Li t hogr aphi c Apparatus, Device Manufacturing Method and Conputer Program
Product Field [0001] The present invention relates to a |ithographic
apparatus and a nethod for manufacturing a device. Background [0002] A

| i thographic 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 uskithogaphiccXppgiaeys, Davice Mammfadtexing Metbéd i nt egr at ed
circuits (ICs). In that insta , a patterni ce, which is
alternatively referred to a§“§q(?’é'§l9<“tg¥ijﬁ°gréﬂn'g"g {may be used to generate a
circuit pattern to be fornmed on an individual |ayer of the IC. This

pattern can be transferred onto a target portion (e.g. conprising part of,
one, or KEelderal dies) on a substrate (e.g. a silicon wafer). Transfer of
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w | conﬁlajlﬁfa@mﬁﬁgiwﬁ&_ of adjacent target portions that are successively
patterned. Kno i thographic apparatus include so-called steppers, in
whi ch each tar-get portion is irradiated by exposing an entire pattern
onto thepfarget jportion at one time, and so-called scanners, in which each
t ar get pogtg—mr“ls irradi ated by scanning the pattern through a radiation
beam i n @002V eA lidiogephicamppiratis is 4 aaeliné thyt aﬂﬂlegaﬂembl pmﬂﬂarhenmwm]bstmmusl y
scannlngth? substrate paral | el ?{Santl aral to this d|r cLion. IS
al so pos&ipileonty atargeigroghion gfdhesubskats. 4 lighpetap IC@P?‘@WFH’@ BHEFAC Wt o the
substr at
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pupi | plane of the Tllum nafion system which can be regarded as_ a
secondaryafnuFresster ¢f thepatiem isdypinaiiesa anwlng)mto ﬁllgyed eﬁtﬁdiﬂ@@d-sb@sltﬂ@f erence

to the sh di.s butlo

Convent |18%§Valctfﬁsﬁﬁlpﬁ%‘flfﬁ%ﬂ %Xéumg\? akaaiity rfiléstn %)e S"’tbg%%tea lﬁ cg@%& I%s from O
to a cerdephdrkiosdiabent @dﬂgét(f)ort{dﬁg Hiat 8% sAceesdiveay Pmiarﬁé& Kinopadithaprgihsd ty
distribution in the pupil plane. Oher caommon used intensity

di st ri buapbeegsapdudesgrialled steppers, immhishteaeh ﬁaPﬁeéR@Flti’? ifriadiafadityl FROTIRE Athe
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there are ane “and q Iumnalon in
portion is irradiated by scanning the pattern through a radlatlon beam in a given direction (the

“scanning”-direction) while synchronously scanning the substrate parallel or anti parallel to
this direction. It is also possible to transfer the pattern from the patterning device to the
substrate by imprinting the pattern onto the substrate.

[0003] It is well-known in the art of lithography that the image of a mask pattern can be
improved, and process windows enlarged, by appropriate choice of the angles at which the
mask pattern is illuminated. In an apparatus having a Koehler illumination arrangement, the
angular distribution of light illuminating the mask is determined by the intensity distribution
in a pupil plane of the illumination system, which can be regarded as a secondary source.
[lumination modes are commonly described by reference to the shape of the intensity
distribution in the pupil plane. Conventional illumination, i.e. even illumination from all
angles from 0 to a certain maximum angle, requires a uniform disk—éhaped intensity
distribution in the pupil plane. Other commonly-used intensity distributions are: annular, in
which the intensity distribution in the pupil plane is in the shape of an annulus; dipole
illumination, in which there are two poles in the pupil plane; and quadrupole illumination, in
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1 which there are four poles in the pupil plane. To create these

i1 lum nation schenes, various nethods have been proposed. For exanple, a
zoonmt axi con, that is a conbination of a zoom |ens and an axicon, can be
used to create annular illumnation with controllable inner and outer
radii (ainne, and aouter) of the annulus. To create dipole and quadrupol e
type ill uichahere are Taworales inthepupilplans. Be sysatedbese dllumiaakqachemes, var@ss, t hat
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to formthe desired intensity distribution in
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radi ati ofhe appddlis alﬁi%nc@lnc%@esﬂfﬁcogﬁﬁ’OWHersﬂlﬁ)?AE‘l%gém&%GwﬂH'b usd@és dre made is
quite limted and even the best materials have significant coefficients of
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Simlar effects can bé caused by the use of a slit-shaped illunination

field, easljustedslopingpor betwgen Mﬁmrﬁm@ qommowaﬁm lens Apptingafiests. but t hese
effects [ﬁﬁ(%]g(ﬂn &l ﬁllulrr}{negmn mode, suc['iderdipofl Which theet%%lrgl i be%ﬁ{las § ongly

localized in a pupil plane of the illumination system is used, then the energy of the beam will
also be strongly localized in and near the pupil plane(s) of the projection system. Lens
heating effects are more severe when such localized illumination modes are used because the
temperature gradients in the lens elements affected are greater, leading to localized changes
in shape and/or refractive index which cause large phase gradients in the beam. These effects
are often not correctable by existing actuated lens elements, which generally effect
corrections described by only lower order Zernike polynomials e.g. up to Z5 or Z6. Similar
effects can be caused by the use of a slit-shaped illumination field, as is common in a
scanning lithographic apparatus, but these effects are generally of lower order, and more
easily correctable.

[0006] Past attempts to deal with the problem of non-uniform lens heating include the
provision of additional light sources, e.g. infra-red, to heat the "cold" part, i.e. the part not

traversed by the intense part of the beam, of elements of the projection system. See, e.g.,
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[ 0006] Past attenpts to deal with the probl em of non-uniformlens heating

include the provision of additional |ight sources, e.g. infra-red, to heat
the "cold" part, i.e. the part not traversed by the intense part of the
beam of elenents of the projection system See, e.g., 2 Japanese patent

application publicatigon JP-A-08-221261, which addresses non-uniform
heating é#n@8es¢ paigntanphication nybleation dPiA-082 Rl whichpddresses wpaiupgHost such
addi ti on [ - Qi . & i Ik Or t
Fadi at 1 ok FRised B9 SO o AR iGRrbRof FRISRIGSPOANEL MARRIBR | o s
and t he soccssanéduidesto dondutt the ddd#tiopsldjeaciadmtions wsthe ooriet phist ingtcases thde

provi sion of a cooling system of higher capacity. [Q007] Another proposal

o deal  SPRHCRBROLAF PRI ingipedhen Joad & the PQ%%F&@% ST ARGeA S

field isgdis&liasgdrh Bo 'gtsﬁgeébghpggelp@dﬁ,ga%,_ US 6, 603,530, which describes a
I il p i de

special "lens il ' rov in the reticle stage outside of

um nat ron mark”
"t he reti HI087hr Anothtr mhposdi tealeglexitlr pati-atifom Isetingetusediey 2 Hliteshapedt | on of t he

| ens el egent.s .in . proj ecti ) em i r i | y. tric. The |ens
of onent < TRty eB e o5 SloBd i B et S GRODRTY itbicH e & spekil o
bef ore priegkitiun@ihtion RASKT §ovided IRt rdtRR MR-dutid dfaRSietivleaydavRtiEn ¢ heating
caused by a slit-shaped illum nati on system does not cause non-rotationally

sy m’re'a r 13 divergeeradiation ﬁis I.thaf thedigymimpdomeiohe tons efemeois-iw thefpseineticarsysti@ds i ng
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during weeeial ki tatige pralubgai exppsureosckhpathé oetotithmalle Bim@beizeRhting af f ect ed
by non-uniform heating in production exposures. During the dumy.

i rradi at faysed Rslitishapad iHumingHomgisten doasaiot cayse pep-totefionally eymmetrigpt i cal

el enent ﬁfe@ﬁoﬁqj ust abl e di aphragm to be the inverse of the illum nation
node use or production exposures so that the heating effects of the
dunmy i r j08d8]at Tlerprablemtdfeonmvdose [eaf hedimghaaded by ledalieat tluoifingioo dhockes n
exposures_ and

1 t ' is nore uniform. Another proposal of this
docunent e indoRauP DS T PR RIOPISE _%%eﬁlpﬁﬁs fRFUEL PP Rat sel ect ed
lens el epBpfafion Sy FeEbMmed RPRRIvadr dxShAGS td RO fhe cBwnpa%eé%meqenste@elﬂé&é“ de an
i nproved nethod for at |east reducing 6r mtigating for the effects of
non- uni faffasteddptriongnaforre heatingtis pofduatign ejpesures Dwingttendwhey irradativg, te
| ocal i zed illum natjon node. [ 0].. Accordi.ng to an ect of the
| vent | ohemiTAPR RRude 3 sy S TEH GG PR B 3F A0TSBighapLiagg: to be

the inverse of the illumination mode used for production exposures so that the heating effects
of the dummy irradiation are the inverse of the heating effects of production exposures and
the net heating is more uniform. Another proposal of this document is to use additional infra-

red radiation to locally heat selected lens elements.

Summary
f0009] It is desirable, for example, to provide an improved method for at least reducing or

mitigating for the effects of non-uniform heating of elements of a projection system when
using a localized illumination mode.
[0010] According to an aspect of the invention, there is provided a lithographic apparatus
comprising:

an illumination system configured to condition a radiation beam so as to illuminate a
patterning device in a first or a second illumination mode selectively;

a support structure constructed to support the patterning device, the patterning device
configured to impart the radiation beam with a pattern in its cross-section to form a patterned

beam;



an illumnation systemconfigured to condition a radiation beamso as to
Illumnate a patterning device in a first or a second illum nation node
sel ectively; a support structure constructed to support the patterning
device, the patterning device configured to inpart the radiation beamwth
a pattern in its cross-section to forma patterned beam 3 a substrate

t abl e const r ug fwtrats tabde epnstragieskiorhelda subspatsj ecti on system configured to

roject the or L . he
D o ot on sy EPISTECER sARATL AR i BreIEl Rl oo b SHRBLERS of 1C
pupi | pl theaubsatatd, €@ Jirojestnafstehecoptisiagla phlrelinnl spiail sigmeogangdaving @r near

t he pupi l ne: and a control ,system configured . to control the
i 11 uni naP‘i‘lgtﬁg% f@ﬁ?st PRRO ﬁBBtFCtaY@P‘Pﬁ’étﬁ Bﬁ@g?%ﬁa&dﬂ%er u6#b Shor il plags ad; o

sel ect the fi§ &ntlol Lfta B 1:ddR0 ot AL AER s%g?nﬁ]ng?% RisH A devi ce

and a substrate on t substrate table are In the e radiation
beam t o pukthesuhstate pabdeltocseleotthe fipst sliumainatieh modswhacd pitteen sethemdtterning

i1'lum nation de rin ti t no . substr i s.inh the path_of the
Fadi at | SSPRR A Ao BR e STl ditie 8% ip M e pRiAo 0SS PRI 4 0 use
of the apaidiodexpeiredidub séleditisd Jebodl ilIaMiHkioh atHdaduaRe &tinlcRatR@t t €r ni ng
device is such that an intensity of the patterned beamis substantially
cont ai netbgirath isin sherpaglsef the mdiation betre te posenseeniastivg iradistionprackss, at | east
one optical e nt. in first illumnati.on, node. and.wthin second
part of the ovETER B Bhhe bhbdirog on MR SRR AT A Ep e L
the secoduidelis sirchnigdt ia® intemEte of tHegaftednsd béuisl issabamndiallgcbitatd@ll Methin a first

substantially non- overl appl ng and the combination of the first and second
parts notaredcbngrasssentionaharea at heat leastons optieal elsment iarthadint ilimingtion) east one
opti cal d;ﬁl) Lyyigtif) 9%;[%011 ?gﬁ) Bgﬂﬂ%résg—sgtgioﬂﬁlpzﬁgz{ oﬂ{w Bthgaslt Bl\{g{)‘ﬁt{cgpele&&?r e1s
provi ded a device manufacturing nethod conprisSing: projecting a patterned
beam of inakk stomahillominatign modayht érgythd ssebod parsitedig wbsantidllygona proj ection

system having.a pupi!l plane and conprising a plurality of optical elenents,
at | easﬁtveﬂjrlﬁw gt(ffée s&lﬁleatﬁ%?féﬁ%ﬁ? mLfoAgnd PRl eI RIBRSSRgEhe eREep Ui |
pl ane; angksldebRfiiaPirk6r thi st 1@{:%@133%%151;%1 S¥RERM Wi th a corrective beam of

radi ati on having substantia e same wavel ength as the patterned beam
wher ei n [A61¥]ntAagsiding tofantakpecpaf the imedtidig dlmaré & psoridedmdévidd mamdadtadinge d
within a first part of the cross-sectional area of the at |east one

opti cal rﬁ?th?fz?ﬂ'glmf&lgan intensity of the corrective beamis substantially

contai ned W t hirde@ing@GRAREMBAbbar? b fl0R:i6H REANS 8 WavOIRALth 3Lk ffbstrhie ugthg | east

a projection system having a pupil plane and comprising a plurality of optical elements, at

least one of the optical elements being located in or near the pupil plane;: and
irradiating the projection system with a corrective beam of radiation having

substantially the same wavelength as the patterned beam,

wherein an intensity of the patterned beam is substantially contained within a first part
of the cross-sectional area of the at least one optical element and an intensity of the corrective
beam is substantially contained within a second part of the cross-sectional area of the at least
one optical element, the first and second parts being substantially non-overlapping and a
combination of the first and second parts not encompassing the entire cross-sectional area of
the at least one optical element.
[0012] According to an aspect of the invention, there is provided a computer program
product comprising instructions recorded on a computer-readable medium, the instructions
being such as to control a lithographic apparatus, having a projection system having a pupil
plane and a plurality of optical elements, at least one of the optical elements being located in

or near the pupil plane, to perform a device manufacturing method, the method comprising;
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one optical elenent, the first and second parts being substantially
non-overl apping and a conbination of the first and second parts not
enconpassing the entire cross-sectional area of the at |east one optical
el ement. [0012] According to an aspect of the invention, there is provided
a conputer program product. .conprjsi.ng instructions recorded on a

conput er - r ead ﬂegtlﬂ%g P%@%@Mﬂ}&&% IV RIS a SEbsEBIUsHE a

it hograﬂ{giﬁoje@%r@gﬁgz aldgvi ng a projection systemhaving a pupil plane
and a plurality of "optical elenments, at |east one of the optical elenments
bei ng | ocat edirfadiatiog theguejectivn gystoinl with anerredtive peani of radimtidehadag

manuf act uni .et.hod, the t hod conprising. 4 projecting a patterned beam
of radia l%bgﬁg%%{e}fitﬁaséénm%‘éqrfe ?thﬁ_ggﬁeén yStrate using the projection
system and i whédinahiit@ndiiOMROpREiicabesn S /IBkMAAN 208 AGHItHE 2 BeA TR

radi ati on_having substantially the sane wavel ength as the patterned beam
wher ei n @the groshagetignal preaipd theat dessteng apéigahelement it aminteapity ofthe eerrestive
within [ . S-S ' e f_the at |east e

opti cal a%‘%allel{rr%tﬁ? aﬁlglagﬂt?lﬁ@%é?’?g& oafS%E é]dedo ﬂ(}gér(%fglé %eée) -Seﬁg%nr%??rs?agﬁ ftag{r%fa?tal |y
cont ai neshevspttibalrel@naeabe firspaiid seobnd petsbeigSubfgitialip abn-akedappingtdnd aat | east
one opti cal, el _erreé{{éﬁ the first and second parts belng substantially

non- over fospinpna thefirstandiseenndingHs 8ot qusempassipg thgentie siopysestpnal arsgof

encorrpastﬁg@glem%nggéﬁcrapdgﬁgﬁ-secti onal area of the at |east one optical

el ement. Brief Description of the Draw ngs [0013] Enbodi nents of the
invention wll now be described, by way of exanple only, with reference to
t he acca i‘_l’v n sh ti.c drawi ngs in which corresponding reference

synbol s _ ot gt parts, and in which: [0014] Figure 1 depicts
alit hog@gpé]l EARRENaY 8f e GBI wilPndW be H@&ﬁbé@;f’&& Wiy dfieQampRGEI Wolk:

[ 0015] ure 2 depicts the optical arrangenent of "thé apparatus of Figure
1, [0016F

eFgnga tethy agespipanying ischdnaticidraringninmideh cyespomling wékuetdeon
exposur es ib or di ?]Oq%ﬁj%ran enbodi ment of the invention;

na (fﬁi ISt et ho&i ac
[ 0017] Fg!yﬁlu%s 4 8%5?%’?%51’8?1 Pgp _ A% stribution in a corrective
i rradi at[foon]prrageddrdepefs a litheerhpHis hppredthostcoddyBlan RufbatBncnt dLMCt S t he
timng of steps in a nmethod according to an enbodi nent of the invention;
mvention,
[0015] Figure 2 depicts the optical arrangement of the apparatus of Figure 1;
[0016] Figure 3 depicts an illumination mode used in production exposures in a first method
according to an embodiment of the invention;
[0017] Figure 4 depicts an illumination distribution in a corrective irradiation procedure of
the first method; |
[0018] Figure 5 depicts the timing of steps in a method according to an embodiment of the
invention;
[0019] Figure 6 depicts the illuminator in a second embodiment of the invention;
[0020] Figures 7 and 8 depict the radiation distributing effect of a first and second
diffractive optical elements used in the second embodiment of the invention; and
[0021] Figure 9 depicts the combined radiation distributing effect of the first and second

diffractive optical elements,

Detailed Description

[0022] Figure 1 schematically depicts a lithographic apparatus according to one

embodiment of the invention. The apparatus comprises:




[0019] Figure 6 depicts the illumnator in a second enbodi nent of the
i nvention; [0020] Figures 7 and 8 depict the radiation distributing effect
of a first and second diffractive optical elenments used in the second
enbodi ment of the invention; and [0021] Figure 9 depicts the conbined

radiation distributing effect of the first and second_ .diffractive optical
el enent s I"“%é at %‘E‘Wpﬁt’ﬁt% (igpyaatory{ly condigyred i sppdifiond radwéveaibea@%a

| it hographi ' . di ment of the invention. The
pé)gm@%tﬁmg d[e%%r]g VItet (BLRA Fadifl

appar at us conpri ses: i1I'um natfon system (illumnator) IL
conf i gur §92db cosgpoit stucurcddigat mask tablapVE capstrgeted M suppbrag patterming deep

ultra viql et radi.atiaon) ; 4] - .a support structure (e.g.,a mask

t abl e) Nﬁe"é%%‘%%aé@%g‘ @@@BB?%C?C%B%@&PHF%@B“&’N SRRigied(o ﬂgcwg? ) MA and

connect efodiforAtht phtedmiRe dbvitOMecchWhf@WitlAaMH faarR@ENd atel y position the
device in accordance with certain paraneters; [0025

tt i -
E 3bste { glt Bl%aam €2 fubsigate tablgafeed: avaiberd3blefWd mosstrustaddd hpll wLatraie ng? rate

.g. i W and ted t d iti PW
ont o ETLPLeaSHRET &y 170 Shbele Bl REORERLbEr B SERRBRRRIE oyt i

par anmet epéssitiantle fMRRHE in SccpfdAnECH IR Bertais p@BincRrPYand refractive projection
| ens systerr%k PL configured to pro%;ac,t a pattern inparted to_the radiation
beam B blP038k t =t Pirisgtigresystes fg. gmelachive arajection fenssysemiPk sonfigueshior i si ng
one or ' =L Lk | m may

I ncl ude%ﬁc%gﬁeyg{é@ a%%d%éé?@%écﬁﬁt@gﬁgg%ﬁ%tﬁ Q)atgﬁ]ﬁkéig%%e rg%tgia\slté%%@

refl ect i patiomEgaegt capprsimode@ragineties) ofeheaibsipdt &Y ¢ or ot her types of

opti cal ent.s, . or. any conbi nati on thereof, for, directing, shaping, or
control | (937 2 edhwamatw{le%m A V@P?%%W%e{ﬂpgcﬂaowovﬁ&, 5551 ¥r ni ng
devi ce | RAGHRIMEkCt A gRRRN ot dalletic, elebeistid d};brt] P&l N ng

types
devi ce, the design of thé |ithographi c apparat us, o] he? condi ti ons,
such as daposgutspirenwbenbientior theedt, forelipating shapig, de vordmllirg dadiatdon.n a

vacuum L.roanent . The su rt strycture, can.use nec ical,, vacuum

ei ot r osOEH "BE Boiat SRR BR G et RG i rutbra g AePar R evi ce.
_The suppgidntatioh W€ tHepatteMihglRvive the BBsiGl ofthe litRsfiphicAppMsREPInd ot ch may be
fi xed or novabl e as required. The support struCture nay ensure that the

pat t er ni $vadidiens.sech as far expmpde vhetliepaiot thepattéroingalesieplisheld irha vasypmct to t he
"reticl ei n maybe

A T AN S e
clamping techniques to hold the patterning device. The support structure may be a frame or a
table, for example, which may be fixed or movable as required. The support structure may
ensure that the patterning device is at a desired position, for example with respect to the
projection system. Any use of the terms “reticle” or “mask™ herein may be considered
synonymous with the more general term “patterning device.”

[0029] The term “patterning device” used herein should be broadly interpreted as referring
to any device that can be used to impart a radiation beam with a pattern in its cross-section
such as to create a pattern in a target portion of the substrate. It should be noted that the
pattern imparted to the radiation beam may not exactly correspond to the desired pattern in
the target portion of the substrate, for example if the pattern includes phase-shifting features
or so called assist features. Generally, the pattern imparted to the radiation beam will
correspond to a particular functional layer in a device being created in the target portion, such
as an integrated circuit.

[0030] 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-shiit,
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[ 0029] The term "patterning device" used herein should be broadly
interpreted as referring to any device that can be used to inpart a

radi ati on beamwith a pattern in its cross-section such as to create a
pattern in a target portion of the substrate. It should be noted that the
pattern inparted to the radiati on beam may not exactly correspond to the
desired atenpatpdphasprehifiaagyeel] povariognhdirid masksypest Aaesamplgofaxanpl e if the
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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.

[0035] Referring to Figure 1, 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 comprising, for example, suitable
directing mirrors and/or a beam expander. In other cases the source may be an integral part of

the lithographic apparatus, for example when the source is a mercury lamp. The source SO



as to fill a space between the projection systemand the substrate. An
imrersion liquid may also be applied to other spaces in the |ithographic
apparatus, for exanple, between the nask and the projection system

| mrer si on techniques are well known in the art for increasing the
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the first positioner PM. Similarly, movement of the substrate table WT may be realized using
a long-stroke module and a short-stroke module, which form part of the second positioner
PW. In the case of a stepper (as opposed to a scanner) the support structure MT may be
connected to a short-stroke actuator only, or may be fixed. Patterning device MA and
substrate W may be aligned using patterning device alignment marks M1, M2 and substrate
alignment marks P1, 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 patterning device MA, the patterning device alignment marks may be located
between the dies. _

[0038] The depicted apparatus could be used in at least one of the folowing modes:

[0039] 1. In step mode, the support structure MT and the substrate table WT are kept

essentially stationary, while an entire pattern imparted to the radiation beam is projected onto
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radi ati on beam B, e.g. after nechanical retrieval froma mask |ibrary, or
during a scan. In general, novenent of the support structure MI may be
realized with the aid of a |ong-stroke nodule (coarse positioning) and a
short-stroke nodul e (fine positioning), which formpart of the first
positioner PM Simlarly, novenent of the substrate table W _nay be
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moved or scanned e a pattern inparted to the radiation beamis
pr oj ect adirmaganof atypees pdergdda abovd.n thi s

[0042] Combinations and/or variations on the above described modes of use or entirely

different modes of use may also be employed.

[0043] Figure 2 depicts the basic optical arrangement of the apparatus of Figure 1. It uses
Koehler illumination wherein a pupil plane PP; in the illumination system IL is a Fourier
transform plane of the object plane in which the patterning device MA is located and is
conjugate to a pupil plane PP, of the projection system PL. As is conventional, an
illumination mode of this apparatus can be described by reference to the distribution of
intensity of the radiation of the beam B in the pupil plane PP; of the illumination system. It
will be understood that the distribution of intensity in the pupil plane PP, of the projection
system PL will be the same as the distribution of intensity in the pupil plane PP; of the
illumination system, subject to diffraction effects of the pattern present in patterning device
MA. A diffractive optical element (or other optical element) 10 is provided to form the

illumination mode.



node, generally a pul sed radiation source is enployed and the progranmabl e
patterning device is updated as required after each novenent of the
substrate table W' or in between successive radiation pulses during a
scan. This node of operation can be readily applied to naskless
lithography that utilizes programmabl e patterning device, such as a
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However, such an intensity distribution may give rise to aberrations
caused bwyagepenitast or m heating of optical elenents (e.g., lenses) LE in or

o 20 pdd, R RGO FR R LSS SO Bt 2 ©
Heat i ng 12bdesisTafitd DRtudig adinkdhb@Ndistribution for illumination as shown in Figure 4.
| This distribution comprises four poles 23 which are segments of the same annulus as the pole
21 of the intensity distribution used for production exposures, and again have, for example,
an opening angle of 30° but are positioned adjacent the locations of the poles 21. It is not
required that the poles 23 are exactly adjacent the positions of the poles 21, a gap or some
overlap may be tolerated if not too large. In some cases, the inner and outer radii (sigma
settings) of the poles 23 may differ from those of poles 21 without detriment. In effect, the
poles 23 correspond to the parts of the intensity distribution 22, which may give rise to a
correctable optical element heating effect, that are not used in the intensity distribution
selected for production exposures. The effect of irradiating the apparatus with the intensity
distribution shown in Figure 4 is that the optical elements LE that have been non-uniformly
heated by productibn exposures are heated substantially equivalently to the heating that
would be caused by use of the intensity distribution 22. That, as noted above, can result in

acceptable or correctable optical element heating effects.
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di stribution conprising dipoles 22, that are again annul ar but subtend a
| arger angle, e.g. 90 (see Figure 3), are acceptable or correctable by a
known adj ustable optical element ALE. In other respects however, such an
intensity distribution provides inferior inmaging performance as a |arger
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[06049] Also in parallel, the intensity distribution is switched over, e.g. by exchange of
diffractive optical elements, to the illumination mode to be used for the corrective irradiation
procedure. Then, the corrective irradiation procedure is performed and the illumination mode
reset to that required for production exposures. The corrective irradiation procedure is
carried out when there is no substrate in the beam path, either because the substrate table is
empty or moved out of the way of the beam or because a shutter or closing disk is used to
block the beam before it reaches the position of the substrate table.
[0050] It will be seen that if the corrective irradiation procedure is not to reduce throughput
the time available for performing it is limited. However, in that case the power level of the
radiation source may be increased and/or any variable attenuator in the beam path may be set
to maximum throughput so that the power level passing through the projection system is

greater than during production exposures. For example, the power level in the projection

system for the corrective irradiation may be at least 105%, at least 110%, at least 120% or at
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start scanning position required for the first exposure of the next
substrate, is noved to a position wherein the beam B can pass uni npeded.
This may be a position such that a blank part of the patterning device is
positioned in the object field, a position in which an aperture in the
support structure MI (e.g. one provided for a neasuring process) is
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| evel f gglé?)vrngsﬁu cti bﬁh%é%(ﬁou%%bﬁﬁpﬁﬁéﬁgﬁ ag%@r’o ei\:/igF ﬂ]ﬁ%gl%% tgaﬁ)a vr\g%/ilﬁl
necessardetdrmisdaritlakbwled ggerfehsil lutnfretion werde kebelisedfand tie gactam td beiimggadhe

corrective radi ation rocedur e be in the range from about 50% to 170%
of the Mwﬁ&‘@%’@Ph‘&QP't%&ﬁﬁRﬁ?@@ﬁ’i e Tgpiivsd ih BEOAUPon A1IGPEIRIVE SIGHIS ¢ o

tinme avaéubﬁlgé efnBFy, bRk RS b Nesi ehfeddinlih MR RHEGRAWN vertddalWitdcRgnd he area
that is to be heat'ed I nproves the conpenSation that can be achieved. It

shoul d bmdrheviag atsiregle pitod, orjuet] afoytdisaéte piieh valakisaWhen ilhseigated bylae correcti ve
T T RN T RN e e A
| aser mMeyoferidrdeartioevératiobdBed aFeae6t thY Bupil planes which accordingly are

strongly heated.

[0052] However, there may be a small number of other structures in the pattern which must

also be faithfully imaged. These will diffract the projection beam into other parts of the pupil

plane and accordingly the corrective irradiation process can be performed to heat these other

parts of the pupil plane. In other circumstances, the illumination mode and patterning device

pattern may give rise to comparatively strong zeroth order beams which cause a

comparatively high level of background irradiation at the substrate level and one or more

| relatively weak higher orders which are essential to define the necessary contrast for imaging.

In this case, the corrective irradiation procedure may be arranged to heat the parts of the pupil

plane occupied by the higher order diffraction beams. In general, the corrective irradiation

procedure may be arranged to heat those parts of the pupil plane through which radiation

required for accurate imaging passes in production exposures but which in production
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i rradi ati on procedure. [0051] An alternative approach to determ nation of

whi ch sel ected parts of the pupil plane should be heated during the

corrective irradiation procedure is to calculate which parts of the pupi

pl ane are inportant for imaging and apply heating in the corrective

I rradi ati on procedure to the parts of the pupilgﬁlane that are inportant
t}

for i magexnpsings expicriengegtheplond lesethan 0% legs ther dafe, lssvihae tPGrerdsepdunisés as

much as tr . . ' pl ane. Then, an
iIIunina%?%ﬁﬂ%ﬁ??%kﬁgég#ég¥ﬁ€%%%8%§%g®gﬁ%g%g%§gﬁ%%#@g'parts can be derived
by knowjoossf t Adither Rhempive ethbd bhdet@bimnihg Hegnds bhthe pap# planp ar beldatedor

I mging can be readily, determ ned wth know edge of . the LI | um nat i op node
to be ustidthaperectie pridiation prosedere skl modeh Hie apfied slpmegsh heating eftasth et
especi al . 1 | ' bt Ve ; ; ch as
roory B B b e R S e

di rect i ospecifepdtttrayvFrom thissian de deterrhiniag therphpsesdrroas thetw il eepeiEs giench val ues.

When il lum pated an illumnati node having |l ocalized pol es uch a
pat t er ni B S@&W&éﬁé@{q@% frine e Fsaqutfﬁgto %ﬁrfgf@w%zhaé%%qrﬁ%@%‘%%r al

| ocal i zegheAlt6a%ew tHab@aniRiokreBb@ RPF YL Hdﬁn@tﬁ@l%@ﬁﬂé&l Vichicfts &34 pRAG h dAat ed.
[ 0052] However, there maybe a small nunber” of other structures in the

pat t er n pojechiomsystem, daking ingo fczpuntfwhatayer othepeadrreTtiams arenerbired tofapplyt t he

proj ecti e L. 0 ot her r of th upil . pkane and,.accordingly the
correcti @’@5& ?]g] iﬂik’? SQPYE,?J%%‘E@?_% lig?‘flyﬂlé’t E%E?%ﬁ%ﬁ Bélocaﬁeég? e{"_ﬁ‘g? C AR parts
of the pafidatiGlsdn@uced By 0pfigl elehichitiidtiag GRher ByBe hletHodi deadribed hefelirorarich
patterning device pattern may give rise to conparatively strong zeroth

order beamavailehle adivstalle optiesd alsment Thus, yn Bengrrl) the eprrestive HEadiptivppaocedure

I rradiat j,on, at. t r af. . . ‘ ' I gher
or dor s wiioul e AR R bl Gt BN BuBROE P bdd' et Bt B

I n this emseaintshe reiaimiee pupiedéfomadioat irothe pard 6£1he papilthat beignifieangfd to heat
the parts of the pupil . pl.ane occupi ed by the hj

i.gher orger ﬁi ffra?c{ii on
beans. |imagiigePgithe ¢ther hagdrwhere deformations of thspupil Phine gt ke Wl opEecisdh S¥ged t o
heat th : A | adi at.l ' for
T S S R A
exposur edscempemizerficdd earfatians.| oad | ess than 50% |ess than 25% |ess than

i ghost WESH) 1103ron EBagimint Of b ish caicia ik B¢ AURUR GROBOEHIA By 1 he
parts Of qdsieltRldw. PindfiilfufiRfof EAHe scolind BROERIERC ivhich it SHoAMH B lordier
procedure is first to nodel the optical element heating effects of the
i |1 um nadatahinfigiee 6dubonly paftorelgyantiodhs prsesk pusuticnsarefwdnled gad dispussed.
conj u nthn%ﬁs ‘l’ﬂl}r{ﬁnﬁt@ﬁ exchanger 31 allows for the selective insertion of a diffractive optical
clement (DOE) 32, which may be chosen from a selection held in a cartridge or carousel, to
form a desired illumination distribution in the pupil plane PP;, such as that shown in Figure 7.
The illumination distribution shown in Figure 7 has two poles 21, each comprising a small
section of an annulus, located on an axis, e.g. the x axis and spaced apart in the x direction
and is similar to the exemplary radiation distribution discussed in the first embodiment.
[0056] A second exchanger 33 allows the insertion of a second diffractive optical element
(DOE) 34 into the beam to also affect the intensity distribution in the pupil plane PP;. The
exchanger 33 may be arranged to rapidly move a single diffractive optical element into and
' out'of the beam B so that the second DOE can be selectively inserted into the beam between
exposures without reducing throughput. The second DOE 34 is arranged so that, used alone,
it would distribute the radiation of the projection beam B into two small areas 24 in the pupil
plane PP; spaced apart from an axis, ¢.g. the x axis, of the pupil plane, as shown in Figure 8.

Areas 24 are shown as sections of a thin annulus but may be of any convenient shape. The
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specific pattern. Fromthis can be determ ned the phase errors that wl|
occur. It is then possible to calculate what heating would be required to
el imnate such phase errors or reduce themto a |evel that can be
corrected to whatever adjustable optical elenents are present in the
projection system taking into account whatever other corrections are

requi [) Fdsqcen PEB34 is hovimmnded to\/helusetbeloa@ﬂirwem:t Refherrigis designagsunlo thapthe |
Do i R St S8 S s P DL ket 2

avai | abl exchdp tist d@lﬁe@ﬁiﬂ‘l‘g&{e 9€|T3ﬁ§3d'i§tnbi[t|ituﬁls thoregeNethe corvbRrition bf getfirve
i rradiation procedure shoul d be arranged, in conbination with an avail abl e

adj ust abft ssPMAPEs ARl eqimprises foup pelene? spaserthanartin desx andyy direstigny o thafpi |
def or mat t On
o oo Bt iRt A1 iR e ) ALl Al R0
corr ect ethe festd?OE uona gnchslﬁmdn 1rr§h‘g1rema1l“h@pqm1ﬂ10m hﬁ@elesrﬁh amslhaWn lin phdmgormret hod

descri bed her ei be. used to i opns. [0055] A
second ewfd Frdfor Bstfire PHAROSE A ™ ?en FWB %ﬂsgsqdﬁegﬂegﬁefsw. ment save

as descglglgﬁgar}@egmomﬂtﬁlppe fdnl Um nator IL of the second enbodi ment, which
Is shown I'n greater detail in Figure 6 but only parts relevant to the

pr esent iﬂﬁﬁ'é!ntTlmfoalnwld:seZ{ﬁqtredb@d By diescousdmdion of thet fivistsanid|seeomid IO By are
exchange allo r the ctive.inserti.on of a diffractiyve.optical
ol enont bl ysSH g Bhed iSa B EFconeRey Rk O pRiept o hech A OSHBER £ oge
or car ouplls,in ti seé&fd%o@ﬁﬁéﬂ%ﬂd: doHeéﬁ’ﬂeﬂﬂﬁdlﬁf'lolﬂpr%Eéés Rid b rfdi*rnTeﬂ'BypUp”

pl ane PPi, such as that shown in Figure 7. The | um nation distribution

shown i nneyigeihe Sﬁcm?&ls‘)@ﬁéﬂmpé@@ml@ﬁ@hﬂ@@ﬁmhaﬁgwg@ﬁlifrbDOE Xeerron of an
annul “S’dlﬁ‘&% dﬁBEq il t%‘é? tni% 9011 Ite ir f%x'thse t%x%a gﬂﬁ éss. égﬁ
di rection Ps Sifmrar to t he nplary ra Fonar g F9on~ i€ cussed

in the fthe sécoedirbmmmfcanbé @&@ﬂedfor&ﬁﬁ}@mdnﬂ)pe&ﬁiﬁgﬁdiwﬁéﬂﬁlshm DR intaserti on
of a second diffractive optical_ elenent (DOE) 34 into the beamto al so '

af fect t39d quhokths b@%mad’ﬁt%ﬁ thag fq Iaﬂ%d apd exchangeanyltiglefaEpspitching betwegm isger 33

maybe ar | nt into
and outl{ogl?gleﬁ‘gbﬁler ghd;@g %ﬁﬁk%qﬁ%%ﬁﬁeﬁg}elklg?tnl C\%%i%ge i nserted
i nt o t heachesed ineta/qmmidy,etklpwmgmerewmd'lfoutheroedectuvmgn‘a&lamxgﬂsmuass The second
DCE 34 | e used al one, stri ute the radiation
of the ¢ Bf%c?ﬁ%ﬁ R AP e e s el f-tsweeg ™, 18 ane PP

spaced aRafbindibR Wil SularSir€t-dififALive GPticdt e as shown in
Fi gure 8. A{}aelas 21 ai%gﬂls aorv\n'l{ aé setét|%§§o#%eﬁt%ﬁagﬁfﬁglﬁgﬂggt may be of

any co n\xhsmblmonsfhayhe coffeative drrabatomorEEs, 34 ons sevond diffrastive dptical blemestd

ol one. DRI el SR BN Sk LG STLERl Sbadalng Dot
process when used with several different first diffractive optical elements that form respective
intensity distributions.
[0059] For example, exchanger 31 may be provided with two first diffractive optical
elemente 32, a dipole-x DOE to form dipole-x illumination (i.e. an illumination distribution
with two poles spaced apart in the x-direction) and a dipole-y DOE to form dipole-y
illumination (i.e. an illumination distribution with two poles spaced apart in the y-direction).
At the position of the second element 33, there are three areas in the cross-section of the
beam B. The first area is illuminated only with dipole-x radiation, the second only by dipole-
y radiation and the third by both dipole-x and dipole-y radiation. A second DOE may be
constructed so that the first area is similar to a dipole-y DOE, the second to a dipole-x DOE
and the third to a quadrupole DOE. Such a second DOE will form appropriate illumination
modes for the corrective irradiation procedure when used with either a dipole-x DOE or a

dipole-y DOE.
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-such as that depicted in Figure 9. This distribution is the result of the
convolution of the first and second DOEs and conprises four poles 25
spaced apart in the x and y directions so that they are |ocated adjacent
the positions of the poles 21 of the intensity distribution effected by
the first DOE al one and shown in Figure 7. The positions of poles 21 are
shown i n[(9efht dascording i gthied embiodiment ofitherimydntien, pherp tigwevided a lifhograpbich DOEs

are used here i:S:.n0 Lgnifhcant.radiation in this. region.
00571 TRRHPEM W BSbBel 31ty 16 OO0 RSB o1 ipledb P GBS,
second Dictudes &settifedai@r@nipired &y difedt difeet pathfialindohang idiich bégn
i rradi ation _process of the first enbodinent. Thus in the second enbodi nent

the cor r BYQ fiFisrent diggtions tnprpyide adesived sprajml puernsyy distrbmjion gblhiemsoiedt®nsecond
DOE 34 | , | i T 32
i 1t or enti e PATBAR ifand 100 EE6RRREL A oh Afinlhensilyroidbuftn & the

i rradi at pofechombess at the pateernihg devd echirg tiexsehtigglerice dnvhbkngle plugiity of or

maxi mum speed i n novi ng, the second DOE jinto nd out of the beam, rather
than to _‘F"&‘“&ﬁﬁ’“@%@hﬁf‘%&éﬂﬁiﬂf{gi mRerhepRiEiEsy tf’gll‘ﬁeﬁg“- w&emﬁlw Hhsral
exposur ejnchheipHehd, MBI dritintatieh ofBLhIdRRcEY d&ALdt Esct B BRSE 1% cgfréitpbh@iﬂé lon
can be achieved nore quickly, allowing nore tine for the corrective

i rradi at pashofithobems intg 80&8ied Hirectimcond di ffracti ve optical el ement maybe

speci al | igned to form, .in., conmbinatio ith a partjcular first

ar 7t r act (9BED e Bleu B Meing i SSHRey Bt Rodlid P clobiulttaioftr e
cor r ect i mecrd-opRckiledtiodRedHaRie 8ISy ste@ colipRishRGpiads 8f thirfRé ivh¥irdRkh 6fthee! ement
may be effective to formthe required intensity distribution for the

cor r ect | mETars eacheptiliadrin tye diftesent pliaes prspendiduidy te eachogher d Radistiemincidents t
diffract|yv j I t s t.hat f N LV int.ensity di.stributions.
{00507~ 1) BBV cof bR R AR IR A st AR R ettty s v

optical ofed et 6f SEemisphdidd @l @nkolMeEmipbd promdeil ROdetes] thielodidhtanbn 6feach. €. an
illumnatjon distribution wth two poles spaced apart in the x-direction)
and a digohempressBy eontrollinedhe erientgtions of theirpllactiye elements, dmost anysp#fid i on

di stributi b ggedf, par. t . y-direction). At the
positioﬁh%ﬁg%%ggg%%%dﬁgbgﬁgﬁlﬁ ) }f}h(gdglebegr?oe&utgﬁdr'ee areas in the

cr 0ss- sd0062jn lInfpatitvelar,meecordig td lue adpiectsif the maenitioni lalswitchiap @d imedsitywi t h

di pol e-x,.radi ation, the second only by dipole- y radiation and the third by
bot h di FHFEDRISNHY the wﬂe@‘ya é?ﬁ%t@dﬂ?x%yéﬁ%hﬂlwpﬁq%éCOIE‘EﬁtFé’E’r ucted so

LA Ly e i Tl Ry o B8 LR EOR ety ol o
appr opr icarnespondingiswatchiog of noetdatidng of & iplrday o€ otinrere of afoacimantiored prregecfur e
when us en(ilirrvc\érst . (()arie Tinqgrrma{%io%i %llierfo)ls aeraGEys and their gsie%)rl gr-()xidl%%lluminaﬁon modes

(i.e., spatial intensity distributions in the pupil plane PP; ) can be gleaned, for example, from

United States publication US 2004-010867 and United States Patent 6,031,946.

[0063] As discussed herein, “in use of the apparatus” means any usage of the lithographic

apparatus as appropriate. For example, use of the apparatus may be ilumination in the

lithographic apparatus with the patterning device in the path of the illumination (e.g.,

substrate exposure to a device pattern) and/or illumination without the patterning device in

the path of the illumination {e.g., corrective irradiation as described herein) as appropriate for

the situation. For example, “use of the apparatus” may include illumination in the

lithographic apparatus using a first illumination mode with the patterning device in the path

of the illumination and illumination in the lithographic apparatus using a second illumination

mode without the patterning device in the path of the illumination.

[0064] Although specific reference may be made in this text to the use of lithographic

apparatus in the manufacture of ICs, it should be understood that the lithographic apparatus
15




14 [0060] According to a third enbodi nent of the invention, there is
provided a |ithographic apparatus wherein optical elenent 10 of the
illumnation systemIL, as depicted in Figure 2, includes a setting device
configured to direct different parts of an incom ng radiation beam into
different directions to provide a desired spatial intensity distribution of
t he pr oj desciibed hdoan maathatfdnethpmyplicqﬁoas;@uﬁPas thﬂ thagufacuresfiotegiateg qlba'szilr ed

angul ar | n ensi ty di st i,buti on tian beam at.the ni ng
oot oo, RS IG Rt n iied heflomt it Rt Soraeth mpreS A dtnd A B et s,
each di r gghiliReysell 8RBRAYs AXTHY) SHUrefint ﬁlaghdh@%acﬁ aermRsRardiangapaill of the

i ncom ng beam and an orientation of each directing element is set to

direct t#rprecitte tapdmticrgnicpiofisuc altwtwéamlimtlm%memer@@lmmfwatf #. oF0061]
For exarrp&lg,, liletrgig YA tbtelcggmg X&l &$s ggg}f%ﬁ?l?s@ﬂg{hggnoqg &e%l%r&s H?DCS LEHBE hani cal
or m Cr o- opoeletro ITEC anl c em Co garra mrrors

wher ei n @aget pdrtiddn erespadtwasrsrl@a?ambbtmté rdféreddl tb heteidmay bé proesdsedilbafoesor
per pendi cul ar to each other. Radiation incident on such devices can be
r ef | ect etflerSKpPSHES, HSIOR Yample wra%lﬁgﬁ tgeldhatdwiealyeappliern Byerptpesistéphere or  of

a porti oy Qﬁat ea@%}@%@?[ cxPofe@ i), la Eﬁetfg;gty 1%8)6&%?11%&&%9@66 10WhEe

orlentatlono he*mrrors. I|n rientations of the
r ef | ect i appliehtdereint tﬁscleﬂum)h&remmyaystpraapphéd toi subleami d)tilerchthratd&)plIIot:mngodlhe

pupi |l plane PPj can be duced 0062], I n parti cul ordln to an
Bapect " oR it DTG ey T ditecisnt Ao han B Gy amgledt DIERE BRAFA t ne
pupi | PRIy iR MEeNsAMat AE 608 di¥stilStdel BeteiPRal ﬂs@%féﬂb ralsab&%mt dﬁéﬁdy
i rradi ation process and an intensity distribution use wt

exposur ec;omtasnscmtﬂapl@q:um@ysed laxﬁmrespondl ng switchi ng of orient at | ons of a

pluralit ors, of menti o rrays, o ) NOr'S. re i.nformation
b1 nor 093l AT G Specti e Bc R a1 RGP RI oy et P s teoup i
spati al éfthemstitiondh $itd doRttkt ONSptichl lithegrBstai 1t vﬂll%@@]i Lihted At e igl@dead, for
exanple, from United States publication US 2004-010867 and United St at es

Pat ent onaghe ued in phesaplisations sfot g;mlwnmnﬁ lithogrrphs eandfwheethg spaiest us"
| |
Use ot rHIHE R RChmbORe SR ARy, ARG {hoBRpRPRIGRELEhE I L0 SECP! ©

W t h t hepapeinigy devitg ddﬁﬂd:sxﬁe pattdri erepret lon @fsubdt@td. The eapogtaphy of the Patterning
substrate exposure to a device pattern) and/or illum nation wthout, the
pat t er ni4RyiGENAYRE nressed e player Qﬁ‘feilﬁéupﬂ’lledﬁ? HisrsubsiratewhereupQsy the rasist/is

i rradi atd,oly (#ﬁﬁxﬁ%élapp gﬁ%@ﬁ@adf’aﬁoﬁ‘%ﬁpgféslﬁﬁo; PEombiflricH ﬁlgﬁé{ e For

exanpl e, may |I'nc um nation i n
lithogr mahemxrgﬁmrmhmou&imoﬁtﬁaremt ledviingna pedteioi itraftke thié tekist iheugedt t er ni ng

e e U e e T %0 RS ARRE L Bhet  °
electromagnetic radiation, including ultraviolet (UV) radiation (e.g. having a wavelength of
or about 365, 355, 248, 193, 157 or 126 nm) and extreme ultra-violet (EUV) radiation (e.g.
having a wavelength in the range of 5-20 nm), as well as particle beams, such as ion beams or
electron beams.

[0067] The term “lens”, where the context allows, may refer to any one or combination of
various types of optical components, including refractive, reflective, magnetic,
electromagnetic and electrostatic optical components.

[0068] While specific embodiments of the invention have been described above, it will be
appreciated that the invention may be practiced otherwise than as described. For example, the
invention may take the form of a computer program containing one or more sequences of
machine-readable instructions describing a method as disclosed above, or a data storage
medium (e.g. semiconductor memory, magnetic or optical disk) having such a computer

program stored therein.
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node wi thout the patterning device in the path of the illum nation. [0064]
Al t hough specific reference may be made in this text to the use of

| it hographic apparatus in the manufacture of ICs, it should be understood
that the l|ithographic apparatus 15 described herein may have ot her

applications, such as the manufacture of integrated optical systens,
gui dancel[0#68] dBhedssérimtiopaabaverse ntmdedigrhstillestatnaingt hwitmg Ehus, ftivatl bganel

di spl ays I qui d- cy i . 0 fi i eads, etc.
The s 1 frearaf isHRRh M oS sE R ARk AR mio b st B R ERRb RS ©
al t er nat daseriegapt itleat depasingdiyin tsesscope e tlamisset v@ftRlow.or  "di e" herein may
be considered as synonynous with the nore general terns "substrate" or
"target portion", respectively. The substrate referred to herein may be
processed, before or after exposure, in for exanple a track (a tool that
typically applies a layer of resist to a substrate and devel ops the
exposed resist), a netrology tool and/or an inspection tool. Woere
applicable, the disclosure herein nay be applied to such and ot her
substrate processing tools. Further, the substrate may be processed nore
than once, for exanple in order to create a multi-layer IC, so that the
term substrate used herein may also refer to a substrate that already
contains multiple processed |ayers. [0065] Although specific reference may
have been made above to the use of enbodinments of the invention in the

context of optical lithography, it wll be appreciated that the invention
may be used in other applications, for exanple inprint |ithography, and
where the context allows, is not limted to optical l|ithography. In

inmprint |ithography a topography in a patterning device defines the
pattern created on a substrate. The topography of the patterning device
may be pressed into a |layer of resist supplied to the substrate whereupon
the resist is cured by applying el ectromagnetic radiation, heat, pressure
or a conbination thereof. The patterning device is noved out of the resist
| eaving a pattern in it after the resist is cured. [0066] The terns
"radi ati on" and "beani used herein enconpass all types of electromagnetic
radi ation, including ultraviolet (UV) radiation (e.g. having a wavel ength
of or about 365, 355, 248, 193, 157 or 126 mm) and extrene ultra-violet
(EW) radiation (e.g. having a wavelength in the range of 5-20 nn), as
wel|l as particle beans, such as ion beans or electron beans. [0067] The
term "l ens", where the context allows, may refer to any one or conbination
of various types of optical components, including refractive, reflective,
magnetic, electromagnetic and el ectrostatic optical conponents.
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[ 0068] While specific enbodiments of the invention have been descri bed
above, it wll be appreciated that the invention nmay be practiced

ot herwi se than as described. For exanple, the invention rmay take the form
of a computer program containing one or nore sequences of machi ne-readabl e
i nstructions describing a method as di scl osed above, or a data storage

medi um ( €1é¢IM$eni conduct or nenmory, nmagnetic or optical disk) having such a
conputer programstored therein. 16 [0069] The descriptions above are
intended to be illustrative, not Iimting. Thus, it wll be apparent to

one skillied i A lithesragtic sfpatatiiodindprigiziet ons nmay be nade to the invention as
descri bed without departing fromthe scope of the_ clainms set oqut below 17

CLAIMS 1. A iiveyrationisysteip sapfiguiad owpitien agadiatien hepmiomate Blymivade am
confl 9ur Bfttdnfing BRAL th bkt Jra%e@ﬁdqnuﬁﬁgﬂbﬁ&oaé sd1& 4v]eie)"m nate a patterning
arti 1T umna ect

. . t .
device i st or a secon 'on node” e ively; a support
structure constuppottatiuttoreuopgiarctedith suppatt te pattegnidg dedes, thdymttpaingdaviceg

device configured to inpart. the radiation beamw th a pattern in its
Cr oss- seeqqujcgﬁlgeﬁdo f1BpaH @eﬁzc{@tanﬂ@am Ve Patiera L qratseseetign (o fegha PRI t o
hold a sygbhgi.rate; a projection systemconfigured to project the patterned

beamonto a target portion of the substrate, the projection system
conpri si ng a piubsthte tablodonsipudtedio lmldasrdistatand having a pupil plane, at

| east one of the.optical elenents being. located in or near th il .plane;
and a cont r ol * BISEH SR g0 Bt ¢ fonemer Pafth B0 nrest dtiRi of he
support g ulsstrdfeCthe padledttn systbaicompasihaRlpturhRy 8 bpGdal ElRfchisaad hh\bih%m nation
node when a pattern on the patterning “device and a substrate on the

subst r at eupiaane, afrleast ang efcthp apticabelempets beini dedatnd in ennsar heaipilplanepand
product i on_exposul A, L8 E1AGH e SECARGlbimAaL| R0 IdE Mo

time that no ate I's ™ the pa e radiation be 0 performa

correct i ad the suddirat itable releesthe fivdd dhhiRationmb&ewbén 4 pateappath@tpiferniig
angul ar distribution of radiation at the patterning device is such that an

i nt ensi t9eVéRe anA @ sphataks oede Behsiricdabie predn e path 9f the rdiatioe bedn dnperfarm 4 r st
part of rB&uéEi%H.%ﬁl‘%és‘aﬁetodé;‘a%kgéét%ﬁ]s%oﬁd‘iﬁuﬁﬁn '%ﬂ%i%d‘egﬁﬁﬁgé'tiﬁf%'th&'n%”em in the

first ilTumnatio e and within a second par e cross-sectional
area of dubstraat islie #st patinef thptidiaaion deanmenperform 4 b@rccdeoirchdidtion provats, on node,
the first and ﬁec_on,d arh?l bei ng substa tiS\I | y non- . .
wherein, in use of the apparatus, an angular distribution of radiation at the patterning

device 1s such that an intensity of the patterned beam is substantially contained within a first

part of the cross-sectional area of the at least one optical element in the first illumination

mode and within a second part of the cross-sectional area of the at least one optical element

in the second illumination mode, the first and second parts being substantially non-

overlapping and the combination of the first and second parts not encompassing the entire

cross-sectional area of the at least one optical element.

2. The apparatus of claim 1, further comprising an exchange mechanism to selectively
-position a first diffractive optical element or a second diffractive optical element in the path

of the radiation beam to effect the first or second illumination modes respectively.

3. The apparatus of claim 1, further comprising a first diffractive optical element in the
path of the radiation beam, the first diffractive optical element being arranged to effect the
first illumination mode, and an insertion mechanism arranged to selectively position a second

diffractive optical element in the path of the radiation beam, the second diffractive element
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over | appi ng and the conbination of the first and second parts not
enconpassing the entire cross-sectional area of the at |east one optical

el enent. 2. The apparatus of claim1, further conprising an exchange
mechanismto selectively position a first diffractive optical element or a

second diffractive optical elenment in the path of the radiation beamto
ef fect t being prrangedio eidesd iy se¢andiilvmination modein qoadyieagion wdthithe 8rst The

appar at us. | ai her conprising a first diffractive optical

el ement ?lrgg{l%%e%hg%%e%{n%wﬁe radi ation beam the first diffractive optical
el enent being arranged to effect the first illum nation node, and an
insertion nechani smarranged to selectively position a second diffractive
optical #l emehic anparaties qf glaim Srfurther compriging o epelippge mEehagsEbPIEgRd 1 act i ve
el ement j I . I i ! pdea: i.n

conbi nat %Bgencg\?\nél? ﬁnst%ﬁéﬂ@ggglf&ﬂgﬁ&%%ﬁd&}%%@ g gﬁél‘%{lrpetﬂt% Hl%? dqf%g&g}gpar at us
of cl ai noBichlieltinhents,cadpfiiss dififjactive eptidsh nigmentetodanarsamged toaettpetla tdidferent first

selectivegly.insert jnt he.path of the radiation, beam ope a plurality
of first 51&#4%&@ ang mthetfgf thg |S‘é<f9élﬁgdét§ra&%w?w% fs %”faﬁlgFgE’tfi%&_ét Bpeeccat
el ement PR RhTARNRSS c&rﬁbi‘ﬁ&tﬁcﬁp&ziltﬁa@ SASS QR fifst &i%ﬁéacti'vle b?t]ﬁ'&di‘@fehﬁﬁtsmde and

wherein the second diffractive elenent is arranged to effect the second

illum nation node in conbination with any one of the first diffractive

.optical gle ts. 5. Th ratus. of claiml, wherein the control system
'S Furthbr cohts uriseS fiRdr heEin b frital sk i bEhetsoafiediod kSl & on
beam at Rdfatibs bouRed@renliEhe kadpstiod bee&QRE fRAYSet RVElor as8&REPolwéelerelvhen the
first or second illum nation nodes is selected, the second power |evel

bei ng higrectivelswhen gerfirptaar speond illyraipation wodeste selesied: shapsscertd paver fgvel
wherein ¢th 0 Lt d rranged so that the corrective irradiation
procedurl%'aen%?gslﬁgg‘?rgfé:i nlot\%%%f%%’?‘g%rulg‘éeqaberrati ons caused by non-uni form heating
in the production exposure of the at | east one optical elenment. 7. The
apparatus of claim1, wherein first illumnation node conprijses a dipole

radi ati dh di sthe apaataBis of glaim A ewbeewyihe pecondparhisiapangssre thetihe paresstive
g | St aft e’ e : _ ; f
e por elAdhfh BlopAbee KleHebi it D B fihoROL e AREM itk BES ©

wher ei n prbéugbioh espmiiret dfehclatpedseont ticallémean. are segnents of an annul us
and the poles of the quadrupole distribution are segnents of the sane
annulus. 9. The apparatus of claim 11, wherein the conbination of the first
and second I efshbiiahis O AIRA FSwHOH G LISHERIES nlofle G Pritds Siddte 3 Neal | ng
effect in the projection system that does not cause aberrations in the
proj ect gddiptert disimbdtirean thi s¢cond dlumiagtiepnadd @mprises a quadrupole radiation

distribution having poles adjacent the locations of the poles of the first illumination mode.

8. The apparatus of cléim 7, wherein the poles of the dipole distribution are segments of

an annulus and the poles of the quadrupole distribution are segments of the same annulus.

9. The apparatus of claim 1, wherein the combination of the first and second
illumination modes would be such as to give rise to a heating effect in the projection system

that does not cause aberrations in the projected patterned beam that are unacceptable.

10.  The apparatus of claim 1, wherein the projection system further comprises an
adjustable optical element configured to correct an aberration in the projected patterned beam
and wherein the combination of the first and second illumination modes would be such as to
give rise to a heating effect in the projection system that causes aberrations that are |

correctable by the adjustable optical element.
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10. The apparatus of claim1, wherein the projection systemfurther
conprises an adjustable optical elenment configured to correct an
aberration in the projected patterned beam and wherein the conbination of
the first and second illum nation nodes woul d be such as to give rise to a
heating effect in the projection systemthat causes aberrations that are
correctable by the adjustable optical elenent. 19 11. A device

manuf act yy i ng J L:SL N0 pr Q] ing a patterned beam of radiation
havi ng ay%veﬁﬁ&ggggﬁﬁfé&g@%%}%Og'tcghg’glglﬁﬁ‘ a projection systemhaving a
pupi | pl ane amdjecomnps patichg:ddbeputaddidtiontHavidigta walclc@bt i § subdtrate@sia a one
of the optical elenents being | ocated in or near fhe pua‘ifl 1pI ane; and

i rradi at PIFFCHARSYSIH) BingmPukelang andioamprisise agbirplity of enisad plemgats otilenst

havi ng &5% el L tenned beam wherein an
intensity o ?ﬂ%ﬂt%glt%{g&%g%ﬁ%gg%\éggﬁﬁﬁegrn@?gppﬁp%%%\’tag?ned within a first
part of the wmdstnstetprgpctionaysamofith heorsdctivebstm ofwadapion hatingl enment and

an intensity of the correctiv beam s bstantially contained within a
second p%‘btg%ﬁ af“tyﬁge%‘g@‘?i“d’ﬁeib% eﬁqﬂé’_g‘e@f%eﬁlﬁe at least one optical
el ement, the §hdsih aﬁmeﬁf@%@amﬁlea%ﬂﬂ iSHB sty Rbhitine@Widves happig and

the conbination of the first and second parts not “enconpassing the entire
cr oss- seefithe orabs-sacienab firea ofi theaat 1dastamie optienl elenicobindsingntensity dfzhe Treectivt hod

of claiml1l,. erei.n.the patierned beam and .t,he correctiye be have . first
Ond s aconeamis SR 5 BEd FIRG R R BR e oo ROt G SHBe Allefit gher

t han t hepdel dptital eRaveRE, thefigt andlsdconthRuriiBeing GubktartiaBy Abd-dverldppingiand tire second
part is arrana%ed so that the irradiation wth the corrective beamis

ef f ect i veombination ¢f thedisatrandspesnd pedsisetinpympasping thef anting eross-sesgonsl areg g€ at

| east o I ring the projection of the patterned beam 14.
The net ﬁg?jg@%ésg?}é? ‘ﬁétﬁméf&r her conprising controlling the distribution of

radiation in a pupil plane of an illum nation systemused to generate a
radi ati on beamto formthe  patterned and corrective beans. 15. The net hod

of clai MZ4, Thermeteed fsisim i xdesssn thepripangd besan andohe qerrective Peam 82YS r act i ve
opti cal I i i 'Rl i f the
radi at i ofﬁjsﬁr{eﬁg%%%dr%g p%rvl%{laﬁjgglg ﬁ%yptg%{e‘}%%gh:é? ch)g%i&)%gh felrvglct I \ﬁeﬁlg%%r?lgaéﬁﬁﬂéepres?m nt to
control powerthivskri buti on of radiation. 16. The nethod of claim 15, further
conprising providing a first diffractive optical elenment in the path of
the radiation beam the first diffractive optical elenent being arranged

13.  The method of claim 11, wherein the second part is arranged so that the irradiation
with the corrective beam is effective to reduce aberrations caused by non-uniform heating of

the at least one optical element during the projection of the patterned beam.

14.  The method of claim 11, further comprising controlling the distribution of radiation in
a pupil plane of an illumination system used to generate a radiation beam to form the

patterned and corrective beams.

15.  The method of claim 14, further comprising selectively positioning a first diffractive
optical element or a second diffractive optical element in the path of the radiation beam and

using the positioned diffractive optical element to control the distribution of radiation.
16.  The method of claim 15, further comprising providing a first diffractive optical

element in the path of the radiation beam, the first diffractive optical element being arranged

to effect the first illumination mode, and selectively positioning a second diffractive optical
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to effect the first illum nation node, and sel ectively positioning a second
diffractive optical 20 elenent in the path of the radiati on beam the
second diffractive el enment being arranged to effect the second

illum nation node in conbination with the first diffractive optical

element. 17. The method of claim 16 further conprising using an exchange
mechani s mementinglsipath of he ratationdicgm; ths geqonil diftractive ghemdnt being awangeditat i on
beam one lural.,ty.of first.diffractive i cal..el ement.s ach first
i 111 act P Bstiet i linbislioh oty iemeifiion i BB e MRl S FRF L
illum nation node and wherein the second diffractive elenent is arranged to
effect the second _illum pation node in _conbination with any one of the
first di1fracthemethodof glaina | @ fthes comprisingesingame@heigeaneshanism arapgaddpn t he

diati ‘ _ b fi TR
st 1 buy SRV AR b Pt bR R AR T p DA Ry L Rk iR "
r adi at i ooptidabelamerste,ceatlofifsodiffridtioe opticat eleineat hsagalraged teeffenal diffecing firson

distributjon in the pupil plane of the illunination system_ the first
radi ati oﬁiumlg%tﬁnamf}e&qﬁwé}e%gﬂ Qieaﬁwﬂélf%agtm TR AFSEhE efgtghaccond
radi ati offjueHisdtioh R C&ﬁ?i’ﬁgtri"(ﬁl \Qﬂlﬁ%}”&g & tHd BisE bipithdiRE o?ﬂ%’dl BRnRAseS

adj acent the |locations of the poles of the first radiation distribution.
19. The method of claim 18, wherein the poles of the dipole distribution

nent f I th I .of the ad ole distribution
are soonihts DremRBod ARt 1 ftherels SR RuSHRHO RS BT e mteridREm 1 he
radi at i ofashEa§ Mot Sisfrbuida mh@?&ﬁipﬁla@ofhﬁ@mmﬁlﬁa@ sfybtelﬁltanﬂaﬂ?ét lﬁgiaﬁan

distribution in the pupil plane of the illum nation syStemand t
radi at i oppanpesathieifs thecarective beanthasrasscondoradistion distsibatier nohe pupitiplané on

di stributdon.in.the pupil pl f..the i]lummnation syst .1 he

conbi nat VAT Ry im, B8 ol Brtibydi e £ Fede i Buioling tsicn s
to give gebsil fadiatieabistibutibh Beihg a lqhadriigolp AR}rvtioN Radis peles Adjadentidenot cause
aberrations_in the projected patterned beamthat are unacceptable. 21. The

p Lerned beag

met hod oPcationp af the poles of tedfirstiiadiption distribBlionsyst em has an adj ust abl e opti cal
el ement configured to correct an aberration in the projected i mage; and the
radi ati on beam used to formthe patterned beam has a first radiation

di stri butd.on The ihéthodopélhinpl & meheodin tHegpoldslolf th dipdle distriysios aressegmeiite of

radi ation be us glto formthe corrective beam has a second radiation

i stri U BRI AR edgssiof g;ealalédlapolpﬂéstmlvqt@maﬁraﬁw@ fherspmergndBini nat i on
of the first and second radiation distributions being such as to give rise
to heating effects in the projection systemthat cause aberrations that
are cor rXct ablte rhgthodhef dajrubt, aihleintikiradibtion raendsed B4 fo2@. thépatenmdtbeam

program,ps g%%s(::ttraé:lgt%r &igéiggti(%nr%?lttﬂéj g&ﬂilopqgner c%%:ﬁé Hl%gligaq:io% s(}:fs(,%:e %Elg Ii:ﬁe radiation
beam used to form the corrective beam has a second radiation distribution in the pupil plane
of the illumination system, the combination of the first and second radiation distributions
being such as to give rise to heating effects in the projection system that do not cause

aberrations in the projected patterned beam that are unacceptable.

21.  The method of claim 14, wherein the projection system has an adjustable optical
element configured to correct an aberration in the projected image; and the radiation beam
used to form the patterned beam has a first radiation distribution in the pupil pléne of the
illumination system and the radiation beam used to form the corrective beam has a second
radiation distribution in the pupil plane of the illumination system, the combination of the
first and second radiation distributions being such as to give rise to heating effects in the

projection system that cause aberrations that are correctable by the adjustable optical element.
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readabl e nmedium the instructions being such as to control a |ithographic
apparatus, having a projection systemhaving a pupil plane and a plurality
of optical elenents, at |east one of the optical elenments being |located in
or near the pupil plane, to performa device manufacturing nethod, the

met hod conprising: projecting a patterned beam of radiation having a

wavel eng2h onfAccompsisp pragsare preslueigromphising imjtractiorsecoydadam a eomapuiterr adi at i ng

the projecti,on _system wi th carrective beam of radiati.on having .

subst ant Tr1ge poht e ooty R RiaPeals Ak BuE oyl foghe

i nt ensi t yropdctibN Syshat haVifes plaPPluhsardunsiality ¢fl dpYicsl MnRinBe gt [ast Bhdlohé i 1 St
part of the cross-sectional area of the_at |east one optical elenent and
an i nt engptiopl Jemenis beiag facaterjror trapheipypd plase dapeHpmy a devicamasfacieng n a
second par f r - jonal area of the at |east one optical

el enent ,theﬂiga’ftlh%g%t@gﬁﬁglggg@ " parts being substantially non-overl appi ng and
t he conbi natprojectifig & pattdrmadteamnd radiatmchapmptaswnelengthomtpa sutistrgtetusmgent i r e
cross-sectional area of the at |east one optical elenent. 23. The conputer
pr ogr am %‘Pé’&uﬁ‘{u"é}fsyﬂfﬁi #%2, wherein the patterned beamand the corrective
beam have fi rgtqaRfs BRGAGEARNG ehSYEL £ csFRRSE blafSb¥radiahn AEGARD POWer

| evel being higher“thanthe first power level. 24. The conputer program
product sibstehedllnthe sanvheaeilengtihas thapateriadrbebmam used to form the patterned

b h first radiati i, Stributi ir Ll pl f .an illumnati
system and tWRTFGRAREBH T dhe Rrcigtres Bepm ivebrattabreateingd il Pt
second 1 ihalioasctiokll uRAoF Bt Fast 1@ Ul BIcADSDin h38sity 4R BatkicaDe

system the first radiation distribution being a dipole distribution and
t he secdrranyigdnbkstandiallyicentaingdiwitoin asetang nartpisleir erpessectdinsd aiep of thent leasti ng

pol es. ' adh BCRAl A fenk LR Qhold\arR YRS sebREn) bR brb A 4 e

combination of the first and second parts not encompassing the entire cross-sectional area of

the at least one optical element.

23.  The computer program product of claim 22, wherein the patterned beam and the
corrective beam have first and second power levels respectively, the second power level

being higher than the first power level.

24.  The computer program product of claim 22, wherein the radiation beam used to form
the patterned beam has a first radiation distribution in a pupil plane of an illumination system
and the radiation beam used to form the corrective beam has a second radiation distribution in
the pupil plane of the illumination system, the first radiation distribution being a dipole
distribution and the second radiation distribution being a quadrupole distribution having poles

adjacent the locations of the poles of the first radiation distribution.
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