1 Lithographic Apparatus and Device Manufacturing Method FIELD [0001] The
present invention relates to a |ithographic apparatus and a nethod for
manuf acturi ng a devi ce. BACKGROUND [00021 A lithographic apparatus applies
a desired pattern onto a substrate, usually onto a target portion of the
substrate. A lithographic apparatus cam be used, for exanple, in the

manuf acture of integrated circuits (ICs). In that instance, a patterning
device, which is alternatively referred to as a nask or a reticle, may be
used to generate alGihogkiphiQ&pphhtustaddDevideM amidactarial Madbyi dual |ayer of
the I1C. This pattern can be transferred onto a target portion (e.g.
conprising part of, one, or several dies) on a substrate (e.g. a silicon
wafer). Transfer of the patternis tg ically via imging onto a | ayer of
radi ati on-sensitive nateri al (resist)IgLEVided on the substrate. In
general, a single substrate will contain a network of adjacent target
portions that are successively patterned. Known |ithographic apparatus

i ncl ude #®0thl | ed Biegppentsinvdniion vdhitehto @dithographipetppmatut ianda nethod fadi at ed by
exposi ng angﬁh}re gattern onto the target portion at one tine, and

so- cal | eB8CAHNEIS? Y hi ch each target portion is irradiated by scanning
the pattern through a radiation beamin a given direction (the
"scanning"-direction) while synchronously scanning the substrate parall el
or anti-parallel to this directioﬁAQKGR@{%H%o possible to transfer the
pattern fromthe patterning device to the substrate by inprinting the
pattern onto the substrate. [00031 A |ithographic apparatus generally
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pupi | plane the beam has a desired  spatial intensity distribution, also
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pupi | pl @reecahfreotd paed of, enet o seweral dies) on a substrate (e.g. a silicon wafer). Transfer of
the pattern is typically via imaging onto a layer of radiation-sensitive material (resist) provided
on the substrate. In general, a single substrate will contain a network of adjacent target portions
that are successively patterned. Known lithographic apparatus include so-called steppers, in
which each target portion is irradiated by exposing an entire pattern onto the target portion at
one time, and so-called scanners, in which each target portion is irradiated by scanning the
pattern through a radiation beam in a given direction (the "scanning"-direction) while
synchronously scanning the substrate parallel or anti-parallel to this direction. It is also poésible
to transfer the pattern from the patterning device to the substrate by imprinting the pattern onto
the substrate.
[0003] A lithographic apparatus generally includes an illumination system, referred to
hereafter as an illuminator. The illuminator receives radiation from a source, for example a
laser, and produces an illumination beam for illuminating a patterning device. Within a typical
illuminator, the beam is shaped and controlled such that at a pupil plane the beam has a desired

spatial intensity distribution, also referred to as an illumination mode. Examples of types of

illumination modes are conventional, dipole, asymmetric, quadrupole, hexapole and annular




secondary radiation source for producing the illum nation beam Foll ow ng
the pupil plane, the radiation is typically focused by an optical el enent
(e.qg., lens) group referred to hereafter as "coupling optics”. The
coupling optics couples the focused radiation into an integrator, such as
a quartz rod. The function of the integrator is to inprove the honpgeneity
of the spatial and/or angular intensity distribution of the illum nation
beam The spatial intensity distribution at the pupil plane is converted
t o an anghin@nationtnerdss. (Thiscipstial irbersitp disatbutiteataly @il phariere@ectiletimichadsad by

t he coupling,optics, because the .pupil  pl.ane subst ially coincides with
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processing | atitudes when an image of the illuninated object is projected
onto a SifyBlREARsics"t Rhoeauplingioniics caypdesithe focyaed rastiatipn dite an iitiearator suchiash
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t he usedsubsititatin partibdanspafieilioGhsity disribeivms eithldigolarhognaphi quadppaleaffus has a

possi bl e drawback that polarized illumpatign nodes wherein different
areas of “Yhe puprpe 39%5%’?’? %%‘?né’ﬁ?poﬁ?)‘% tzgreflg?ﬂcfg’r? r&?O?Lg’é’PiaB%r Otg‘ﬁrrﬁ%atmeﬁfgs
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the illumnator, this requires expensive and bul ky pol ari zing el enents.
The handMdP@Srequired for such plates are also |arge. Furthermore, for
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with a high numerical aperture (NA) that images densely packed features having widths far
below the wavelength of the used radiation beam.
[0005] A conventional lithographic apparatus has a possible drawback that polarized
illumination modes wherein different areas of the pupil have different polarization directions
cannot be created flexibly. Although a polarizer could be placed in a pupil plane of the
illuminator, this requires expensive and bulky polarizing elements. The handlers required for
such plates are also large. Furthermore, for several polarized illumination modes a unique
polarizing element is required, making fast switching of illumination modes during normal
operation of the lithographic apparatus difficult, if not impossible.
[0006] WO 2005/026843 discloses a lithographic projection system in which a

polarization selective splitter is effective to selectively reflect light of 5-polarization onto an

array of reflective elements.




3 [0007] WO 2003/0038225 discloses a lithographic projection system in
which a mask pattern is placed in the pupil plane of the illumnnator, in
order to produce an illumnation node in which different areas of the
pupi | have different polarization directions. [0008] US 2004/0057036

di scl oses a |ithographic projection apparatus in which an illum nation
system | ight source which produces a béeam having a first part that includes
only s- polarized Iight and a second part that m xes s-polarized |ight and

p- pol ari 7] i ght . WioOf08J0088223 kR s AR Ko Shiitid MORStiGh dysteROH @RIBA § mask
projection apparatus in which an illum nation optical systemsplits |ight
from a | Pgkm s@lacedin the punilplansed the liamingtosria ordse fogupduce gp dipntipation ragsg
second p | j i & ;%JMM% . : i , it would be
advantaggtﬁg*gﬁﬁ%ﬁgﬁgﬁ%fgﬁlto pr5%%ﬁ59§9ﬁ3¥ﬂ§§§§£ﬁ§£9§%baratus and a device
manuf act (008 et H%2¢EI05g0Ftedisdlases a Etiberaplot ardjentidn appammuniatwioch annodes

ith i . flexibility. [00011 di t irst t.of th
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el ements configured to define an intensity distribution of a radiation
beam i n KO8 danc /0 %297 disclessasn liieeraplis proigrdion apRaraips Mavhighamenber
posi ti ongglnhehki 3 -of t] i : beam
he. pol L G G P S TR S K y PR e Bhoild® peam
of radi awpamfirstaind sgspnd poletization unigs. conf i gured to support a patterning
device, the patterning device configured to pattern the beam according to
a desired pattern; a substrate table configured to hold a substrate; and a
proj ection systemconfigured to pr§BaadMARe patterned beamonto a target
portion of the substrate. [00012] In an enbodi nent, the polarization
menber conprises at least two regions, a first region being associated

with a fippsiojset sele@iRe, aUtoudd bd R ah@Edo8S V& BhRIBYrsviad s lifhosRpand
apparatus and a device manufacturing method configured to create polarized illumination
modes with increased flexibility.
[00011] According to a first aspect of the invention, there is provided A lithographic
projection apparatus comprising:
an illumination system comprising;
an array of reflective elements configured to define an intensity distribution of a
radiation beam in accordance with an illumination mode, and
a polarization member positioned before the array of reflective elements in a
path of the beam, the polarization member configured to provide a polarization to the
beam of radiation;
a support structure configured to support a patterning device, the patterning device
configured to pattern the beam according to a desired pattern;
a substrate table configured to hold a substrate; and
a projection system configured to project the patterned beam onto a target portion of the

substrate.

[00012] In an embodiment, the polarization member comprises at least two regions, a
first region being associated with a first set selected out of the reflective elements and a second

region being associated with a second set selected out of the reflective elements, the first set




regi on being associated with a second set selected out of the reflective
el enments, the first set 4 different fromthe second set, wherein at |east
one of the regions conprises an optical elenent to obtain polarization in
a part of the beam passing the at | east one region, whereby the first and
second sets of reflective elenents arezﬁelected to obtain a polarized
illum nation node. The polarization nenber may be noveabl e using a device
to change selection of reflective elements in the first and the second

sets to @fpfeRnDir8mithe $cbsd ROMMeteHES 165t SHE STl @Qo%glgii%&eﬂn df)l%cid%f’elmeﬁ{ ement

may be a circular polarizer or linear polarizer. : n-a further
enbodi mettobtaippolaatagipn b pasholitkerbram passing theatleast ong regipnpWherely tin irst and
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beam of |.inearl | ari zed radiation, Ln this nbodi ment,  the optica
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menber are incorporated in a single optical structure. [00016] In a further
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reflective el enents. The concentrating optics nmay conprisée a refléctive

surf ace @@ havi dgadurtipae@abadimentpthe hiytperdphiciapparatos firthecdongpiaks shape or an

array of hyperbo ei c.OF, pan Oboel i Co fel ec(;tfjl.ve s%lifrag ? .T.he. C(%ncentyatl ng
optics nEYLEhPPICECRIRTES & §BFE A(p of gl molaris aldt?r“f’ﬂelfl 1%:‘Frb_odl nent ,
the pol aimbodihen, tHesRRE] dlemé 64 QRrBelh V1Al al CRAVEHME 8L 4 WEdgePt i cs. The
pol ari zati on _nmenber nmay be | ocated between the concéntrating optics and

the ref|l8891S}e e dwafirther pmbeshmpnt) the first gogionegndspesad iresen of the pelptizagionr pl at e
is confilg%mgéila}é)in? (ﬂg{egirpggnggogmagst[m g the reflective elenments and a
u SSo

setting plate inc ing a pin asSociated with each such reflective el enent
conf i gurl@@0k6h set I héurther embatiinen, the iltunanatehlsesem vartier esrepises [ 00019] I n a

unt e o Rt DS AT RBLLGR, o Ll e, soiof e Sall ovng.
In a furthetiveslemdhterte cohbirgtidgSopRicOMa gl esnpriRQlrafldcaad hRPcOBRRBEVIEOAPT i Si ng
an parabolic or hyperbolic cross-sectional shape or an array of hyperbolic or parabolic reflective

surfaces. The concentrating optics may comprise a micro-lens array.

[00017] In a further embodiment, the polarization member is located before the

concentrating optics. The polarization member may be located between the concentrating optics

and the reflective elements.

[00018] In a further embodiment, a reflector plate is configured to support one or more

of the reflective elements and a setting plate including a pin associated with each such

reflective element configured to set the orientation of the reflective element.

[00019] In a further embodiment, the illumination mode includes any of the following:

conventional, dipole, asymmetric, quadrupole, hexapole and annular.

[00020] In a further embodiment, there is provided a polarization member comprising an

array of polarization regions for use in a lithographic projection apparatus.

[00021] According to a second aspect of the present invention, there is provided A
device manufacturing method, comprising:

dividing a beam of radiation into multiple sub-beams;




array of polarization regions for use in a |ithographic projection
apparatus. [00021] According to a second aspect of the present invention,
there is provided A device nmanufacturing nmethod, conprising: dividing a
beam of radiation into nultiple sub-beans; 5 polarizing at |east one of
t he sub-beans into a polarized node usiynng a pol ari zati on nenber;
associ ati ng each sub-beamwith a reflective elenent of a plurality of
reflective elenents; directing the respective sub-beans to a patterning
devi ce via t hgola@fih@&tléaéCorRl F BRINuB-bbfins PR ApdlardzeB ok uZigE a ipblaHBdtdat | on
node; using the patterning device to endow the beamwi th a pattern inits
cr oss- seBMHAE  and projecting the patterned beamonto at |east a part of a
radiat i on- Sensisb e liPLbAlenflyifh o RHBSHERcent §13 JHRAOADGBEve
characterised. in i nel u I ng the step of causing the relative positions of
t he beantlemkstsy ef | ective el enents and the polarization nenber to have

positions so as t.0 cause the heamtaq hav art.s .acr.oss the cross-section of
Phe. beam whi Sl BRARPrarE v Bt SR o e rSrEcys B rbi nEa dRIsRT & O
THE DRAVINGS o[ folR22] ilaiedionaidids; of the invention will now be described, by
way of exanmple only, w.th reference to the accggganying schemati c draw ngs
in which cor r &S¥0RaPHIFHES dvasede endapihg bsam Hathaaieradn asiesnichgugadts, and
in which: [00033%:ifd @bp&ieealbRYR oftto dt 1A ARG rARRMAHSHACAAEAURG L O an
enbodi nment 09&5 elz%nvgntion; [05b24] Figd%% 2 gﬂgmsnan ??ﬁﬁ%@hatioﬁ system
of a firgbsawodi nent of the invention; [00025] Figure 3a shows an array
of reflective_ele s.and a. polari.zati.on.nmepber. conprising one polarizing
regi on accor |enraetg§@éel?%$}a agFe%ée 0 ?Cﬁ%dﬁ{lggjfs{éﬁé’%i nvention; [00026] Figure

3b shows a pugpubingliRieatidegositiond bff therbérad, i@ reNRtiee clompihts shd'the poR@ikalonz ed
di pol e and an unpol arjzed conventignal snall-a conponent according to a
further BRBBH; tﬁgg‘fe positions so as to cause the beam to have parts across the cross-section ot the

beam which have different polarization states.

BRIEF DESCRIPTION OF THE DRAWINGS

[00022] Embodiments of the invention will now be described, by way of example only,
with reference to the accompanying schematic drawings in which corresponding reference

symbols indicate corresponding parts, and in which:

[00023] Figure 1 shows a lithographic apparatus according to an embodiment of the
invention;

[00024] Figure 2 shows an illumination system of a first embodiment of the invention;
[00025] Figure 3a shows an array of reflective elements and a polarization member

comprising one polarizing region according to a further embodiment of the invention;
[00026] Figure 3b shows a pupil plane with an illumination mode comprising a polarized
dipole and an unpolarized conventional small-c component according to a further embodiment

of the invention;

[00027] Figure 4a shows an array of reflective elements and a polarization member

comprising two polarizing regions according to a further embodiment of the invention;




of the invention; [00027] Figure 4a shows an array of reflective elenents
and a pol ari zati on nmenber conprising two pol ari zing regions according to a
further enbodi ment of the invention; 6 [00028] Figure 4b shows a pupil

pl ane with a pol arized quadrupole illum nation node according to a further
enbodi ment of the invention; [00029] Figure 5a shows an array of reflective
el enrents and a pol ari zati on nenber conprising two polarizing regions
according to a further enbodi ment of the invention; [00030] Figure 5b
shows a o8] pl anEigieB sRodd plpdiplaRIvALH ZgSlartiea dt Rl ofe flumuiRibRkia8 node
according to_a furtﬁ%gf enbodi rrltédri\)?pof t he i%enti gn; [00031] Figure 6a shows
an ar r ay 2gPrding toediythe eabedimensofdheiingensionar i zat i on menber  conpri sing an
array of gt pol @gri,zi j | r - ' t of the
i nventi OI[’l; ?%‘0032] E?Iég?gh%@%gﬁ%\%g%g&%%”&b arrllgs a\f?\nﬁta??ggahﬁ%{gg%gze E]annul ar

i |l um natémprismgiwo petrigingiregiottsaceorfling tde furdwboubadinént of the eventiment i on;

[ 00033] F e 7a sho n array.of ref.lective elenents and a pol arization
renbor. ISR ! ng R P PRy i Gl St b e BBt PR o o
further gobeosicortdg ©f fhiflir cBY@MehsTthd BOBh; Fi gure 7b shows a pupil plane

with an illum natign node conpri si ng a linearly polarized quadrupol e
conmponentf83H a cifigyr & sRovsonarmy ebrellesie slamsats and gpplarigatios mesthent

accor di nghfisth of dnabfd Bfagmgﬂifz?sﬂl oA MR cArBERS h AR EQ{M@ lo@Hfce 8 shows
an illum naI?}sor‘(lg syastgm accordi ngtgtroglg ki u(r:trﬁle? engggllemsnt 0 er?ﬁgwei nventi on;
[ 00036] Mmvemon; 9a shows a single reflective elenment and its. support and

act uat or §,j a figst e of operation,accordi t further epbodi nent
of the i@\?gn]i on; Pé%ueF% aﬁ*ﬁg@?aéle%ths 6’3?512 E%FW&TZHWW%O&W el enent
and its supEargito afaiiae bmBbdimsnt JT ik ins@giond node of operation according to a

further odi ment_.of the invention, DETAI LED DESCRI PTI ON [ 00038] FIG 1
schemat i @g&?ﬂ shovds¥e /'3 the3i§ra gL obisPestue lements spd » Relatigntion anember

comprising an array of eight polarizing regions according to a further embodiment of the

invention;
[00034] Figure 7b shows a pupil plane with an illumination mode comprising a linearly
polarized quadrupole component and a circularly polarized conventional small-c component

according to a further embodiment of the invention;

[00035] Figure 8 shows an illumination system according to a further embodiment of the
invention;
[00036] Figure 9a shows a single reflective element and its support and actuators in a

first mode of operation according to a further embodiment of the invention; and
[00037] Figure 9b shows a single reflective element and its support and actuators in a

second mode of operation according to a further embodiment of the invention.

DETAILED DESCRIPTION

[00038] FIG. 1 schematically shows a lithographic apparatus according to one
embodiment of the invention. The apparatus comprises:
[00039] an illumination system (illuminator) IL configured to condition a radiation beam

B (e.g. UV radiation or DUV radiation);




enbodi nent of the invention. The apparatus conprises: [00039] an
illumnation system (illumnator) IL configured to condition a radiation
beam B (e.g. W/ radiation or DUV radiation); 7 [00040] a support
structure (e.g. a mask table) MI constructed to support a patterning
device (e.g. a mask) MA and connected tp a first positioner PM configured
to accurately position the patterning device in accordance with certain
paranmeters; [00041] a substrate table (e.g. a wafer table) W constructed
to hold posudst r at eﬁsv\lffﬁelg stridturé BS54, 3tmAER bRy N@E@I{simq\,%@ﬁ@uw&}t@ﬁﬁﬁ a
second positioner P conflgured to accurately IPOSI tion the substrate in
accor danéevie (18 easkaiMA pad sermedpdto afirgt faapon]PM cprfiguesd: th epcugatelyem (e. g. a
refracti ye.: i j ' . project a pattern

i npart edi‘(tg\scl)tﬂ{nﬁlel@? %{ ?fg?% gﬁéﬁzg?néch%i}g)egg]tq?ggr&r??[ﬁ%ﬁ%g\;}?rg’e MA onto a target
portion [000&l]g. coapubsgatagabbn@.gon water eéabih) 88T cafstritted ®uiodd 1 atbstrilé (4. Q04 3]

The illumnati S i ncl ude vari,ous .t of _opti.cal conponents,
such asretsgg?o ge@iw ?rs &?ﬁﬁ%"t“f‘?f ‘?dl{ﬂﬁﬁﬁcé)f‘fi@?mgﬁ’%eg? %fﬂi‘&ﬁgﬁefi& acé‘f}”élg‘;}l?Y ostatic
or ot her pésy@sh®fubSipdtt Gedccord e Wi@Nefain Qaradiiers; @i nation thereof, for
directi n&), shaping, or controlling radiation. [00044] The support
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tabl e, fa&rreRacting]reflectihé,Giaghwc, blecttdntReed, clEbiyadte oastheLgpéy Fdptiddle support
structure may ensure that the patterni ng device is at a desired position,
for exanfPORFAth OF adpenpbinasion thereok, fay dirsgcfipg shgning 9f contpllinggadistione t er s
"reticl efpofd4)” MBS Khe RESRI BV} aqllié Hifor'thal re
general ter m]" patte?nigélg dévi cre. " %8?45 ﬁﬁ}lﬁéed%gdrg?nﬁlx?a%ﬁ%r nzftngﬁe?g%?;ge" used
her ei n stheatieht@wnief dediafteinmgalepicettbeldesign of dfedithogrgphioappasatueandeghdrhat can
be used t o .i.npar r.adiatipn .beamwth a patterp in.its. cross- section
cuch a5 (eBalPREbhorhs R ARRRERTI N heaBi Bl ie A it Tt ehout
-be not ecenvhaimémeThepappat firuciifedan@de necHanRal, agkdvati, electhe e FRytheot exact |y

correspond to the desired pattern in_ the
clamping techniques to hold the patterning device. The support structure may be a frame or a

table, for example, which may be fixed or movable as required. The support structure may
ensure that the patterning device is at a desired position, for example with respect to the
projection system. Any use of the terms "reticle" or "mask" herein may be considered
synonymous with the more general term "patterning device."

[00045] The term "patterning device" used herein should be broadly interpreted as
referring to any device that can be used to impart a radiation beam with a pattern in its cross-
section such as to create a pattern in a target portion of the substrate. It should be noted that the
pattern imparted to the radiation beam may not exactly correspond to the desired pattern in the
target portion of the substrate, for example if the pattern includes phase-shifting features or so
called assist features. Generally, the pattern imparted to the radiation beam will correspond to a

particular functional layer in a device being created in the target portion, such as an integrated

circuit.
[00046] The patterning device may be transmissive or reflective. Examples of patterning

devices include masks, programmable mirror arrays, and programmable LCD panels. Masks




target portion of the substrate, for exanple if the pattern includes
phase-shifting features or so called assist features. Generally, the
pattern inparted to the radiation beamw || correspond to a particular
functional layer in a device being created in the target portion, such as
an integrated circuit. [000461 The patg er ni ng device may be transm ssive
or reflective. Exanples of patterning ‘devices include nmasks, programmbl e
mrror arrays, and programmabl e LCD panels. Masks 8 are well known in

l'i t hogr apRywelladdwh ¢ lithdgrapRs knd ¥BR8e HAQtyAS BENA Binard! di€FHABLS Phse-shift,
phase-shift, and attenuated phase-shift, as well as”various hybrid mask

types. Andatignyted pifaseshifiras gl rasapricus hiybridbmagk typss. Angkayple af st ri x
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reflective mask). [00049] The |ithographic apparatus may be of a type
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tabl es may be used I'n para preparatory steps arried out on
one or progremiableasimeh pirey drgypr asnrelegedtorbove, abkmploging alyeflevg veimesk)f or
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bet ween 58 (d¥sKvhile one or more other tables are being used for exposure.
[00050] The lithographic apparatus may also be of a type wherein at least a portion of
the substrate may be covered by a liquid having a relatively high refractive index, e.g. water, so
as to fill a space between the projection system and the substrate. An immersion liquid may
also be applied to other spaces in the lithographic apparatus, for example, between the mask
and the projection system. Immersion techniques are well known in the art for increasing the
numerical aperture of projection systems. The term "immersion" as used herein does not mean
that a structure, such as a substrate, must be submerged in liquid, but rather only means that
liquid is located between the projection system and the substrate during expoéure.
[00051] Referring to figure 1, the illuminator IL receives a radiation beam from a

radiation source SO. The source and the lithographic apparatus may be separate entities, for

example when the source is an excimer laser. In such cases, the source is not considered to
form part of the lithographic apparatus and the radiation beam is passed from the source SO to

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




and the projection system Immersion techniques are well known in the art
for increasing the nunerical aperture of projection systens. The term
"imrersion" as used herein does not nean that a structure, such as a
substrate, mnmust be subnmerged in liquid, but rather only neans that }

liquid is |ocated between the projectiqp system and the substrate during
exposure. [00051] Referring to figure I, the illumnnator IL receives a

radi ation beamfroma radiation source SO The source and the |ithographic
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[ 00053] The radiation beam B is incident on the patterning device (e.g
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the aid of.the seco sitjoner and position sensor
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different target portions Cin path of the radiation beamB. Simlarly,

t he fi r gineagrpspdar @hearpaPWamwhéhmbstm@iabledﬁT§e1mb©m0(fmccwaiebf, Agt so as
expl i ci ttl) %ogﬁgﬂ &tft%fjen{ ﬁré: { &H‘[lgnsjé @l paﬁ of the radiation beam B. Similarly, the first

positioner PM and another position sensor (which is not explicitly depicted in Figure 1) can be
used to accurately position the patterning device MA with respect to the path of the radiation
beam B, e.g. after mechanical retrieval from a mask library, or during a scan. In general,
movement of the support structure MT may be realized with the aid of a long-stroke module
(coarse positioning) and a short-stroke module (fine positioning), which form part of the first
positioner PM. Similarly, movement of the substrate table WT may be realized using a long-
stroke module and a short-stroke module, which form part of the second positioner PW. In the
case of a stepper (as opposed to a scanner) the support structure MT may be connected to a
short-stroke actuator only, or may be fixed. Patterning device MA and substrate W may be

aligned using patterning device alignment marks M1, M2 and substrate alignment marks P1,

P2. Although the substrate alignment marks as illustrated occupy dedicated target portions, they

may be located in spaces between target portions (these are known as scribe-lane alignment




used to accurately position the patterning device MA with respect to the
path of the radiation beamB, e.g. after nmechanical retrieval froma nask
library, or during a scan. In general, novenent of the support structure
MI may be realized with the aid of a | ong-stroke nodule (coarse
positioning) and a short-stroke nDduIeléfine positioning), which form part
of the first positioner PM Simlarly, novenent of the substrate table W
may be realized using a | ong- stroke nodul e and a short-stroke nodul e,
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3. In another mode, the support structure MT is kept essentially stationary holding a
programmable patterning device, and the substrate table WT is moved or scanned while a |
pattern imparted to the radiation beam is projected onto a target portion C. In this mode,
generally a pulsed radiation source is employed and the programmable patterning device is
updated as required after each movement of the substrate table WT or in between successive
radiation pulses during a scan. This mode of operation can be readily applied to maskless
lithography that utilizes programmable patterning device, such as a programmable mirror array
of a type as referred to above.

[00055] Combinations and/or variations on the above described modes of use or entirely
different modes of use may also be employed.

[00056] Figure 2 shows an example of an illuminator. The illuminator comprises in this

order a radiation source 11, for example a Hg-lamp or laser, beam diverging optics 12, a
polarization member 13, an array of reflective elements 14 and redirecting optics 15. In

operation, the radiation source generates a collimated beam which is directed to the array of




3. In another node, the support structure MI is kept essentially stationary
hol ding a programmabl e patterning device, and the substrate table WI i s
noved or scanned while a pattern inparted to the radiation beamis
projected onto a target portion C. In this node, generally a pul sed

radi ati on source is enployed and the pﬁ?grannable patterning device is
updated as required after each novenent of the substrate table WI or in

bet ween successive radiation pulses during a scan. This node of operation
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additionally include a positive lens or lens array for setting the
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reflective elenents 14a and 14c to 14e of .the array 14, the reflective
el ement Ulyminagor) Ehepcgoss-sectional plane 16 may coincide with the pupil plane which acts as a

secondary radiation source (as described above). Furthermore, the reflective elements 14¢, 14d

reflect the other two sub-beams shown to other areas of plane 16 via the re-directing optics 15.

By adjusting the orientations of the reflective elements 14a to 14¢ and thus determining the

areas of plane 16 on which the sub-beams are incident, almost any spatial intensity distribution

in the cross-sectional plane 16 can be produced. |

[00058] The lithographic apparatus may be provided with a device 17 to move the

polarization member 13 in or out of the sub beams. The device can be, e.g., a linear motor,

allowing a fast change in illumination mode. Referring to Figure 3a, in this embodiment, the

polarization member 30 is inserted only partially in the plurality of sub-beams, causing only a

fraction of the sub-beams to be polarized. Figure 3a shows a division of the beam in a first set

of sub-beams having a linear polarization directed substantially parallel to the X-axis and a

second set of unpolarized sub-beams.
[00059] Figure 3b shows a pupil plane 33 with an illumination mode comprising a

polarized dipole components (or poles) 31a and 31b and an unpolarized conventional small-c




t he sub-beamto an internediate plane 16 via re-directing optics 15. The
re-directing optics, for exanple a focusing lens, directs the sub-beamto
a desired area in the internediate plane of the illumnator. The
cross-sectional plane 16 nay coincide with the pupil plane which acts as a
secondary radi ation source (as describ§% above). Furthernore, the
reflective elenents 14c, 14d reflect the other two sub-beans shown to

ot her areas of plane 16 via the re-directing optics 15. By adjusting the
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areas of plane 16 on which the sub-beans are incident, alnost any spati al
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pol ari z asthlc)\cn)lg thré%rﬁgi E)la%g 3 {Viit%liarll)%latrivz\gd quadrupole illumination mode that is obtained using
the configuration as described with respect to Figure 4a. The orientation of the reflective
elements 14 is as such to direct the sub-beams passing through polarization region 41 onto the
areas of poles 42a and 42b in the pupil plane and to direct the sub-beams passing through
polarization region 44 onto the areas of poles 43a and 43b.
[00062] Figure 5a shows the polarization member 50 having the same configuration of
polarization regions as in the previous embodiment. In this embodiment, the position of the
polarization member is changed, to enlarge with respect to that of Figure 4a the number of sub-
beams traversing region 51 having the first polarization direction and to reduce with respect to
that of Figure 4a the number of sub-beams traversing region 55 having the second polarization
direction. Figure 5b shows a pupil plane 33 with a polarized quadrupole illumination mode that
may be obtained using the configuration of Figure 5a. Under the condition of keeping the

intensity distribution in a specified area within the poles substantially identical to the case of

Figure 4b, a different polarized illumination pole can be obtained, wherein the poles 52a and




pol ari zation regions 41 and 44, wherein the polarization region 41
conprises a polarizer passing substantially only radiation with a
polarization in a first direction and the polarization region 44 conprises
a polarizer passing substantially only radiation with a polarization in a
second direction. The second directi onl%’ray be perpendicular to the first
direction. Alternatively, the angle between the first and second
directions may be 45 degrees. Figure 4b shows the pupil plane 33 with a
pol ar i zegryikAdbERM S alght sbRpARLI 6 P BRIk ddserivdatvAit¥RshedBioMEgurt B8 and
configuration as described with respect to Figure 4a. The orientation of
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second region 66 has a secon
illumination modes. Figure 6b shows the pupil plane 33 with a polarized annular illumination

mode 69 that may be obtained using the configuration described with respect to Figure 6a. The
illumination mode comprises four polarization directions, approximating an illumination mode
with tangential polarization. The orientation of the reflective elements 14 is as such to direct the
sub-beams passing through polarization regions 65-68 onto specific areas of the annular
illumination region to create an annular illumination mode with approximately tangential
polarization.

[00064] Figures 7a and 7b show a further embodiment of the illuminator, wherein the
position of the polarization member 60 is different with respect that of the previous
embodiment and such that respectively four sets of the reflective elements 14 are associated
with respectively regions 61, 62, 65 and 66. Figure 7b shows the pupil plane 33 with a
polarized illumination mode that may be obtained using this embodiment. The illumination

mode comprises a quadrupole component with linearly polarized poles 71a, 71b, 72a and 72b




pol ari zation direction perpendicular to the first polarization direction, a
third region 67 has a third polarization direction at an angle of 45
degrees with respect to the first and second polarization directions, and
a fourth region 68 has a fourth polarization direction perpendicular to
the third polarization direction. In ap,embodi nent, each of the regions has
a dinension allowing it to associate all reflective elenents 14 with one
region respectively. Hence, all available polarization directions as

provi dedakiya ¢iR81a8HPolliz&BeondéhtdBal S8Ia8 T &fhdoRént 38| D$fdRnt PARTRA ilinARion
enbodi nent, the dinensions of the regions 61-68 are equal. Alternatively,
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di rect i Ofhg coBPIHRXERTBLHoMI Adderratildliiviat 4 SitdBhER:e iﬂ?&ﬁtiérﬁé&%ﬁ@rib@h above,

pol ari zation. The orientation of the reflective elenents 14 is as such to

di rect ttheintenssy pEthadoys guter pget Mg 7b sl ingreased atthe rash of s iensisyiph

speci fi | i i i t nnul ar
TPF o nogLaReRle, Wil R0ehe dich HRNIHOIIL B4 2 fRLE: BUGT 0L
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th ol ari zation.nenber 60 | W I,
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mode t haPdiRlgn Was Rebred BEing dic RglaripationdnespRAr GRRPTISING@Ne| oOF IMAsF PRILIIZSES. ode
conpri s i j 3 i : a, 71b,
I e e e G e S
73. Dif fradiemn, pgl ar ¢xcagerilésen Meneg, r polarinedesnoa be agpdisd tddtangrythepblagzatiohangi ng
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reflective elenents are associated with the |inearly pol arized regions can
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beam of radiation, a quarter-wave plate to change the polarization of the beam of radiation into
a circular polarized state and a wedge to create a variation in polarization across the beam of
radiation.

[00066] Figure 8 shows a further embodiment wherein the illumination system 80 has
the same configuration as in Figure 2 and furthermore cbmprises concentrating optics 81 to
concentrate part of the radiation beam onto one or more of the reflective elements. In this
embodiment, the concentrating optics comprises a micro-lens array, wherein each micro-lens is
associated with one reflective element. Alternatively, the concentrating optics may comprise a
reflective surface area having a parabolic or hyperbolic cross-sectional shape or an array of
hyperbolic or parabolic reflective surfaces. The concentrating optics separates the sub-beams
and focuses each sub-beam on the associated reflective element. Focusing the sub-beam
reduces the amount of radiation incident on the array of reflective elements 14 but outside the

respective elements 14a-14e, thus limiting the amount of radiation loss. Furthermore, each




the intensity of the four outer poles in Figure 7b can be increased at the
cost of the intensity of the center pole, while keeping the dinensions of
the pole unaltered. An advantage of this enbodinent is that it offers a

| arge flexibility in polarized illum nation nodes and fast swtching from
a first polarized illumnation node to,a second polarized illumnation
node. [000651 Wiile in the above enbogil ments the radiation was unpol ari zed

and the beam of radiation was pol arized using the polarization nenber

conpri si RgleOiR: MmdPRA&IVRR!2HbHBA cotnPrisifRR ¥mAPSSSibtibr d OIS 3Hh Lhifts,
radi ati on source may deliver a linearly polarized beamof ™ radiation, e.g
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illumnation system 80 has the same configuration as I gure
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enbodi et T A he Edicent rat i ng optics conprises a mcro-lens array, wherein

each m cp0osé@Ns i Figr&SMCindOBEhow b fureiRe efBddimehtiof ehetlr@pRhtofleflieiadntvel v,
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of the reflective element R.

[00068] In an embodiment, one or more of the polarization regions of the polarization
member are incorporated in a single optical structure. This arrangement prevents that radiation
incident on edges between the regions may cause scattering and radiation loss. For the example
of polarization regions comprising half-wave plates and quarter-wave plates, this can be
achieved by e.g. selective etching of the optical material.

[00069] In an embodiment, the lithographic apparatus comprises an exchange
mechanism configured to exchange the polarization member with another polarization member
or a dummy member. With this arrangement, more flexibility is obtained to create various
polarization modes that require a different integration of the polarization regions into a
polarization member. Further, by replacing the polarization member with a neutral optical
element that does not influence the polarization state of the beam of radiation, the lithographic

apparatus can be used in a conventional way.




is between the concentrating optics and the array of reflective el enents
14. Alternatively, the polarization nenber may be | ocated at or near a
field plane between the radiation source and the concentrating optics.

Al ternatively, the polarization nenber 13 is positioned in close proximty
to the reflective elenents 14 such that.the sub-beans traverse the

pol ari zation nenber twice. In this enbodi nent, the polarization nmenber 13
is configured such that the sub- beans traversing the polarization nenber

twice ar ¢ogoobpr i zedlRaghipcig: fefrehcPhRf B &ladt BEHis tHA kdtht 288 dAfthcEk A
[ 00067] Figures 9a and 9b show a further enbodi nent of the array of
ref | ect i YRPREFeHBiRsmanidfachpe pPEIGS, i shaald keynsiersiod that i liteogsanbis apearatser ei n
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known fron1§8 atent application publication US 2004-0108467. Alternatively
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enbodi nent, one or nore of the polarization regions of t arization
menber as@nphcairiidkr(atad thahtyaicgilneppdicoplayeradf resist trca subetratd mdsdexelopnpe ment

revents i atj inci,dent on. edges be en the regi,on cause
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b . 0. | ecti t chi of the optical material. [00069] In an
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obt ai neday@s.create various polarization nodes that require a different
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context allows, 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 may 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.
[00072] The terms "radiation" and "beam" used herein encompass all types of
electromagnetic radiation, including ultraviolet (UV) radiation (e.g. having a wavelength of or
about 365, 355, 248, 193, 157 or 126 nm).
[00073] The term "lens", where the context allows, may refer to any one or combination
of various types of optical components, including refractive, reflective, magnetic,
electromagnetic and electrostatic optical components. ‘
[00074] While specific embodiments of the invention have been described above, it will

be appreciated that the invention may be practiced otherwise than as described. For example,

the invention may take the form of a computer program containing one or more sequences of




[ 00070] Al though specific reference may be nmade in this text to the use of
| ithographic apparatus in the manufacture of 1Cs, it should be understood
that the |ithographic apparatus described herein nmay have ot her
applications, such as the manufacture of integrated optical systens,

gui dance and detection patterns for n?gzetic domai n menories, flat-panel

di splays, liquid-crystal displays (L ), thin-filmmagnetic heads, etc.
The skilled artisan will appreciate that, in the context of such

al t er nat indéhigPRhibdd indfctiod Jesttftndd mbihed hedibBosewabsle, ordf datddigragherein  may
be considered as synonynous with the nore general terns "substrate" or

"t arget PEHEMJRE, scnpeanductes pangry, mpgnetig psertiseledisighaying spch@ ceEwEich may be
processeg . 0ef Q6Rd Herd t €r exposure, in for exanple a track (a tool that
typically %pplies a fayer of resist to a substrate and devel ops the
exposed [0887Ht), dlheslesaipbgys abowd aramdémied &nbd ilspmtive, ot lirosing. Vs i will

applicabl e, the disclogure B herein e applied to such and ot her
substrat%a%)%%gggpﬁ SP@%{??m?ﬂi&ﬁ@?&ﬁﬁﬁ§K@ﬁ§§¥bgpga%ﬁvﬂe5@6 F8@&ssed nore

t han oncésscriited veidupdepaiting Glodethe 5@pe bLAE @ladmsY: buteRyer | C, so that the
term substrate used herein may also refer to a substrate that already
contains nultiple processed |ayers. [00071] Although specific reference
may have been made above to the use of enbodinents of the invention in the

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

imprint |ithography a topography in a patterning device defines the
pattern created on a substrate. The topography of the patterning device
may be pressed into a |ayer of resist supplied to the substrate whereupon
the resist is cured by applying el ectromagnetic radi ati on, heat, pressure
or a conbi nation thereof. The patterning device is noved out of the resist
| eaving a pattern in it after the resist is cured. [00072] The terns
"radi ati on"” and "beant used herein enconpass all types of electromagnetic
radi ation, including ultraviolet (UV) radiation (e.g. having a wavel ength
of or about 365, 355, 248, 193, 157 or 126 nn). [00073] The term "l ens",
where the context allows, nmay refer to any one or conbination of various
types of optical conponents, including refractive, reflective, nmagnetic,

el ectromagnetic and el ectrostatic optical conponents. [00074] Wile

speci fic enbodi ments of the invention have been described above, it wll




be appreciated that the invention may be practiced otherw se than as
descri bed. For exanple, the invention may take the formof a conputer
program cont ai ni ng one or nore sequences of 17 machi ne-readabl e

i nstructions describing a method as di scl osed above, or a data storage
medi um (e. g. sem conductor nenory, magnetic or optical disk) having such a
conputer programstored therein. [000/5] The descriptions above are
intended to be illustrative, not limting. Thus, it will be apparent to
one skill et AtmMg he art that nodifications may be nade to the invention as
described wi thout departing fromthe scope of the clains set out below pC
18 CLAI 1. i Al & | i ppgratus conprising: an

illum na’ltviﬁi)n geg{hggn?g%%%wgcﬁﬁg?ﬂgﬁﬁggr({aglﬁgggr efl ective el ements configured
to define an iantildymsinetyjondiystemicbmpiising:of a radi ati on beamin accordance with

il lum [ de, : i zati ifi bef t h
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configured to padiutiof®edn podcacidamdeivdth ndlluinhatibemoigfand adi ati on; a support
structure configured to support a patierning device, the patterning device
configured to patPOEFIRAqReMSEas, ROSHISREH Rricte deprie of Fedlgcthistd@nshts ig asubst r at e

tabl e confi gur ?th@tﬂé%%ﬁh@ﬂ&ﬁﬁiaﬁbﬁhle?fﬁ')gr ébnﬁg&ies%gf, Pids ¥ pbRALARRAN gured to
project the patterned beamonto a target portion of the substrate; the

appar at us bei nthedsamaéradidtioad in that the relative position of the beam

the  reflective gl oiRmt &, AN ANGP8 AL LAR RIS Ahe Juch, a5 to cause

the beam to have  “par across e Cross s the beam whi ch have
di fferent pol adéviatdoafigatdtogmitermribe bdadt acchiedirgapardatited phtserhper conpri ses a

device to nove the pol arization ne r so. as to change selection of
reflective el efrd Ergtieltf‘%tl%“é’ lg‘r‘r§f“‘hliqu agisHates®ds to obtain a further

a projection system configured to project the patterned beam onto a target portion

of the substrate;

the apparatus being characterized in that the relative position of the beam, the
reflective elements and the polarization member are such as to cause the beam to have
parts across the cross section of the beam which have different polarization states; and

that the apparatus further comprises a device to move the polarization member so
as to change selection of reflective elements in the first and second sets to obtain a further
polarized illumination mode,

wherein the polarization member comprises at least two regions, a first region
being associated with a first set selected out of the reflective elements and a second
region being associated with a second set selected out of the reflective elements, the first
set different from the second set, wherein at least one of the regions comprises an optical
element to obtain the polarization in a part of the beam passing the at least one region,
whereby the first and second sets of reflective elements are selected to obtain a polarized

illumination mode.

2. An apparatus according to claim 1, wherein the polarization member comprises an

array of regions, at least one region having a dimension such that the reflective elements

are in the first set.




pol arized illum nation node, wherein the polarization nenber conprises at

| east two regions, a first region being associated with a first set

sel ected out of the reflective elenents and a second region being
associated with a second set selected out of the reflective elenments, the
first set different fromthe second sgt, wherein at |east one of the

regi ons conprises an optical elenent to obtain the polarization in a part
of the beam passing the at | east one region, whereby the first and second
sets of refl ectAnvpabRNBESdiAS & HRIEICSE] wherePlt 3da8t e AR Md 265hd
illumnation node. 2. An apparatus according to claim1, wherein the

pol ari zat iTeHOME e Podasizptionsmember argineeporgied ing ipals optigal Feuetire.one regi on
havi ng a di nension such that the reflective elenments are in the first set.
as 19 3. An apparatus according to claim1l or 2, wherein at |east the
first and4secord appagiusascooiing tveanpohaof datisdrio Aepfunher camprising argliatined i n a

single optical structure. 4. An a .at ys accordi .to any one of clains 1
to 3, furfﬁé?n89H§P‘?ﬁﬂ§m§”t&&?S??gﬁﬂm?agPgﬁ?%%H?&%ﬁde to generate a beam
of linearly polarized radiation. 5. An apparatus according to claim4,
wherein the optical elenment is a quarter-wave plate, a half-wave plate or
a wedge. An ARFPRIAIE ccarding @i caimido WAsRginghe opffcabelameny isla quarter-wakter ei n t he

6:
opti cal ekﬁﬁgg%ﬂfgggp a8ES Av&ickcul ar pol arizer or a linear polarizer. 7.
An appara us’according to any one of the preceding clains, wherein the

illumnation system further conprises concentrating optics configured to
concentrate a art of the beam onto one .or re of the reflectiv
elenents.%B. AﬁB§8%5W8§ﬁ?ogﬁgﬁ?&Pﬁﬁn%%Q@Pg?AF@?’ %?Egﬁ”ﬁﬁ‘dfgﬁgﬁﬁtrating
opti cs coopnpises adircdl@fgobeizin@ aAihehgotaraeea having a parabolic or
hyper bol i ¢ cross-sectional shape or an array of hyperbolic or parabolic
reflective surfaces. 9. An apparatus according to claim?7, wherein the

concentrating Rﬂtabﬁa?atﬁQMBf;(ﬁr?gsto Qny BhES AR FeSedtd @¥ims, wherein the

illumination system further comprises concentrating optics configured to concentrate a

part of the beam onto one or more of the reflective elements.

8. An apparatus according to claim 7, wherein the concentrating optics comprises a
reflective surface area having a parabolic or hyperbolic cross-sectional shape or an array

of hyperbolic or parabolic reflective surfaces.

9. An apparatus according to claim 7, wherein the concentrating optics comprises a

micro-lens array.

10. An apparatus according to any one of claims 7 to 9, wherein the polarization

member is located before the concentrating optics in a path of the beam.

11.  An apparatus according to any one of claims 7 to 9, wherein the polarization

member is located between the concentrating optics and the reflective elements.

12 An apparatus according to any one of the preceding claims, further comprising a

reflector plate configured to support one or more of the reflective elements and a setting




10. An apparatus according to any one of clains 7 to 9, wherein the

pol ari zation nenber is |ocated before the concentrating optics in a path
of the beam 11. An apparatus according to any one of clains 7 to 9,
wherein the polarization nenber is |ocated between the concentrating
optics and the reflective elenents. 12, An apparatus according to any one
of the preceding clains, further conprising a reflector plate configured
to support one or nore of the reflective elenents and a setting 20 plate
i ncl udi ng pMatpimhdigeagiinbgdcied Witiaath sidg fefleade@tdnene cohfgRed togerthé gured to
set the orjentati of the reflective elenent 13. An apparatus according
to any oné)r’(‘}f‘tafl%‘)fgg%’f?gﬂ?t’ﬁ’ﬁe hs, wherein the illunination node includes
any of the follow ng: conventional, dipole, asynmetric, quadrupole,
hexapol e and annul ar. 14. A device manufacturing nethod, conprising:

di vi di ng d3beafingiPpara@h agdorshng tetany wné of the presedindelaims; wpekiarthei ng at | east

one of th = I | apl d i olarization nmenber;
associ at i Eléa{eﬁg’g &éﬂﬁqeﬁ{gﬂﬁ?e\?ﬁaﬁ gog{hf g@ﬂ’e‘x{!‘? 'ggﬁ%h{g%e@ﬁt(g%ofle’gsp OF 5P ty of

refl ecti veuadhpolenesgpolti andahmuigr. t he respective sub-beans to a patterning
device via the reflective elements to obtain a polarized illum nation
node; using the patterning device to endow the beamwith a pattern in its

Cr 0ss- sectiyon; A @RiteRiaiRclhiRg relRdP@hippikmed beamonto at least a part of a
radi ati on-sensitive nmaterial of a substrate, the nethod being charaterised

in including tHeidrgpbeast of radiaiemigta meltipleisae-beansposi ti ons of the beam the
o106t ve R g N bl O TR AR S AL 0T L0
whi ch havenedibkef;er ent pol ari zation states; and noving the polarization
renber so as t gssgcggtp eeaghe éu%gt}elarcr)lnwi% a ge ];Lt?v%teﬁe\{r?entegte anghr}}a?ity of reflective
elements;
directing the respective sub-beams to a patterning device via the reflective
elements to obtain a polarized illumination mode;
using the patterning device to endow the beam with a pattern in its cross-section;
and
projecting the patterned beam onto at least a part of a radiation-sensitive material
of a substrate,
the method being charaterised in including the steps of:
causing the relative positions of the beam, the reflective elements and the
polarization member to have relative positions so as to cause the beam to have parts
across the cross-section of the beam which have different polarization states; and
moving the polarization member so as to change selection of reflective elements
in the first and second sets to obtain a further polarized illumination mode,
wherein the polarization member comprises at least two regions, a first region
being associated with a first set selected out of the reflective elements and a second
region being associated with a second set selected out of the reflective elements, the first
set different from the second set, wherein at least one of the regions comprises an optical

element to obtain the polarization in a part of the beam passing the at least one region,

whereby the first and second sets of reflective elements are selected to obtain a polarized




in the first and second sets to obtain a further polarized illumnation
node, wherein the polarization nmenber conprises at | east two regions, a
first region being associated with a first set selected out of the
reflective elenents and a second region being associated with a second set
sel ected out of the reflective elementg, the first set different fromthe
second set, wherein at |east one of the regions conprises an opti cal

el enent to obtain the polarization in a part of the beam passing the at

| east one illegination mater eby the first and second sets of reflective elenents
are selected to obtain a polarized 21 illum nation node. 15. A nethod
according to claim 14, wherein the polarization menber conprises an array
of regionsys at A gagibd e&%rdﬁ@eo%ﬂqw QEex&thé‘Fcﬂéiz%ﬁo&h&%&bE%hph@& aeflective

elements are in the first set
array of regions, at least one reglon having a dimension such that the reflective elements

are in the first set.




