton tht i
hobiabtads 8k and-dheraigang e patitictusiog iha fatternganay start

decelerating resulting in a position that is substantially the mirror-image of

o po U ST G, AP A RSB 0 20 e D B S e second se
dbliseriheKinhipsremhoal 2prédefbrcotiskante of Hladpdithgionbladesample of an
remain at a predefined distance in the X-ditection. An example of an )
SHARGRRILA % S RBEID St oS A0 g e R 13s. Figure L3a
seigeetit3ny Higire 13X scliemafitallfodepitindss X -¥iewlahhefasshown in figure 11
Y-blades.80, 81, 82 and own in fi 11 to ith four .
SERIRIE oA ORH: 105, 1o 10 ald - SSRGS AR ppecd in such
raanaahthdidbégedgéthohlhdebihdedethat defing ibisnapdoisauredulreantially arranged
.are substantially arranged .in the same Z-plane. Figute 1 hows the

A st e A AR ok o A EE e geont o show,
tHOX -diadasddd tmd &03isplaceedimtbedyspliteatiantie ¥rdaretoiat dwobdad®s llow blade 81
to displace in the Y.-direction (see Fi 13b). [00136] Figure 13c

t%gﬁsé)n%z?lﬁégl i3}6(:}5palllcl:tescg gs\?fﬁvﬁl%’%rggnf%%érnative arrangement including 4
Y-blad@8818%0, Higire 13 asabletriBichally aleprtsen@avatviied saraiéeripositiorangement

. Bl n in a similar manner. asthe ...

B Yo 11 7T 102 O L RS B AT Psiin. Blades
110nl 1, drideand bctoamrhodatd tordiffeilentdistansethoblideed@n8l, 82 and 83 in the

s ﬁ@%@gﬁﬁ%gg%%ggﬁﬁggy%tl?Aagﬁ;ollémg &éc%&%astmfgigg%h%imnces

than the correspondi es 81 and 82 In the arrangement of ki

batsteenéhg peftyag saroecd aethersinpotcbladeséénnid bBlauade naderrborter than the
ALY B0 e U eSS s
may\eqe bgtween 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.
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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
arrangfaesitjoftrigrra ISBchdvigyre drdhechamatitalyshopesithe of thtadesking device
110,111 and : optional Y-blade 114 and two X-blades
TR Fol1e P B VR AT i i B2 YPhade 118 can e

axrdng &rtlent e e ond SdpgdelicBrsineluding @ phladistd e hbBtaurdlity of blade 82
ed tp foll

119, In the arrangement as shown, the Y-blade 11 nb
T 0L RO b Bali T AL W e s e gesto e second
Istcim 8 mpiimuead 2 during extppsiitd xfktReé iir §t paitel i pdetitos fdlbosxposure of the

the first edge of the secon at comparable to the functi li .
e S R e T R PR R AR SR BRIG and 82 i e
syohpthechlate < ddvambitmsdhéfuncliomaBycafiidadegcsttrandh82eipthef the blade

uence shown jn figures 12a,tq 12n., Becau in general, the .
]ﬁg&%ﬁﬂ%é%ﬁ%ﬁgél en T% lilr?qtR% Qg.l 0 Etlflne d1sc{ance be \gegasuggltll% d%ﬁtgms 1httli]1e Y-direction,

h of -direction may not
adistancedpptaeencbott fettdads i §heith-dispetion, the nelative diaplbeemeairtd when the

B R B R e S B e
12h). [60133) Figure 13f Fhovssyyetmanbtheltatathativitbs theskiagkingce comprising 3

levi prisd 7 1.18.2.of which;blade 118.2 is
e e U o2 add AR IS SRR A fronemen,

o dowgthrebtionbéade e $idjirsted! Yoddwniéspomi o tHiusisidnaerizsparé o the distance
b@%@eﬂ%&?ﬁ%{&mg i 1l %—%@ﬁc!ﬁﬁhﬁﬁﬁg%éé EE' 8%&%'?%% 1?‘?822 comprises a

comprises a number of segments 118.3 that are displaceable relative to

nugdsTatheraments Vit nradisplorrgto remsivtieevachioathinthef Yhdirection. By
dbladecan kerchanged m%&&%lﬁ&%ﬂ’ﬁ@&%%%ﬁrb?f@ﬁﬁg%% fhents closer to
omprisé a flexi

further away. As an alfernative, the blade may c rs exible par
eactigoshes 5\ ithen & e chiv enedigtnativi he lelrde noaytedpepviarie dlaxigla part 118.4

Hogisg ematicaile SHows HHOARA fr |
el e RS Ry v
MR@ TSR afi ShBrmarmEsRephyeiEublidn Iiddesin diffseat effective length Lb in

theefogiraleieniad o siRRRIBE BMRANST 1RE NRlGHIE A A8farBrng: Biadate ase a

dentjo%%att)l:?lénb%gcrig%%g&iég,tg%arr?sa Foi??lglgien\ggid deforming the blade may be incorporated
y Ip

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
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[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 tallowingiarragemenhmay:becnnlied ikigeptd sahematicalynator part 128 afier
describes an arrangement of two radiation sources 120, 122. The

PAURAGR BRMIGHGABAE HOhT TS WBiteQRI ChIRH BB SEHIg bt 132 using a
fediationberyulRSHRalmel parePiRdInAMmAARHAPabinslcHiaRYRaIAS branch 133 via

tpart 128 after which the radiation beam is sent to either illumination unit

Dedl Brmiatamyeh Lierd2 senegdhbaasicl3danraraled (e pheHir s fanshatis the

pluthendtisninatiomsyaters e adH shisamee dassuanhenbypingionRd (e.g., dipole
unit 130 and a second branch 135, parallel to the first branch, via the

HUMRRShin AReLRST I sk atafratio tmiratinfdRdhe SSheh et 198 dipole

iARRliRdHEenGn siRoRrl WINIRALOR dfRRéPaHARY @I THAGMBOIBIng radiation beams of
illumination in the other part 132 or dipole illumination in both parts but

WRATPEFEARRE drdRtstbRP T RECHHEaANBE S MRsIoRAHARY BFesrRddpyite 136 that

rhaQ oy ilidaiane thithereproieciad TdhR GoME EAHREs Iia2 BRCYPIHRMGDeam (either
lﬁg%that may he identical to the device 134. The device 136 ensures ﬁhat
e SHPORLR B S HBHHE B il S e A ARUORI RO RS Hgm the

ifash ih@ﬁo@rrl]lﬁ@ Iy arghatp %ﬁ’@ﬁpfbﬁrﬁéﬂ@ ﬁﬁﬂ%ﬁ@ﬂﬂﬁiﬁ&&&hiﬁmdiaﬁon beam
imparting the appropriate ern. As suc e radiation beam originating
%@&%H@ﬁa&aﬁ&ﬁnﬁwﬁ@?%ﬁw%ﬂ%ﬁe e EUthis T SRR dfanch 133 or
th3seosnthigBrbor s riantohdi3be sadihtibabias maieiiorohfigiraldy B first illumination
cotnéi'%ure by the first izugination unitg?ﬁ?%g he eg}(‘%osur of a first . devi d
Wkbostte HEIGRITE SAtte bF SPATSE HHRE Y R e Hist pRgerning device an
thadiht oo aéambisaao ifigrrAdunydibe geceadnd iiumadiciounihidin@gghte exposure of a

EXposure of ag % O‘Qﬁiheg osure (ﬁel% e\:Nith 2 egattern o%:a second patterning
d%wce.%helﬁs h example of such & detice ll%lflgn Y&Vice 134)is
showrif1RiJurenlsxakge ref $achchdematcH ly (depidtsiaed34¢eslsBiGwn in Figure 15.
Fhgludiag two prisms 137, ,’%38 rran adjacent . to each otﬁiI inthe .
RIS e R SR R TR T franeed adiacens
toreaifection inghry Yadiasttiator Breepliisewr 13btord(h38 siegvire) didfiecethaong the
Yqﬁl\fl&:%gn?’ %ﬁ%r}aﬁ ag&%lt%?%ra I‘?Hga%’rv Png?é‘%‘?ggt t&g&%ﬂ'%&? ﬁl%rﬂe%?'gd pg'éis ina
beam can be deflected into the
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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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).

1908430 L g BHeme ik 3the 1388 the deviord3b ikl sty Figies 37, 138.

15to 17 may be directly connected to one another. Alternatively, there

Wasredhs fefrpesBE T aRasHiomBashe masidehebarherpaintdbaideagsms 137, 138
BY%AGaRegter which passes between them. Ina further 26 alternative

embodiment, there mzay be no connector passing between the prisms 137,

138. WHEAHNK shedAdspnieddbanbenorrisay e probRiva igiddgerd, may also be
%{QQH@E@% RHRRS 3 A3 uRVRJReRi SRR (RO 4dh & sheweRe SRIBsh. Ascanbe

at the arra%%ement as shown in Figure 14 may also be applied usin

1S . d using a .
Sielyfeoadiadn Sseetpraidescthat thisesaPr Pue fubEABky Mgher thanina

&ARORiaRe ntﬁeﬁeagﬁic?é?;pmt@@timi%%@Q@lﬁ&leé,ta%&%qﬁ)@eﬁﬁm%i%n source may
substantially higher than'in a conventional lithographic apparatus. As a

ReoPRBERIACE PR Th Bte POWEHRIMA G SR RIGBFEESASSE- bE Qedsidlg pyovide sucha
X PaTe! thaiaHbstatecwith the.aparrptiate Kifse irFRreer 19 Rravide spebda

powerful radiation source, an arrangement as shownin Figure 14 may be

applied®d6ak3} sherbliurheeis misdofsd trtmrBssRsRyarlasttT Mdupy be provided

waeRY Behpeavisied nviskihyasaovesionaldnaakdng dRvsasARRRASS Bhd 132, rather
the illumination units 130 and 132, rather than applying a masking device

haprplvinspimesliederirt desqobrdib Frptirsd 982 b'show

schemai¢ally agalieynativesaangreaenicanich Alayheivdserhi@dfeuidehich may be
different illu IH}? ion settings during the expasure of different at{gerns, in
W

SRR i tH SR B UBIRAAE SFHBER OBREB AP AR LT IS SO RAfterns, in
ait Fridaties 1Beh nctudesdiweropticat chamtiels iAWhiohber@iNIogkisah in Figure 18a
ST e L s e P, AT SR eSS, o
iarvhigeopticel efmepithee padatdationl pbadseam of radiation 202 provided

e (S P ERIE T o
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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adjustment of the direction of the beam of radiation 202. The illuminator

further includes a beam measurement unit 204 which includes a minor

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

Rigor: agtpubAtosT phigmboindiedReRE06tRE oxmalani0i gedesitai IR Downstream

the energy of the radiation heam at a substantially constant level. [00148
Gﬁﬁéeiﬁlﬁﬁg%&&i ‘I‘Lg%‘?i’r\%er ?ﬁglﬂtfééﬁ&l’fﬁ&t%{/\ﬁ?Bﬁmﬁsdé{ﬁé& 2 fﬁrw}ﬁk?h?émeﬂs 216a,216b.
mgfamg%d@q@u@maﬁakysdirﬁﬁﬁthatﬁd)%mx@élrmaftiﬁm@%iu;aaq@eﬁi@er (cj:alled the first
directions. The first switching device 214 may for example correspon o
R R e PPERdreaee el piFst fiishiamhradiation
Jefleative Haceistarienteshincdiftererhdipciionsh fownsiear. aftbaififsltve optical

witching devi egiﬁ the illuminator separates intg two parallel channels .
i T&%??ﬁ&iﬂ%ﬁﬂ%&&?‘b‘ﬁ%ﬁéﬁ%@éﬂ?ﬁsﬁf&ﬁ‘gﬁaﬂ“"e
obBadhdeanfiercadeeplaectirst (ilominatas hamnelRAOdrfRatoe tpg dligiRments.

18a is arranged to direct the heam of radiation 202 through a diffractive
Siwﬁgéﬁefé%%%w%%ﬁ%*&é%??&a? ST AN AR KA b gk allows the
paBhas TEdd ybarcexteirgederitheshanigmrinahsheyimiwhich allows the

alternative

diffract] tical element to be replaced with one or. mor
i e R R T e Ao Br 50 e R PR hgement of spokes
2@sehvarige exechexdiaily (nathslespen) whivhbalavendhaapelapiceed 22 @dout of the

e firstillu

exchanged with one.or more other polarizers. [Q01491 ° inato
o ST HBISIF O ST oA DRt L SRR 168 furthr
irskednd reatiatiptivitl 26spatt 40ltaet baamared bivaydne: moThdk ifstshana etHematically as

t eam, to provide intensity adjustments .af the beam. The first . .
e Bk R TR AL Ao THE S50 BACE SIRM\RH ALl spprciated
thehtherpvmableieislientn Thisdkidh savarst leaseafiftalbx a pke padrl efseonTdx zoom optics
) is.jsfor. of illustration only, and,it yill be
R B gL K T RN o maner e
PesaemNE Wik urvsebleTenmut o optics ti2@Gename evwargetkteeptpditermining the size of
hEXRAASIN e radiation beam 202 in a controlled manner, the position
of the moveable element (or more than one moveable element)
deterAMiAB] tHeifies bl lana naigintiomipd 264 (0ps01deheviitsanl lophicw torstem referred

to HIADBRELAS I HREBY1956h Wi AL RICH GY RIGTHES ' e e ments 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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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 [0e13DE Tap bibbyédmihacenicalkd Hsis(lrerafthe sadiationdeamilluminator

have g djsk shape. When a gap is present between the conical face )
SRS S AT Al W FP R BRSSP S eheriged above in
reldiddiexdeaht ditsthithaninabos daing deteimineddwy ihbdistaneevealiRanelements 220b
the two coni aces. [0015]] The final optical element.of the first . . o
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he other illumi hannel 216b (hereafter called th d .
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deaveadletelermant({alioh theF inamISptqm 2 26prizays have pesdiorIwbichiented in
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pblaei se candsWitahind deviet @BYeamay forfexartel écoilbsponacwititinal 216a towards
escri e jn,relation to Figuge 15 (a pair of prisms with reflectiv .
e o e o B P TR M D 5 e godieion
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segdisghem disaty 202chopagogdhguittub§mandriigarmB$1216b towards the
additiopgd Jminateipak, [ f first and second, .
switcr(ﬁn dg-jvices 214,a263§11?i)§lgyf}l;nc t%prﬁégq?%@%gfn& e és%%%ma ion Shaping element
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waddiiana| fsmingter it 23R naldes singianeaionshaRing.elemetics. A
238 is held by an exgﬁanger mechglni m 240, Wﬁ%)h r%ay swaplfeﬂoeperaes field

dpfimang stisncahafinig Bremdedt neatothe pelriretiom sharihgrdemiontstrabinticld lens 244
isq;%gﬁg@ Wﬂg gifferent properties. A field

[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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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 /0 1 409 5 7 (see for

example Figure 1 | therein). The illuminator includes masking blades 248

xﬁirmlbarumahdéle: dﬁﬁgﬁi@dpmmweymemlzj'@mag Rigyare rﬂxaglﬁifnedljomé one, or of some
umln?tor IL includes an imaging optical system 250 arranged to image

" m%gﬁlng blades onto a mask MA (see figure 1), including a minor 252
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using the polarizers 222a, 222b. The disk and/or annulus may be
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dieptisalelererts R8s 82Ok ﬁ%&smbfa%BL‘%ea ipglay s?:%@g %P&lﬁe%ﬂé}f??zm 224b.

may be formed). The intensity ution of the radiation beam may
adjuste 881nd s e pagemenh Hisirarpdsp Dimrep hi$a-b differs from that 111ustrated 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 ilfuminators.
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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 arivss theibeanis g gt HeldhuHOR(es Besipalertly RRited are provided only

shape)), the polarizers 222a, 222b (which adjust the beam's polarization), .

e SpBRBed iRl dHDDHAT Pariis {Rhibhe SRlRPaRE BEachaligytion shaping

distribnitiors g@lﬂijﬂl@QﬁéﬁbﬁrZ@%mé?%ﬁ%ﬁ)?% A8k endiberKean242 (which
e

230a, 230b (which together adjust the beam's angular distribution (or .
eI RPHR ISRy P ueh et BRERIPTPIEIYaI Y siRsniformity)), the
gRenyenient sWHehiehbatyvesntadaitigphRean S 2ORith diff st the beam’s intensity

properties,  but is less expensive than providing two entire illuminators. 3

(oo BinR ik St BlaRsdRECWHIH SR SBPT HE Ya B thd BF ARASKIBY talﬂsigs 248 (which

RIAKEeE epdn 9mad KAhe AddiionahdlHEiRatal PastR3Ds (T (ese lelaraniss the field
are the polarization shaping element 238 (which adjusts th%%%eam's
PoRFEAlTRSY the Herkaihindgcldmisr A shiar élﬁwg?@ CRHgRRaay be by a factor

iftepsity distribution in a field plane (or equivalently short uniformity)), the

field lens 244, the uniformity correction apparatus 246 (which adjusts Jhe
pearmJ G B HBRH T SRR TS QA RHBIELY acusted are

preaety)y thecaiaskinaknd esdas dvpueh) padiustihea ibaarm:sdieldasigel, 2 16a, 216b.

Rt R AL S 713 5L R SOBP . e scein

miaohe2ly ewiaictondifsi he[0RE6M O3 Neteibaani) piad dlervanidlehighader 212 (which
once jn a further

not to be separately adjusted are proyided onl .
SR 205 RS P LB o AL 51 B Db Sbstialy consant
hepolarizer 200 (which cleans up the polarization of the beam), the beam
steerin irrors 201 ich adjust the direction, of the .beam),,and the . cy
v T AP T 8 TR S S R R 5 i provided n
thar eidithpld iumamtainpiral 36 ubstanskhtnasondiant akddiednfliylied provided in
Although t ol?rif%ié)r}[%?ping element is described as being provided

a

it Hel%%rd?ﬁgﬁ%? NiGmitiator part 236, it may alternatively or additionally be
provid¢@Dite2] 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.

J00164] 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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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 minors 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

jsviieburibdal iahdvé pronetitiom theRigpae Ris[0ekBitERebenring telFiguresFigures 18a-b.
b, : ma ided between the minors

e A R R e

260a, BOdbdrerafuethgechto éadusstBér adpmtividdabbetw208 thacledbad Hediching device

S a signifi ly_smaller cr sectional area w it Is incident .
R e B Pl ST O T SRR R s sction of
theasatheisohadvea g{hifrcantyneinaibethstifiee aremstsantieasecandhdh corresponds to

itchi vice 234 pravided in the apparatus described above,in_ .
B e S R R R ST O T fors 2320, 2020
19a-b t8AhoslsWitchinvgniectanitngl @0t 6H1oayutthery densed (endiR6is/ex lenses

i itchi i O-and the addjtional . .
B SR ORI B MBS A SRR G signiicanty
sthe! ferdislid nlesan ROZ clordewitablegsdethiot A asay brossosebtierialtbedld plane. The

Te t fi : iati am. .
D DS S A IR Tty e
reypilcelara-mineiddis apprayitedstiat elttothghommyex lenss (0B036PEM6 Aree used to

o 02 f :
s o A e Bt may be used
Imgsperakieny thanfrtioglavstemhwhigluiddnedsconl dietengash ibaredigion beam 202 is

J@deturn the radiation beam 202 to a significantly larger pupil plane. It will
be appreciated that although convex lenses 260a, 260b, 262 are used to

reducé’@héherineghn aeanad uitabinp darico 82 daruralisitdbiuraptichivith the second
sRATINARARIS BV ML), lf‘lﬁﬁynﬁéalk:ggrﬁ@%ﬁnﬂﬁyﬁﬁEWﬁﬁgﬁggBMswitching device

reduces and then expands the radiation beam 202 is used. [001671

2 Sirfeethe diskeAdraiRemitydesivaes tbeis apfametien siisaradniiausel 92 and the
cHEGONRLSWIEBING iﬁ%{%‘&@i FHIURBdc it HAWPE 1588 HERVFa RIS 202 when it
e

istpn%isdee?l(t)ﬂgosnwtgec k}':ps swi\tlci:cl:l(iang 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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270 to be switched more rapidly between the configuration shown in
Figure 19a and the 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

dihefirshand seaend swiehingdmdcas,aid pRiespraperate aitdiebsfimethe first

speed. [00168J An alternative switching device or switching mechanism, h
PRIRTEHE 8530 EUET Y Prared SroHb haldRAdRilng HedREY 59 D534 g plates. The
r&hI9ereatd 929 apeh AR Dwishihusisates o 130 Whiddhid uiarkBasbwandow and a

an illuminator IL including filrst and second optical channels 216a, 216b.
sefaiM e eRAEBRISh 7S aii¥ingRI&Sice, the components of the

lluminagaed; couRSEeMINIh theserdesebegARDYe drddlationstufigatet shown) the
18, and will not be described again in_relation to Figure 20. The switching

RS RATORY B HSEr R PBRar B BEuHHe G RETRIE 852025 Overlapping

tHecatediat either Bndi Afitagopticahe pannelaidhbai? e iihe SWitghiagB2The
device further includes first and sec%%d 1< Wa}ée §1I§1tej 274, ggélo%aégd o th

PRI FRTAR G BERAT SHItEPRHbED BNAS POIATHIT BIARE Sl passes to the

fileeaterhbepugen the Thovaveaplaitse e satasailthplitea? (B lisremdbded the radiation
with a first region 280 which has a frans

A g%rent window and a sefgnd. lar
beamigl 28I RALH73R ASIRAL 60 PEGLCH (TS S Y A Glon BE & ATl
p@Q7 isDRaeiaben JoT e pses ehriigh sheo wmdhee faaiaitywZeiof the rotatable
aving linear polarization. In the illustrated example a grey arrow .
St et T A PSR S AR 20 R g S gipes trovgh the
trinepatenevahtigu 82 lasThaicprid byatior ot tderaglatiow b&amc0glisly polarized
leaned up olarizer 200 gnd then passes to the first % wave,plate . .. .
e RS A BT 59 AT TR TR GO e Betaization i
coadkatidno eann golarieationtilatheqitnizaditthe 8 gnctic2ted ydacated/byl thregrey arrow.
rrow. The circularly polarized radiation beam 202 then passes through
T R e RE B a O BB B o PG ARERSER ST bupe 270 and

pdtrey ddiatignthe senci2@2 llsmnchandednehhtb pdbsesdiatog hethe is then passes viaa
tran nt,window 280, as.indicated by the gur ey arrow. .-The .
e D LR LR R O BRI Wi o e
refipdeeod bie ] eregpdih. the polarization is converted to linear
Polar g9 AN R RS Qe R AR A R ARSI TA YD B H BNAOWor channel

216a, the rotatable plate 278 is rotated until the radiation beam passes through the Y2 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 % 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
illuminator channel 216a, the radiation beam 202 passes through the second polarizing beam

splitter cube 272 and into the remainder of the iluminator IL.
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This linearly polarized radiation is reflected by the first polarizing beam

splitter cube 270 and passes through the second illuminator channel

216b. The radiation beam is then passes via a mirror 284 to the second

polarizing beam splitter cube 272, from where it is reflected into the

remainder of the illuminator IL. [001701 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 h§&0tid pfiget afaeabdegibgethesditostionwil cindulan pulsriz aviolohgted the radiation
tgggrllaE%] l?e%?z%‘enztgg.’f%gt%hgvggcggﬁl %mfanti%gél(% gMﬁHr?ei?W%Q? %kg.ljgyﬁéjrotatable plate
gray arrow. The radiation beam, upon passing through the secon

Wavey hteadWon itécdiy estlinedrIfopearizgd bthe plsoe aintiel lpblyrizatimessor. In one
being,trapsverse to the plane igure 20. Line rization of thj
S R S L SV SRR LA ore of he
rbttatdelidtiar2B8am 0 thusapasbes 282 mbearnupte drinotmirhei 28 iatog rotatable

the fi i%u inator channel 216a. Upon leaving the first ~iflyminator
te bet the first
AR S HO kR R AR AR v btveen e e
gl acizing dearal Qplittelscie 273 biadaidesitke ramainder of the illuminator

IL. 33 1-The rotatable 78 al [ e) o
switchfﬁgﬂjﬁhg }rlg i‘gﬁghl%edagnl/? £§ @W@ﬁ%ﬁg ﬁ@%n%qgﬁ%%f IOSS’ the loss arising
dlieanoi izt ook fieisopt 6 a2 1EhT ha voititde plats’ 2 23 $raa ithe polarizing beam
2t erpg&g:easlly ctated, for example by a motor controlled by a processor.

fh'one examplé, the transparent window 280 may occupy half of the

workirl§pijallarewetahts pbtat&ﬁémenzmi,eahmm wmtplalgetween the
t?ﬁ@g V\}I{ﬁ%#%tﬁ@ooé § rtljﬂealjz M@BWC@@@QSW@@E ﬁz’%l"f%gﬁﬁ}?g&gmd that other

spe en cause the radiation beam 202 to alternate between the

aprsradyrinscbnusoptidair shampiis 2182l pladequipbdnelusicppoTapparent window
ah3% %W&@é’kﬂa‘i’@iﬂﬁ? 50 ‘&\9{421.'Wf&%‘%a@ﬁﬁ@@@té%ﬁg%ﬁ%ﬁmﬁ 1o8s: ]%osition in
arising due to the non-perfect operation of the wave plates 274, 276, 278

vdtiehtHs prsliation §aeana?spnter tupeh 2R paregoinde ke setaespher window that
dBIRIG A 48Fd3 AHRORMERS L ARRAIRIN IR SVLEbRGE R e WERISBRBRation beam

window 280 and the V2 wave plate 282. However, it will be appreciated
PassESOdTeR b At Rlie used. For example, a translatable plate
Wh'Ch[lﬂﬁ'W‘E%érﬁﬁﬁﬁmwﬂ%Wcaﬁ%ﬁ%!W@Y&Pﬁwm psRfizers 222a,

In general, the plate is moveable from a firstgfosition In_which the

2ladiatiBropeatfrizers shesknatbrptrhtn bt MaERi Qohrreigion beam 202,

aWMIRd w1 Ralise the second polarizing beam splitter cube 272 to direct part of the radiation
beam 202 away from the remainder of the illuminator IL. Ifit 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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does not affect the beam's polarization) and a second position in which

the radiation beam passes through a %2 wave plate. 1001741 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 rad@icté bdam Rodarsitierie yoraineesient theoodosh apdsagrnd Y+ wave plates 274,
%%ﬂﬁ'ﬂ% PSaAbE _l&t@fﬁé%a%ﬁ?e%%YaP&@RP&?&ﬁ%ﬁQfﬁwga@eﬁﬁ% shown). By
retlective mirror. 02

This will ensufe that 50% of the radiation beam

osaties ths thevesmplattethsf phintikatonzbiharbuin teprpdbeemaymenvitched from
6%ﬂgiwn1?§ﬁ% Wi b?&%% &Jtﬁég%“%{%h\év% ?@P@Eﬁeﬁﬁ?ﬁ%’%??@mhmg the radiation

er cube 272 may be replaced by a different switching device, for

S
eozamislevosarberfiset dadodbeil apdva dhaanation b FigbpeST8tahiag between the first
499 y@nﬁh‘ﬁuﬁ%ﬁgm M%&'@Ql%@?ﬁ PSR 65R %EZ/JQJQP@%M'[ BE8¥adual rather

a pupil plane, with the effect that the angles at which radiation are _
thasiderariptnihe senssuthiei dhelynisasaly gizpdiedipnlarzatisn dfwanagsinanel will vary

LeaMLeRdyShekaferied gﬁ%@%@qa&% I EURBAlPERINMEa sine wave distribution or

arrangement, the first and second '/4 wave plates 274, 276 and the
sistdegble plate 278 may be replaced with a rotatable'/2 wave plate (not

show (ﬁ”?ic’tﬂj@%%%’BIXY@Y&Ql@_é%q&'ﬂ%ﬂ%@ﬂifﬁgﬁﬁ@m%rr@ﬁﬁﬁﬂﬂe using a motor
beam 202 may be switched from being in the plane of Figure 20 to being

apaHSUERSRYd ITRRAS T0TBNETERPEITEREY (RIS REENCHEBIRdSEEBRI Positions, or
dhgdirgtandmsans ariicalishannels £ 46arlRepwitching between the

first and second illuminator channels 216a, 216b when using the % wave

plate AP LB Lr3a atitdring e padiziombiasdisesiRgOmOhBAL i Afrization

Bl A oMardluninattc Ryl Ylivasy eani iU &Rl than if the
wave plate is rotated (for example following a sine wave, distribution or

raghigfion besw RICTAL s WHcReRIMM S A ITECE brsrdaninl ag deiss, rdhis is because

tR R RUSING B PPt CORIPARR . Din A dUitieRSSIRteans sWa kiR id aBkiRded by rotation
to move between predetermined positions, or alternatively may be, |
%}f @Hﬁglﬂxfgamcally more

of Ardinje trBerdhan B Hnsasmationad it 6 hedasisk

réAgia¢ion beam 202 using one or more polarization controlling wave

Plates 8] D, v paiee 572, S ha e Porarabis lar § 78304y Wereplaced 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, 216b 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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radiation beam were to be switched using a mirror based switching
device. This is because there are no moving reflective surfaces. In
addition, since the switching is achieved by rotation of a plate rather than
by linear motion of mirrors, it may be faster and mechanically more
reliable. [00179] The %4 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

Relarization yhichds e theaplananisigurer2i angiineanpataszatianefronts of the
which is transverse to Figure 20. The pockels cell is controlled by

AR Hotidated voltage to the pockels cell, which may for example
be confgligd Em%meozpmﬁbﬁemmhmmm@ fapieaitehingeahown in Figure

the radiation beam 202 between the first and secqnd illu, inaﬁr channeI%,
D364 BB TR 88 1 8 A AR U S e 21 2
deditting Bt of thedalestionrsyiatiestoRSHsaai0ore ) whiblhee connected together
radiation beam 202, so that a radiation beam having a sigma_of | SSes, . . .
ARG RS FBIE S5 EHTR IPLC AL T g L SR AT EAlfhpl e witching device
:ﬁﬁ(};ﬁ%i&é%@é@%g&tbﬁa@ubgtaa&%fahkes%?nﬁ)gﬁ@@ammprwzgﬂesm thige first prism
radiation beam  at the substrate 35 table. The sorm e .

IS5 RELATSF Gl SHoT6rET, WA TOb B MRS Sl face 310
1%%@ Rg%lféﬁﬁfl&l&lﬁiﬁwﬁ Zﬂhﬁh@mgﬁamfﬂemy ﬁra\llﬂi@ﬁhgl?)ﬂdewb@deﬁ a diffusely
the type shown in Figure 15, the switching device heing madified to .
ragﬁé%s’erméa%ig%wéﬁﬁﬁ% &?\f{ﬁfé’ﬁﬁ?«g’fiiﬂoﬂ gs\%i{aﬂ%td fpategguring normal
lifedeaamhiinglapehrreRNbPH SR BHidi Jadenhitbnaencaiidtemtogatitatrate W).

and are translatable in a direction indicated by. double. headed arr, 06. o
Tl Tbes AEHES P40 Fo ST B b SUBTHS f thesthe switching

&ecant sviteling: Helviceh234dia1ion Theniidiiskll ifrolndhs diffusely reflecting

reflectjve face 308, and the ond prism 304 includes flective face .
B ling o AHEHLRR BRAUR VGRS PGBV PR i L8 riich s the pupl
(ﬂ@ﬁelpﬁbwiﬁﬁ)ﬁaj’ﬂfm réﬂhﬁ:ﬂnqwagimrbmpmhebdﬁmgmm@mmgnts to be made by
regléon 312 IS nhot ||f|lum| atte (}iar ngwprmal lithography (i.e. projection of a

AREENa %tg Fhffom & Mask MA onto a substrate W). However, if it is

desirefhodi8akampiéusefy ouftie iadistgionditd & sigmiaaf dn themefhestive face 310 of the
e AR D NS I AR Rl e
uphar éhy ssuisteng ddnice At Seotig i, apipietitéiltErdedigupil
' [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 puises 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 i4) 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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of the projection system PL. This allows, for example, aberration

measurements to be made by a sensor located on the substrate table

WT. [001821 A diffusely reflecting region 314 is provided on the reflective

face 310 of the 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. [001831 Diffusely transmitting elements (not

shown) may be used to generate the diffuse radiation instead of using

idiffuselyy etactifigicegionssBh2e Bixddhiesslifflisele ikansipitting éémentaiso be driven
may for examéole e located over suitable regions of the reflective faces
%’O%F%T&lgflt%ewﬁr%rn% 36 304, [00184] Figure 22 schematically depicts

the raqiixi@s puldesmatibelt radiatibnarsoutiessi2Odgadphien aearilPeither an

.(graph b) as a function of time together with the combined radjation e

R ] TR RS RS PR R ¥ e 23 may
tradpatied. bEgua2Bysdhemerit40yilleminator ilarh 1360 ¢grapted) ldttancluding a number of
illuminator part raph e) 1001851, A benefit.of the arrangement using..
ARSI SIS B el e i R T e T Mion sy

fantbdightludee refaldea Icanipaltatiiefy tsrmdlirastuajapocihdam SHsnh68orl 70. The optical

eﬁn% bt% Sléjl.fflgleenl:[l‘g?l delé %l@il%(e!e}l}%??deeé%\é % C-II-‘ h %ﬁlee \6/%@-&[9%5%11_3%% ?rﬁgal%gfmgg an actuator or
also beé driven by a OMMON Actuator oF motor. [ ﬁ ernatively,

| natemtitanfredirgdting ghberhdidtiooberith theeipiirahnldtheminatite diitction indicated

b#?fﬁeorrgonw" by t'.%ilfll%tsa&,?)oz AL g Q}%?Ilgee &t %l%sfa%eiffﬁ%tne eI'QmF% li"eggx?fed by the
ay be applied. Figure®23 schematically depicts an illumination Systém

op80anelemeny E6Rdlwibeg tic eppesirelefadits paRetinatimapbengaparteasishown in

o Trinat .
L R e e S AP 11
dutergdheshray e of rastgeddasisicanefdheastuoghercmize sroanyentéguimsalla-12n.
A S I R R DSOS Y vy mocr

one céPthElréhnarengradiivii mae?banbletdenipaiod oopitions dleménmtion system.
IESRAHING i SXRAPG LL_HER: Héé%%%%%ﬁé%%%%@h?@ﬁﬁ%ﬂ%}es, further

Figures 12a-12n, and that the radiation beam is imparted by the secon

hejorenraidnanrlivd Thewrmnéipkpheldassonayderdrivapdieteonheactuator. it should
bEHSRASMEH REaNOWD, IhEIAUrER kR Lolte AN BH RN iHG AREF&holder for each

elements may be mounted on a rotating'disc driven by a rotary motor.
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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[00187] The arrangement of Figure 23 enables the use of only one
illumination system. In case more than one optical element needs to be
changed between both exposures, further holders can be applied. Those
multiple holders may be driven by the same actuator. It should be noted
that, alternatively, the illumination 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,

Befim & I REAHRIIPFATNEY PN DR SN e b2 6pMAINeHBRBAIRRMe exposure of the
8] As an example, the arrangement as shown in Fig]ure 23 may be

0018
éﬁélf@d%ﬂé‘é*H?ﬁg?%ﬁ%dﬁiﬂ?aﬁﬁﬁ@déﬁ%a&%ﬁ@%? Botides agprid paftractive
opiios] trekrpdeer A OalRINT. STURE Qlesnaniseiay be applied to

change the intensity distribution of a radiation beam of the illumination

system M Bthidf sbUHd Mg plethbania i theattifpriamsatorrsortareed in a field
SReSige M SRR THISS PR ARE P REENHH D RNEUY | MStHRMHE PEOEIBSsure process. As

exposure of the second pattern, the holder 166 of the arrangement of

MG AAPTAE AT BIRTRISHRAS S HIIsrHdARSAPrIhg dipklapsut as indicated

9 tRaFh.QRenANEraiR, teignRra 4 Rak R AR RESIAS RIENSHY] PSsitIHIQR: initial
is applied, the holder 166 including the diffractive optical elements can be

RSB &b BPRE DR AT ithpldes hee riviime hrtinieakiplempris. Figure 24c

ecpyipalialepiis hthpddiedqdiapesiddbeanisdmaanad odieftegiad-Dares 24a and
the first diffractive gptical element during the exgﬁ&zure of the first pattern

Ziha phdherheldsn Lo Asetimcomntdtae Jr et dtsalematisaliy dgpicts the position of

tHiffiiatdirel Gopiaakglesneit dering the exposure of the second pattern.
[001891 It should be noted that in case the optical elemepts are arranged . .
ina ﬁjli"‘pﬁsil]ﬁj b EA TR L5 SR, Ry SR £ GRHREO Position
diffeirgtbptexpeistienpy (GRbhsAlapitaRyilea e pamoso ol Maakon system. [n
be grranged to perform a displacement as indjcated ,in the Figures
o L TR BT S A o R agess and may
opbsitodispldesigndiad-onfival thaseoldire Bapdsaleding the optical
eleme igure 24c. schematically, depicts. the posijtion (the position
rotere O R R AR OB Bl ol toeh Hogramable
mafonetioy ofajrabsoftigappetbis ghevidticaliydepicth¢hatpasivatisafibinton for the
r.166:in osition '-P. [00190] The arrangement as shown in
© |S’%§éef§qurl1%§q agfs%“gé"é‘ﬁ%i?é’é Sr%'osition different optical elements (such
as dialfidgin'S)lihoaghpt gl fdrtnedivayibativrisysthintdrt 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 ar
after exposure, in for example a track (a tool that typically applies a layer of resist to a substrate
and develops the exposed resist), 2 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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that case, the optical elements should remain stationary during the

exposure process and may only be displaced in between two consecutive
exposures. [00191] As an alternative to applying different optical

elements, a programmable mirror array may also be applied to provide a
change in the intensity distribution for the exposure of the first and

second pattern. [00192] Although specific reference maybe made in this

text to the use of lithographic apparatus in the manufacture of ICs, it

gheuld kenndarsieodstact drenltRe o RPHERNPAralus e IBHPAReyIntains multiple
may have other applications, such as the manufacture of integrated
gtestediaefis, guidance and detection patterns for magnetic domain
memon@R JHi-RaneLdispiRYHic iafifhedy shal disniae Alikdee)abbiR: e use of

magnetic heads, etc. The skilled artisan will appreciate that, in the

TBREER S RIHhaEYYEHIRD AP B SaBHEt ahgriisal dithoerrtis *aythpe gppreciated that

tidienRaiRin MayHRe.saNFIdeReH RpISIRAY AU SR the (oRIeoaMeLa is not limited to
terms "substrate” or "target portion," respectively. The substrate referred

BietIHPEEPBE processed, before or after exposure, in for example a

track (ptaguthatiy pically aRipAiesHa arehehresistidRsubstiaigpandhll types of
develops the exposed resist), a metrology tool and/or, an inspection tool.

SRR AEAHSIARAYRE, AR M@%@éﬂ?ﬁh@aéa&&ﬁm(ﬁo&sﬁ%aﬁ& Stggiength of or
Hdostrate POCRRBINGI00HT. drurthermthadseiasiradamaw g dpetevsestiation (e.g.,

mare than once, for example in order to create a multi-layey IC, so 38 that
GG A EBIERELR ol HORA hag S BT %Sm#géeﬁméwéaaw beams or

dlentainsemtiple processed layers. [00193] Although specific reference

may h@%{ﬁtgie%ade ove to the U@%Of embodiments of the invention

in the Eonte phEg | griél"?? ﬁPB@’SpaE WatBdPtiEc g any one or

civieiitio mal becuseadpes otheitrpblicaponsnBnicolindirg: eeroabtexteflective, magnetic,
llows, is not Iimé)e? tct) 0 ttical Iithogra hy. [30?194] The terms "radiation”

Caivd WBEERTHISNY RSRINEHS 615% | i electromagnetic

radiatifid 1 el uRih g eudpeniibbet i M)insdiatiitie igvenavim v Vel elegititeld above, it

at, about 365 . 248,.193 157 or 126 nm).an treme yltra-viglet .

PR i e ot S g LS T Bea

well afip&¥(itIelbe dessripicinaabiore beamisoiedto ded i ustane:, (6 18b]ting. Thus, it

w-m%é%rprgarlcenrﬁb c\)/¥1réesrl<elligg ﬁlotﬂteeg(}t ?llila Vﬁ‘?d&ﬁ?éétri%%rrgoag Y M2 ho the invention as

described without departing from the scope of the claims set out below.
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combination of various types of optical components, including refractive,
reflective, magnetic, electromagnetic and electrostatic optical
components. 100196] While specific embodiments of the invention have
been described above, it will be appreciated 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
vaseribEdauikiadEdefsarting from the scope of the claims set out below. 39
WHAT IS CLAIMED IS: 1. arat s for a lithographic, apparatus
that mclludes a f)r%ﬁgéﬂgg%rgg}ls?téang congéra Fea o S%?éc %’?Jg g‘r“rll&)é% Pl cction system
SeHfdjiate, thersjage @pmwmmsmnmprmmgheastnge am:amumtempriﬁgwed

to hold flrstllglatter%p |ce telgci cg ttt%l?rll?nco igured to hold a
second éﬁ Ef% §E‘:’ﬁe theiiré andpseconogpatermng devices

incIudilgeaq@ﬂttenlecanblléh@ﬁjfgmewtseommspaﬂeﬁpmged&ng:éwhar@ch of the first and
aran ed such tl% at the tlte nof theﬁflrStf%nt% nfm& IS%% arp eﬂ?ernm devices bein
5{5’3&5 r%?efﬁgn& fond patte 11?%aopeavf:renare a ?acenfl 16 Sach ofierin a8 &
maﬁg“ﬂdgtdiﬁebﬂmhﬁ@mmmm@ ﬂmtlpmmnhgmmdcmqndsimgpaﬂwmdtandecond
OH% Eﬁt\gzlrcrg:lrglpF V|ces nd tne f%ubstrate 1&111%91 a ?cor(lérol device
on iguredto con IR p03| onlng aewce ol device
constrtaqteﬂtmmmhgrdamgeGtmnfﬁugorﬁidedlpespmﬁhn|ﬁgsdmdc®wmki patterning devices and
glnt {ada dSed to: (i) accelerate the first patterning device to a first
pre etermlhe speed relative to the projection system of the lithographic
apparatusntit) degele cate e slibstatedbtbegredetaing et iscathsingntrol device
d relative to the t e £N,Q
R e e R e S PG BRI S ST e o
maintaining s@id scanestiyaspdlec figif)rditpizog mlggmﬂeﬁ@%mntmmﬁd speed

I REGHE Erc{gz é%% %rrlrlln ?ﬁﬂ] %Qaﬁﬁﬁo i%%a%’i‘se)(posure of a

AoN-zero nu osure d pitc trate arranged _
adjacent to tHf)first #@dmathé@(ﬂﬁﬁir@edﬁ@mm}ﬂamlmfj specutingispagrbrelative to the

mERARdPRIRING geyoe %@&é?&@ﬁ%%ﬁf@ﬁ?&%@&%%é ive 6?1@& first field of

projection’system so a tO EXpOs he second pattern ontoa second
the gybstrate while substantially maintaining said scanning speed;

(1ii)  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

édjacent 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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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
sysusratamel @ hoexpeso Nlimbemotexpbsidrefieidgfich pétefiald patternank! a second
- t a first exposure field with the first . i
e S R bR Tl substancaly
desded, dpratdecortecipo supofietdeddny shb stantiatty nsphee dfapgrsuonficld pitch.
the first exposure field by the non-zero number of exposure field pitch. 3.
The stage apparatus of claim 1, wherein the non-zero number of exposure
field pich is sElectedesemnttat af deimihatidwersettihg rofithertithographi€ exposure field
r [ etween. successive expesuras of the first .
e o S P B R e bt s changea
bidine: svieredy ¢ phistaeceltbefaeedpe pattSaidoditt ¢hdisst padtexpimgre field.
device and the pattern of the second patterning device substantially
equals the reduction factor of the projection system multiplied by the
non-zefo numbks Shexposameulialil cpitchdswberthetistatigaop deituseofthe pattern of the
: L . ovice G . ear mot _
e O RS gty s
sk eradivelys ol dee gistisaties fiysieensoahinhgddietdtorarmdmmuutberttorf exposure field
Sembly configured to displace the first and second object tables in at
east a direction perpendicular to the scanning direction. 6. The stage
apparatus of claim 5, wherein said actuator assembly is arranged on a

first pagt of sajq, Jgeat DAL ARSHERMANAWBRIG S okARIHE Beﬁ.ce comprises a

assembly includes afirst actuator configured to displace the first object

lingte mairn ssenhty sorfiguredonrigaplasedheilpband sarond ebinstopfeles over
dalenrZti T plagIARRREA SIS Qi fy WREYER §ﬁéfjaﬂ%wé£%raa§§§1mggonﬁ gured to

is configured to displace the first and second object tables relative to s
direlas5rthn A shpbssr asbokiset ibles i 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 & 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

mim.

8. A lithographic apparatus comprising:

(a) an illumination system configured to condition a radiation beam;
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8. A lithographic apparatus comprising: (a) an illumination system
configured to condition a radiation beam; 41 (b) a substrate table
constructed to hold a substrate; (c) a stage apparatus comprising: (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 patterning devices being
arranged suctbihat theybatterntadidlerfirstpadtermiolg devicaraied the
pattern of the Sfcond {{atterningagevice are .adjacent to each otherin a

scanning dire(cct on; (ﬁi %gﬁggi%mﬁsgC&én\}ijéglgghfigured to position the first

and second patterniiy dedidastanjbtheablebsirdtiguadddibpld edhwtapatterning device;
e e o e RS Ra et (DB RIPILER peterming
system configured to projectthe patterned radiatioryr beam onto a target
(horteneat hhd dubStsataduetvtilapaltering pdecarming logargtiqrtieenpatpetfern the

of the first patterning.device and the pattern of the second patternin
B B A S R B o BREEL Bt tht the patern
afohstfitstedtanal mg rénged aoiphe\idectne fibsitianind) weteioengitedce are adjacent to

%%Epai_lré}_ ?ndaagtggn tl%: ((Iillra%flglrgrate the first patterning device to a first
pred% ermine spee% relative’to the projection system of the lithographic

apparatus, (2) accel@rgte thepstibstiagpdor & predémmadhecbssdivmitlyy first and second

speed relative to t rojection system so as to project the pattern of the
ShE GRQssHon S

r[:r)léﬁgerﬁ}ﬁ%e &Vice on irsffield of the substrate while substantially

maintaining said scdining speruloldydisptacé ghecdubsiatebtisspasitiaifing device;
4 iathe predetermined scanning speed so as to skip an exposure of a

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

adjacent to tt@)first figkpjiection spsiamingrdi@utdito ane ) the paltentedtagiation beam

0%?891'19@&%%@5‘19 (ijeﬂ(li@guté)strll?i?ef‘i;% that during a scanning operation the pattern of the

first patterning device and the pattern of the second patterning device are projected on the

substrate,
wherein the contro! 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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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. 42 9. The lithographic apparatus of claim 8, further

comprising a masking device, the masking device comprising: a first

masking part configured to obscure a first part of the first patterning

device before the pattern of the first patterning device is imparted 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 . ]
devicelis impahetitbyatehadintenbeahsland $of56§ém@na3ﬁﬁsﬂ$)a@é§ﬂﬁ@ device, the

@Q&SHQ ng}gﬁ%‘{ > before the pattern of the second patterning
evice'is imparted by the radiation beam, and a third masking part

configarbtstmavdoarras seebadrerhie ot aadintngseirHinguepric amgdevice
ﬁgﬁmﬁs RLINESAREN, Ratter dé%}éé%?ﬁﬂgb?v%ﬁ%} e therzadiativhm,

eam. 10. The lithographiC apparatus of claim 8, wherein the illumination

systen seePngsesking Raptieen fered saminsing asaransreten dhe Bryqaisening device
Saneh e {ipeRranch {fa%%‘?gg RPREaUeR e $50RREaRSH bl iRl to obscure

branch comprising a first illumination unit configured to condition the

yHeRhnen velmsearadmetsuabrdsrisrchriomaatcansicds dsnondnatisming device is
i%@&&g@fm@g&@aﬁgg@ggﬁtg}giradiation beam, and a device configured

to direct the radiation beam to the first branch or the second branch, such

that thiethidiaRsk B RATHSTBIMEENA B HE AramifirdRifhG iR g mgteming device
SRR Hher AiStePRSMRlisitL Wb thesnatiareebih e skinatiaraine.

device and that the radiation beamis configured by the second
illumination unit during exposure of the second exposure field with the

patternf therpetRRLPAISENHPRERMICSE ddinT BevilibRARARB T aRRRAIABAS Pitem
claim 8, wherein the non-zero number of exposure field pitch is selected

CQUUN 88 an illumination setting of the lithographic apparatus is changed

betwegnspikeesaiue sxpesuies atdm-fiteh finithasebiersesenddiglérst Branch coupled

. The lithographic apparatus of claim 8, wherein a distance between the
“ba?fé#%‘% the Sﬁfﬁ%‘f{éﬂfiﬁ&ﬁiﬁ&@%ﬁﬁamﬂw 3ii{Fes Lgpfgtion unit configured

tPasRINing tie et Hldistantialby € Hedscand 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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43 reduction factor of the projection system multiplied by the non-zero
number of exposure field pitch. 13. A method of exposing a substrate
using a lithographic apparatus including a projection system, the method
comprising: arranging on a stage apparatus a first and a second
patterning device that each comprise 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
padtermningaevicd thegpfisgiopicadstermmined Spésibretativeieztine nprojectdrxposure field
?stc m; accelerating the substrate to a predetermined scanning speed

eldtive to the projection system; projecting the pattern of the first
patterning device onto a first field of the substrate while substantially
maintaining sajd scanning speed; displacing the subsirate substantially at .
the predotormiai oSS o R R S e AN ctuding
povjetimysnhey the exgbedrenfigid gpiteh on the substrate arranged
adjacent to_the first field in the scanning direction; accelerating; the -
etoncHANBIR 1 ASURes BHPE Rt e ROy e MR ORe vt cach comprise
proidetiosusisterntiso mst¢onexizhsdithepsgeondgpdtiern antoha seitemdfigid second
of the substrate arranged adjacent to the non-zer. r of exposure

T B B S g the
patternagt¢ireapgpihd Heatteatingidgvdesionto tHarsquodeidisichof tpsed relative to the
SHPEEQ%%-S%{ The method of claim 13, wherein the arranging includes

rranging t e first and a second patterning device such that the pattern of
the firsepeationting tevidestiag the pattstarofingtbssecoing pratdrrilagdetddhe projection
E§F§\té’;],§:jjacent to each other in a scanning direction with a distance

etweén the pattern of the first patterning device and the pattern of the
secondrpaseitnihdhelpsiten sitkeiinsay ttarnile doaggrediete s Sglilptthorsubstrate

fhid %QHﬁﬁﬂ%ﬂcﬁf Eﬁ’lftéﬂﬁr%r 9&?&@9511?1}{-?%‘%5&9?‘1 a non-zero number of
exposure field pitch ot a field pattern of the substrate; 44

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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wherein accelerating the first and second patterning devices to the first
predetermined speed relative to the projection system and accelerating
the substrate to the predetermined scanning speed relative to the
projection system include accelerating the first and second patterning
devices and the substrate to a predetermined speed relative to the
projection system; wherein the projecting includes projecting the pattern of
the first patterning device onto the first field of the substrate while

Su bstawﬂafk;imh’dlahaﬁt@Shﬁfps@deda&n@nddamadnghémthe first predetermined

gAa \fln (I)utgbes dIS |aC|n tlgeel'ﬂflgsc}:ja%r(}ge eel"gt?i[[l]g gaétsgn ng devilg(lzglsjrgge ermined
e SU S rate su e predaetermined speead so as

mnnzeg@;memheatufe ea(msmej gldipitchas (mhkte subslﬁanmgrrmg‘mﬂ and second
adjacent tp the first.field in the scannin |rect|o

SR SRR bl o L Aes R S lehgton st
onto th&lﬁmﬁmhieflﬁbjaahﬁh@lsuhstarﬁmc@ﬁca'ngehieqﬂmemﬁmmstqm{mmng device onto

sur fleld F ubstra einthes ann
TR s B R S SR SRS gine v
pattermhgrelmvabechs;daﬂmpaﬁhﬂtmﬂﬂﬁase@mﬂ ﬁmteandmgo@avlmetamaamg devices and
ubs tiall l!()j(? I1 (-% The hod of Ialm 13, Wher%m the pattern of
the S;fl rate, subsfa al the ermmeﬁp dh ﬁ Hél T-ZEr0 %umber of
pat ermn ice "Cof} rlsesa ase’s maska wherein t
epatieurs cﬁTquoﬂethphﬁeuﬁﬁgnggeéﬁmaﬁes ® thimfmadielt ia Binacgnning

d]’lle Ii<0 17. The method of claim 13, further comprising: obscuring a fi#st
ot the. ?rst patterning device before the pattern of the first patterning

dewceubampaitemb)eatu@lauhrdtmm;emm}glaesewmhbmnmﬁtpatemmg device
first t t
e L o R

e secon
fisddteriviry dewmbwwmtbammgr@@émd 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 _
devicd s impHreearaihatefabiandd.bebereia the pattern wictio Hrof piiermnig device and

aNNeRin, theRoR2E4a ?&%‘E@Hﬁhg’E@%E%%ﬂé%&@%xﬂﬁ*ﬁ%ﬁﬁiéﬁt&%‘ﬁCted such
that an illumination setting of the lithographic apparatus is changed
between

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.
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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. 46

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 ficld

pitch.
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