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SHVAREV BACKGROUND Field of the Invention [0001] The present invention
relates to an optical apparatus, suitable for use as part of a |lithographic
apparatus. Related Art [0002] A lithographic apparatus is a nmachine that
applies a desired pattern IbhfloVMENADEONaSY SAFEMBrt of a substrate. A .
| i t hographi ¢ apparatus can be used, for exanple, in the manufacture of fl at

panel displays, integrated, circuits ot her devi ces involving fine
Hg/len‘g) gése}taVl%

structures. In a conventio bbar a er.ni i.ce, which can be
dlsot@%ﬁgﬁﬁa circuit

referred to as a mask or a reticle, R0BEd;
pattern corresponding to an indivi du&FVRé@ZEHIK(QVa flat panel display (or
other device). This pattern can be tPe@itP&G@EHEODNt o all or part of the
substrate (e.g., a glass plate), by AdebiO@BBHRo a | ayer of

radi ati on-sensitive material (resisRpbMIDK ded on the substrate. [0003]
Instead of a circuit pattern, the patyeegdiy§HVEAREVCan be used to generate
ot her patterns, for exanple a color filter pattern or a matrix of dots.

I nstead of a mask, the patterni na‘ device_can conprise a patterning array
that conprises an array of i nd® '%QR@MWI | abl e el enents. The pattern
can be changed nore quickly and for less cost in such a system conpared to

a mask- based 4] A flat panel display substrate is typically
rect angul ar %? rllééﬁt%ggﬁ.vekﬁ&?hogr aphi ¢ apparatus designed to expose a substrate

of thi e can. provide. an._.expgsure reqi.qn that. cover ull.wdth of the
rect ang(m_tﬂé? subsfr Bﬁpﬁserﬁr‘me@g\?‘é%gatgs %o*}”t I (t)lﬁgioalpp T teusi/v‘cl’ugttaﬁle?ff) Iblrléeea)%anpl e hal f
of the w dt Birt off hBtHRYRPhicpParatus.

Related Art

[0002] A lithographic apparatus is a machine that applies a desired pattern
onto a substrate or part of a substrate. A lithographic apparatus can be used,
for example, in the manufacture of flat panel displays, integrated circuits (ICs)
and other devices involving fine structures. In a conventional apparatus, a
patterning device, which can be referred to as a mask or a reticle, can be used
to generate a circuit pattern corresponding to an individual layer of a flat panel
display (or other device). This pattern can be transferred onto all or part of the
substrate (e.g., a glass plate), by imaging onto a layer of radiation-sensitive
material (resist) provided on the substrate.

[0003] Instead of a circuit pattern, the patterning means can be used to
generate other patterns, for example a color filter pattern or a matrix of dots.
Instead of a mask, the patterning device can comprise a patterning array that
comprises an array of individually controllable elements. The pattern can be
changed more quickly and for less cost in such a system compared to a mask-
based system.

[0004] A flat panel display substrate is typically rectangular in shape.
Lithographic apparatus designed to expose a substrate of this type can provide
an exposure region that covers a full width of the rectangular substrate, or
covers a portion of the width (for example half of the width). The substrate

can be scanned underneath the exposure region, while the mask or reticle is



can be scanned underneath the exposure region, while the mask or reticle is
2 synchronously scanned through a beam In this way, the pattern is
transferred to the substrate. |If the exposure region covers the full wdth
of the substrate then exposure can beconpleted with a single scan. If the
exposure region covers, for exanple, half of the width of the substrate,
then the substrate can be noved transversely after the first scan, and a

further scan Sgg%hia@g@ngl Acxmeaqmo%gﬂﬁ%esjﬁ. §XBAS Sval NGie i hndghn@émdde

substrate. | conventional systems use an illum nation source that
produces a pb theadubstyatef Ibdmnesxposure achiat covers thiaifoh vddth ofidie wilbkuatd y

tt d d | ect ed t h trate. hi | ead t
Padi at 1 on ¢ hdbd SURBIS, 1 (RTER S N0 R P RPERLFERTY oo acr oss

al | the beangoyyhep, Eké&h?lg, hAf ol DGR SLthe BBRratd dh 1hQRuBRAKS cdr
conventional systens, interference robl ems can arise due to the overlap of

coherent bearte. mpo@h eansseesely afterethgetirst scam apdtd datheapisan ds twpicdly

substantial ly nogeni zi n and r.epovi at | east some coherence froma beam
of radiationP g{yﬂ%ﬁﬁg@?@%&l}irﬁ%&llg éotﬂ%&af’%ﬁ%_ of the present invention,
there iq00¢5)vi ded Qe QRNEARINaPPRAMAL WS 26ANBhinatio8 sGurbOTHRAE BRdEESs 2And a
coherence renover. The honogenizer is configured such that in use it

converts a bgdumbty ofddhas obradiation, whichlany mdividuadly petiemed ehd pecd¢caed on. The

coner ence | STRYGE oo TR LIRSS ol B ERT LR O

al ternative qfRadiyT®pt othéh@h&ABEFSNECadr8FDYRT theCBEMEY. t WHnba#RiNgOto radi ati on
into a plurality of beanms of radiation, the plurality of beans of radiation

bei ng passed homogenigerobessi zadiatiqnobemns As cennupaiipnab syplemieinterpisacarent of the
i nvention there. S provide | it hoar i ratus conprising an
1 o bl PN e To e MO SPAhERORBER 15 PoiPe ol on

iIIun‘inationpg?/ y control | able el enents, a

subst r atjeodebl e, aNHateis Pe€ieddt af DY tagparatud ier subbtdifidlBt hohio @yEAigm
conditions a radiation beam and conprises a coherence renover. The array of

i ndi vi dual | y aa@iemeyingpl leass seme spkerersgdiom & beam ef ragitiani on beam The
substrate table supports a substrate. The projection systemprojects the
nodul at ed radi ati on beamonto a target portion of the

SUMMARY

[0007] In one embodiment of the present invention, there is provided an
optical apparatus comprising a homogenizer and a coherence remover. The
homogenizer is configured such that in use it converts a beam of radiation into
a plurality of beams of radiation. The coherence remover is arranged such that
each of the beams of radiation passes through a different channel of the
coherence remover. In an alternative embodiment, the coherence remover
converts a beam of radiation into a plurality of beams of radiation, the
plurality of beams of radiation being passed to a homogenizer.

[0008] According to another embodiment of the invention there is provided a
lithographic apparatus comprising an illumination system, an array of
individually controllable elements, a substrate table, and a projection system.
The illumination system conditions a radiation beam and comprises a
coherence remover. The array of individually controllable elements modulate
the radiation beam. The substrate table supports a substrate. The projection
system projects the modulated radiation beam onto a target portion of the

substrate.



substrate. 3 [0009] According to a further enbodi nent of the present
invention, there is provided a |ithographic apparatus for manufacturing fl at

panel displays conprising an illum nation system a nmask or an array of
individually <controllable elenents, ajsubstrate table, and a projection
system The illum nation systemconditions a radiation beam The

illum nation system conprises a coherence renover. The mask or array of

i ndi vi dt{@bdﬂ contARblAi & &!EARG Sttt AtT thd@rdsast Rl aRm jsThe
substrate table supports a substrate. The projection systemprojects the

nmodul at ed r agiratideh a bidzgraphico agparatugefor ppenifactunhg tfad parsdt displays [ 0010]

A di dl 1 furth nbodi f th i h '
or ovi deda. henBEaNTEer AONBIEEPRG AR ¢ TornGhogeArsL Db e are

angl ed rel at ic¢girbImbRNIctd) €4 - subSteatd | tabib) ah@ra efFbeelisrenlsemf eathy es, and
advant ages of the present inventions, as well as the structure and

operation of illiminalien shisterantvoditinnatas radigtion heapr: e Jdatillpanaation giysteay e

described in detail bel oW with ref eren tQ tge agcomgn rildn‘gj 92{1 W ngs.

BRI EF DESCRI PTIBNSF *rIRi PR NS FrGUREY 1015 FRY alcOipailiNg dr awi ngs,
whi ch are i Ncehpelladle dldneine Mnciuthtd ahénradiafisH thedth. t MEhes PEssirhieC ableon,
illustrate one or nore enbodi nents of the present invention and, together

with the dessupprisghsubstiateherhesprpiestiennsysign ardieaththe pedulategiredatym t he
i nvention ang}e%%ﬁ%pﬁa%ﬁ%ﬁép ﬁ%ﬁ?oggﬁeliéullglﬁtgaq“z' n the pertinent art to nake and

use the inve depi ct |ithographi c apparatus,

accor di go1o) vari Qugordimdadi pEINgtHef einbediflcgs6Mthe ipfasent inG¢htionOthed] Fi gure 3
depicts a node of transferring a pattern tq a substrate _according to an
embodi nent  ofis prYidadva hemegerager chBwrismgE pair ef hompgemzyr platgs that aredepi cts an

ar r angenent i i ccording to one enbodi nent of the present
i nventi on. [%b%%?%‘—l?%}ﬁtgs%%ggﬁgmig depict a variety of optical apparatus,
accor di rgot1y var iRugheendivbbdimeits, dkatufes, phdsabdbaritapeeniof othe present

inventions, as well as the structure and operation of the various embodiments

of the present invention, are described in detail below with reference to the

accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS/FIGURES

[0012] The accompanying drawings, which are incorporated herein and form a
part of the specification, illustrate one or more embodiments of the present
invention and, together with the description, further serve to explain the
principles of the invention and to enable a person skilled in the pertinent art to
make and use the invention.

[0013] Figures 1 and 2 depict lithographic apparatus, according to various
embodiments of the present invention.

[0014] Figure 3 depicts a mode of transferring a pattern to a substrate
according to an embodiment of the invention as show in Figure 2.

[0015] Figure 4 depicts an arrangement of optical engines, according to one
embodiment of the present invention.

[0016] Figures 5 to 12 depict a variety of optical apparatus, according to

various embodiments of the present invention.



4 [0017] The present invention will now be described with reference to the
acconpanyi ng drawi ngs. In the drawi ngs, |ike reference nunbers can indicate
identical or functionally simlar elenments. Additionally, the |eft-nost
digit(s) of a reference nunber can idestify the drawing in which the
reference nunber first appears. DETAILED DESCRI PTI ON [0018] While specific
configurations and arrangenents are discussed, it should be understood that
this is [Od2] for iThaptasaiti ingeitionposlehoonby .deseribed swith referdnicedoithet he
pertinent art will recogni ze that other configurations and arrangenents can
be used wi t hofffCOREPRRE aﬁi“fl?%?mqf‘ﬁ]ée ‘i‘ﬁ}”?f}gts’ ‘Q?‘Fo‘%gféﬁ}% nb‘fanFf’ecanﬁ?‘i:‘%@ t

i nvention. |tigdhidal BEAERABAAR! si&ﬂaﬁelgﬁglg@ﬂ ARMitdnGfly,| He IR ARSE Gigh@ht art

that this invention can al so“be enpl in a variety of other "applications.
[ 0019] Fi gur eofla eft¢remmtivpatick ganlajentfyshe dmwing oghizb therefgrpageatunsbenf one

enbodi ment of .t he i nvention. The apparatus conprises an illum nation system
IL, a patternfiS§2RR5815ce PD, a substrate table W, and a projection system
PS. The illum nation system (illumnator) IL is configured to condition a

radiation beamB (e.g., UV radiati oﬁ. Eg0020 The patterning device PD
(e.g., areticle or mask or BEBAIREDDDESGRIDTEON |y controll abl e el enents)

nodul ates the beam 1In general, the position of the array of individually

control | ﬂl}ﬁbgjcel enEWh%eWisé)écit?ce c%hﬁ@éat@n%l glrld Vitrah er}laﬁs pz{rgj &llgéds%h Siif zt em PS.

However, an insteadbe connec posi tioner con ured

accur at el y postiduldbe tritrstsddathatothis indoind b dlldsytativopirpedes ablye Llpersents in
accordance with certain paraneters._ [0021], The substrate tahle WI i s
construct ed t#ikedhporthe apestimant ragt ovilleregognige thats pther «onfigwratopsepdt e) W and

connected to j P 3 ] Lt 1.0 e
substrate i n SEERRlfEh@ah LENSERNIH Bbalihy AR HENELY ARRRLINIE BEF, o,
system (e. g., pRsénefimvaation.e [pwil] B apputedtans SyrsoineskillddSini the peétitfengated t o

proj ect the beam of radjation nmpdul ated by the array of _individually
control | abl e REisnkeiionsan alsg bg emppyet ithy varigty ofotheicanphicatianiy  one or nore

di es) of [Otﬂlfg] SUbStlE‘i%hFe W sélematically depicts the lithographic apparatus of one
embodiment of the invention. The apparatus comprises an illumination system
IL, a patterning device PD, a substrate table WT, and a projection system PS.
The illumination system (illuminator) IL is configured to condition a radiation
beam B (e.g., UV radiation).

[0020] The patterning device PD (e.g., a reticle or mask or an array of
individually controllable elements) modulates the beam. In general, the
position of the array of individually controllable elements will be fixed
relative to the projection system PS. However, it can instead be connected to a
positioner configured to accurately position the array of individually
controllable elements in accordance with certain parameters.

[0021] The substrate table WT is constructed to support a substrate (e.g., a
resist-coated substrate) W and connected to a positioner PW configured to
accurately position the substrate in accordance with certain parameters.

[0022] The projection system (e.g., a refractive projection lens system) PS is
configured to project the beam of radiation modulated by the array of
individually controllable elements onto a target portion C (e.g., comprising

one or more dies) of the substrate W.



[0023] The illum nation system can include various types of optical
conponents, such as refractive, reflective, magnetic, electromagnetic,

el ectrostatic or other types of optical conmponents, or any conbination
thereof, for directing, shaping, or cofntrolling radiation. [0024] The term
"patterning device" or "contrast device" used herein should be broadly
interpreted as referring to any device that can be used to nodulate the
cross-semo2dn of aThadillatignioneapsterauchn amctude cvaddes dypest tofr nptical a t ar get

portion of the substrate. The devices ¢ he either .sta terning
devices (e. gcoml?%R@ ofiche @ ¢ FERFIYS, &%Fﬁ"% (RRaghet ‘c’areﬁ%‘;‘?ﬁlﬁ’ﬂ B%gr ammabl e

el ement s) él%ﬁfdg{a'ﬁg o‘ij%\'ﬂe?g)ﬁyes EPBptde'aﬁ%rﬁ}){oneHRS&ré}f doRfhifl@RaItherebOn Wi Il be
in ternms of a nam c patterning device, however |t is to be appreciated
that a stati cfopatrtﬁrn'g, slehpirige er cxmnroﬁirrgaadhetlmsed wi t hout departing fromthe

scope of the presen i nvention 0025] It shoul.d .be noted t he pattern
i npar t ed[@084k he r agf‘edfqr@n%?gﬁli’i‘i% VigEotoT e SYUFASY dRT e‘ésﬁgﬁﬁret‘%a{)‘ﬂ’g desired

pattern in thg, Blﬁﬁgl‘?tmﬁ rbie@Ms Afeiriie to%H?%E%@é fhat b beXMMbEnbduldtbe pattern
i ncl udes phase-s ing Teatures or so tcalled assist features. Simlarly,
the pattern eﬂmrﬁrm#sleytugenéaaaédtmnbtdne suslulas o ateatecapatern ooy faeggbond to the
pattern fornmed at %E msta&ﬁ&nthe ﬁr% oft{i'n i dual controllable
el enents. Thi BO"8GR éh? ﬁ'é stratee MICCH LAY Stpc %'ngh é‘i?ént ual
pattern for n’g @nm‘ﬁﬁ&kbrpﬁﬁ&leﬁbf orl IaftiOBd § 2h@aysl SF Probtamiigbl© ¢Rmentsyi ven
period of ti or a given nurber of exposures during which the pattern on
the array of patthrmngildahlcsys cbort brevitya mhest ef M@IHM\MM bchin termas af Rve

position of the substrate chan 00 neral | tern created on
the target pofYI3GHC BRUGTRINS B‘é‘?’ﬁ?ﬁ‘% %Il toc%rarpgéeﬁb%%fi {118{3%9%{0{? PP ar
functional |ay&ficd Ba aﬁ%vb&%s&?'\hﬂﬂhoﬁtr a.?a@ﬁhg frol®he t@pBedS BRS pie@éht such as
an integrated circuit or a flat panel display (e.g., a color filter |ayer

in a flat pangivedti®pl ay or athln filmtransistor Iayer in a flat panel

di spl a |l e n evice | ude, .£..9. , reticle

plr zgr am%]am)r r 3 L‘P'rsﬂgﬁjse 199%%%@?951 gﬁ’g{ I\i‘:"lnﬁﬂs?gl E(E? Hﬁtfaglrﬁnﬁ? ;bﬁ%mdzlagdesar rays,
grating |ight nyab¥eay dndspdad & HRY desie@ GaftbrnPail tier Rirpd slavbgas thbose
pattern is programmable with the aid of 'electronic neans (e.g., a

conput er), susibshstepfart examme itiéhe pattere angdudes phgsershifting features or so

called assist features. Similarly, the pattern eventually generated on the

substrate can not correspond to the pattern formed at any one instant on the
array of individually controllable elements. This can be the case in an
arrangement in which the eventual pattern formed on each part of the substrate
is built up over a given period of time or a given number of exposures during
which the pattern on the array of individually controllable elements and/or the
relative position of the substrate changes.

[0026] Generally, the pattern created on the target portion of the substrate will
correspond to a particular functional layer in a device being created in the
target portion, such as an integrated circuit or a flat panel display (e.g., a color
filter layer in a flat panel display or a thin film transistor layer in a flat panel
display). Examples of such patterning devices include, e.g., reticles,
programmable mirror arrays, laser diode arrays, light emitting diode arrays,
grating light valves, and LCD arrays.

[0027] Patterning devices whose pattern is programmable with the aid of
electronic means (e.g., a computer), such as patterning devices comprising a

plurality of programmable elements (e.g., all the devices mentioned in the



plurality of programmable elenents (e.g., all the devices nentioned in the 6
previ ous sentence except for the reticle), are collectively referred to
herein as "contrast devices." In one exanple, the patterning device
conprises at least 10 programuable el egrents, e.g., at |least 100, at | east
1000, at |east 10000, at |east 100000, at |east 1000000, or at | east
10000000 progranmabl e el enents. [0028] A programmable mirror array can
conprise a negrevisuaskitass akéapt fauhé actield)aare ngllectivelycrofiredtto hiewamas ol | ayer

and a reflective surface., The basic rinci Ieb hi.nd such an ratus is
that, e.g., adqpEREdavisFea no‘fnetcﬂ‘émp}‘gﬁmeeﬁ‘itf) ﬁFYlﬁﬁﬁo?“Bleeéca[ta}?% i dent

i ght as di TR ﬁtogfiaﬁj thcm: elem%fse@% L0 R ﬁﬁ)sﬁfjleaﬁrl@ﬁg stgedseqbooglat dent i ght
as undlffracted : ng an appropriate spatial filter, the

undi ffract ed llea@ht)omaﬁeas‘t |100@0@domﬂeaelfIQOEQOO(bpﬂogmnlabi@amnen@aw ng only
the diffracted light to reach the substrate In this mapne beam

becones [9428ker ned %cE’ES’IgEﬂIWSaQS HECTa AR L8P 0PI e f N1 lﬁﬁf’é“m?e‘#? X-
addressabl e SHfﬂ;aE‘f ﬁav1{1%9%%coélrast¥@ édntr@?la?&p‘{rfﬁ% RIREtie Rk fac@S TAO badié er nat i ve,
the filter can ter he diffractéed light, |eaving the undiffracted
light to reacprirdige shebiitd abeh ahOQF@fatun imithaty e, dddressadtaroas opttheal MEMS

devices (mcro-el ectro: ni c n_al so used in a
cor r espondi ngeHEFHESUTpcE re@ﬁ% lg%a?ﬂﬁﬁ‘éﬁ{ %?r%ﬂfaf: gg’#’\t/ w%ﬁﬁsc'flgfl device is
conprised of gep ﬂéﬂ@éﬂ ihvidedt lighths aRdityRdd RRRNUiARAN & op@at@l@f,aranred
relative to one another to forma grating that re Iec I ncident |ight as

diffracted | |ﬁl11¢r tHe0O@iffragtedl ighhean bﬁ ﬁl;métqut/ef t:bcanﬁe@ecbbeain peagnammabl e
m nor array e a nt,of .ti nor s ch of which can
be i ndi vi dual "fyytt?{? tdé@‘agéﬂol&ﬁ)i‘t; rs&&sﬂ‘gys‘%tbﬁtﬁn rr% s piepag 14 BEAR | zed

el ectric fielghcoffes PYatRERIdONEOAdinR! R7 AR SfddrdsSin@C patddrh OBf MR@NGatrikICe agai n,

the mrrors are matri x- addressabl e, such that addressed mrrors refl ect an
i ncom ng radi aidressatlesunfdca. a different direction to unaddressed minors; in

this man the r fI beam can be tterne ordi tot e
addr essi H@E%]at ter nﬁ h?eapﬁﬁetcfait?ﬁiﬁtdfl%g% §rRatVg H?gtﬁ T c‘?’ﬂ E&ﬁt tp‘éd mat ri x
addr essi ng cagifPRtRERSHR 8By HendFhétadlight t8 k@eh HRNuesti@ans. [ 0032] Anot her

exanple PDis a prograrmabl e LCD array.
[0030] An array of diffractive optical MEMS devices (micro-electro-

mechanical system devices) can also be used in a corresponding manner. In
one example, a diffractive optical MEMS device is comprised of a plurality of
reflective ribbons that can be deformed relative to one another to form a
grating that reflects incident light as diffracted light.

[0031] A further alternative example of a programmable mirror array employs
a matrix arrangement of tiny mirrors, each of which can be individually tilted
about an axis by applying a suitable localized electric field, or by employing
piezoelectric actuation means. Once again, the mirrors are matrix-addressable,
such that addressed mirrors reflect an incoming radiation beam in a different
direction to unaddressed mirrors; in this manner, the reflected beam can be
patterned according to the addressing pattern of the matrix-addressable
mirrors. The required matrix addressing can be performed using suitable
electronic means.

[0032] Another example PD is a programmable LCD array.

[0033] The lithographic apparatus can comprise one or more contrast devices.
For example, it can have a plurality of arrays of individually controllable

elements, each controlled independently of each other. In such an



[ 0033] The |ithographi c apparatus can conprise one or nore contrast devices.
For exanple, it can have a plurality of arrays of individually controllable
el enents, each controlled i ndependently of each other. In such an 7
arrangenent, sonme or all of the arrays pf individually controllable el enents
can have at |east one of a comon illumnation system (or part of an

illum nation system, a comon support structure for the arrays of

i ndi vi dual | y sremnigembhtabbae el eitieof the aaragté of iadicidnathyncqrtojllablei dementst em (or
part of the projection systen)..[0034] In an.exanple, such as the enbodi nent
depi cted in Ffaguhave at dest oagpf La‘foén %dgu‘ﬁl@ﬂ%t%ﬁt{?%kﬁ)ﬂlpﬁﬁrﬁﬁﬂr shape,

optional |y W iy, anRhch ﬁé}q?],ora omnhGH L RPHSH eHARNBE ORG RRE tartdysi ©of
perimeter. In an exanplg, the substrate has a polygonal shape, e.g., a

rect angul ar sindjvéduallp 0mjrollablesedemdngs, vindfog & bemswbsprogcaomaystems@bst anti al |y
circul ar shape iqntﬁl ude exan*g;l es . where the substrate has a dianeter of at

| east 25mm fBAt Of the PEIRRUORSYHEMLt S50mm at | east 75mm at |east 100mm at

| east 12@6311] at | gast L3RR, sathl8ant chboiMerdtddpRacd iR3Qs0R Bltht east

250nm of at’ least 300nmm In an enbodi nent, the substrate has a dianmeter of
at nost 500nmsubatrate Wdies 4 S@tantially rivatlar3bapmopéenaiysyitis@oateh and/ondst  250mm

t t 200 t t 150 t. t 100 t t 75 0036] |
exanpl es wher Bhdied ET6% p0BE Bot ST oY, T8 g Safol BRGUPIE HAFuge
exanpl es wher g,1at o] 885 e,%?g.,ﬂéil@angﬁl-aﬁshapat | east 2 sides or at |east 3

sides, of the SUbstrafte has a length of at least 5cm e.g., at |east 25cm
at | east [@36m at IreasampleOdbenc the $ubsisate BGcansubstantisdlyt cippdarnshape at | east

250cm [0037].1n ,0ne exanpl | east. ane si.de of t su rate.has a

| ength of at I“ﬁE@F %@@ﬂﬁ]w@%%}fw 5&5%1&‘??1“?5308@{“@%{ qrrgagtle%sg%§mm’a{orrmst

350cm at nDSfpstadedaiMeadtt 50MEL al RAGM SnRh, &t 1eARSI00ARE Mt [EAPABEmin) fne

exanpl e, the substrate Wis a wafer, for instance a sem conductor wafer. In

one exanpl e, lehe Mdiun, atalcesti BlSmins, sfeleast t208ming,03h lease 25mauporcniskst i ng of
> 11 TN compoutPBmI aRamETr sl By suoFlis e’ T diphha ot RERRGm .S com
wafer. I'n an gbodoeERt at et S0, adtembs F0O0mm, at most 250mm, at most
200mm, at most 150mm, at most 100mm, or at most 75mm.
[0036] In examples where the substrate is polygonal, e.g., rectangular, include
examples where at least one side, e.g., at least 2 sides or at least 3 sides, of the
substrate has a length of at least 5cm, e.g., at least 25cm, at least 50cm, at least
100cm, at least 150cm, at least 200cm, or at least 250cm.
[0037] In one example, at least one side of the substrate has a length of at
most 1000cm, e.g., at most 750cm, at most 500cm, at most 350cm, at most
250cm, at most 150cm, or at most 75cm.
[0038] In one example, the substrate W is a wafer, for instance a
semiconductor wafer. In one example, the wafer material is selected from the
group consisting of Si, SiGe, SiGeC, SiC, Ge, GaAs, InP, and InAs. In one
example, the wafer is a III/V compound semiconductor wafer. In one
example, the wafer is a silicon wafer. In an embodiment, the substrate is a
ceramic substrate. In one example, the substrate is a glass substrate. In one
example, the substrate is a plastic substrate. In one example, the substrate is
transparent (for the naked human eye). In one example, the substrate is

colored. In one example, the substrate is absent a color.



ceram c substrate. In one exanple, the substrate is a glass substrate. In
one exanple, the substrate is a plastic substrate. In one exanple, the
substrate is transparent (for the naked human eye). In one exanple, the
substrate is colored. In one exanple, § he substrate is absent a color. 8

[ 0039] The thickness of the substrate can vary and, to an extent, can
depend, e.g., on the substrate material and/or the substrate di nensions. In
one exaop3y, the THe thickess dfthatubseastcah@ary andgtq amexieegsan Jofmd, at | east

200m at |least 300m at, |east 400 | east ., 500m ..or at | east 600m I|In one
exanmpl e, the &hi @l@n&ess‘éhsnfiﬁen’ﬁ%’é‘r] ra&a}é?ri © RUbREALE %@Gﬁﬂ?nse.gl.%, %% nost

3500m at NDSf,25Q0 tis AABRMS0,h, TP SA 14RBPM0Rla NASE 2000G0m  at most
800m at nostéxgg%%’mgttﬁ%g%%%Om at LiE}rr%sf{@400m or llat am)st 300m [0040] The

substrat e refleast SO0pm, la¢rledsh 408pmbet peast 66&eul, obef drast 600t eln ovkposure, in

for exanple a track (a fopl th typically applies | ayer of resist to a
substrate and*de\p ’c}é‘é tglﬁgneéﬁ s ‘1‘}")":?§tfa§‘f ) ag %&rscﬂ%%ﬁ}l o1 & ghocf# or an

i nspection t o9dn0, i 20REst©5B0MRK Cat rRost 235Cim, | AMRKt 1 S0RAOYE MBSt WoLME
substrate. [0041fl Tﬁe tsermgi{lc}#lozjl ection (ﬁ{%terﬂ' usedaher ei n shoul d be broadly
interpreted ag most@ipassanmoan§OGppeat aiosp 569001 dtomostyHi0am, orra¢ Imast ng
refractive, Ese()f | ective, catadioptric, magnetic, electromagnetic and

el ectrostati Ob‘ﬁ‘c'i cal systenms, or any conbination thereof, as appropriate

for th_en@gm_sure TiRd@shar REbnd Y MreiP cah Be PERBIsed 2BEfRFS of UFRr as the use
of an i rsion liquid or the use of a vacuum Any use of the term

"proj ection |expssurbendonexample bdrack s tabd thad typscallyrapmlieoadaysr ohresise nor e
general termprojectjon system"” [0042],The projection system can imge the
pattern on t He %Fg?bé)gfa%fandi‘x f&pﬁﬁlé% F@O@%%gqsbﬁtq?gbﬁigtr%lpg%% s?mg]ﬁrcﬁnt hat the
pattern is coigsRfbh ool OIGHE ex@mple) @ r&isd By Als @rovidd sk isBdtiate. t he
projection systemcan i mage secondary sources for which the elenents of the

array of [00aHi vi dualhey teomt I'plojesbpe systesiienused abereins shuld: dies broadly hi s
Lospect: (e BLOLSE 8, YRS ASTRueeSy Beidho a8l A S
to formthe sgaandal yeffe@mé;féﬁtaamgtrt@ magRae, SRetrsmagdic dnbel&ubsttiat e. "In one
exanple, the array of focusing elenents (e.g., MA
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. Any use of the term “projection lens” herein can
be considered as synonymous with the more general term “projection system.”
[0042] The projection system can image the pattern on the array of
individually controllable elements, such that the pattern is coherently formed
on the substrate. Alternatively, the projection system can image secondary
sources for which the elements of the array of individually controllable
elements act as shutters. In this respect, the projection system can comprise an
array of focusing elements such as a micro lens array (known as an MLA) or a
Fresnel lens array, e.g., to form the secondary sources and to image spots onto
the substrate. In one example, the array of focusing elements (e.g., MLA)
comprises at least 10 focus elements, e.g., at least 100 focus elements, at least
1000 focus elements, at least 10000 focus elements, at least 100000 focus
elements, or at least 1000000 focus elements. In one example, the number of
individually controllable elements in the patterning device is equal to or
greater than the number of focusing elements in the array of focusing

elements. In one example, one or more (e.g., 1000 or more, the majority, or



conprises at least 10 focus elenments, e.g., at |east 100 focus el enents, at
| east 1000 focus elenents, at |east 10000 focus el enments, at |east 100000
focus elenents, or at |east 1000000 focus el enents. In one exanple, the
nunber of individually controllable elenments in the patterning device is
equal to or greater than the nunber of focusing elenents in the array of
focusing elenents. In one exanple, one or nore (e.g., 1000 or nore, the
maj ority, or Sboudbaul) ofdehfocading blenfeots s ithregaredyenfefot ssingelementarcam e of
focusing el enents _can be optically assocjated.with one or re of the

i ndi vi dual |y ed#@aHyRseslatedavidhent o mpsg <?fﬁfé°‘ Qﬁwﬁ)\ﬂa@f/ CPHH?I\B%"&%"%‘FWMS

control l'abl e of Sn@yidudfly BorftrdMfabRi&n&s, e, Wit ¥ feg bi/the
controll abl e g{gﬁgﬁ%@(ﬁnntﬁ%uariag g?kindividu%f?%’controllable el enent s,

such as 3 or imlivédudilyoconmoilleble 1€lemnentsuin ehe 28raprofmmdiyid@ilyocontotleble 35 or
nore, or 50 or, nore. Ig{ﬁqf exanpl.e, the Ais h the use
i

, bl i it
of act uat or s) clgmepisa¥ic Pemarey gAYt i Shgo aqfrrg%gf %gogﬁ"\g&’r ate,

e.g., wWith thesusgpf 2RO Rmdter € rRchdlaltple, tREMIA Abh8vitde Dy ewithe MA to
and away fromthe substrate allows, e.g., for focus adjustnent wthout

havi ng to notte dshefswhstargtat. leds0 it diectiar i snddepay froth the sEbgftates 1 and 2,
the apparatus is of reflective type (e.g., .enploying a reflective array
of individual F*_ﬁ"(%‘m &qusﬁ émEPém{gitP&% t%‘?‘ﬂ%{?_ k?éf!’?o‘fehti‘e%fjértgt us can be
of a transm sgjyewhy BEm fhe JubstRIPAIRNMSNE.02 forl foRfkSSHj8st¥Rt Ritha Haling

i ndividual |y control l'abl e el ements). [0044] The Iithographi c apparatus can

be of a type hambwngthewobgtoiteal stage) or nore substrate tables. In such
"mul tipl ge" chi nes,, the addi.ti onal bl,es can be used.in. parallel,
or prepa ooﬂs“éfy stggéq@é‘ﬂnggplgﬁfirlfl 4Bt ?BH‘E gnﬁ‘eoﬁppﬁw‘t? lstogﬁlrgge Cl e one or
nore ot her tab)Rgegl @niiffdyifg H3EMkCtiOf af¥POEIHARduRA)Fohtrdidld blehRafsRPNI C

H
apparatus can ‘al so be of "a type wherein at least a portion of the substrate
can be cover edliognativelyi theeappiratus| dagiedd hagismyssive ok 4¢iguempleying ar ef ract i ve

the. subst at elnTibserERet riiaTe SRR EBR BN e "o other spaces in
O e et A R e S T
i ncreasi ng t heomusubsirataltatdgre ringneh Ghulbipls ssagel” orackipss, dhesadditional tables
can be used in parallel, or preparatory steps can be carried out on one or more
tables while one or more other tables are being used for exposure.
[0045] The lithographic apparatus can also be of a type wherein at least a
portion of the substrate can be covered by an “immersion liquid” having a
relatively high refractive index, e.g., water, so as to fill a space between the
projection system and the substrate. An immersion liquid can also be applied
to other spaces in the lithographic apparatus, for example, between the
patterning device 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.
[0046] Referring again to Figure 1, the illuminator IL receives a radiation
beam from a radiation source SO. In one example, the radiation source
provides radiation having a wavelength of at least 5 nm, e.g., at least 10nm, at
least 50nm, at least 100nm, at least 150nm, at least 175nm, at least 200nm, at

least 250nm, at least 275 nm, at least 300nm, at least 325nm, at least 350nm,



The term "imrersion" as used herein does not nean that a structure, such as
a substrate, nust be subnerged in liquid, but rather only neans that |iquid
is |located between the projection systemand the substrate during exposure.
[ 0046] Referring again to Figure 1, thgoillum nator IL receives a radiation
beam from a radiation source SO. In one exanple, the radiation source

provi des radiation having a wavelength of at least 5 nm e.g., at |east |

Oran, at | eagtat 3WNB60RIM.| BaGie ckAfipha, tiad ralliadsi pidvided byatadladias sowrddnm  at
Ieast 200nm at |east 250nm _at least 275 nm at | east 300nn§ 15at | east

325nm at | eaS® }@SerWﬁvekFthhcﬁf aétmqsgég(anggmm@t st Gden@x AnPPE, > R r adi at i on
provi ded by r t t t e.g at
nmost 425nm a%dﬁﬁggstt?@?éﬁln%tcﬁ%ﬁ%osg?ﬁﬁdﬁ%}Yeig?H%ﬁg% Q%OZS%nzr%@HIzlf a?m%g(%mNSnm at

nmost 250nm  a225es tat mAA0Omabr anadst 206mm [roonea¢xampdd, the7fdimtion haome exanpl e,

the radi ati on has a , wavel en t i ncl udi n 6n 5n 365 355nm 248nm
193 nm 157nW?V€‘éWlbrm‘:’LIE@mH?# qm,oﬁ@%&ag%gf%nnbﬁém g‘lﬁ ﬁ%neﬁnﬂde.s a
wavel ength  of sALPURLBSE0 MO 1ERUAGHIIAR rddfhiBASnASALP GavdiBfeh adi al L on

includes a br ban mave engt or exanp e enconpassi ng 365, 405,
and 436nm  Aof3abumd B&&®i os arouné 36tnrhd Ixh)enuezeednpla'h:he saliatoen @odidesha

l'i thographic apparatus can be separate entities e en t he
source is an @wg ﬁé‘?‘{ is‘é(%eren Ihsg a@&?e@“‘?‘ﬁ%“&&rf@e%é%“ 8fsi dered to
formpart of kh§535§n'tl tms%gfs%rawe cARR AR aNthe! élﬁué@%@tthé’rhtﬁé‘?r%m@ passed

fromthe source the illumnator IL wth the aid of a beam delivery
syst em BD conppasitusgcanfter separatenguitiies, Sor ¢xalodpde Wihclethel SOYragi is |amesc1m¢d/ or a beam

expander. I n pother cases the ource can be an.jntegr art, of
i t hogr aphi ¢ Bpfar 4R (e ‘Ei‘lsese%g?rpﬁ"@rc\ﬁh@nmtt ﬁ%psédﬁ g aflgmg Pt Ofir I anp. The

source SO andhtthBEragfu'c ?}éﬁlﬁfu@ fandl khe 2@RAGNBEam ¥ ﬁd@sédh?otﬂ@ﬁé@&ﬂ&d SY@ rté{ system BD

if required, can rred to as a radiation system [0047] The
i |1 uminator | the ibeminatorgLivgith the @ﬁpﬁsbezrm,dﬁil‘femy Smﬂ?msBID ngmphemg,afmgul ar

intensity distribytion of the. radiation, be Cener Ieas the out er
and/ or |%ner Rt SEQ?@?\@”?@WW%S nel a3 mt?)"pégge(rTyno‘ffg‘érr -i nner,

res Erench :a ;/glr yzzsédr?frceh éeaﬁ ge%%&gléay Ipdft ok 'tﬂebmhbg}apm@ aﬁpa%tﬁ!; |fopé)@a@?p19tvhwe
dj uste dition; the 1l1lumnator I'L can conprise
vari ous ot herthe source is a mercury lamp. The source SO and the illuminator IL, together
with the beam delivery system BD if required, can be referred to as a radiation
system.

[0047] The illuminator IL, can comprise 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 c-outer and o-inner,
respectively) of the intensity distribution in a pupil plane of the illuminator can
be adjusted. In addition, the illuminator IL can comprise various other
components, such as an integrator IN and a condenser CO. The illuminator can
be used to condition the radiation beam to have a desired uniformity and
intensity distribution in its cross-section. The illuminator IL, or an additional
component associated with it, can also be arranged to divide the radiation
beam into a plurality of sub-beams that can, for example, each be associated
with one or a plurality of the individually controllable elements of the array of
individually controllable elements. A two-dimensional diffraction grating can,
for example, be used to divide the radiation beam into sub-beams. In the

present description, the terms “beam of radiation” and “radiation beam”



conponents, such as an integrator IN and a condenser CO The illum nator can
be used to condition the radi ati on beamto have a desired uniformty and
intensity distribution in its cross-section. The illumnator IL, or an
additional component associated with iif, can also be arranged to divide the
radiation beaminto a plurality of sub-beans that can, for exanple, each be
associated wth one or a plurality of the individually controllable

el ements of tdieompasy bat are nditvhmluadllty, ctlmentsitodtiomblhe velhielrethe sbeag is

t wo- di mensi onal diffractjo ?tl ng grr exanmpl e, be used to divide the
rad| ation bea"‘fﬂnmﬁtsé §€ Hiéo ?‘H’htSHE e?ﬂ‘%% Af1aHeRcr i ption, the terns "beam

radi a@b@%]n and éat%ﬂf%hﬁ)ﬁ BelfHMs 1ilié-1de1?t%c’tﬁ9§§t$emﬁgtde@fc@ PPe. $ igated to,

the situ e beamis onpri sed a plurality of such
sub- beans of ztrﬁajn oftmdnmdu{ald)ﬁd@itroﬂhblerebmth) ond i;saathatﬁé by tthed pRgtetning t he

patterning de |ce i ndi vi du y con oII bl e el enents)
and i s nodul & eé(&f’eb ay 8 bg%‘t f%&ﬁﬁeaé’yaﬁfeﬁt@é‘“n ?/‘flﬂ"gi’ 6%3(5‘1 by the
patterni ng degcpﬁigsfe?%rohgﬁtt {oogéan%ggn &@ﬂ‘ P \Qﬁi@ﬁ%cﬂsm’ %&Qbearnh%nw ®j ection

system PS, whi ocuse t'arget portion C of the substrate
W Wth the aiacgeobottion @cuflthe csnlmtrat%\%dbhthpbesatdl @ﬁwthgews@mncnzﬁ\\( eng.

interferonetric.device, hhrzear encoc%er ?éﬁp@m ti sensor t.he I i ke)
the subst r at ePEHANeSeNIOTdEA (B8 ABVRGIEOBSI dgvice: nﬁf“ &Y eé’scapf"bl i¥%si ti on
di fferent targatoPGr thi BRS), @Bel s‘ﬁb&tﬂﬁe ﬁetehwfcahl&e i@dt atéeReleam, Bo as Wher e

used, the positioning neans for the arra%/ i ndi vidually controll abl e
el ements can foepasitéh diffecant target pertionseinythetpatipo§ithd emdiasfont branp B t er ni ng

device PD w espect, to the. ath of t he scan.
[0049] In one ffn‘b{)g Ehﬁ"d?/o gorfleztr}?e s?rfaé't%taft“gﬁ”%l% ﬁogirpg%lﬁ?zed with
the aid of a él@tﬁgﬁ@tcﬂrpt@u%@(wb@rré&‘awtﬁﬁel}?QEé bosAUEDth@ pattetninh Aeticst r oke
modul e  (fine positioning), which are not explicitly depicted in Figure 1.

In one exainléWItm@smp@rthwsthmit@dy@mB,aﬁtgJ@aytgaascghort stroke nodul e for

novi ng rate table WI. A simla ste e used ito.position
t he arra@ldgﬁlt indlfﬂ AFFHANPIG TR SR EP@M’IS ﬁ%ﬁ?%ta%bet %&bfﬁ reﬂ Zed Wi ci at ed
that the beamyB afPéf a RhiBtroRd meehlk/(@sifie posidhing) Bed AeNGabkéke Mbddle t he

obj ect table and/or the array of individually controllable elements can

have a fixed (fwesi pastioning)pmdwdhderet het expdigitlyr depieted ani Kiguieoberbmone Such an

arrangement Caxrgtmap)? 'R a'pf)]arlat'ursnlg aB&nE a? least a short stroke module for moving

substrate table WT. A similar system can also be used to position the array of
individually controllable elements. It will be appreciated that the beam B can
alternatively/additionally be moveable, while the object table and/or the array
of individually controllable elements can have a fixed position to provide the
required relative movement. Such an arrangement can assist in limiting the
size of the apparatus. As a further alternative, which can, e.g., be applicable in
the manufacture of flat panel displays, the position of the substrate table WT
and the projection system PS can be fixed and the substrate W can be arranged
to be moved relative to the substrate table WT. For example, the substrate
table WT can be provided with a system for scanning the substrate W across it
at a substantially constant velocity.

[0050] As shown in Figure 1, the beam of radiation B can be directed to the
patterning device PD by means of a beam splitter BS configured such that the
radiation is initially reflected by the beam splitter and directed to the
patterning device PD. It should be realized that the beam of radiation B can

also be directed at the patterning device without the use of a beam splitter. In



size of the apparatus. As a further alternative, which can, e.g., be
applicable in the manufacture of flat panel displays, the position of the
substrate table WI' and the projection systemPS can be fixed and the
substrate Wcan be arranged to be novad relative to the substrate table W.
For exanple, the substrate table WI can be provided with a systemfor
scanning the substrate Wacross it at a substantially constant velocity.

[ 0050] As shogwe éxanfplguhe bdam olieadistion isfdircedd at ittenpdtecing klevide meened to t he

patterning device PD by neans of a beam splitte onfigure ch that the
radiation is ‘Ffl_&lft ibﬁ'iweﬁnr(éfapéc%ogd iy 'P%@%‘Eén?%%?fﬁé*ﬁwﬁ%qgi@gc? d to the
pat ter ni ng deigeerPRY ad oShBHbEaEn 583hd EeUuidahbddimchomBWalintagliat i on B can

al so be direct eﬁgat e patterning device without the use of a beam
splitter. In 1ds abre 96X anple, The phéeamngfdevati BDi owdiktadi thecheath af t he

patterning device at_ an | e. hetween O and 90 . .. hetween 5, and 85,

bet ween 15 an@dipgion é?@\é%{r}%%ltgﬁﬁkm&ﬂ‘eol?eaﬁbfa%ﬁ%%“@f@ ESAHS G 1o o i ment
shown in Figu ' 18 1R prdatisn PRAYE RIIMbEh&NAEE HRFBGUl at es the
beam of radi glt%%l%teg%gn re}%f)pec S 1i ts}fosack to the begjn%qspl itter eBS whi ch

transmts thethahalthmhaive chripegeméenss tanebgussidde direct thy beamoPsadiationBItd be

appreci ated, however, hat ternative arrangenents .can he d.to direct
t he beam of r‘é‘@i@ftf”@t‘f‘%a‘?vdce ?bea PUbsEHeRYy g‘éafecgoﬁﬁtlgﬂﬁygﬁ'ﬂgg%uéﬂt ly to the

proj ection sysi8mIRSan hfand@icht §ithak is HOwAlih BNERERAn MR Bguitedl ifhown in
Figure 1 can hot be required if a transmissive patterning device is used.
[ 0051] The depamshushicprétentingsdevage ibesedsed i n several nodes: [0052] 1. In

step nod e arr f .individyally . ,controllable elements and the

subst r at @"’éﬁﬁ kept ?ﬁgg‘feoﬁ?tla‘gﬁgfr%{‘%?%o%a‘}sﬁé "\Aﬁ?iv?rgﬁ&lﬂd%s_nti re pattern inparted
to the rﬁ}#sﬁ{! on beam i BepiRedeedheBirsy af ifitighalBObsitRNableadle@BRsg0 (i . €.,
a single static exposure). The substrate table W 'is then shifted in the X

and/or Y direand ¢he substiater are diept essenfiallyastgienasnr whila @ safrebeaéstposed. | n
step node, the nam m si.z e field limts the size of the

target porti B?Paéeéh% edr%dﬁ?igggqe%%ﬁé%g‘ﬁg‘ﬁgio Q508lEeL PoTtg: ]a?ﬁpe PR scan
node, the arrgy. ofsindlélistaticléRpdsure OThd Qlbkiddtt eabid BNEN then SHigted MetRURSt rate are
scanned synchr onousldy while a pattern inparted to the
and/or Y direction so that a different target portion C can be exposed. In step
mode, the maximum size of the exposure field limits the size of the target
portion C imaged in a single static exposure.
[0053] 2. In scan mode, the array of individually controllable elements
and the substrate are scanned synchronously while a pattern imparted to the
radiation beam is projected onto a target portion C (i.e., a single dynamic
exposure). The velocity and direction of the substrate relative to the array of
individually controllable elements can be determined by the (de-)
magnification and image reversal characteristics of the projection system PS.
In scan mode, the maximum size of the exposure field limits the width (in the
non-scanning direction) of the target portion in a single dynamic exposure,
whereas the length of the scanning motion determines the height (in the
scanning direction) of the target portion.
[0054] 3. In pulse mode, the array of individually controllable elements is
kept essentially stationary and the entire pattern is projected onto a target
portion C of the substrate W using a pulsed radiation source. The substrate

table WT is moved with an essentially constant speed such that the beam B is

caused to scan a line across the substrate W. The pattern on the array of



radi ati on beamis projected onto a target portion C (i.e., a single dynamc
exposure). The velocity and direction of the substrate relative to the array
of individually controllable elenments can be determ ned by the (de-)

magni fi cati on and i mage reversal charadBeristics of the projection system
PS. In scan node, the maxi mum size of the exposure field limts the wdth
(in the non-scanning direction) of the target portion in a single dynamc
exposure, whiadiduatlheohtesigble démerteisspdated agraypired betiete puiseresf thhie hei ght

(in the scanning direction), of the tarqget o tion 0054 uI se node,
the array of JefAdHoR glgm an GIFF[P‘E)IF‘TS&?B? gmgﬁéﬁ’&h hat ?lécce{?evﬁtta&ggﬂ% O8Y |
stationary and gtd&Redd £tQh@%rqhﬁéd‘ldc§tl(ﬁfsQinQﬁé §ebsBRleOVa tHs@fientlPahé | On C of
the substrate Wusing a pul sed radi ati on source. The substrate table WI is
moved with anb&assBrctanasbarya@ossstharsubmweW wuiposehthe compldie aatt@nifer a caused to
scan a line acr.oss .the su Lern. n t he arra

i ndi vi dual Iy %Bplt(’?gfei %‘BF gﬁﬁr?lr%cefsslstfer?ﬁ cdntil e camplely sy %%%#;pm ses of
the radiati %S%%%mllﬁgg}, Rid.ses are tined such that successive target
portions C are exposed at the required | ocations on the substrate W
Consequel®F§], t he 4.beaninBoantinususascananasiss essantiallybthersame aypuseemodee t he

conpl ete pattern f t he substr,ate., The pr s re eat ed

until the conpi&R %éh@%et Flétfshg W ésss%é‘gfﬁds %bvseeg) p] n&’ gk’lef 55] 4. In
continuous SCARARiaABAB aﬁﬁ%ﬁﬂétérﬁiall%’ doRgaftaspee Band teSgati¥Beion t%@ﬁ@fl ofhat the
substrate Wis scanned relative to the nodul ated beamof radiation B at a
subst anti al | ylndtymbtaamcogﬁselé@kanhmem@ ip apdatedh apthet bramaBrsggnsodcrossilie vi dual | y
control | abl e fdbsﬁaqgu s?na dat e co%sstuggt?n zla,l ‘%ng atnisad%efogsssou}&eor gubst rate W

and exposes i atl source ‘or

radi ation soullslqﬁed ﬁﬁfh@lbﬁ%hl?c@d smhfdmezeuadahe RGdaxin §t B tHeapdtRh oﬁrthé he array
of individually controllable el'ements, can be use [0056] 5. In pixel grid
i magi ng node, avgyi dfhindizidupldy %ﬁf%‘ﬂh‘é&lwnﬁﬁg%m@ ugefl¢ hographl c apparatus of

I b
exposur WS LOTs Tor melh By A, BT BbG: S o e TR BIHEER O

patterning deHﬂh@%:aﬁﬂc dﬁpﬁraﬁ)(sp@ﬁ@‘ﬂglﬁr@% Sthhqmexsluﬂﬁrheatmalshvsntatbew sanme shape.
On substrate Wt spots are printed in substantially a grid. In
realized by subsequent exposure of spots formed by a spot generator that are

directed onto patterning device PD. The exposed spots have substantially the
same shape. On substrate W the spots are printed in substantially a grid. In
one example, the spot size is larger than a pitch of a printed pixel grid, but
much smaller than the exposure spot grid. By varying intensity of the spots
printed, a pattern is realized. In between the exposure flashes the intensity
distribution over the spots is varied.

[0057] Combinations and/or variations on the above described modes of use
or entirely different modes of use can also be employed.

[0058] In lithography, a pattern is exposed on a layer of resist on the substrate.
The resist is then developed. Subsequently, additional processing steps are
performed on the substrate. The effect of these subsequent processing steps
on each portion of the substrate depends on the exposure of the resist. In
particular, the processes are tuned such that portions of the substrate that
receive a radiation dose above a given dose threshold respond differently to
portions of the substrate that receive a radiation dose below the dose threshold.
For example, in an etching process, areas of the substrate that receive a

radiation dose above the threshold are protected from etching by a layer of



one exanple, the spot size is larger than a pitch of a printed pixel grid,
but rnuch smaller than the exposure spot grid. By varying intensity of the
spots printed, a pattern is realized. In between the exposure flashes the
intensity distribution over the spots i4s varied. [0057] Conbi nati ons and/ or
variations on the above descri bed nodes of use or entirely different nodes
of use can also be enployed. [0058] In lithography, a pattern is exposed on
a layer of redéwloped redig. Hivedventie the pdseexpesuretdevdopinent, deveiroqechf

Subsequent |y, addi t| proces are rformed on the sybstrate.
The effect of thenfesist bgf@aw&rﬂf%ra&ggéﬁ%elgwe‘&% tﬁ@ﬁh(g‘é@ﬁ: Efé‘i‘(ivegr?ngf t he
substrate depapdsoRnthbdiCard %LI{SJ? theét@l?frf)ﬁlsét@ﬁm | 'Acc@ﬁﬁﬁ%%?ui @tsirelihe

processes are tuned such that lons of the substrate t receive a
radi ati on dospatadmwen he giched cﬁmpmlmlaeshmirmméaﬂgmdmuoﬂﬂﬂc eletdentstio  porti ons

of the substrate that. ceive a radiatio e bel ow.t he dose .t hreshol d.
For exanpl e, %ﬂ’iteg%”&% ﬁb‘cﬁﬁﬁc&@c}hﬂ@ég’ Pﬂ@né}eﬁééf F@P@n’?‘t‘?gtora@cel ve a

radi ation dosg..gRouge Eﬁ&tmr&ﬁml dga%ﬁl RuREERLRY sfufﬁ?ﬂ?étf?%'q{lgl@%t&ifm | ayer of
14 devel oped resist. However, post - exposure dev ment

portions of that theemes receivas ar@seof/eadaatuoadtbave the dsbssdlrbséiotd/\dumeg thhr es hol d
are renoved and therefore those are B ar.e not $rotecte fromg t chi ng.

Accor di ngly, SXRRSUTr e ThRpiteATeas PiBe SiksHa reqehy aradiaign dose bl

i ndi viduall'y %”HBQ:' klﬁr@sllf%lc?'b?r”?éﬁl 'tﬁ'e ch@spBﬁHﬂhér iﬁ'dﬂgdli&‘ﬂ‘y' EhtRligbRet such
that the radiation that is tfansmtted to an area on thé substrate within a

pattern featuekmestsad peovide 4 zarp ensigyifieangly lnowpemshatlpn lmthmltyt he area receives
a dose of iati on above e threshol d, dur}j ure., The
renai ni némgsgas on' Hré'mg%iqerr&gl@a?%égﬁe\?zqée Gdgas 8{‘?8 geea%gg%éﬁ M9the dose
threshol d by gefubilpGHalige GRIN &S RARE Rexinfith Ve ab! Yers Oddse Obveabifethee! ement s
to provide a zero or significantly lower radiation intensity. [0059] In

practice, them@ddmllyowrrﬂ@éleblateletnmtsad@e&;ﬁtm provpdet thermaXimamuragiatioss not

abruptly chan froma give e zer ose. even if..the

i dal 1y SORSS) PR6Ne SEReAE S e d5pndas? g PR S I Rt A ach at i on
intensity on ‘Hﬂ@lsﬂ?% tRé otie sfd@atlhhrt&db@&@ﬂﬁdlffrétﬁde eftects] the M) begheat i on
intensity on the other side. Instead, due to diffractive effects, the |evel

of the radi ardditiogcioee dmpgffm‘cfosaamsstlan mrmnsilihelp@altl,@ométhﬂbwnévm tion of

the boundary of the pattern feature ultimately formed by the developed resist is determined

by the position at which the received dose drops below the radiation dose
threshold. The profile of the drop-off of radiation dose across the transition
zone, and hence the precise position of the pattern feature boundary, can be
controlled more precisely by setting the individually controllable elements that
provide radiation to points on the substrate that are on or near the pattern
feature boundary. These can be not only to maximum or minimum intensity
levels, but also to intensity levels between the maximum and minimum
intensity levels. This is commonly referred to as “grayscaling.”

[0060] Grayscaling provides greater control of the position of the pattern
feature boundaries than is possible in a lithography system in which the
radiation intensity provided to the substrate by a given individually
controllable element can only be set to two values (namely just a maximum
value and a minimum value). In an embodiment, at least three different
radiation intensity values can be projected onto the substrate, e.g., at least 4
radiation intensity values, at least 8 radiation intensity values, at least 16

radiation intensity values, at least 32 radiation intensity values, at least 64



of the pattern feature ultimately fornmed by the devel oped resist is

determ ned by the position at which the received dose drops bel ow t he

radi ati on dose threshold. The profile of the drop-off of radiation dose
across the transition zone, and henceithe precise position of the pattern
feature boundary, can be controlled nore precisely by setting the
individually control |l able el enments that provide radiation to points on the
substrat e thatdiatien mensity naaes, ahleagd 28 eadiatichaatensity \eduasdar at.leabh2%e can be
not only to maxinumor mininmumintensity |evels, but also to intensity
level s bet wedAdIRHN IRESOSIMMEY i ni mum “intensity levels. This is commonly

referr ed[[opglrlas " OrRYIRAAY b8 AppretiBfelQhat GrA)eARI! A RN B¥H 4SSadditfabr cOntrol  of

t he posi of the pattern  feature boundaries than is possible in a
| i t hogr aphy satstranivé pusposeshtotthat deserchedtabove.i horeersiniple,the prabeskingof he

substrate by i.ven indiyidual | cqntrol | abl e el enent can only be set to
two val ues (ﬁgﬁg‘#ﬁ?uﬁﬁ € %ﬁﬁip ca\p%el}gne.gn&c tmtﬁﬁ% ﬁfev%}?'i?etf’)?n an

enbodi nent, %otérﬁaﬁks%&{s@seoﬁegit)ﬁg §the stRdhR!t &ﬁi@n&éﬂt SAsédevedahdifgorcan be
projected onto the substrate, e.g., at |east radi ati on intensity val ues,

at | east 8 ralhisaidveh Fortexagiples avirtiesof the shiestrate reGeivingdi mtliatinnidosensi ty

val ues, at least 32.radiatipn intensity.values, at |east. 64 1 radi ation
Ptenst ty vartasy st aShofD Rt i ot mAERS: £yorinete sitgeif cact 256
radiation i nt@é&ﬁh%_ & 3hdiBFon [dB&S hbove tifeh @it dhR8hABPH@ChAbRDat 36ndIr @yscal i ng
can be used for additional or alternative purposes to that described above.

For exanpl e, thteshqld orspasidaginot sechied gudsser, aand af pettionhef dkgpsybstatcan be
tuned, such that .there are re than .t wo tential, respgnses of. regi ons of
the substrat é-°YePerful at{?ﬁln&%s _e?‘h%ﬁ tb%&f%?t%l_go resh‘?)lgeref%(slgf.mr—%%niarrpl e, a
portion of thgaflbStARbRIRAGEEMyRAliAg kasibatsed 16l psevidd el aWation idosé t hreshol d
responds in a first manner; a portion of the substrate receiving a

radi ati on dogwofllscageoss tike substratethavinghorre than twedesired dnse deigls. t hrashol d

responds in a second nnet.;..and a portion of the substrate .receiving a
o ot on docdangnEnt PE b fle R BRHE A" PElsah AN IRE BOR Bre Cner
Accordi ngly, fNayssatsing redintihiedsis eehels) apleastiddsied adiAiondsel@sels, profil e
across the substrate having nore than two desired dose levels. In an
enbodi ment , tdideash@i dasired radjgdorpdese lexelnps aftlegst Ssdespred ggdiption dosee | evel s,

€.g., levels.

[0062] It should further be appreciated that the radiation dose profile can be
controlled by methods other than by merely controlling the intensity of the
radiation received at each point on the substrate, as described above. For
example, the radiation dose received by each point on the substrate can
alternatively or additionally be controlled by controlling the duration of the
exposure of the point. As a further example, each point on the substrate can
potentially receive radiation in a plurality of successive exposures. The
radiation dose received by each point can, therefore, be alternatively or
additionally controlled by exposing the point using a selected subset of the
plurality of successive exposures.

[0063] In order to form the required pattern on the substrate, it is necessary to
set each of the individually controllable elements in the patterning device to
the requisite state at each stage during the exposure process. Therefore,
control signals, representing the requisite states, must be transmitted to each of
the individually controllable elements. In one example, the lithographic

apparatus includes a controller that generates the control signals. The pattern



at least 3 desired radiation dose |evels, at |east 4 desired radiation dose
|l evels, at least 6 desired radiation dose levels or at |east 8 desired
radi ati on dose |levels. [0062] It should further be appreciated that the
radi ati on dose profile can be controlljgd by nethods other than by nerely
controlling the intensity of the radiation received at each point on the
substrate, as described above. For exanple, the radiation dose received by

each poi nt ongtRefosHEE b Fcsubsifate 3hi BE PRfvidealty 1R 1itAdgiaphiedbinitudgn control | ed
by controlling the duration of the exposure of the point. As a further

exanpl e, eacha pertet-definadhéormabstuchtas GRSIL pdneerdemite yopesbithe degigmation in a

plurality of successi 0 i at . I each
oi nt can, _t noyarana e HRREeE et or sh i RRURIB RS AR, HEReRY £D
exposi ng the e Bbnthdiengindlugles ecieedrsudsetdad mhgipulation allévigesofeasiccessi ve

exposures. [0063] In order to formthe required pattern on the substrate, it
i s necessary ¢anfigyeed teanerfosn & pcessigvteruan Rydagositeast thabrepreseatidhes in t he

paLter 11 g Seil o Y5 RIS AL SRR L AOR M Bl oxposure

process. Therefore, na
must be transtdatdpath’t o each of the individually controllable elenments. In
one exanpl e, the |ithographic  apparatus includes a controller that

gener at e068k cont Flag dafrgranipulatipe dgweesepintheglatapgthyeary be weafiged e substrate

can be provid i g i | of.zdefi f ormat ,
such as GDSI LI? %ﬁotr%r éﬁ? Oir O&Q%négm ?ﬂi&ﬁ@é%ﬁ&mﬁ% 8&%??{&(]?%@26#% control
signal s for edsign mdoriationlihty bianip phtteadldataelcenwimting bitheap qantmoddter i ncl udes
one or nore data mani pul atiqn devi ces, ea(ih configured to perfO(i)tjm a
processi ng st &P adequirgdiradiation dase map (patpsly agrawred rdighion dase profile dat a

mani pul ati on ' I Lyel : : y pat h. "

[ 0064] The daigcg&r?actﬁ? Sgﬁsg&afegnéﬁlg%ﬁé say{) ﬁ?ﬁ?%ﬁ@ga‘%{%e 2%}]?t ZO (r:eéﬁfl- Fgur ed to
per f orm one oradimioe iafentite viablek ofet regceli Uindividoally coanvikati¢ rdemvaci and based
design information into bitnmap pattern, data; cqnverting bitnmap pﬁttern dat a
into a requi r €VEHERatheofebed FRYRUICAaEIISItY YRGS Ay crdyiiadiviiyatibse profile

across the SUBSHIALED elcHRAY fhS bolesPor @R ESRA Gighliat i on dose map into

required
[0065] Figure 2 depicts an arrangement of the apparatus according to the

present invention that can be used, e.g., in the manufacture of flat panel
displays. Components corresponding to those shown in Figure 1 are depicted
with the same reference numerals. Also, the above descriptions of the various
embodiments, e.g., the various configurations of the substrate, the contrast
device, the MLA, the beam of radiation, etc., remain applicable.

[0066] Figure 2 depicts an arrangement of a lithographic apparatus, according
to one embodiment of th¢ present invention. This embodiment can be used,
e.g., in the manufacture of flat panel displays. Components corresponding to
those shown in Figure 1 are depicted with the same reference numerals. Also,
the above descriptions of the various embodiments, e.g., the various
configurations of the substrate, the contrast device, the MLA, the beam of
radiation, etc., remain applicable.

[0067] As shown in Figure 2, the projection system PS includes a beam
expander, which comprises two lenses L1, L2. The first lens L1 is arranged to
receive the modulated radiation beam B and focus it through an aperture in an

aperture stop AS. A further lens AL can be located in the aperture. The



radi ation intensity values for each individually controll able elenent; and
converting the required radiation intensity values for each individually
control |l able elenent into corresponding control signals. [0065] Figure 2
depicts an arrangenent of the apparatugyaccording to the present invention
that can be used, e.g., in the manufacture of flat panel displays.
Conponents corresponding to those shown in Figure 1 are depicted wth the
same refer encladiaume bedrs B Hedalivirhe @ldoy odrad by flid siaendiens e (eay.j ous

enbodi nent s, g t he various configurations of the substrate, the contrast
devi ce, the I\ﬁl?l\ I8k beam of radi at i on, etc., renmain applicable. [0066]
Figure2 icts f ding to
one enbo nt of &ﬁheaf,{o?é} ggﬂﬁ%tﬁr\g}eﬁﬁ%ﬁepgﬁ?gﬂggﬁb%g?g n?F %:bglrslesglgﬁ%(sed e.g.,
in the rranuf drtanged m‘reéélwt theaehnddd sypddaysed @dinpion BntBiffesent opionsiofig t o

t hose shown in Fig are depjcted with the sane reference n rals. Al so,
t he above des@?llﬁf’iﬁl‘%@ ofadiagign }I’aﬁaffbt% EQFErsRendiRg o enegor meg 9h g ys

configuratio V. beam of
radi ation, e?l ?dmc}dédh |C§Hg§ﬂ | ca]kaHE gqg ?Qtiémﬂg dewgﬁ:le nﬁllb;’e%ur ghrghg?

proj ection syms;&ntl%dlfﬁcénndlﬁSeﬁuh:hamraﬁmﬁlmdarMLm| Edmh:lenq)chsm thew | enses
L1, L2. The first lens L1 is arr ed to .receive the nod radi ation
beam B and fo@ﬁ&ecp’t’e PPrtign §ih t%ma%@?‘ﬁg'r@) ?th:tPF dp e ot u‘th i@s O\ furt her

| ens AL can t o & hen

di verges and I s ocu geg%lv BI;III t?%e‘g@g%%ﬁgﬁl %fnlggaégn sﬁ(ﬁgs% b%sg&gﬂi}ogns) [ 0068]
The projecti osubstyaie ek P$ willr bdnepprcclmdnhats ahknot@hrmly clightdesses ofithe arr anged
to receive th(ﬁ ﬁpded dul aﬁg di atjon B. fferent lg}grtl ons of the
nodul at ed r adf &ftf% HEIR'BENSED ¥inge AF2Y AL ehTes faR Sopprisg many

i ndividual Iy @gnahed beRh&sqhiN@HeSis 'nnuetdmhepa&é;emnagn&f}mg%nf’alamss t hrough

respective different lenses in the array of |énses M.A | ens focuses
the respectialenmpus tsedrasdlie paitermmgldéaceldD).adi ati on beam B to a poi nt which

exposed BB he: auE:  dbetipled EneihyicaRy Aahpy odtebcth £1sbhrf Shdtigh oni y

ei ght | enses ghefltQl udihg th%tsry%ﬁﬂoiamrgaﬂé Dfact &880 heantboA¥t ofithe array of
| enses can conprise many
present invention. The filled in circles represent the array of spots S projected

onto the substrate W by the array of lenses MLA in the projection system PS.
The substrate W is moved relative to the projection system PS in the Y
direction as a series of exposures are exposed on the substrate W. The open
circles represent spot exposures SE that have previously been exposed on the
substrate W. As shown, each spot projected onto the substrate by the array of
lenses within the projection system PS exposes a row R of spot exposures on
the substrate W. The complete pattern for the substrate is generated by the
sum of all the rows R of spot exposures SE exposed by each of the spots S.
Such an arrangement is commonly referred to as “pixel grid imaging,”
discussed above.

[0070] It can be seen that the array of radiation spots S is arranged at an angle
0 relative to the substrate W (the edges of the substrate lie parallel to the X and
Y directions). This is done so that when the substrate is moved in the
scanning direction (the Y-direction), each radiation spot will pass over a
different area of the substrate, thereby allowing the entire substrate to be
covered by the array of radiation spots 15. In one example, the angle 0 is at

most 20°, 10°, e.g., at most 5°, at most 3°, at most 1°, at most 0.5°, at most



t housands of | enses (the sane is true of the array of individually
controllable elenents used as the patterning device PD). [0069] Figure 3
illustrates schematically how a pattern on a substrate Wis generated using
the system of Figure 2, according to ong enbodi ment of the present
invention. The filled in circles represent the array of spots S projected
onto the substrate Wby the array of Ienses MLA in the projection system PS.

The substrat e0P6?,sat vy d. 10| at inost 005, PP 0Ion Bysheaxddplenthehe Y
direction as a series of exgoosures are exposed on the substrate W The open
circles repreduge 0dgdeasilelires SE that have previously been exposed on the

substr at O\m ?ﬁi f] h?#gre @Qf%é&ﬂém@t’i&hg%%n%ﬁ% ARSaRURALHA SibB¥atk he array

of |lenses projection system PS exposes a row R°of spot exposures
on the subst MatoanWe Ekmsedripl etsmgiratdaar usiigra pluealgybsft o@tioal ieagipes)er at ed by

the sumof all the rows R of spot exposures SE exposed by each of the spots
S.  Such an aaqcarfg%mnq embQstimeni of the prepnt dnveatiof f"p‘?‘ﬁ@?‘x‘@PﬁéﬂPWﬁgi ng, "

di scussed abo LAY ragdi.at i spots S

i s arranged a%{l{él<'31tn2[rga(r%fgééx b%raragpg??}\)/i@tg (r)hr % Q%Hg%égg%}?%%}g O\R?i?%lh%gierﬁ%gg%of t he

substrate |i eslpavg] drednged it Ineo Xown R 1, R2dh aéchessrimprd " Tduindigumtidonsicbo t hat
when the substrate ieagm)\fed in the sg.anni n di§e .t,'é?n Q,t e Y-.di{hecti on),
each radiati o_ﬂ‘agﬁla‘? 10 pdes 2k of Fadigtien sPefaS SNghthyoveriapss (IBstf at e,
thereby all O%é&QnﬁlQQih%@ﬁdrf ¥) itashe &R of %ebﬂljacgﬁtVé%fa?Q)fl?Xdiﬁtlﬁﬁl sg)bf@ﬂno‘c

radi ati on spots 15 In one exanple, the anglfe O is"at nobst 20, 10, e.g., at
nost 5, at noebe &anglle,txsoptical engimssire rangedtin atosast 3gows, 26 nstancerhst 0. 100,
at nost 0.05, or at_nost 0.01. In one e le, the ~angle i s,at |east

0. 001, [ 0071] "Priyth &S BB ERE AP ORGP EreRdh frehae il i spl ay
substrate W gan,B@raXMOSBewinl &pobtd beiR Caflreitibfigaté tPbd!p@kdrintdeh aopt i cal
engi nes, according to one enbodinent of the present invention. In the
exanpl e shownsingleghan. altvell deSppreciatealcthait anyrsuggde suBbar ef qpticdlueangihedy ei ght

opt1cal, engines, (ol SRk B RSN L Rk 2 e o8 PO
slightly over hepgst O & 164384, 94308 1&hist BE fat RAst Y2, ¥4 [bAkt U BSRAIRsOf7.1 he
adj acent array of radiation spots. In

In one example, the number of optical engines is less than 40, e.g., less than 30

or less than 20.

[0072] Each optical engine can comprise a separate illumination system IL,
patterning device PD and projection system PS as described above. It is to be
appreciated, however, that two or more optical engines can share at least a part
of one or more of the illumination system, patterning device and projection
system.

[0073] Figure 5 shows components (i.e. optical apparatus) of the illuminator
IL, according to one embodiment of the present invention. The illuminator IL
components comprise a homogenizer 100, a first convex lens 101, a set of
transmissive rods 102, and a second convex lens 103. It is to be appreciated
that the illuminator components shown in Figure 5 can be used in the
illuminators IL shown in Figures 1, 2 and/or 3. Also, it is to be appreciated
that the illuminator components shown in Figure 5 can be used instead of, or
in addition to, some or all of the components of the illuminator components
shown in Figure 1.

[0074] In one example, the homogenizer 100 comprises first and second

reflectors 100a and 100b which are parallel to one another and equidistant



one exanple, the optical engines are arranged in at |east 3 rows, for
instance 4 rows or 5 rows. In this way, a band of radiation extends across
the width of the substrate W allowi ng exposure of the entire substrate to
be perforned in a single scan. It wlljgbe appreciated that any suitable
nunber of optical engines can be used. In one exanple, the nunber of

optical engines is at least 1, e.g., at least 2, at least 4, at |east 8, at
| east 10, at freasd rall?a,tloﬁtsohﬁasl'fMl4Fheofﬁrsﬁ§nd %sﬁd teflectors) 100 1©BBRPA €, the
nunber of optical engines is |ess than 40, e. | ess than 30 or less than

20. [0072] Eakammsiseiftahouisn gimieces £ a@@ﬁ@blwénal%ﬁérpa@ce qf} fasrgxampleon system
L, patterni e n e cl.ib ove. IS
to be apprec‘g"ﬂitrtq o %ﬁ A\-})%% Q{ﬁ[,@l l?‘m%hg? %%e op §1§égﬁ ﬁ%l 2[ndedsg‘%af'ri:&)share at

| east a part reﬂfect@fsel(lﬂa roote caxf coéhprisel ﬂmal'ﬁlﬂdlﬁﬂlrﬁijﬁt die psitioas ahdig devi ce
and projection, system_ [0073] Figure 5 shows conponents (j.e. optical

appar at us) of Ofﬂ%’éatlolnﬁ W B?IHOWSLcafht?éo‘F‘HPsfﬁ‘ﬁﬂ? dnoprdek id RARRIAE tb?lr t he
present i nven(éd opjne illumnator IL conponents conprise a honbgeni zer

100, a first ShvexX” | ens 101, a set of transm ssive rods 102, and a second
convex | [@035[103. |In ére dxampée, dppradiatian eclircd Badrrahpedl id gemptatas deant ofiponent s

shown in Figure 5 can _be sed nthe illumnators IL shown in Figures 1, 2
and/or 3. Al sigdiafipn; QSten éarapfla? SKABRIECORIEE & ST OF AP HBYIEHd Bomponent s

shown in Fi gu&f{gx?t ff‘ﬁ‘g ea Ilﬂsd%‘ﬁvérg% et dfan éH to de vaddiiatiof floth a gegE Or all of

t he conponents um nat or “conp one own in Figure 1. [0074] In
one exanpl e, ThetenasoOhghti ber‘radlﬁﬁonoﬁmulcbnm Hel deIprawd sdwdmglimitedl tect or s 100a
and 100b whi cfl are parall e‘% t.0 qQne_ anat and equi di stagé 2159 fLom a

radi ation soufe@rompgnethdadipliy Mnige syl dSPeéfrP@et singtsad, shoslgh be an

conpr i se 11 3ty QitESosH FRRRE Y aiinkPbycIEl FRRTERE hehliRhCw e it o

exanpl e, quartz, or any other suit mat er| a ternatively, the first
and second rsaﬁﬂabketforme]iﬁﬂl&;ogi@mp asahiscossep pbowee. tvvo parallel mrrors. The

oSt O, TSR Bl LS, SRR AL B,
arranged to ggpRe 5@& SecBnd e&MBcRIrs 100a, 100b, three radiation beams (or sources) are
transmitted through an exit plane of the homogenizer 100 (this is instead of the
single beam that would be present in the absence of the homogenizer). The
three radiation beams can be considered to comprise one real radiation source
104, and two virtual radiation sources 104a, 104b which are images of the real
radiation source. It will be appreciated by those skilled in the art that the
homogenizer 100 can be modified such that more, or less, than three radiation
beams are apparent at an exit of the homogenizer 100.
[0077] The first convex lens 101 focuses radiation from the radiation sources
104, 104a, 104b, such that radiation from each of the radiation sources is
directed to a different transmissive rod 102a-c. The radiation can be
considered to be three separate beams of radiation 105a-c. It will be
appreciated by those skilled in the art that the input of the homogenizer 100
can be under-filled by the beam of radiation 105 generated by the radiation
source 104, in order to generate the three separate beams of radiation 105a-c.
The first convex lens 101 is arranged such that waists of the beams of
radiation 105a-c are aligned with the transmissive rods 102a-c.
[0078] As mentioned above, in one example each of the transmissive rods

102a-c is formed from quartz. However, the transmissive rods 102a-c can



radi ati on 105, and can, for exanple, conprise a |laser, or can instead be an
output froma beamdelivery system arranged to deliver radiation froma

| aser. The terns "light' or “radiation" should not be interpreted as being
limted to electromagnetic radiation iy the visible spectrum but instead
shoul d be wunderstood to include any wavel ength of el ectronmagnetic radiation
which is suitable for use in |ithography, as discussed above. 100761 As
shown schenat jiGRhd be fBmEdDHOR Sy SMer hittablRemaefihiethi weradparest afthbhe first
and second reflectors 100a, 100b, three radiation beans (or sources) are
transmtted twewleigtanf dhe raditionegekratedeby dirfo tpsidtionr sonow 194 dnitkisi nst ead of
the single beam that ul .present, in,the a of . eni zer) .
The three raf(’fffagml%r"i1 %%gf%ddkaﬁ lgéﬁc’cgﬁg}?aa‘gpgaecpf)lg%%&r:%@bseT%pnglfgga gr adi ati on
source 104, angnbiOofvitet todb 10a4iaalli @2bS9LEleesd Hidal updfhenboebenae e | mages
of the real radiation source. It will be appreciated by those skilled in
the art that leheth mospgeidl dgectiomoolc s bea radiations L genesatedrbyetheor | ess,
than three radjatiaon eang, ar - n.exi t i zer 100.
[0077] he 1 PAeRioB hpufe T S5 PBRAE QhrrBlnic Shin Mot o, BRARAER, OF
sources 104, ralildian 1084 land 906b thdiateré acheddnt @poh earriagahe eddstldRaraadi at i on
sources is directed to a different transm ssjive rod 102a-c. The radiation

can be consi §&tedretny lpngemeeherans yuieatthey, exsifndhcofods A2atangnl 05 alhis |t wil |

be appreciat T kil led I i

honogeni zer 1%@“4&0%#9%%&11?lsd%ért‘lirpﬁ?ﬁlld;bd} E@nﬁ?{{%oﬁggtrt#% }rlalt Ia frg\fr]lelgicggygener at ed
by the radi at therbeamost 1adialiod 1054 whicthepasies th@ngh aeefitsheod hiZe withpthe at e beans
of radiation 105a-c.. The first convex lens 101 is arranged such that waists
of the beams B#th length trayded bpsbe beam af mpdiationd Uab twhieh passeaispnghsthge 1 ods
102a-c. 10078],.A dmc?é?ned above, in one exanple each of the transm ssive
rods 102a-c Is forne romquartz. However, the transm ssive rods 102a-c
can 20 [005Ppad beld thiswedniplgnhathyrdabd d02sisilomdel e¢hamethe sécahd rédil 02ts

transparent at the | ength of the radiatiqgn generated hy the radiation
sour cg 104. | h? iﬁngthm@}&gﬁﬂfg}s %PcLiﬂiwéttWP w@@?ﬁfﬁ%ﬂ%ﬁﬁ@@ﬂﬁﬂ&ééﬁm second
rod 102b. Thew@fficﬁn'éf‘e%ﬁpm? @nﬂeﬁﬂ@&ﬁk Rds 108b Faﬂ&jﬁoél@%é ﬁd‘(;fofnjg?ﬁgolﬁerﬁe' ect ed

e
based upon the coherence ength in an axial direction eam of

radi ati on 105wheméregtexit thy rdédsel 02b and 102c. This length difference is determined

by comparison of the path length traveled by the beam of radiation 105b,
which passes through the second rod 102b, with the path length traveled by the
beam of radiation 105¢, which passes through the third rod 102c. Because the
refractive index of a rod is greater than that of air, the wavelength of the
radiation is compressed when it is in the rod. This means that the radiation
beam goes through more wavelength cycles when it is in the rod than if it were
in the air. This is expressed by saying that the path length of the radiation
beam has been increased.

[0080] In one example, the second convex lens 103 is arranged to focus the
beams of radiation 105a-c into a single beam. Although Figure 5 shows the
beams of radiation 105a-c as being spatially separated from one another in a
focal plane 106, this is for use of illustration only. Instead, the beams 105a-c
are arranged such that they combine with one another at the focal plane 106,
thereby forming a single beam of radiation. In various examples, this single
beam of radiation can be sent directly to a patterning device PD as shown

schematically in Figure 5, or can alternatively be directed to the patterning



radi ati on source 104. The length difference is such that two beans of

radi ati on 105a and 105b that were coherent upon entering the rods 102a and
102b are no | onger coherent when they exit the rods 102a and 102b. This

| ength difference is determ ned by conparison of the path length travel ed by
t he beam of radi ati on 105a whi ch passes through the first rod 102a, with the
path length travel ed by the beam of radiation 105b which passes through the

second rod 1Q#Rice [v@QZ%Ladl @Fﬁ&erqf&@%b@,astsh@whhﬁ Filghu&é%dl aRP2) biSsdn@nger than
the second rod 102b The length difference is such that two beans of

radi ation 10Bﬁmamdﬂdﬂﬁbﬂﬂmaﬁnﬂnww@nE@ﬁérent upon entering the rods 102b and
Thi s

102c ar | onger herent Xi,t the ds. 10 d 102c.

| engt h iioﬁggrence IPs 8&‘8?1,911 \é\{g‘) %gld}rg%ﬁ g%F ‘8V?5§{°H Té)r‘l’mt H travel ed
by the beam dfiglirddj RémEgenlf2Bkhe bw&mcmspg%ﬁs@ﬁedtw még*adiah@n:‘ss@l@edoaod 102b,
with the path %ength travel ed by the beam of radiation 105c, whi ch passes

t hrough t he twshlledamngolzt@rfe@é@eanmblmtha? aer sgen jily €ORVRAERNfSYStemsd i s
greater than tl?lﬁlicé)oagd% ansﬁ{ﬁp&h?h% b fl‘?edé&%d ‘?QSEMQ ressed

when it is in e PHdi at1on - peam goes rough nor e

wavel engt h cyalo@scoMedhce tto ibs removdiefromda béemn tlna‘t i6 highty €ohdrentt@g..ai r. This is
expressed by saying that the path Iength of the radiation beamhas been
i ncr eased. [dwem] geparagadebyo high eoherenec serdn Existing egnyeatienalpphergneg r anged t o

focus the  beabyal fAMh! b0 0RARF b il "9hf BRI dbEhRUGl Figure o

shows the beans'o Iation sep arafe from one

anot her in a exhmph), ipltien GeltiOss, ﬂiﬂ’tpe&el alsfﬂ@y m@rﬁlfmureldruﬁterg@atmcbmraﬁi
| nstead, the beans 105a-c are arranged such that they conbine vvlth one
anot her at t Heafusecayre heeavse XaBlows pvSREgh fiensth gadiatiaiguecede &mustd r adi at i on.

In various e Hg&a%ﬁp%g“%%g&%&”%@§@25§$ﬂy?ﬁi | n can be sent directly to

a patterning device F| gure 5, or can
al ternat[00&d]y be dnrtheteanple shh@n,pﬁubtsgstahrubo% indbégure & operates bheamma splitter

(for exanple as shown in Figures 1 and 2) or some other suitaple beam
transmi ssi on H@gpson pplye 151 i5 Ph%aseieaﬂba eiatéﬂﬁ’o%d Wil berappEsciAtstt that ¢ he

I nvention shayn, eﬁﬂ%&fé G RrAREPRTYelESin 1S LERMidRDyIRAGhEEGELRY the

radi ati on sourc
modifications. For example a two dimensional array of rods can be used, and

the lenses 101, 103 can be spherical (cylindrical lenses would be used in a
one-dimensional system).

[0083] In one example, the f-numbers of the beams are chosen to be
sufficiently large that the variations in optical path length do not have an
appreciable effect on the beam that is incident upon the patterning device PD
(e.g., telecentricity, field curvature, etc).

[0084] It will be appreciated that the rods 102, which act as a coherence
remover, can be replaced by an alternative coherence remover. For example,
any suitable apparatus that requires each of the beams 105a-c to travel through
different path lengths and then recombines the beams can be used. The term
‘coherence remover’ is not intended to be limited to an apparatus that entirely
removes all coherence, but instead is intended to mean an apparatus that
removes at least some coherence, such that operation of a lithographic
apparatus in which the coherence remover is provided is not significantly
compromised by problems arising from coherent radiation.

[0085] Figure 6 shows a coherence removing apparatus that can be used to

remove coherence from a single beam of radiation, according to one



whil e avoiding interference problens that are seen in conventional systens,
whi ch can be due to the overlap of coherent beans. The exanpl e shown can

al |l ow coherence to be renoved froma beamthat is highly coherent (e.g., a
beam generated by a high coherence | aseyy). Existing conventional coherence
removers may not be capable of achieving this. This can be desirable, for
exanple, in the field of flat panel display manufacture or integrated

circuit mnu%ﬁ%&lhﬁn@%@‘%l%@?rés‘éma vedford Bk Yedhb&hcd @&ﬁaﬁhgya badhat i on
source to be used such ation sources are comonly highly coherent).
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di nensi on onl f ease of il ratiQ it ppreci at ed
that the app\éerfg?fﬁ lﬁ?‘? t@ a%’ﬁeeﬁa’%leogg’ L P%htf eﬁ%ﬁ%d%r“&?&d ay nmeki ng
sui tabl e modid ifeah itRASthere ik aegsﬁambﬁglar&wvedtdrﬁﬁsmﬂ@l téah aisobf fHeds can be
used, and the |lenses 101, 103 can be spherical (cylindrical |enses would be

used in a onepiismehsuaner wasiesnleta203 [[0BGaEd pdjacens te fhenhsiam spliter fZOhunbers of
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i nci dent uponophe 1Pahé exathple, Be\Wes@ sphtter( B10is.a pRhRARNbEAS ispNtterfdndl d
curvature, etc). [00841 It w il be appreciated that the rods 102, which act

as a coher encéhe quansyavave piate B83ris selawr co Bhat spdiatiors phatfirsepelarizationc e
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the beans canthe pds@idinglheathekplitter COEr €ME CarlotiBPVeXampls, AAt equivdested to be
limted to an apparatus that entirely renoves all coherence, but instead is

i ntended to me matw@paanabgswﬁdmépch teatrothe gadiation: is firg ofelleeteh dwethee, such
that operat| Onol%n%f?i%lﬂ)é Oi%a 501 ARRAL ARYS 1 %&Mﬂfeﬁh rf & RRIR"&NGR, remover

i's provided i § i gni conpr om se eirs arising from
coherent radi @b]aﬁﬂmg[bggﬁ@hﬂﬁrgmne 6 shows a coherence renovi ng appar at us
that can be used to renove coherence froma sjingle beam of radiation,
accor di ng0886] one 21 orheysEmnie @ coblimatyd beana of FadigtionPdingsses fiyeuglher ence
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incident upon the partially reflecting plates 202. Each of the partially
reflecting plates 202 will reflect a portion of the beam of radiation 205. Since
the partially reflecting plates 202 are “lightly wedged,” and the air gap
between the partially reflecting plates is “lightly wedged,” each different
reflection of the beam of radiation 205 will have a slightly different tilt with
respect to other reflections of the beam. The separation between the partially
reflecting plates 202 is selected such that the reflections of the beam of
radiation 205 are not coherent with respect to one another. Thus, an output
beam 206 is not coherent and does not suffer from interference problems. The
output beam 206 can be directed, for example, at a homogenizer or at a
patterning device.

[0087] Figure 7 shows a further alternative apparatus for removing coherence,
according to one embodiment of the present invention. This apparatus
comprises a first set of stepped mirrors 300 and a second set of stepped
mirrors 301. A pair of polarizing beam splitters 302, 303 and associated
quarter wave plates 304, 305 are arranged to pass radiation to and from the

first and second sets of stepped mirrors 300, 301.



reflecting plates 202. In one exanple, the term"lightly wedged" is intended
to nean that there is a small angle relative to the normal to an axis of the
optics. A quarter wave plate 203 is |ocated adjacent to the beamsplitter
201, and a fully reflecting mrror 2044 s placed after a final partially
reflecting plate 202. In one exanple, the beamsplitter 201 is a polarizing
beam splitter and the quarter wave plate 203 is set up so that radiation of

a first pyysg[izati Hﬂon@%&&ﬁ?le’f fﬂlﬁ@ﬂ@sﬁ &h%f@@pﬁéd #iRBrdSAMceRIpkibdsesix 201, but
is reflected on its return pol ari zing beamsplitter 201. In another

exanpl e, an eqmrmal eash of sdmigh lgm?l‘éqcitlm Onadeﬁﬁéarut%ufaﬁcné% (thasurfaee caadi ation is

first reflect b ol.ar,i zi n litt is the ransmtted
on its retur ng?vé: )f{h(}éﬁerﬁB{)ngmtfiﬁ%n %ré gg%ﬁonf tcgpﬁ%lﬁ gggi aIpRarS{r?iléi exanple, a
col I'i mat ed begmiplofriagi @fle@ive2QRfR8s 306 ﬁshp@umedténea PesahiezBOM theam

splitter 201 and the quarter wave plate 203, and then is incident upon the

partial |y ref bestraieg bpingtbesdebwgetharte tormithe figwses off styppedaninees 30y pl at es
202 will refl Iy t f b
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reflection of the beamof radiation 205 will have a slightly different tilt
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Thus, an out pifediud@lFMadflfn,i &c. no{and:ﬂdﬁenherpaﬂﬁndgmo\eﬁhmome subdteite ftselMm
i nterference E@Obl ens. The output beam 206 can be directed, for exanple, at

a_homogeni zer Eagh sbstzate 347 hay Wl%\?“@éedge@%v‘hﬂhﬁtb%%‘@atio%hfo‘ﬁhlchaf urt her
alternative ag%ﬁ%ﬁﬁra §07fr(ﬁd¥i? 19% &R %{ 6% reﬂé‘&ﬁr%rsﬂhﬁl - 3 gx%‘?ncﬁ odi ment

of the presenf invention para conprises a st epped
m nors 300 andnan aéjacsnd sestratefis abtexpslblé to therbeamsof30diatigh pE8.r of pol ari zi ng
beamsplitters 302, 303 and assom at ed ﬂ@arter way e g)l ates 304, 305 are

arr anged [9089bass r lpng sxamnle Vi in useiherheamrqf radiation;3Q8 passes thedughot st epped
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mrrors 300 conprises
portions of the beam are reflected from the reflective surfaces 306 of the first

set of stepped mirrors 300. Due to the different path lengths traveled by
different portions of the beam of radiation 308, the portions are not coherent
with one another following reflection from the first set of stepped mirrors 300.
The quarter wave plate 304 then rotates the polarization of the beam of
radiation 308 such that it is reflected by the polarizing beam splitter 302.

[0090] It will be appreciated that, in this example, coherence has only been
removed from the beam 308 in one dimension by the action of the first set of
stepped mirrors 300. Coherence is removed from the beam 308 in a second
dimension by using the second set of stepped mirrors 301. These are shown
for ease of illustration asibeing stepped in the same plane as the first set of
stepped mirrors 300. However, in practice the second set of stepped mirrors
301 is provided in a perpendicular plane, such that coherence is removed from
the beam of radiation 308 in a second direction. In the context of Figure 7, the
second set of stepped mirrors 301 will be perpendicular to the plane of the
paper on which Figure 7 is shown.

[0091] In one example, the second set of stepped mirrors 301 comprises

reflective surfaces 309 each provided on a substrate 310. The thickness of the



m nors, each of which is reflective on a left hand surface 306 (the surface
can have a different orientation in a different configuration of the
apparatus). Each of the reflective surfaces 306 is provided on a substrate
307, the substrates being bonded togetdyer to formthe first set of stepped
m nors 300. Each substrate 307 is selected to be just thicker than the
coherence length of a beamof radiation 308 fromwhich the coherence is to

be renoved. | tubstrhte 3@ isagpatec ilginethetdigthndehbeawtdli Cikstemd fisal deflestivened i n
terms of the path Ienthd]h travel ed by the heam of radiation 308 in, for
exanpl e, air, swtases 9ot ehe firstetet Ghwierped qumprseiQO. | Thisgensytestthat Y&t h 1 engt h

wihin the SuBRbhaley io%ss%égmgcrﬁﬂg&sg. Po8dR o 3t e Bfectng! Rflhper edoe,

such that the catlron at iven substrate 307/ cones 1 nto contact
with a refl ectohegergtitd poreioBO6f the dbeaml efiradtatioa3 08.djTac bedm sfiksliatmha08s not

visible to the beam of radiation 308.. 100891 In o exanpl e, when in use the
beam of radi atS Eﬁﬂegﬁg byadigesgce B%ﬁzmgﬂf@a‘ﬁdﬁiﬁﬁﬁgﬁ& B@g‘lr)ﬁ g"fS‘P‘i&}&@F 302 and
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m nors 300. Duoftheosechrd deétf dfestepredpairtors A4t Hihet beawe b£ dadigtiondihfh S08nt

portions of the beam of radiation 308, 't poritions are not .coherent wth
one anot her f 83 %ﬁ%“%?hee‘@laftﬁﬁ“fa?'ﬁrﬂiﬁtﬁg% iqngtthgéfzc%‘fj %qq%rﬁig%l Y MRors 300.

The quarter “@Mﬁt@ﬁb?ﬁ,g{cﬁ?ﬁl{ekﬁ@céxPB@&i?e%téd[‘R)rFéS?&ﬁglie,Z&tél_Rﬂn enlZ3fogam of

radi ati on 308 'suc Is reflected by the polarizing beamsplitter 302.
100901 It wi | hpbeeraimgrdeeicat ed that, in this exanple, coherence has only been

renoved f the b 308 in one di.nension by the actipn of the first set of
st epped mﬂg’m)r s BOSgﬂ]%WSr f @ty Oifé}?ﬁ)f/‘égaaf‘ ofift eseﬁseﬁﬁﬁﬁ%eqt AP Second

di mensi on by 4gp gt e REGUIGadislio 805 LSRRG FhrisErsely3R two HAESRIGHsE Shown
for ease of illustration as being stepped in the sane plane as the first set
of stepped nimosguaddox retlonguarregions pacheff ivhéch is @aotenherait with repesttepped

mrrors 301 isS grgvi ded in a perpendicul ar plane, such that coherence is
removed from ' AEEBRAM of radiation 308 in a second direction. In the

cont ext @§o9B| Jure The tefbodiRGR MsGfled Ubodd P RASkIdH RPFRUROS Welulbedd
per pendi cular to the plane of the paper on which Figure 7 is shown. [00911
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can be located after a coherence remover.

[0094] Figure 8 shows a homogenizer located after a coherence remover,

according to one embodiment of the present invention. The coherence
remover comprises a set of transmissive elements 400 that is placed before a
condensing lens 401 and the homogenizer comprises a quartz rod 402 with
planar reflecting upper and lower surfaces. A beam of radiation 403 is
directed toward the set of transmissive elements 400. The set of transmissive
elements 400 provide a plurality of beams of radiation which are directed
toward the condensing lens 401 and then the homogenizer 402. Each element
of the set of transmissive elements 400 has an optical path length that is
different than that of its neighbors to remove or reduce the coherence of the
beam of radiation 403. For example, this difference can be greater than the
coherence length of the radiation source. In one exemplary arrangement,
alternating long and short transmissive elements are provided. In another
exemplary arrangement (shown in outline) a series of stepped transmissive

elements are provided.



24 substrate 310 is greater than the distance between first and final
reflective surfaces 306 of the first set of stepped mnors 300. This
ensures that the second set of stepped mrrors 301 does not have the effect
of returning coherence to portions of ,the beam of radiation 308. The beam
of radiation 308 is reflected by the Sécond pol ari zing beamsplitter 303,
passes through the second quarter wave plate 305 and is reflected by the

gfef lect | urfaceﬁégﬁ% sRwd B&o ﬁﬁ%@{l}gels%&o?cim?tt@%@@n{ﬂo'agﬁélﬁgjthe The beam

radi a io then 3 passes t the quarter wave plate 305 and the
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radi ation 308;dusprfley hdfdt hﬁﬁ%ﬁﬁfé@d)(yahd‘ atéégoﬂi QR B?e smwt\sah@gq@re or

rectangul ar regions each of which is not coherent wth respect to its
nei ghbors. [Oﬂﬁﬁ}ged'hmaermmdiatrelmttha!iQSMnstyedeabohﬁaﬁrsh queﬂalpiamSt)@ Figure 5

i ncl uded a wa ocated before a ce,renover
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a honogeni zer | ocated after a coherence renover, accordi ngoto one

embodi nent of the heurfaces enft theniasit Qeartz Phate oiﬂer@lﬁGether dpam ep02 dapbt ses a set
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converted by a fourth cylindrical lens 506 into a collimated circular beam.
Cylindrical optics 507 then adjust the beam 502, such that images of the first
and second quartz plates 500 and 501 coincide.

[0096] Although the homogenizer shown in Figure 9 comprises first and
second quartz plates 500, 501, it is to be appreciated that two parallel mirrors
can, in the alternative, be used to provide the function of a given quartz plate.
Also, the positions and orientations of the mirrors can be adjustable in order to
optimize their operation. A plate formed from any other suitable material can
be used in place of the quartz plate.

[0097] Figure 10 illustrates an alternative combination of coherence remover
and homogenizer, according to one embodiment of the present invention. A
coherence remover comprises a stepped series of transmissive rods 600
located next to an array of lenses 601. The stepped series of transmissive rods
600 and the array of lenses 601 can be provided in two dimensions, a single
dimension being shown in Figure 10 for ease of illustration. The array of
lenses 601 is arranged such that each lens focuses radiation exiting from a
given transmissive rod 600 onto a condensing lens 602. The condensing lens

602 focuses radiation from each of the lenses of the lens array 601 onto a



exenpl ary arrangenent (shown in outline) a series of stepped transm ssive

el ements are provided. 25 [00951 Figure 9 shows a honobgeni zer, according to
one enbodi nent of the present invention. The honobgeni zer can be used, for
exanpl e, wherever a honogenizer is refgrred to in the above description.
The honogeni zer conprises a first quartz plate 500 and a second quartz
plate 501, which is arranged in an orientation that is transverse to the
first quartz giffriceive@Ptica eldnemnb03. Thadtaidemsingdleds 60ais armngal dveh letogeni zed

passes via a first cylindrical, condensing. lens 503 jntq the fir quartz
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Figure 9 conprises first and second quartz plates 500, 501, it is to be
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operation. A Bhﬁ%%trﬁ@thféeﬁro@fd@mb?%e Qieppéd Sdticl dph@niMisEivE 2bdsC60D, 2Re Used in
pl ace of the quartz plate. [0097] Figure 10 illustrates an alternative

conbi nati on ofhetabyereeide amplituds medidatinonegénéartaspording rigtengity onwme
enbodi ment of Itligel_rqu){esent invention. A coherence renover conprises a
st epped seri e¥M5™Yansni ssive rods 600 |ocated next to an array of |enses

601. The gﬂEQPDGQ SH b&s e@fmple athe ndtepped Serfi@dst tr&f3thigned 0de GB0raM @tk | enses

601 can be provided in two dinmensions, a single )
array of lenses 601 can, for example, be provided in an 8 x 8 configuration.
When this is done, a beam of radiation passing therethrough will be converted
into an array of 64 beams that are out of phase with one another. The beams
are mixed (i.e., homogenized) by the diffractive optical element 603, with the
effect that a single homogenized beam passes to the first optic 604. The
homogenized beam does not include intensity modulation caused by
interference (i.e., coherence has been removed to a sufficient extent that no
appreciable interference occurs). The diffractive optical element 603 can be
used to convert the beam of radiation into a required beam shape, which can
then be directed to the projection optics.

[0100] Figure 11 shows a coherence removal and homogenizing apparatus,
according to one embodiment of the present invention. This embodiment is
similar to the embodiment shown in similar to that of Figure 10. Referring to
Figure 11, a stepped series of transmissive rods 700 is located next to a
diffractive optical element 701. The diffractive optical element 701 separately
directs each beam output from a given transmissive optical element to a

condensing lens 702. Each beam of radiation output by the diffractive optical

element 701 passes through a condensing lens 702, which converges the



di mensi on being shown in Figure 10 for ease of illustration. The array of

| enses 601 is arranged such that each | ens focuses radiation exiting froma
gi ven transm ssive rod 600 onto a condensing | ens 602. The condensing | ens
602 focuses radiation fromeach of the27enses of the lens array 601 onto a
26 diffractive optical elenent 603. The condensing |lens 602 is arranged
such that radiation that has passed through each of the | enses of the |ens
array 601 cotseaﬁrsgffaradmtldtmm diat thegspatiadlyapteilamivithl cewendtheD 3t a sdvenéby for m ng

a single beam radi at| on. e exanple, the diffractive aptical el enent
603 conpri seSiTEHEVEOPHE} eelﬂpTIf r@gt i ﬁ?\e g‘get‘ggi’ eh"ﬁ%tts of radigtion, fyaya ¢ o
di ffract radghnRiZedRaf otf%aﬂheé\?] *tv}ac}p@%heétfeattb Qteliipdd Kt Gfappassed

t hrough projection optics (not a l'ithographic apparat us (not
shown). A fi rls;tthelseamdaﬁﬁfraoﬁvct t)mtqatdpmcmu?@a optics is shown schematically in

Fi gure 10. [ 0098] a the diffra |cal el ement. 603 is
ooat e THOM o anaRoRiEh G5 i tretsisstts 148 700 il Mo B ERUFED. it Th s

| ocation of t{A) bdifdréambd Hat RPirh&Rk tﬁhemwa%din@mﬂ%hramyeofbs@@use it
avoi ds defocusing of a phase structure provided by the stepped series of

transmi ssive wbigh ca@(for exranple.romginige 8ol U)siSaﬁphtlétrle ¢henditftdcaive onticahd

corresponding jinte t on- _uniformt. n_one exa he stepped
ser! es of tr SHERPELT et d et LR Povte o4 PPapt i B S EHR Gupsed

exanpl e, be pppiedsaddndingdnerst 7028 configuration. Wien this is done a beam
of radiation passing therethrough will be converted into an array of 64
beans t hH102f e out Inofthe ebore wleserikede emhodiments Thethp elmiventicay ewhérged (i .
honogeni zed) the.diffractiv t h ef f ect that a
S noe homouehimestisih s ERESRY TP incRrorl EEbroS dod W ichfRcten zed beam
does not i ncl g&eribdt @sﬂﬁéih% papgliel & 0 afieHee d However tRd FITeBIRE chn bE-

coherence has been removed to a sufficient extent that no appr eci abI e

i nterference angedrelativakeonsi 4othest i ve optical el errent 603 can be wused to
comver P LA’ 4 e R SRS ED P P
removal and hgipdaefilaiveGoadieadrdties, accarlity i o El@b@dlﬁleﬁﬂbﬂﬂld’rpﬂéher@f the
present | nvenfnlv(e)l?tlon-rh/lx ior?lgggnqlzer;%?)g clor%prlses a first plate 800a and a second plate
800b, each of which is angled relative to a central axis indicated by dashed
line 801.  This has the effect of making the entrance window of the
homogenizer 800 greater than the exit window, so that exit angles of radiation
passing out of the homogenizer 800 are greater than entrance angles of
radiation passing into it. This is shown schematically by arrow 802.
Adjusting the angular orientation of the homogenizer plates 800a and 800b
allows the sigma of radiation passing through the homogenizer 800 to be
adjusted. In one example, the plates 800a and 800b of the homogenizer 800
are rotatably mounted to allow their angular orientation to be adjusted. This in
turn allows the sigma of the radiation to be adjusted.
[0104] It will be appreciated that the entrance window of the homogenizer 800
can also be smaller than the exit window, so that the exit angles of radiation
passing out of the homogenizer 800 are smaller then the entrance angles of the
radiation passing into it.
[0105] The above description refers to optical apparatus. It will be appreciated

that this optical apparatus may constitute an illuminator or illumination system

or form a part of an illuminator or illumination system.



simlar to the enbodi mrent shown in simlar to that of Figure 10. Referring
to Figure 11, a stepped series of transm ssive rods 700 is |located next to
a diffractive optical elenment 701. The diffractive optical elenment 701
separately directs each beam output fragm a given transm ssive optica
elenment to a condensing | ens 702. Each beam of radiation output by the
diffractive optical elenent 701 passes through a condensing | ens 702, which
conver gef0tDbg 27 tHhanaboot desdriptioronrefers tthathannely, spat chdrnglsowerthap wi th one

another at a second diffragctive opti.cal el ement 703..The overl appi ng beans
of radiation PUFH"™4C r%%ﬁeﬁkiﬁgdc}’&gﬁﬁf 1Yy By Pt PBcal Giamapty ?’%bc n%grtgd to a

requi red beamghRaR&T tihsthteing §6AKIngd letd, hakh W r@Rhi SR Wit eI be 033. [0101]
Al t hough only four transm ssive rods 700 are shown in Figure 11, it wll be

appr eci at ed t hfita plurghitycifi beantshof rahatidne Faor taxemgilayeths | dannelsimayy bef r ods,
whi ch can, for_ ex | e, canprjse 8 X raods. Simlarl e.diffractive
optical el enBh{cary rae%mmﬂgg SFF%‘EHEe%P &ngeotﬁn&g“%hve%é%é? ﬂ%ﬁgﬂ?e ‘pass to
the focused Iy LAnCRAS 1HEQiE@AT opRl ph@16knd. n the above described
enbodi nents of the invention, where a honogenizer conprising first and

second r €08kt or s The abexst delseription| referotosradiation,dedistioeeiress dndihegmparal el to

one anot her. ver he.reflectors.can be .angled relative t.o0.one another.
[ 0103] Fi gur _e‘k%%baﬁ‘%st%‘gﬂ{)g%ﬁ?pﬁ?m%ﬁw |ﬂ§e| rﬁalaﬂg? 5&65?1%%518@8551’“?'[33 | ectors
angl ed rel at i ¥erddftioAhadih@t 1 efsiblaKGOEIdhAB, Al QhCinClide it Wavefenithe present
i nvention. A honogenizer 800 conprises a first plate 800a and a second plate

800b, each of inghidmg ulraxideterhdiasiont orv mfrapeda raskaitonawhighi arei swdablgt &1 by dashed
i ne 801. Thig has bhe %}‘ifecte o&ovréaki ng the entrance w ndow of the
honogeni zer 8HBOEPRAY- & HSTURCI AR i t wi ndow, so that exit angles of

radi at OPlospssi NgAMHbugH spREINUTREAN ¢ bEGRRN B Bieah@ totthansenfr ance
angles o radi ation passing into it. This is showm schematically by arrow

802. Adj ust i Hthogtaphigngaparatusy i hamageniger mdfone cohpriengenireraeves| & eeg800a and
2000 21100 MRBRGRESEh ASRLAORPEE! DR MaNAR dopReer 000t
800 are rot atirplay), iDshduRICbd Gndetdtend thixethé ligivgtiphlc paehisaho@ogémzdie
adjusted. Thi gnci/(r)]r coherence remover described herein can have other applications.

Applications include, but are not limited to, the manufacture of integrated

circuits, integrated optical systems, guidance and detection patterns for

magnetic domain memories, flat-panel displays, liquid-crystal displays

(LCDs), thin-film magnetic heads, micro-electromechanical devices (MEMS),

etc. Also, for instance in a flat panel display, the present apparatus can be

used to assist in the creation of a variety of layers, e.g. a thin film transistor

layer and/or a color filter layer.

[0109] Although specific reference can have been made above to the use of
embodiments of the invention in the context of optical lithography, it will be
appreciated that the invention can be used in other applications, for example
imprint lithography, where the context allows, and is not limited to optical
lithography. In imprint lithography a topography in a patterning device defines
the pattern created on a substrate. The topography of the patterning device can
be pressed into a layer of resist supplied to the substrate whereupon the resist
is cured by applying electromagnetic radiation, heat, pressure or a combination

thereof. The patterning device is moved out of the resist leaving a pattern in it

after the resist is cured.



turn allows the sigma of the radiation to be adjusted. [0104] It wll be
appreci ated that the entrance w ndow of the honbgeni zer 800 can al so be
smaller than the exit wi ndow, so that the exit angles of radiation passing
out of the honogenizer 800 are smaller %hen t he entrance angles of the

radi ati on passing into it. [0105] The above description refers to optical
apparatus. It will be appreciated that this optical appar at us may
constitu illu t [ § f an

il lum nal(gr ﬂgr il Svrr}?%a?éeggfcsyg%)g&g&g%s Q?tlﬁyﬁi‘)%ﬁ% geggbdgsdg?{r&e?on refers
to channel s, abaye, rthnalirbeIappnemateldehaidhemnmtmnr@nﬂwepractl‘fbréeélenmmﬂlahs may be
any optical el enent ch are able of transmtting, reflecting etc. a
beam of radi aff ﬂﬁﬁ%fn%ﬁ%e otﬁg Inygntign gag L g‘fq fhe Mb%éw%lmfeém ation.
For exanpl e, F%%rzﬁﬁ%ﬂﬂt% nindBe eﬁmo?@tseq%héex Jfﬁﬁ&bﬁmesewm@heffﬁmam such as
the transm ss rods 102 of Figure 5. The channels nmay have different
optical path H@ngimg a[rﬁdlhdc] a'fhdasdm@deabmrscpr pt datn stefage gneddumatki. @t i on,

radi ati on sources .ati on be a reC| at e that t he
o ati on 1 of SR nfRer i PASPENE of Shbsali SFDobeviEs, SR &

wavel engt h, a ﬁi) st tHekeirpt her wavel engths i ncl udi ng uI traV| ol et

radi ati on or rared radiation which are suitable for |ithography, as

di scussed above [0108] Al though specific reference can be nade in this text
to the use of ool ger aphi ¢ apparatus, honpgeni zer and/or coherence renover
in the manufacture of a specific deV| ce (e.g., an integrated circuit or a
flat panel di splay), it should be understood that the |ithographic

appar at u nogen or e can have
ot her apiTHEET oo Wil AL enRRARERE R R bR REEhRAE HGE YT

manuf act ur e otledcribeditaive it sigiuld bié hﬁderStm&@aﬁheﬁlhmtheeﬂbresyﬁié&lby wagui dance
and detection Pat t er ns for magnet domai.n nenories, flat-panel displays,
| i qui d- cryst aP! examplepaly, en‘tegl) hmttﬁ'ilcﬁl It will hspnpptet fpopgrgons skilled in

e oo TRl SRR By sy ATl bR 11
of a variety eofithbaydeparting.fghm ehetspirit ahd beope étei iatention! dhes, thebeadtha col or
filter layer. and scope of the present invention should not be limited by any of the above-

described exemplary embodiments, but should be defined only in accordance

with the following claims and their equivalents.

[0112] It is to be appreciated that the Detailed Description section, and not the

Summary and Abstract sections, is intended to be used to interpret the claims.

The Summary and Abstract sections can set forth one or more, but not all

exemplary embodiments of the present invention as contemplated by the

inventor(s), and thus, are not intended to limit the present invention and the

appended claims in any way.



[0109] Al though specific reference can have been nmade above to the use of
enbodi nents of the invention in the context of optical |ithography, it wll
be appreciated that the invention can be used in other applications, for
exanple inprint lithography, where thegscontext allows, and is not limted
to optical [lithography. In inprint |ithography a topography in a patterning
device defines the pattern created on a substrate. The topography of the
patterning device can be pressed into a |layer of resist supplied to the
substrat e wheggipPRChigedBSi St 1S cured by applying el ectronagnetic

radi ati on, heat, pressure or a conbination thereof. The patterning device
is noved out of the resigtopkigA\UpPrafisP@niilsthgt N it after the resist is
cured. 29 [01101 Wil e specific enbodi nents of the invention have been
descri bed above, it wil hcberaperenperddvingatplurhkityiof¢bannebnandn be practiced

ot herwi se than as described. For anple, the invention can take the form
of a conputer program ?:h?ﬂ?’&lg‘?ﬂlﬁed tﬁ%ég&erﬁﬁrbga@e(gd@ﬁﬁ{é%n 3’?0 ?rﬁh‘ﬁzilﬁﬁ% readabl e
instructions ofgsals dirddiafollBLEPHaPScHirspasRbnRPeY the phiraBtyddtiRamkor age

medi um (e.g. sem conductor menory, magnetic or optical disk) having such a

conmput er  pr ogf mdiatipn pesses Hepwdna respestive ohoaf the@luralitywri dhannedy oloihs

enbodi nents of .the present invention have been described above, it should
be understoodc‘?hﬁéetnc?ﬁeé'g}o‘ﬁé\/e been presented by way of exanple only, and not
limtation. It will be apparent to persons skilled in the relevant art that
various changes in formand detail can be made therein w thout departing
fromthe spirit and scopke optieahappamtenef daim r{ugherchmppsiagadt h  and scope of

the present invention shoul ot,_be lim.t by a f the.above-..described
exenpl ary enbod ments, - AoCPOrR gL Bl BerPbef e RombBS AT ofTh | he

fol | owi ng cl apsferdird réhevdr, Be Wptiodl @nsent [b@iia%%hahged@ doaptaahigmrﬁq'yat ed that
the Detailed Description section, and not the Summary and stract

sections, is Phthsamedoft sadintions edtpib ffom dherhomageeizer antasthe wspectiyemary and

Abstract sections can.set h or nore, but not all exenplary
enbodi nment s ofﬁ} 858?3§éﬁP&%%§@ﬁ?¥§ﬁ*as contenpl ated by the inventor(s),

and thus, are not intended to limt the present invention and the
3. The optical apparatus of claim 1, wherein the coherence
remover comprises:

a plurality of transmissive optical elements, the optical
elements having different path lengths, such that respective ones of the
plurality of radiation beams that are initially coherent with one another when
they enter the coherence remover are no longer coherent with one another

when they exit the coherence remover.

4. The optical apparatus of claim 3, wherein the transmissive

optical elements are arranged in a stepped series.

5. The optical apparatus of claim 3, wherein the transmissive

optical elements are arranged in a two dimensional array.

6. The optical apparatus of claim 1, further comprising:
a convex lens arranged to focus the beams of radiation, such
that the beams of radiation are combined with one another to form a single

beam of radiation.



appended clains in any way. 30 Wat Is Cainmed Is: 1. An optical apparatus,
conprising: a coherence renover having a plurality of channels; and a
honogeni zer that converts a beamof radiation into a plurality of beans of
radi ati on, such that each respective onggs of the plurality of beams of

radi ati on passes through a respective one of the plurality of channels of
the coherence renover. 2. The optical apparatus of claiml1, further
conprising: an optical elenment |ocated between the honogeni zer and the
coherence renover, the optical elenent being arranged to couple the
plurality of beand. of rldgioatitadmpparatysef ¢lpiondsWkertidirogeni zer into the
respective channels of .t he coherence . tical. apparatus of
claim1l1, wherein the coﬁ%er %R%lccgpaprpg%oﬁ\l/sef&%oﬁ%{?fsagl&h Igr?igﬁﬁgragﬁ ?affi tf/lgs’of

transm ssive optical el enenitifogriphe appar@ad cofipEis@NE Spaliiaming actaf fhstent pat h

| engt hs, such that respective ones of the plurality of radiation beans that
are initiallycewpepessn agay of sievidwlyrontrofabie clementsedider t he coherence
renover are no | onger cqher i e n j e
coherence renover. 4. Tﬁlge (S)lpglfecg%a aﬁganar gﬁ)ﬁaﬁﬁ%?ﬁ&e‘éﬂ% %ﬁwﬁeedre}e‘ljlo}r{l H%e
transm ssive sipld ea ieldiroetad fo the pardrhimg@edyi n a stepped series. 5. The
optical apparatus of claim3, wherein the transm ssive optical elenents are
arranged in a two dinmensional array. 6. The optical apparatus of claiml,
further conprisingg a c : . s.the beans of radiation,
such that the bea#ﬁ ofq@%ﬁ?&%?%ﬁw%?égggﬁgw%gﬁ&ﬁﬁﬁﬁ'one another to forma
single beam of radiati alfe ofdital apparding fophs gt ofeplthvgiapbicappahakyand, wher ei n:

the optical apparatus forns part of a |lithographic apparatus;
the lithographic apparatus comprises a patterning array that

comprises an array of individually controllable elements.

9. The optical apparatus of claim 1, wherein the homogenizer

comprises at least one homogenizer plate.

10.  The optical apparatus of claim 1, wherein the homogenizer

comprises a pair of parallel homogenizer plates.

11.  The optical apparatus of claim 1, wherein the homogenizer
comprises a pair of homogenizer plates which are angled relative to one

another.
12.  The optical apparatus of claim 11, wherein the homogenizer
plates are rotatably mounted such that the angular orientation of the

homogenizer plates is adjustable.

13.  An optical apparatus, comprising:



the |ithographic apparatus conprises a patterning array that conprises an
array of individually controll able elenents; and the single beamor a
plurality of beans generated fromthe single beamis directed to the
patterning array. 8. The optical apparagus of claim1, wherein: the optical
apparatus forns part of a lithographic apparatus; and the |ithographic
apparatus conprises a patterning array that conprises an array of

i ndi vidual 'y controll ablaghoglogeBinésan®. The optical apparatus of claiml,
wherein the honogeni zer conprises at |east one honogeni zer plate. 10. The
optical apparatus of cl &igpherenghasnagver tiad ceBYRItjeh Poan of JadipHe&¥o & pair of
paral | el honobgeni z | at ) i a i wher ei n
t he honogeni zer ¢ ;r%gliltgeogsbga%tgiorf r(%%aﬁ%&m)sg@mt@g?% ae? éesC%&ﬁi%%:lﬁg §¥ éheangl ed

relative to one ampirhiety.of bdams 8fradiatibe phssedrpsugh tise Wimedenizer.11, wherein the
honogeni zer plates are rotatably nounted such that the angular orientation
of the honogenizer plates is adjustable. 13. An optical apparatus,

conprising: 32 a r]g.rmgg,piiﬁl%%apg?q‘g SR eéoﬁﬁgféin{ enover that converts a beam

of radiation into a plurali ans o ion, such that each
respective ones of the aplillumindtiyncodystematiat ebnditionsat i radiapiers deamt dndough t he
honogeni zer. 14. A lithographic apparatus, conprising: an illum nation
system that cGABPHPSACORCTERER BIMAYRTbeam and conpri ses a coherence renover ;

an array of individuall %ng?g%ro?#g?\%gaﬁ c%ﬁﬁ@f‘leﬁolé by glﬁﬁggy&qﬁ&lﬁﬂgm@r adi ation

Vi al &
beam and a projection sy projects the no eamonto a
target porti onadiitich tabstndte. 15. The |ithographi c apparatus of claim 14,
wherein the . .
a projection system that projects the modulated beam onto a

target portion of a substrate.

15.  The lithographic apparatus of claim 14, wherein the
illumination system forms a plurality of the beams and the coherence remover
comprises:

a plurality of channels configured to receive respective ones of

the plurality of beams.

16.  The lithographic apparatus of claim 14, wherein the coherence
remover comprises:
a plurality of transmissive optical elements having different

optical path lengths.

17.  The lithographic apparatus of claim 16, wherein the

transmissive optical elements are arranged in a stepped series.

18.  The lithographic apparatus of claim 16, wherein the

transmissive optical elements are arranged in a two dimensional array.

19.  The lithographic apparatus of claim 15, wherein the

lithographic apparatus further comprises:



illumnation systemforns a plurality of the beanms and t he coherence renover
conprises: a plurality of channels configured to receive respective ones of
the plurality of beanms. 16. The |ithographic apparatus of claim 14, wherein
t he coherence renover conprises: a plunglity of transm ssive optical

el ements having different optical path lengths. 17. The |ithographic
apparatus of claim 16, wherein the transm ssive optical elenents are
arranged in a stepped ses hemogdiizer Tiee cbnvens ghaadiatioaeamantisa pluratitgi m 16,
wherein the trﬁaném_ss've optical elenments are arranged in a two dinensional
array. 19. The®l'P¢RUR B4 apparatus of claim 15, wherein the |ithographic
apparatus further conpri \?rﬁétéi 33he %Jﬂgfgﬁgéa%éﬁ(fert Rt ﬁg&v%r tep%rgi Ladi ation
beaminto a plurality o raéll ation beans; erein P e coherencé renover
conpri ses a pl dmahéls thaopass cespactelenehaf thp phsalitg 9p beamsvef radiatiomf t he
plurality of beans of radiation. 20. The |ithographic apparatus of claim 14,
wherein the |ithographic apparatus further conprises a honogeni zer. 21. The
l'i thographi c apparasdis ofh&l g BhicVhpsiatust T CONRr e e wh&bRVahei S
configured to convert the radiafion beaminto a plurality of radiation
beans, such t hlthographic appretus furthep nermpodes athompigemia¢ri t y of beans of

radi ati on passes through the honogeni zer. 22. The |ithographi c apparatus of
claim 20, wherein the honobgenizer conprises at |east one honobgeni zer plate.

23. The |ithographi g appapélithdgfiphie! @piadld. of MEMeI0) WHifein RRTRARRIEET
conprises a pair of parallel honbgenizer plates. 24. The lithographic
appar at us of clegiovei205 cahBigwed toheonvhgnthgeridiation clwapr iistesa aplpmiity of
homogeni zer pl 1%'[(151 1or\/1wl]3|egrrr}s,asru%h%ﬂaqle%c rrgskgétiv\éeoneg of %]eepﬁl?ﬁltt{) f ‘beams of

radiation passes through the homogenizer.

22.  The lithographic apparatus of claim 20, wherein the

homogenizer comprises at least one homogenizer plate.

23.  The lithographic apparatus of claim 20, wherein the

homogenizer comprises a pair of parallel homogenizer plates.

24.  The lithographic apparatus of claim 20, wherein the
homogenizer comprises a pair of homogenizer plates which are angled relative

to one another.

25. The optical apparatus of claim 24, wherein the homogenizer
plates are rotatably mounted such that the angular orientation of the

homogenizer plates is adjustable.

26.  The lithographic apparatus according to claim 14, wherein the
projection system comprises:
an array of lenses that are arranged to direct individual beams

of radiation onto the substrate.



25. The optical apparatus of claim 24, wherein the honogenizer plates are
rotatably nounted such that the angular orientation of the honogenizer
plates is adjustable. 26. The lithographic apparatus according to claim 14,
wherein the projection systemconprisey an array of |lenses that are
arranged to direct individual beans of radiation onto the substrate. 34
27. A lithographic apparatus for manufacturing flat panel displays,
conprising: an illum nation systemthat conditions a radiation beam and

conprises a coherence re er; a mask or an arr qQf i_ndi vi dyal

controllabl e el enert's éangésg@p o %Paermuétf%@aw@tflaag Aot B?Peg§é§ﬁla§%tnd a

proj ection sy%ﬁp}igggfi gured to project the nodulated radiation beamonto a
target portion of a Substrate. 28. The |ithographic apparatus of claim 27,
wherei n the coherence rentuminationmnystsmsthat pbndiabnst y rediatiorabsamsaidve opti cal

el ements havin di fferent &pti cal path lengths. 29. The |ithographic
appar atus of €& ‘QP‘EW"Q@,‘:O&H@P IWMOXES transmi ssive optical elements are

arranged in a stepped sgrifisk Oan Theay lofNRANERRIG SRRRNIBbKS eRinehtsal M 28,
wherein the transm ssive optical elernents are arfanged in a two di mensional

array. 31. A hapablpesfimedulatingrthe raliatign beamsandand second honogeni zer pl ates
that are angled relative to. one an?t her. 32. The honobgeni zer | ai m 31,

of
wher ei n the horogeni zer 2pPEYESMarE ¥t &1 ‘@Iugﬁdnﬁ%nﬁ’ré’éﬁc s Ehmtoﬂ}i]latelﬁhe angul ar
orientation OfadiiRnRARASIRS & &lrgetPoftidiofiaSuBsiadst abl e.

28.  The lithographic apparatus of claim 27, wherein the coherence
remover comprises a plurality of transmissive optical elements having

different optical path lengths.

29. The lithographic apparatus of claim 28, wherein the

transmissive optical elements are arranged in a stepped series.

30. The lithographic apparatus of claim 28, wherein the

transmissive optical elements are arranged in a two dimensional array.

31. A homogenizer, comprising:
first and second homogenizer plates that are angled relative to

one another.

32.  The homogenizer of claim 31, wherein the homogenizer plates
are rotatably mounted, such that the angular orientation of the homogenizer

plates is adjustable.





