1 | LLUM NATI ON SYSTEM AND LI THOGRAPHI C APPARATUS FI ELD [0001] The present
invention relates to an illumnation, ystemand to a |ithographic

apparatus. BACKGROUND [0002] A lithographic apparatus applies a desired
pattern onto a substrate, usually onto a target portion of the substrate. A
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patterned. Known |ithographic apparatus include so-called steppers, in
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focused radl ation into an integrator, such as a
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
possible 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. The
illumination system receives radiation from a source, for example a laser, and
produces an illumination beam for illuminating a patterning device. Within a typical
illumination system, 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 illumination modes. This spatial intensity
distribution at the pupil plane effectively acts as a secondary radiation source for
producing the illumination beam. Following the pupil plane, the radiation is typically
focused by an optical element (e.g., lens) group referred to hereafter as “coupling

optics”. The coupling optics couples the focused radiation into an integrator, such as a



2 quartz rod. The function of the integrator is to inprove the honogeneity
of the spatial and/or angular intensijy distribution of the illum nation
beam The spatial intensity distribution at the pupil plane is converted to
an angul ar intensity distribution at the object being illum nated by the
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illumination system further conprising a controller capable of controlling
t he act[@806}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.

SUMMARY

[0006] Accordingly, it would be advantageous, for example, to provide an illumination
system and a lithography apparatus configured to create polarized illumination modes
with increased flexibility.

[0007]According to a first aspect of the invention, there is provided an illumination
system comprising a polarization member which comprises first and second
polarization modifiers each connected to an actuator configured to move a respective
polarization modifier into at least partial intersection with a radiation beam such that
the polarization modifier applies a modified polarization to at least part of the radiation
beam, and an array of individually controllable reflective elements which is positioned
to receive the radiation beam after it has passed the polarization member, the

illumination system further comprising a controller capable of controlling the actuators



3 such that the first and second polarization nodifiers intersect with
different portions of the radiation %eam part of the array of individually
controllable reflective elenents receiving part of the radiati on beam which
has had its polarization nodified by the first and second pol ari zati on
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correspondi ng reference synbols indicate corresponding parts, and in which:
[ 0011] Riogueateditosihansiatr Icomﬂiguymhphncv@bpaolatlmiloaan@xhﬂemw thaart dempoati nent of

;26 e Imr)“ég %%%E{IW%I} a {ﬂh@?lf)ﬂbg&ﬁ{l,l lér ethat 1% ?LﬂY\}ﬁn%Psei(:’Js leftr}? tﬂg %afd?art]loﬁ%gzgrg,rgrasgc Otrhgti ng to
it partially intersects with the radiation beam an array of individually controllable reflective
elements which is positioned to receive the radiation beam after it has passed the
polarization member, and a polarization shaping element which is located in a pupil
plane of the illumination system and is configured to shape the polarization of the
radiation beam after it has been reflected by the array of individually controllable

elements.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] 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:
[0011]Figure 1 shows a lithographic apparatus according to an embodiment of the

invention;



[0013] Figure 3 shows a pol arization nmenber which may form part of the
iI'lum nation system [0014] Figure 4 shows an alternative polarization
menber which nmay formpart of the illum nation system and [0015] Figure 5
shows schematically illum nation nodes which may be forned using an
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known a il lum_,nator) IL configured to conditipn a radiation beam B
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and connected to a first positioner PMconfigured to accurately position
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beam B by patterning device MA onto a target portion C (e.g. conprising one

or nore dies) of the substrate W
DETAILED DESCRIPTION

[0016]Figure 1 schematically shows a lithographic apparatus according to one

embodiment of the invention. The apparatus comprises:

[0017]an illumination system (also known as an illuminator) IL configured to condition
a radiation beam B (e.g. EUV radiation or DUV radiation);

[0018]a support structure (e.g. a mask table) MT constructed to support a patterning
device (e.g. a mask) MA and connected to a first positioner PM configured to
accurately position the patterning device in accordance with certain parameters;
[0019]a substrate table (e.g. a wafer table) WT constructed to hold a substrate (e.g. a
resist-coated wafer) W and connected to a second positioner PW configured to
accurately position the substrate in accordance with certain parameters; and

[0020] a projection system (e.g. a refractive projection lens system) PS configured to
project a pattern imparted to the radiation beam B by patterning device MA onto a
target portion C (e.g. comprising one or more dies) of the substrate W.

[0021] The illumination system may include various types of optical components, such
as refractive, reflective, magnetic, electromagnetic, electrostatic or other types of
optical components, or any combination thereof, for directing, shaping, or controlling
radiation.

[0022] The support structure holds the patterning device in a manner that depends on
the orientation of the patterning device, the désign of the lithographic apparatus, and
other conditions, such as for example whether or not the patterning device is held in a
vacuum environment. The support structure can use mechanical, vacuum,
electrostatic or other 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



[0021] The illum nation system may include various types of optical
conponents, such as refractive, refl ect I ve, magnetic, electromagnetic,
el ectrostatic or other types of optical conmponents, or any conbination
t hereof, for directing, shaping, or controlling radiation. [0022] The
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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 may be considered as synonymous with the more general
term “projection system”.

[0026] As here depicted, the apparatus is of a transmissive type (e.g. employing a
transmissive mask). Alternatively, the apparatus may be of a reflective type (e.g.
employing a programmable mirror array of a type as referred to above, or employing a
reflective mask).

[0027] The lithographic apparatus may be of a type having two (dual stage) or more
substrate tables (and/or two or more support structures). In such “multiple stage”

machines the additional tables may be used in parallel, or preparatory steps may be



[ 0026] As here depicted, the apparatus is of a transm ssive type (e.qg.

enpl oying a transm ssive nmask). Alteré1atively, t he apparatus nay be of a
reflective type (e.g. enploying a programmable mrror array of a type as
referred to above, or enploying a reflective mask). [0027] The |ithographic
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[0030] The illumination system IL may comprise an adjuster configured to adjust 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 c-inner, respectively) of the
intensity distribution in a pupil plane of the illumination system can be adjusted. In
addition, the illumination system IL may comprise various other components, such as
an integrator and a condenser. The illumination system may be used to condition the
radiation beam, to have a desired uniformity and intensity distribution in its
cross-section.
[0031] The radiation beam B is incident on the patterning device (e.g., mask) MA,
which is held on the support structure (e.g., mask table) MT, and is patterned by the
patterning device. Having traversed the patterning device MA, the radiation beam B

passes through the projection system PS, which focuses the beam onto a target



[0031] The radiation beam B is incident on the patterning device (e.g.,

mask) MA, which is held on the support structure (e.g., mask table) MI, and
is patterned by the patterning device. Having traversed the patterning
device MA, the radiati on beam B passes through the projection system PS,
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device MA and substrate Wma?& be aligned using patterning device alignnent
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one die is provided on the patterning device MA the patterning device

al i gnma?ftmﬁgtb@ xegy Peternmieg fevcs iy substrateV mavgeplionsd Wepg ct ed

appar at ' Lk Qi 541pol N step
oo, (hR g ARG, PR oot AR RSP P2
essent i Althought thei subatrpte alfgrineertrmarnkssi aseillpsitated occopydedidatenl tahgetr adi at i on

beamis_ pr.ojecited onto target portion C at one time .e. a single static
exposuri s aheupi op beaif B shces Hetured kBebaottine koo aiakopwy s

di r ect | Qaib80ahd@ligAmeht Rt SIATKRL iPSifldtRihsGn STict fidte BRHEENe bk &t eP

node, the maxi num si ze of the exposure field limts the size of the target
por t i orprovidedgedtherpaitesing|deviseaiA thex pattenning device alignmantmadess miay beuppor t

structyre and the sybstrate table WI are scanned synchronously while a
patterﬂo?é?%gﬁe@ﬁe?%ﬁ?%a'e%di ation beamis projected onto a target portion C

(i.e. goeszprie Mﬁ@@d(‘a@é@%r@\ﬂd paiskaliRet easkBfe & HREIJIBWIRY middes:

substrate table rel ative to the support structure MI nmay be determ ned

by t he 1 del sigmimodeatheosuppedt stiveiere Mieanchthecsithsinate table VEE aos keple

P SC B A oy BTG RR STUHE o PR ol BB £ o1

si ngl e piyjeatsdcosROBIMGEL poMIeh €24t one time (i.e. a single static exposure). The
substrate table WT is then shifted in the X 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.
2. In scan mode, the support structure MT and the substrate table WT 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
table WT relative to the support structure MT may 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



8 the length of the scanning notion determ nes the height (in the scanning
direction) of the target portion. 3.In another node, the support structure
MI is kept essentially stationary holding a progranmbl e patterning device,
and the substrate table W is noved or scanned while a pattern inparted to

the © adid kRGPS sEaRh AbSASEh AREPnies ARt A8, Canhilg' diceafmes

gener al on sourceis e ranma
patternth?egtac@tlpmnom updat ed as required after each novenent of the
substrate table WI or in between successive radi atlonngul ses during a scan.

Thi s node ol HibeiMadedhr syePpPRaiuciraphl isdwrt 6Seridially SLONARORIEINNA t hat
utilize or
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recei Veﬂaﬁérﬁmgadé%ﬁ %%rﬁd"é?éd %B%\ﬁk)lredTQﬁer' SACHTINBIE RN Y BleNHRRER {abfs 2

pol ari zation rotation elenent 11, a beam honogeni zer 12, a mcrolens array

13, a pdlTaei inshdteaenmsubeessivg raematmrr pyises duriog ai shaal lT;zlsamde of paetagion
nat.t.on .system
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furt herdé\ﬁé@véuchrasoé)gfcfﬁraﬁﬁnaﬁlé@nlfr@ﬁbﬁb¥@ﬂ a9paaB reffrdertoditreat ed in a
i nearlé)ppol arized formby the source he radi ati on beam B passes through

t he pol BOB3keombinadionsiand/en arations anitoa 2berp desedbed madas b lusewsve pl at e

and whi n axis of the radiation
beam T%&'rg@cfjlﬁgeﬁlﬁg) e%cgq.{s% a%ggsé)gﬁs)é %ﬁrp@ehdot he honobgeni zer 12, which
honogenonad] Figere 2dhawsparbefatie ilfiirainatidh 3t/stem tLeameBumrhmt:pasve&nﬁ fir ough
the mcrolens array 13, which s%ﬁarates the radiation beaminto a

mul ti pl CFQ!M'tjPQﬁthﬁrfaij‘@F'aOé)lelaW Bowhicheis daceised Honba seure@RtshowanTBe whi ch

IS inci [gﬁp% o] array of

I ndi vi dﬂlgrﬁnyd{@ﬁmﬁt eﬁ fc%ﬁ{éﬁ f%b? I i#lgﬁieét\gﬁe@eﬁ I%@F\?b%lb%rgﬁlzat [ o% menber
14, whildmogenizertZch tidrotsms driey 13,ca polarization meniiSeratd] anheray oy of

o7 e MDA Gl b o BT a1
I ndi vi i r Vi I r g fur t her
bel ow. qt'%fl(’)]gStIBHl %%lgl] gmnglteg@?lfn:p gl'tg e%a@]gﬁ%ﬁ% dg@;%%mégﬁ@nt at fa first

r ef | ectdeseribbd femtherizdowL il eperaiont ther radidticechears Berayere gerdgatag iofa t he
array oIIabIeteer ve elengnts 15 {eflectlve

el emgnﬁf fgadl \éhdrffzglpg&rﬁ r)]/;tbs_sggéqﬁ t bhe, padiation beam B passes througeh

polarization rotation element, which comprises a rotatable wave plate and which may
be used to rotate the polarization axis of the radiation beam. The radiation beam B
then passes through the homogenizer 12, which homogenizes the radiation beam.
The radiation beam B then passes through the microlens array 13, which separates
the radiation beam into a multiplicity of individually collimated radiation sub-beams,
each of which is incident upon a different reflective element 15a-e of the array of
individually controllable reflective elements 15. The polarization member 14, which is
located between the microlens array 13 and the array of individually controllable
reflective elements 15, modifies the polarization of the radiation beam B before it is
incident upon the array of individually controllable reflective elements in a manner
described further below.

[0035]Figure 2 shows a first radiation sub-beam incident at a first reflective element
15a. Like the other reflective elements 15b-e of the array of individually controllable

reflective elements 15, the reflective eIemént 15a refiects the sub-beam to an



9 internediate plane 17 via optics 16 (the optics may for exanple conprise
a focusing lens). The internedi ate plane 17 may for exanple be a pupil

pl ane of the illum nation system which acts as a secondary radi ati on source
(as described above). The other reflective elenments 15b-e reflect the other

sub- bea t I ' - di | ptics
6. By Menithedafé d7VADERS 76 (hPRS oy Br adllf b ERflse BERLESNAR' | 10
det er m Ringd THeeintararsliate pldvee PY aney fbr examplie b at episplandehte Huminationdent |
al nost any spatial intensity distribution in éqhe | ane 17 can _Ee pr.oduced.
A cont r 8Y§tem which agts 3% apesandarydaaiation sonece sifserberabovel hbhe BfIakct | ve

el ement %f%@y&elmgg%g@@% {H?eeotglég ab-® a'}a@d:ifﬁévﬂvﬂi étl}ﬁeF grddsbrtRa! e

reflective enent s own In ure Ive reflective el enents
15a- e, planpriactiatiee se-dirgdiirig optittd 16.1By adiustngriver onéntatidiecf theeetiédivent s may
be provided in_ the ar . e array, of indiyjduall ontrollable reflective
ol enent Setieniag 5p sl i B RRBI & E&2rERD O o RENe g AP Bene array. o

i ndi vi dék%béaﬁ@ryré%di@a%t,ea|mdt%ﬁ§/lsﬁgtsaliﬁt@ﬁa&y‘sdﬂsﬁim&snfimmemﬁelw Gy i se
100 reflective elenents, 1000 reflective el enents, or nore. The array of

i ndi vi dpeiduged.odt easitiadler ETriehby dei ueeddbeapmiros thesonentatiens efthangieclive

[0037] The mcrolLens array 13 may be configured such that a different
m cr ol eﬁlgn?eéﬁ%gé%'cerat ed with each reflective elenent of the array of

i ndi vi diegisbyARSSUGHtheaht= dfehdioRiuaiE cehterTRIbIS reffectivd8lemeHtoN B8NS siswiih 13

may for_exanple conprise a two-di nensional array. The microlens array 13
may f or Figkenglas fiverrpflectiveielements dbenes éspractioe arsignificantlydargesmumes of The

i oved EISHNE YR HAGH ARMeRn e drk s e FRRRIEE Rl
pol ar i zefflectiverelshrents 8Mhay i dxangie venpripk at tow-diftersicizd atrayl Mhevarddy The
wave pl ates, 20a-c may be fornmed from crt;éstal line quartz, and_may be

provi de?f ifividuzhly coafrpitahle seflactiveialgyaentsahmay fenexample ¢ampise 20-c is

4 _ gy _ iy P A,
ebod: reheotfy S8, (Udd EhethveBefertsdrMoled T qhafof diagaR [0S
when i tcordrdllabledefiectiveosietrtentpdbanay beirectangatber 14. This pol arization is

represe chematjcally by_a horizontal doub]e-headed arrow in the w ndow
P ThdOnBf LTG0 a0 }3 fast bh oo uad Sooh ek oA FRESHINRTAIgns fon of

t he radiail ak A ' hen

pol ari g%%fo:(:%??cﬁgﬁg‘éﬁ g(%tgle%tﬁ% ?ﬁﬁ?ﬁt Ehﬁ{gpéﬂggségf@gﬁé% e%a%?grl?elbby t he

verti caefldcivel elehmentted5alhevmionolehe afriayst3 may dopéxarepl2@miise d3econd wave

D28, 2R R0, Tl A koL g Endl PO, P52

back- sl ariréenses!BlogoNRRASIENSES, VY rhével Nhe Aicrolens array may be rectangular.
[0038] Figure 3 shows schematically viewed from above an embodiment 14a of the
polarization member 14. The polarization member comprises three wave plates 20a-c
and a window 21. The wave plates 20a-c may be formed from crystalline quartz, and
may be provided with antireflection coatings. Each of the wave plates 20a-c is
configured to apply a different polarization to the radiation beam. In this embodiment,
the radiation beam is linearly polarized in the x-direction when it is incident upon the
polarization member 14. This polarization is represented schematically by a horizontal
double-headed arrow in the window 21. The first wave plate 20a is configured to
rotate the polarization of the radiation beam through 90°, such that the radiation beam
is then polarized in the y-direction. This is represented schematically by the vertical
double-headed arrow in the first wave plate 20a. The second wave plate 20b is
configured to rotate the polarization of the radiation beam such that it lies in the plane

x=-y. This is indicated schematically by the back-sloping double-headed arrow in the



second wave plate 20b. The third wave plate 20c is configured to rotate the
pol ari zation of the radiation beamsygh that it lies in the plane x =vy.
This is shown schematically by the forward sl opi ng doubl e-headed arrow in
the third wave plate 20c. [0039] The wave plates 20a-c and the w ndow 21

are hel d.} T onf i t.hat gaps 23
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el enent r o h,do not
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of i ndiwindioa Iya:mmw)id fabhehe (ﬂfdnem!ah@'ren&id@ﬂlﬁﬁ&bylﬁmumlbgr’aphlccnmaratadl ation

whi ch S ,pﬁssed 5 Urﬂ% Fhe first wave plate 20a is used to formthe

i 11 uni n3edigHo lendupondpe prrayrofiindividigts eantrallabie reflachive elgmentson
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the CO’HWOWS' $leltibh, V%)’thﬁ%wir%hett aF1r6f 6&%5(&56?3@2%@%%0%5@1#3 ﬁl‘tﬁﬁhnétmﬁ only

radi ati on whi ch has passed through the third wave plate 20c is used to form
t he il |systemtof the hﬂaagrap[rmna;zpanatusone i nstances it nay be desired to use a

d whi.ch i d nbij f h
ot gUpBeBfiF Rt BB BEM BB nsifRaing o Slip e SRR, 37"
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21) may be used to provide the desired polarizations. For exanple

r adi at icOntRAeCE TAA8ayaerice tha refllepiveralementsolbae ot aray af individkalbh has

mode. AR pdle e ladRER Boftich BafoffRreHBuAGE RS R A iR rabh 'on "
pol ar i zkd firdt widve plate 20a'ie tbb@fo fdrAlHS]illUMing 86 Mot BIaRarlyLif teypdrersirsi 1 ed
to use radi ation which approxi mates radiation that is not polarized. \Were

this i $uchdhatgadiatign @@!ﬁf@ﬁéﬁm thss plene Xraxdwamdcmowdsrthaheahmmq;éh@we

t hr oug 0, nt of
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t he seconol%h pl ate 20b may be used together with a conponent of the

r adi at (UM W?i Ratterads ﬁ‘d%fsﬁ@ttr adigtion ppl?é'zﬁﬁl"ﬁ thenalpaepi=yr woyldProyige g
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t hrough a pl ates -C an rou w nd may be used.
such that only radlatlon which has passed through the third wave plate 20c is used to

form the illumination mode.
[0042]In some instances it may be desired to use a radiation beam which includes a
combination of the four polarizations shown in figure 3. Where this is the case,

components of the radiation beam B which have passed through different wave plates



The wi ndow 21 may have the sane optical path Iength as the wave pl ates
20a-c in order to provide consistenc 1of optical path length travel ed by
the radiation beamin the illum nation system [0044] In an enbodi nent,
the wave plates 20a-c may be sufficiently thin that they do not
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pol ari Wi&t‘? 15 operated by a controller CT2. The controller CT2 may be used to move each

of the actuators 42a-c independently, such that one or more of the wave plates 40a-c

is in partial intersection with the radiation beam B, such that one or more of the

waveplates fully intersects the radiation beam, or such that none of the waveplates

intersects with the radiation beam. The wave plates 40a-c may be sufficiently thin that

the path length of the radiation beam B does not change significantly when it passes

through one or more of the wave plates (compared with the path length if the radiation

beam passes through none of the waveplates). The waveplates 40a-c may be

rectangular, or may have any other suitable shape. Distal edges of the waveplates



[0048] Referring to Figure 4b, the actuators 42a-c may position the

wavepl ates such that the radiation bq?m B passes through the third wave
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differ fotindHQi!dﬁéII)Zééht%liabﬁé‘?efl%%ﬁ@e%}éiépﬁ’é’ht@f1 5ti881d0AHNA mrFiBG@QéTaM cBR gt 0
unequal portions. For exanple, the first actuator 42a may position the
first ween thabthe attry ofindividbally centaplablereflactid eleiments o5 rectives @mdiatonany
sel ected .proporti.on,of .t he radi ati gn heam The ,first actyator 42a nay be
Sont » orriEh B BRRESEY f e Feny eaes A Memationdneds Miedt &Y IS A Bh oot s

posi ti GRGivititiafh cERM6 IR Rfidclvé Rferh 8811 theis Has VR =Qf pobdiRtibhve el ements
of the array of individually controllable reflective elenents 15. For

exanpl d0048kReferring tadtiguteotb.4he actyatpiss42a-emanposition thewwaweplatasesuda such

that it ] . [ f.th b B which . is_inei t

a 11 v strrEsAdeNP BeBRL b s tiotah o BN RaVSBRE YR A a pydibAer oPO"
cont r olsughltatitak lseebhd fa0b PIEBUDLIAt &8s WithHalihwinke Fatlation b8am BXxASR e,
since the first wave plate is introduced fromthe right hand side).

Si ni | aresult ehiberpasitionscafiae wavexdatesAPoei halloef thﬁéaq!ii%ti@m regaieedbuthe 40a
A b ) o _ P i
con ¢ A0, 4T AEARELS o RRG Fcfe &S B RO RTINSy A s &

r ef | ectandehatf afieatadidifon B goddriseaninahe Yhkrgciidh aindliurhigatiommede fosmiedbydent
upon the first, second and third rows of the array of individually

cont r oftheBrray péinddddually candipiable reflectiye elamentstp thishas a spmbiatiogrofihe
array af_ Wéﬁiém%lé% i-@@b[@%&’&ﬁ' e reflective elenents 15. The ot her wave
g , C may ol red

pl ates 4 e Co I'n an equi val ent manner.
[0049] Referring to Figure 4c, the actuators 42a-c may be positioned such that one

third of the radiation received by the array of individually controllable reflective
elements 15 receives radiation which has passed through the third wave plate 40c,
one third of the array of individually controliable reflective elements receives radiation

which is passed through the second and third wave plates 40b,c, and one third of the



14 [0052] In a nodified enbodinent (not illustrated), a w ndow nay be
connected to each wave plate 40a-c, e W ndows bei ng positioned such that
the radi ati on beam B passes through the wi ndows when it does not pass

t hrough the wave plates. This nmay be done for exanple to ensure that the

opt | cal aftalyor hERdlally GYEINELIL AR AdhBh OB BB ik IPUARIOBaSaE |

I rrespecti er or not thera I'on beam thr
pl at e. throtudle theerbicsd sezondidnidubkird atave plateBi4Dare Fhus, hethidafdine aaray afm tt ed

because. t he t hj cknesses, of .the wave plates 4Qa-c is sufficjently small that
Che- opt INfeylbrEEIRReGE B o Sament RS Fecatvs BCiatior Wikl 15 babrRed it by

passagetddik eughitelbgonay il @fttﬁ? ar@@%f‘fﬁc}iﬂdggw Enttiidpfe MBchi® cerfdHL € have
a thickness of 900 mcrons or |ess, preferabl’y 300 mcrons or |ess.

[ 0053] Aredeinashradiatiopovhich isapolerised irbie vidirectionhand a thirgiof tihe agrag©f bei ng

| d. bet. he_ ni ' 13 and the.. f individual |
cont r of G dobefoede B BleidiaeRls regof cofudh Wten's ealkst T -
| ocat i op = yhretttrat A@NIuBtinatith RRdIfbAAEH BY the BRal of hdidulIf SottfollaBRrt 1t

allows control of the polarization of the radiation which i's incident on

di f f er ef@flegtive slespentnd Sdhusihasp conthinatinmef = cypelesration, ¢-pelarizatianand

el errent,?:ly‘-'; ollaﬂ é{&ﬁ,‘ case of the enbodi nent shown in Figure 4 (or equival ent
enbodi nent 55), fid pol ari zati on nmenber nay be positioned such that it allows

t he pol EOO50RThewaveplatek a0a-@ariesctudiis BPatdef the payariZation tharhBeat dly
controll able reflective elenents 15 to be controlled on a row by row basis
(the rodOWaplegtien RS ther polarization ofdadiatipswhigh istiRridephypere ditenerirarts of
exanpl el i ' : 4 4 adj of
i e ROt EI B e BR R ERHontd 18 4AEBhrbfer G2 Bidve O
14 may beedsiof determimel whithipattsahtihdarray rodyndividuaiti cordredibble iefisttivd | abl e
reflective elengents 15 that it does not block radiation which has been

ref | ect ¥8MANS Hg reegiue wWhich pRIRZRHR 1 y control I abl e reflective el enents.

00541 {00STRXIRSLAARHE L AR o' HOLRKI 42440 8c TRIRRlarkh bemeen Lhe

honogeni zer™ 12 and the mcro |l ens array . e to provide
part ofhashee@obeparated imto agudleportidndesciebavine diferandt polarizatiod, thee mi cro

I 1 t of th | ari zati nber bet th )
ene e AR AR S0 SRRl 5D B e
[ 0055] Athhevabatrhsy ngﬂéﬁ kR Rkt AERRHIARMOLEudH Bt R agpﬁégwcﬂéwmowave

plates, two wave pla , four wave plates, five wave plates or any suitable
nunber rotatigave anyseiectedprapericedf theoagstiombeapoBadihedirstacteator Hdamay at i on

e e ARy BB RaRCTD o thohA A ble L 6 HoBbt posl v
which correspond to the locations of rows of reflective elements of the array of
individually controllable reflective elements 15. For example, the first actuator 42a
may position the first wave plate 40a such that it intersects a portion of the radiation
beam B which is incident upon a first row of reflective elements of the array of
individually controllable reflective elements 15 (the right hand row in this example,
since the first wave plate is introduced from the right hand side). Similarly, the first
actuator 42a may position the first wave plate 40a such that it intersects a portion of
the radiation beam B which is incident upon the first and second rows of the array of
individually controllable reflective elements 15, a portion of the radiation beam which is
incident upon the first, second and third rows of the array of individually controllable
reflective elements 15, or any other number of rows of the array of individually
controllable reflective elements 15. The other wave plates 40b,c may be controlled in

an equivalent manner.



the pol arization nenber 14 and the polarization rotation elenment 11. The
pol arization rotation elenent 11 may,or exanple conprise a wave plate
which is rotatably nmounted. The polarization rotation elenent 11 may for
exanple be used to rotate the polarization of the radiati on beam through
90, 45, nfof 3t i
i nci den!é)(ﬁséj;]rp%he pfl a%‘ﬁ?g?%%ﬁtéﬁ%ﬁuét%{e&ghl@ﬁd{)\g%%} bgﬁgncon ?S%Ea(t:l on of
t he pol Wrawealiatem(}mcrﬁbe widdehe tveingnpdsitinmes slmrﬂhaatheezadlambe bedne Br adi ati on
beamBrra ri,sed in th glrectlonb t he Qolarizalon Jjjotatlon

p!

o onent Payos ke R Sindeies Wheraseiohstiionh e veva Bl S i aney
Consequgé%n@ffoFQkéﬁnbféQOré?ﬂU?é tHt thé‘@bﬁ'@é]tpaﬂp%gwﬁ‘a%lfe%b’b)p{?e' r@\‘aiéﬂoﬂual ly
controll able reflective elenents 15 woul pol ari sed

di r ect i b@amrk remainsdhg sameeisneispactiveaohwhetheanr het thegadiationypeaim basu on and

ar r angohiniod ORRS AR diftsn 1Fbefoaument fbstudeflly Pia RPN Bindurs,g

rot at abhee ovaitRid Bdause AP tHisknedses bf BHe Wave ﬁl@ité‘é 2626 ebifisrant] esméiﬂtﬁat 0
apply different polarization rotations to the radiati on beam %Il' VI ng

the wavis qtical pﬁfmdea@m ofdbe sadintier issreitsignificantly affestecibly aassage

ot at antS ey Pl TR Rabe HateR 0 nfl B ERARRRLYAH A iR sWe

exchangmicrony ob tessppadfeblyn3@0 decrohe dpiésyy a desired waveplate into
i i h the rad| ation beam B.  [0058] |n an enbodinment, it may be

i ntersecti t

desir edfos)é%ﬁ}%@w the RalarizatioRimembesdéd is shawndm Fiowar a3 being loeatadi zat i on
of the i ARG i

refl ect?%ﬁ} o?‘ tHEenl?readl ati1on Be%% ?éﬁh@rﬁ@@é@@?‘%ﬁ%&%@ %?)%%FRY%e
array oélemedity il 8uibiray lweoptavidddainl any sditabld locatieh e Thstiscation dfdheexanpl e, it

be desired t t he pol i t h t i
ror r ospoatEatio BebaY ey BefRUcRdhALk AlwS canel Qe ROESZAHAN &Y 8 1 ove
of the pafdiRatwiieh & Mdident of- dlﬁ@r(ehﬁﬁéh%f H&é?r%ggf @ d:cﬁféu RABBL S) .

Where this is the case, the wave plates e posi |one such t hat
radi at i refleptine algmams dlésdmﬂ‘cemﬂeaoi &latembodlmermshdwntln frigurefdo@r rows of the

f vi dual | t .ol | flect | t f
hear refRls eBrrind S Lik orERfch mismmis oy i mastorga murieRt 1 o hal 1
a row ofiloWethargaariARioNdf rédinbsh ré@shied b9rthé awag%rtd‘\ﬁduéll Ifirdiiagle node.

Those mrrors nay be oriented for exanple such that they direct radiation
t owar dgeegivenelements il 5 o he contrefled ooz famby rogseisis (theeows beingtrowsvefve

porar: Jatealve BEmRRRTR R M e I SRR byl Bzt nnunbe:

of rowsnebeehertjactht & tHeeatray bhindigd@dllyedbrdiollbbii refldetpld slefemts 95] abl e
reflective 16 elenments 15. The reflective elements of the array o

of
i ndi vi di PYladamfianomestes Tempy b sulfieipetiefardrons thegrraw ofiinstivideallydj ust t he
i nt e“S'cb'nﬁ%ll%letr?ﬁeétﬁ)eaélé%%n%oﬁﬁﬁazﬁf 4SS by tg/&@ﬁ A WRRNIREADBALA N 2

hi gher —accurac an accurac espon

appr oxirefi¢ctey chthewmmﬁndmdubﬂy pontellalié réfRicties elerrestisenent s in the
reflective array The controller, CT1 which is used to control the

ori ent 499t @ﬁyth?epQS@ﬂtPl@é@ PlRvide Hr pelarizatior membeydl 4 beiwesntee i n

{
v pr eribeiiict 12 iRl nddtal TP A bEBRsie DBRMAeRR BHeTP,
by sof tpmdartz,atlon nagmbet hébebvedmtieehomagenizéhand tid wicre lemy aalhgd 3cantir ol t he

pol ari zati rotatjon elene for exanple via a controller (not
i 11 ust P&ﬁéﬁq hepR r?é‘i'?%‘ﬂ%mﬁﬁs/%%w%%hmﬁgu%%m EReANG RS BEBBONt t he

cumul a‘iﬁd{ﬁdﬁélfl)ﬁé ﬁtr&i‘abﬁé‘ JI%L% bfhbA8 fs0t ation el ement 11, the

pol ari zati on ne e array of individually controllable

refl ec{@ﬂ&ﬁ]eﬂlt@magh§haﬁlus[retmllembiﬁdmnehtrcdd:tlgm @Shmwaﬂvbewﬁa\lemiam/ew»l at es
40a- ¢ when tlhtﬁé g} e |nser|ted ﬁnto t he radi ation E m B ma e subst |aI 'y
par al | ¥2VEP'? M NAVEPlatesetYs YR VEPIqRS of PENGY %%‘ﬁ%‘”& é(’("i‘}’se Feta

into agfUpd uggy. changes of beamdirection within the Iithographic

appar at usg In other words, the direction of novenent of the wave pl ates
40a- ¢ liTbekatarizadion Qiltbeugadlahom heaat whean lncideritrupont the astaysefr at e tabl e

W may. ral.lel to th scanni n ire on, this is
the e 2Ry, Aiiotible BRGRS eigheri 5 158Y BeagrlieleE b comPrefob

i ndi vidual l'y controllable reflectlve elements 15 is zero in a direction
transverse to the scanning direction. In other words, substantially equal
anounts of radiation with each polarization are present either side of a
| i ne which bisects, in the scanning direction, an exposure slit of the

| i t hographi c appar at us.



[0062] In an alternative arrangenent, the direction of travel of the wave
pl ates 40a-c when they are inserted i,pto the radi ati on beam B may be
non-parallel to, for exanple transverse to, the scanning direction of the
| it hographi c apparatus. Were this is the case, a 'centre of gravity' of
pol ar i stk paaheaorPRehiterAu'ah b dokli diBHblatioR WKmEht FP! Phé BblfEhIY?

el ements 15 nmay be non-zero 1n a direction transverse to the Scanning

di r ect i ootatiimeement Hpmiay fanexampletcatnmiseca waveidigtetwhithés rodaliabty on beam

0063] Al th odi. t of t i ti h i Fi 4 jintrod
(00551 AL UGl e enood rent ol L Avent on. st LD FLG e 4 g odces
the sanpoRiridstion of the radfitidhiHRANMERBUgH bO°,345F‘922.§9‘6?éﬁ?bﬂwér*?@fatibﬁ'p?ito'rr]Zo the

case. For exanple, one or nore wave plates may be introduced into

radi at i e tasiationrkgarabeugpiosidest spor thef poladzation medikarildn Tusmntakiog éhel at es
may be introduced jnto the radiation amfromany sjde of the radjation
poam - POV b RsPamiABDeRrabEs T ohonr R 5P B B8 ber ng
adj acentadigtiomeeAN® Ay, be Polafsdd iMnflcanarectidrby WY Selha & MRYathmh spaced
apart fromone another. [0065] In an enbodi nent” of the invention, a single

wave pl ateenend r(satheethapther-gissctivashownpipdiiguisninpod as 9 eangeqvenee of n t he
sane %{he%d%g@\éﬁgéiﬁg@ Lg)‘brnethé é:{ag%f iﬁ’c%i\?igﬂggﬂééﬁéo |§Ble%ﬂe8ti&e°$l%ﬁ%n‘t§ ).

The singl'e wave e usé con rizatton of ‘radiation

i nci dent 5 atoultd bé poritisefan the 0 VidiRctioh andah thegidiredtion {rathee thdmin thblxe=
reflective el enents 15. For exanple, the si ngl e wave plate may rotate
pol ari zigctioprasGytheopdiradtion as sipwn ikligupe 4Pe may for exanpi e be

ositio T i iat } Wher e
Phis | SRSTIHh pfthalile aRaRIaREhE wit blonForPion b I8heRL ) B Btcha, ¢

el enent of Hdingvial rotateblei wavepdateatompripe baget ©f vave mates vatichd nragcve ased &0 g. t he
x-directign),.and the remaining half of the reflective array will receive
radi at | %Pﬁmff@ﬁemfsoog%ﬂ Psgtatang @ theagiaton Qﬁ%@r%ﬁow@gé%e waveplates
y-di r ecit I i i ; f By ch t hat
!t aieBd ofhBr PISC AR BTN, TPho WERBBIdRe R IBL kB B oo,
Thi s entldiimantexchander which rcomprisesra mitatablesdishdineam \wplatay beingised i n

i N ith th lari zati tati I t,.11, i ch. b dt
eod £ qinbplid drobiif B8 k. e SreitalioRh e FalBe 8 raep g desirate™
pol ar i zghiRlatBREmtrdecli@PRTh tsisfEIPBbams, of the invention (or ot her

enbodi nent si may be used in conjunction with the pol arization shapi ng

el enent[0088] mran eobadimenti ib mayrapilesjrasl orprovidesn lominstionphede imyhicke a
pol ari zat |. i f.ier. such as.one or re wavepl ates,. .located in a pupil
P o JreriealBotaliatan 8t RialBs tantRrs bRl ol aSeLfo) o oot Pon
of th_e do&_tﬁs@bh@ﬂo!@@ﬁ?éﬁti&ﬂ%tﬁ@?éﬂié@or@ﬁeéhiw%raﬂinﬂé”gefmﬂﬂabé?@f r@W@fmklﬁe t he
pol ari zati on shapi ng el enment may shape the polarization of a linearly

pO: ar | 206y @ldnaividsially cantrelledie reflective elemernts 1. For examplei émayserdasised
Sonermatp A0S e BoltPauad AR sty Aol 20l erdtdf e o BpdF ol BREG uch

t hat i tradiationsreeins frohi thré@bhd of hdlhewadf thiel reflebBanartay gd]g.nrelﬂb@timfr@h‘i zation

shaping el enent will shape the PQ| arization such that four poles of the
oct upol ¥4 reflgaiivelesienivd dVheie thisis the Gaseathe wave platesdOasunaydiees of the

A T R I S O L
el ementrewswy the arrag of individogliynedrit@milabld fefleotiveleleerdris aind the minngsiof the 18
array may be oriented such that a number of mirrors equivalent to half a row of the
array do not direct radiation towards the illumination mode. Those mirrors may be
oriented for example such that they direct radiation towards a beam stop or some

other location.
[0059]In general, the wave plates 40a-c may be used to select the intensities of
different polarizations of radiation with an accuracy which corresponds to the number

of rows of reflective elements in the array of individually controllable reflective



[ 0068] The wavepl ates referred to above may be considered to be exanpl es of
pol ari zati on nodifiers. Enbodi nents gé the invention nay use polarization
nodi fiers other than wavepl ates. [0069] Enbodi nents of the invention may be
conbined with the nmethod and apparatus described in US2009174877, the

cont ent gofeli1gh W&eﬁ%&ﬂé’%éﬂf‘eﬂ@ﬁf RSP friﬁ@ﬁird%ﬁ)‘?co ﬁ@f%@é réﬁetcﬂ\‘?é‘gh
specific reference may be nade In this text ot he dse or I 't hogr aphi ¢
appar at ekenments H& nmay beacsedrte adjust @se inténstiesibithieaelatiste pelayizdtibhabf thHee

lith ' t, i bed h [ h t her applications, ch
ot S OB S o 1 e T e bt appcalt o
patter nﬁofr%&sdm&rtﬁ{éﬁbrgﬂﬁ@té]y ¥BRS5HETds ’Eystﬁb'rﬁﬁﬁt?ér direfi@iye glér’n@h‘ﬂsqh ey IS][ al

di splays (LCDs), thin-filmnmagnetic hea etc. The skilled artisan w
appr eci eaftectivearrayh t he context of such alternative applications, any use

f th cwaf er” “die" h ' i der ed ith
the. mor OB TP4Rofiple CThGismBaRes S Roap L i3 ain PiUBE e IRR . “The
subst r apleniegtften6a® aylry edritroNey iR oRjuPERSS Aith thefcehBosr @2 hi@xposure, in
for exanple a track (a tool that typically apﬁlles a layer of resist to a

subst r at@ntedls threpesiipas phiheaxpsplatese40ac) Bathwétheseoepntioders may/fer an

cuch: antearRE e o Bl ARel vy S0F ot SulRbREnoh . PR RB AR, 5

pr ocessgidomohtrof thenpalatzatiochabtativangémenn1 0 fde exhmpld @atecentraller (ndtayer | C,
so that_the termsubstrate used herein may also refer to a substrate that

al r eadyillegtratadns Thaseltypee praydescfigussd i takegnteracepwat the eimuladive at i on”

and " beawd b e . [ jLat i on,
! ud: et B the B0 8l 2 B R o Blent 17, e bolSh R QTRAREL 13 ABHE ' Shou
365, 35&rraydBindhidyaliycontmollaie refigctiverelemgiits #6li ati on (e. g. having ad

wavel e bet ween 5 and 20 nm e. havi.ng a wavel ength of arou

13, 5nmnl%?681t7fﬁ 5+rﬁ%t'%?fnﬁr?\feé RS Ve Blatrie 408t when 414y, ,m_ﬁ%z;@ef mﬂ"q o any
one or GRiEtioRAideR Ehay e QUG pefaiktid R sChimRNRbction Githeding -
refractive, reflective;, magnetic, electromagnetic and el ectrostatic optical
conpondithegrapbiE7alpamiusd talireg intd aceodmidinyscitasiges df heamdieedtiomnwitisinghdeen

ot hor vi REOG RRNLpracls) B PREWSEEP droiten BFmMeveh! ALS Have PRLSY or

of a CqUYLE Whedl IBBKAE KRRIAGAY tHe RIfatRin BRI (RN HRNS@SstRite ERAE VB gRdabl e
I nstructions descri bi n&la nethod as di scl osed above, or a data storage

medi um fesypstartinlyqraratel de theeseanningrdigectiare  ¥yhesptthisas thelease, a ‘centre of
gravity' of polarised regions on the array of individually controllable reflective elements
15 is zero in a direction transverse to the scanning direction. In other words,
substantially equal amounts of radiation with each polarization are present either side
of a line which bisects, in the scanning direction, an exposure slit of the lithographic
apparatus.
[0062]In an aiternative arrangement, the direction of travel of the wave plates 40a-c
when they are inserted into the radiation beam B may be non-parallel to, for example
transverse to, the scanning direction of the lithographic apparatus. Where this is the
case, a ‘centre of gravity’ of polarised regions on the array of individually controllable
reflective elements 15 may be non-zero in a direction transverse to the scanning
direction. This may apply an unwanted eccentricity to the radiation beam.
[0063] Although the embodiment of the invention shown in Figure 4 introduces all of
the wave plates 40a-c into intersection with the radiation beam from the same side of
the radiation beam, it is not necessary that this is the case. For example, one or more

wave plates may be introduced into the radiation beam from an opposite side of the



di sk) having such a conputer programstored therein. Furthernore, it is
noted that it is possible to change glf’ue angl e of polarization (possibly at
the cost of other paraneters like IPS). [0074] The descriptions above are
intended to be illustrative, not limting. Thus, it will be apparent to one

skill ed M.t (] ' : L Qv i
descr i bSiaiFaSh, Wale FRtqap bt d e M RTAPIRB RN 5, 20
CLAI M5 ofitheAadidtionrbezmh.i on syst em conpri si ng: a pol arization nenber

whi ch ¢ i first and second pol ari zati on_podifiers each conpected to
o act ol iengh e aterigie AbaPeaRerova MBS S48 DriaaHiAcar 0 o1 ot

| east ' il | ] bat I zation
e e R e e e e N o L T
beam al065}iream emnbodimeant ofi tha dhventioona siridlablase mddtieds provdesd whimht mayhi ch

I S posi éi oned tﬁ.{?r echai ve th’ﬁ rlfé%i.aﬁrki‘on beam after it has passed the .

pol ar i z38YHA RsHogyWhich is coptrolied if ihe; SRINGME) A FLOWRE @Hﬁ%r!(é?nﬂaa

cont r ol heacRRReLAR QicorfBliér! ThEGIAdIE wakeURhR ha§ Weludddab dohtrof iHest and
second polarization nodifiers intersect with different portions of the

radi at i elagaalign phriedialiontineidant afydiderenh gakis ofithd grrayaf individuslly refl ecti ve

por ar 1 280 T EAERIeB R o-mec 1 RS ey SRerEiile Scie wOSB BRE b roteley, ane
part of pslagizatioraghreligh 90k, VTidis @irgle d@NEphhteanhe foradiapsile \be Rsiigritidssuch
recei ving part of radi ati on beam which has had its polarization

roci 11 cliob ] Ttaesects with baif of MexBCtOmAE Br \RErBiS Bylaneenak st Aray

pol ar i 2 8RidTRAY thRfrollable reflective elements 15 will receive radiation polarised in a
first direction (e.g. the x-direction), and the remaining half of the reflective array will
receive radiation which is polarised in a transverse direction (e.g. the y-direction). The
single wave plate may for example be positioned such that it intersects with any
suitable portion of the radiation beam B.
[0066] This embodiment of the invention (or other embodiments) may be used in
conjunction with the polarization rotation element 11, which may be used to modify the
polarization of the radiation beam before it arrives at the polarization member 14.
[0067] This embodiment of the invention (or other embodiments) may be used in
conjunction with the polarization shaping element 18. The polarization shaping
element may for example comprise a polarization modifier, such as one or more
waveplates, located in a pupil plane of the illumination system and configured to shape
the polarization of the radiation beam when forming an illumination mode. For
example, the polarization shaping element may shape the polarization of a linearly
polarized radiation beam such that an octupole illumination mode has polarization
which lies transverse to the radial direction, as shown schematically in Figure 5a.
When the single wave plate is positioned such that it intersects with half of the
radiation beam B, then the polarization shaping element will shape the polarization
such that four poles of the octupole illumination mode have radial polarization, and
four poles of the octupole illumination mode have polarization which lies transverse to
the radial direction, as shown in Figure 5b. Different polarization shaping elements

may be used in conjunction with embodiments of the invention.



2. The illum nation systemof claim1, wherein the polarization nmenber
further conprises a third pol arizatiq nodi fi er connected to a third
actuator configured to nove the third polarization nodifier into at |east
partial intersection with the radiation beam such that the third

ol ari zah ! | Py L: | f ¢t he
Fad at | DOOGITREU-ePlatBRerefidaro BBOLS il BOLERHEIOR BEoRAbIGl: Mol 11 ng
t he t hi pdlasizhtien orod¥fiers. Ematiodimentshofribe rolemtionahay osepdldrizetion nicelifeast s
with a rtion of the radiation beam such that part of the array of
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pol ari zstiofn nodi fiers each connected to an actuator configured to nove
t hem i nP¥ "R EEst partial intersection with the radi ati on beam such that

the one[gu70)RitRodgH!specA tefBRIngEIMAAY b8 MdtRdind they teximrhk! e dfflitndirbghiczat | on
of at |east ﬁg}lart of the radiation beam 21 4. The illum nation system of
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modi T eL-COARKHBY A RillPigHrEciate that, in the context of such alternative
applications, any use of the terms “wafer” or “die” herein may be considered as
synonymous with the more general terms “substrate” or “target portion”, respectively.
The substrate referred to herein may be processed, before or after exposure, in for
example a track (a tool that typically applies a layer of resist to a substrate and
develops the exposed resist), a metrology tool and/or an inspection tool. Where
applicable, the disclosure herein may be applied to such and other substrate
processing tools. Further, the substrate may be processed more than once, for
example in order to create a multi-layer IC, so that the term substrate used herein may
also refer to a substrate that already contains multiple processed layers.
[0071]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, 167 or 126 nm), and EUV radiation (e.g.
having a wavelength of between 5 and 20 nm, e.g. having a wavelength of around
13.5nm).
[0072] 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.
[0073] While specific embodiments of the invention have been described above, it will
be appreciated that the invention may be practiced otherwise than as described. For
example, the invention may take the form of a computer program containing one or
more sequences of machine-readable instructions describing a method as disclosed

above, or a data storage medium (e.g. semiconductor memory, magnetic or optical



7. The illum nation systemof any preceding claim further conprising a
pol ari zation rotation el enent configqéed to nodify the polarization of the
radi ati on beam before the radi ation beamis incident upon the polarization
menber. 8. The illumnation systemof any preceding claim wherein the

pol ari zgid [ ' : ' array,
b bt wasky R RBEn eoratb o hRRreR e AU SR e Poi Bl L
r ef | ect pussibledomhtage ti9e ample ofl dalsmzatiphdpossiblyeantiod castyofmtieerguirametérsi m
wherein the {llumnation systemfurther conprises a polarization shaping
elenent“V%@gbed in a pupil plane of the illumnnation system 10. An
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pol ari zation nodifier connected to an actuator configured to nove the

pol ar i zbeiapparemiiid Ore skiliedirt thatari thatimedifications trayydecmade tdithe ingenticn am
beam sych that i1t fully intersects wth the radiatjon,beam or such that
Tt par - egbrpeRwiniact depbind FomdRe Saphe Soleaaf 38t ST PR, o
individually controllable reflective elenents which is positioned to
receive the radiation beamafter it has passed the polarization nmenber; and
a pol arization shaping elenment which is located in a pupil plane of the
illumnation systemand is configured to shape the polarization of the

radi ati on beam after it has been reflected by the array of individually
controll able el ements. 22



11. A lithographic apparatus conprising the illumnation system of any of
claims 1 to 10, and further conprising: a support structure
configured to support a patterning device, the patterning device configured
to pattern the radiation beamdelivered fromthe illum nation system
accordi pg Ay desired pattern; a substrate table configured to hold a
substrate; and a projection systemconfigured to project the
patterned beamonto a target portion of the substrate. 12. The

l'i thogr phiépgﬁfaraﬁus of claim 11, wherein each actuator is configured to
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met hod of controlling the polarization of a radiation beamincident upon an
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nodi fier and not by the second pol arization nodifier. 14. The nethod of
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controllable reflective elements receiving part of the radiation beam which has had its
polarization modified by the first polarization modifier and not by the second

polarization modifier.

2. The illumination system of claim 1, wherein the polarization member further
comprises a third polarization modifier connected to a third actuator configured to
move the third polarization modifier into at least partial intersection with the radiation
beam such that the third polarization modifier applies a modified polarization to part of
the radiation beam;

the controller being further capable of controlling the third actuator such that the
third polarization modifier intersects with a portion of the radiation beam, such that part
of the array of individually controllable reflective elements receives part of the radiation
beam which has had its polarization modified by the first, second and third polarization

modifiers.

3. The illumination system of claim 2, wherein the polarization member further
comprises one or more additional polarization modifiers each connected to an actuator
configured to move them into at least partial intersection with the radiation beam such
that the one or more additional polarization modifiers modifies the polarization of at

least part of the radiation beam.



15. An illum nation systemconprising a polarization nmenber which conprises
first and second pol arization nodifi gqs lying in substantially the sane

pl ane and being configured to apply different polarizations to the beam of
radi ati on; and an array of individually controllable reflective el enents
which is positioned to 23 receive the radiation beamafter it has passed
the pol arization nenber, part of the array of individually controllable

refl ect dve ellbedhinsinatioresystem dfhanpprecedingtdiainT, avheatindthelpadamizstionh has had
its polarigzation difjed by the first polarization nodifier, and part of

t he arr PHICP A gﬁ%étﬁd @ﬁaeélp&tpcgqeagpcgh 'af | ective el enents receiving part
of the radiation beamwhich has had its polarization nodified by the second

pol ari zati on nodifier.
5. The illumination system of any preceding claim, wherein the controller is

configured to control each actuator such that it moves each polarization modifier to a

plurality of positions which intersect with different portions of the radiation beam.

6. The illumination system of any preceding claim, wherein each polarization

modifier comprises a wave plate.

7. The illumination system of any preceding claim, further comprising a
polarization rotation element configured to modify the polarization of the radiation

beam before the radiation beam is incident upon the polarization member.

8. The illumination system of any preceding claim, wherein the polarization
member is located between a homogenizer and a microlens array, or between the

microlens array and the array of individually controllable reflective elements.

9. The illumination system of any preceding claim, wherein the illumination system
further comprises a polarization shaping element located in a pupil plane of the

illumination system.

10. Anillumination system comprising a polarization member which comprises a
polarization modifier connected to an actuator configured to move the polarization
modifier such that it does not intersect with a radiation beam, such that it fully
intersects with the radiation beam, or such that it partially intersects with the radiation
beam; | '

an array of individually controllable reflective elements which is positioned to
receive the radiation beam after it has passed the polarization member; and

a polarization shaping element which is located in a pupil plane of the illumination
system and is configured to shape the polarization of the radiation beam after it has

been reflected by the array of individually controllable elements.
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11.  Alithographic apparatus comprising the illumination system of any of claims 1
to 10, and further comprising:

a support structure configured to support a patterning device, the patterning
device configured to pattern the radiation beam delivered from the illumination system
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.

12.  The lithographic apparatus of claim 11, wherein each actuator is configured to
move each polarization modifier in a direction which is substantially parallel to a

scanning direction of the lithographic apparatus.

13. A method of controlling the polarization of a radiation beam incident upon an
array of individually controllable reflective elements, the method comprising moving a
first polarization modifier such that it intersects with a portion of the radiation beam,
and moving a second polarization modifier such that it intersects with a different
portion of the radiation beam, such that a first part of the array of individually
controllable reflective elements receives radiation which has had its polarization
modified by the first and second polarization modifiers, and a second part of the array
of individually controllable reflective elements receives radiation which has had its
polarization modified by the first polarization modifier and not by the second

polarization modifier.

14. The method of claim 13, wherein the method further comprises moving a third
polarization modifier such that it intersects with a different portion of the radiation
beam and modifies the polarization of the different portion of the radiation beam, a
third part of the individually controllable element receiving radiation which has passed

through the third polarization modifier.

15. An illumination system comprising a polarization member which comprises first
and second polarization modifiers lying in substantially the same plane and being
configured to apply different polarizations to the beam of radiation; and

an array of individually controllable reflective elements which is positioned to
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receive the radiation beam after it has passed the polarization member, part of the
array of individually controllable reflective elements receiving the part of the radiation
beam which has had its polarization modified by the first polarization modifier, and part
of the array of individually controllable reflective elements receiving part of the
radiation beam which has had its polarization modified by the second polarization

modifier.



