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o003]  The wafer is then subjected to etching or metal depositiori processes.
In an etching process, the etchant removes exposed material, but not material
protected beneath the remaining portions of the photoresist layer. Accordingly, the
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wafer material or in materials deposited on the wafer. These openings can be filled
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po11]  Figure 4 is a partially schematic lilustratton of an arrangement for
‘controlling elements of an adaptive structure in accordance with an embodiment of
the invention.

o121  Figure 5 is a partially schematic illustration of an adaptive siructure
that includes reflective elements in accordance with another embodiment of the

invention.
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[ooig]  In a further particular aspect of the invention, the plurality of available
other states can include a generally continuous spectrum of other states. The

controller can be electrically coupled to each of the elements and can be configured
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elect*b‘?ﬁé@r?@tﬁ: radiation beam 128 along a radiation path 180 toward the
microlithographic workpiece 160. The apparatus 110 can further include an adaptive
structure 140 that adjusts the characteristics of the incoming radiation beam 128.

As described in greater detail below, these characteristics can include the spatial
distribution of amplitude (intensity), phase, and/or polarization across the beam 128.
Optionally, the radiation beam 128 can then pass {hrough a lens system 123
configured to shape and/or magnify the radiation emitted by the source 120.
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As described in greater detail below these
characteristics can include the spatial distribution
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[0023]  As the reticle 130 moves opposite the microlithographic workpiece
160, the radiation source 120 can flash to irradiate successive portions of the
microlithographic workpiece 160 with corresponding successive images produced by
the reticle 130, uniil an entire field of the microlithograpﬁic"\Jv-c.)rkpiecé 160 is
scanned. In one embodiment, the radiation source 120 can flash at a rate of about
20 cycles during the time required for the microlithographic workpiece 160 to move
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trans?gbseé‘fd e lfa'd?alt%noéatb W%O%Cdllah'&tﬁ&gf ﬂ&@ \nﬁtp"%ﬂ% qug&a beam 128.

one Or nore she ere
Th:st;brecem kgrirebe sepeaied 0 eackhaf nthienfieldsi sk dhe microlithographic
ransvdse posi t.i rel vetot

: di,atjon path
workpiss® 140 BreXmser ©1lab Thalalive bhom 128 o Fuitahls seaming! and stepper
dewéb%oa@‘é%ifabié‘ﬁonghém eEeVaMPBREN, TRd N‘e@ﬁb%d@ on USA, Inc.,

transverse to t atlon path 180 to align’ot
of Lakedbutceast Neum\éorrkaandﬂ\hlmn limamf]'mkyo Japan.process can
each o f| el ds o

el o et <SRERL! e ForbSnG°efpatilfents. aygentroller 170

can bé%pﬁr&%l?%ﬁbk%ﬁto thd Feﬁh:l@m@a(&ﬁ%e &éﬂclétﬁiﬁ@@cbr 137) and the
devices are avail able from ASM. of Vel dhoven

workpisceaUPRers1oXierdhe sgpport ra@tuatom Si)a Ldécmd@gbs theN@Wtroller 170

can 35, BRIk ol el e 10978 ity (vt

or wnﬁwﬂtrwdrdnpdﬂ@ontxﬁhab@ coperiivateVibeyretative! mdvémehh between these
reticle 130 (or the reticle actuator 137) and

elemggis. pi BeLaAlisF {1 72 8N B0 heeCRURIBE 19 “&%taﬁlé‘PBYe §§'!45"ture 140 to
contrOf B Ehallcleristits FARE1R4ELN Joé%ma ﬁ?g,eeg ‘Héé@ﬁbéd in ﬁreater detail

processor, m croprocessor or ot Ice t

belom.ut omat i caI Iy (WI th or w thout user input) control

arféjozg]oor fgﬂ% S |Ishae pra(retla tyI ch e%oa\éfnﬁustra Fotn\’\gF antathaSp%ve structure
140 configured in accordance with an embodiment of the invention. In one aspect of
this embodiment, the adaptive structure 140 includes an entrance aperture 141
sized and positioned to receive the radiation beam 128, and an exit apefture 142
sized and positioned to emit the radiation beam 128. The adaptive structure 140
further includes one or more adaptive portions 143 (three are shown schematically in

Figure 2 as a first adaptive portion 143a, a second adaptive portion 143b, and a third
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el ements. The controller 170 can al so be coupled to
the adaptive structure 140 to control the

wolassmmBemi stics of the radiation beam 128, aspcr/us2004/033904
described in' greater detail below 10026 Figure 2 is

adagtiieapbitidhl 1’4&8'&5@&66@ hé%eh%eoénﬁénﬁ‘aﬁgﬁﬁﬁé Y41 and the exit

structure configured Iin accordance Wt
aperéwsotddredn astfe en@oplrmem itheh adaptivn podignsci4dfre spased apart by

omp €115 ER Vi 9B SR 45 W e AP0 3Beseeton a

the interfacest betviserh eisenatiaptive sbritdhsn 4B ARE e (Rips4244. In another
sized and positioned to enit the radi ati on beam 128.

embgdinenta e BaPst T4 caneba siminated hand ithe| adapliverportiens 143 can
-abut a?n&%aa% ‘?{ﬁ Iport| ons 143 (three are shown
S

enatically in Figure 2 as a first adaptive portion
14[8@,7] a feeithdr afidhe iforegoind enthobifAbntsaredich ad!’aptﬂre partion 143

I WD 2005/ 043244 PCTI US2004/ 033904 adapt Qrt .
can 396 8] D1 Siatere ANERRT AR B CNGE BReldpbtan of drearticular
chath@rﬁﬁé bf tRP i cﬁh %gm 198.0R8r gﬂ?ﬁ@é“ﬁﬂbneté}ﬁbo%m}fent, the first

adaptive portions 1 are space by gaps
adaptiviel gortigin H4Badegnnhecmnf@m¢m|td a: go areduoplitutie or intensity

ctistsyB8h 3R, el bRE 520-2 e ooyl 8695 pHToAC Rty can b

confiefiieed kdreRtingé kepdlafs didttibadon e tied Irmuaﬁéﬁ%eaﬁﬂdzs h&nd the third
adaptive portions 143 can abut agai nsi. each ot her

portlpudziﬁ]c qan ke cRefigweditaehrpge gophrpedisEinutientaf the sadiation beam
128.aqﬁﬁ;(h¥tee otd': %n 43 neCAIoRE RYShd pggg &ﬁ)trlgﬁr?s Y93a-143¢ can

anot her s change the distribu
charm @i dlﬂeaent chalmdx‘ermtlcsbﬂ theofradibtion aoksani ©28, badfor 1ih8. relative
thef rst. _adaptive

nb di
posﬁbqﬂs( |°3a{r%4§539 one 1 1| Fetf‘stco C8Ha ﬁeCI%ﬁ‘P | i [y glill further
embea.méﬂts NShd r rrfdirémﬁyhamn@fpdr%né 243311428 d&%a élﬁﬁmated In

e second adaptive portion 143b can be configure
any errmgie'nan’pmaérimlydew mmnetihano:me)adapfeva pditioni 43,beach adaptive

.128,, ,and_the_thir on 143 n be onf e
poriffot4" bl ol "dandr b BRI T e h G LftatSn beam
charaé@ristid fcﬁ{\bﬁkhetﬁ’ﬁpﬁaméma‘i adaptve rpoi’mfrﬁ‘l@if’, i$ Bflloré@Pid Wescribed

portions 143a-143c can change a different

in gl‘@ﬁ’@#’ﬁ'@fﬁikb@@‘ﬂe of the radiation beam 128, and/or the

o -
(SRR SHBES Rl SR RENe VERBIRN SRInd HRLAgEEn 1400
descnibed abfovehwitiadefarenee foFiguwe 2, i8ved #8a dirsttiba generally parallel
I n enbodi nent_ that includes nore th

with ﬁ?f'em o end%thpiﬁﬁ? | Inona gspectaf %ﬁwwgnewoﬁftqmmlﬁlsure 3, the
first g&goﬁ t@|l4§%dfgdhefﬁéﬁmel & phPaity BF hieflidQatiyddritfollabR adaptive elements
146 positioned in a generally flat layer. In another aspect of the embodiment, each
adaptive element 146 can have a generally rectilinear shape, e.g., a square shape.
In other embodiments, each adaptive element 146 can have another shape, e.g., a
hexagonal shape or a circular shape. In a further aspect of an embodiment shown
in Figure 2, the adaptive elements 146 can be arréngéd in an a'rray 147, for
example, a generally rectilinear array 147. Accordingly, the adaptive clements 146
can be arranged in rows (e.g., rows R1, R2, R3 . . .) and columns (e.g., columns C1,

C2, C3...). In other embodiments, the adaptive elements 146 can be arranged in
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characteristic for which that particul ar adaptive

portion 143 is tailored, as described in greater
woabes/d43fael ow. ]10028] Figure 3 is a partially pehgiRBoS33904

illustration of the first portion 143a descri bed

othe?bﬁ’éﬁférﬂ‘st i %ﬁ?rﬁp%s@ eﬂtgiéﬁrﬁeﬁts Vé%ﬁegdée%\ﬂa elemen% 146 can

direction genefrally para W t h e radiation
recei@a paitiomef dlsp dnaomingaadiation et %h(ﬁmumrﬁ)ﬁsgudrmmpontrol a

t first rt'nl .cninld lurglity o
selobtih o bristE b koo M e Feft it iy’ embodiment,
the miesti bbﬂ!@)ﬁdMBaacQ@ﬂ% a&dnYlgﬁi'e’%l t0 ane' 'ﬁhé‘@hb%de or intensity
aspect of the enbodi nent, "each adaptive el enent 146

distritutiionafcthe igeeraing ragiatian beametds. s ﬁ@p@rdnaglg, thefirst partion 143a
can iﬁ@ﬂﬁe a hsg)vag%lgﬁgpﬁ Th @H%’Ft §ucﬁa§§1 g d1Vikc gLWEéUaélable from

can ape’, exagonal  sha

Bouldier Nan-LineaarSysteme . ofl IDafayétw t@el'ora@cp@cta ofodel LCS2-9 available
in Fi t he adaptive el enents

fromigggdc@at%gérrﬁ@gggf firmhgar%qt d147 for exanple, a
geﬁﬁ{gfl | Yn IR bgﬁﬁ%ggnéﬁ&aifhelﬁst MBQd’Im ¥ant ?S Cé)nﬁgured to

adapti ve elenen cah be arranged In rows
modrfy)\ﬂs pélarizéton BB the if)cosnidg chghtJ bean‘( t28. Accordingly, &g first portion
adapt

1438 oaniptidel s RllrihiOF AERE, oo hie, 535b of Swhich includes a
Faraﬂrﬁgl EReP 46068 Heda ﬁh*beéleﬁﬁl’bt IRJURS - crjrstalamtaﬁfr tblhﬁsﬁematic liquid

odi ments, each adaptive el enent. 146 can recei

crysigbrotatns ayeilable from (ﬁﬁlﬂ@er rf&@'!}tﬂﬂ?ﬁ Sd’émi o8 L?HYQﬁﬁeCQPTEdO In
still @‘ikghgfgnfﬁ% frhdht gée ﬁ@t ‘F{@ eﬁﬁ Be! c%df@gpéqd {J‘S?ntrol a phase

on eam 1 one e
distribiohi oftthporadiatiorl 43=am am2&e amdnﬁ:aguaecbmmgtyl angleidehedaptive

anmpl i e or, intensit di s{ri but of he I ncom ng
elemegys a%#%n"'@@&moﬁguaﬁ c8F aPHEM ysw{ag)ée 3%t il9n @ particular

embéﬂr'ﬁtlentc hiRg g\@&ﬁvﬁ@@é@hﬁ'mélh@@%&”&ﬁ%ﬁf %{eﬁérgttﬁﬂlcqﬁoﬁu!ators,

SLM able from Boul

for e@nmdaema pérallef alignedaner@alioliquid coystal spadiel lightsaedulator, available
Li.m ted of Dunlil r i

il f
fromaERMARAY (B EPRoR R REREr NG YariSY '3 any of these

embB@inkérits, bA3R &dapthe @wrﬁeﬁunae &dh doptiof ha characteristic of the
pol ari zation of the incom ng ?ht beam 128
T

radigtiogiobermgl 38 ta have |ar‘§Et|U®§ElEiC€ﬁd owra geaerallycsaniinugus spectrum

CRh: ich -
of aVAibfdes R B I St B e e o .
| igesof CFigeir@ld isoh @faﬂiallgrsoheﬁﬂmtlllwsﬂ'atmw@f thercmtmlier 170 and
rotator avail able from Boul der_ Nop-Li near Syste

sectippp ffdbe dirsicand sgaend pertiafs 143antteef ﬂ'l?oﬁ@@??é‘fﬂ strqgcp{gre 140,

confGhfs] ¥ eEhRRLE RS 3o BRLEREALAUEd IEMERS! £8 putposs of
illusteatiooy, divog figst | addpiive eleamtity e146a emfetites’r" ist6portide 1)43a) and two

secciHad il SRt PSR b i 1 Ra i 848ed in Figure
4. Ilﬁbhé)ésﬁécleéﬁﬁtsré’mﬁaﬁin?ed’foﬂié ftsP4adaptive elements 146a are controlled
independently of the second adaptive elements 146b. In a further aspect of this
embodiment, each first adaptive element 146a can be controlled independently of
the other first adaptive elements 146a, and each second adaptive element 146b can
be controlled independently of the other second adaptive elements 146b.
Accordingly, the controller 170 can include a first element controller 171a for each of




for exanple, a parallel aligned nematic liquid crystal
spatial |ight nodul ator, avail able from Hamamat su

woaugmadqson of Bridgewater, New Jersey. |n angc®fus2004/033904
these enbodi nents, each adaptive el enent 146 can

the m'@f‘bﬂﬁbtl\ﬁé“éle%@‘fté‘qtﬁé' §ht!°a Qécdﬂtﬁelmt@dn%ﬂéleqim 848 each of

have a val ue selected froma generally continuous
the Sﬁﬁ@@ﬂrﬁﬂﬂpﬂw elarentstidebval ues, as described bel ow with

R Robe I oSBT A Fad e (ioded g By as

elenmtd:@ﬁﬁoll@f‘s tvet )f carstb@rubrﬁ:gamw AT diklg N béﬁﬂo! 43R adaptive
of the adaptive structure 1 confi gured

elemept Hdainclepandenti of s Jipigkbarsobut ganialse @ﬁlemﬂve!mstabllsh the
stateP % Qa%?ﬁsaq’#tl\){el Lk érﬁ‘t tﬁin fro%a)%%ﬁhjrﬁ\j\dtg‘ph@e’(% gﬁ%ﬁ T8 Svailable

Irs por 1 on

statesdaph i particblanesach diherttotontrelies etOhdanocdritood tﬂaé%ﬁrresponding
e aspect of th

adariifg leient 9610t fustctunih o oo statR ARG A i tate, but between
an oﬁ‘?ﬁét‘éoéﬂcﬁg vah@ﬂﬁcﬁﬁﬂ‘ﬂ%ﬁé@/ Lbr éﬁn?l@c%gnéﬁé@dbﬁﬂve element 146

el enents 146b further aspec
is coaﬁg@mmﬂont@dzen lmtensxty aﬁﬂt@tlighé bebani2i, the Garresponding element

contfiiRlt it 50 sy SRR Lot e SO BleloBh 26 Bk Veriety of

state@abetviasert @dhipkteBd obbr eendeaoly Yrapbniidkive)t Hed mpletbly closed

adaptive el ements 146h. Accordingly, the controlle

(e.g. mgnéﬁmsm@w@)e When the @ﬂéﬂ*@{ﬁ elerntoi4eeis mlgar%.to vary the

poiar?lfér‘ﬂ?)n"é\a ;clht? II§R ggﬁ(e ﬁ?gzﬁ%ggrjgwn é%ﬁ%@é chﬁ'oiler 171 can

ad;us:tonlhe cétam of 7the Edapimwclrele:heﬁt Metﬁsqunrddadammweaf a variety of
3 Th I I 171

polarizipr YanEs DRl S oiof esere b aid S8 Viher i aiaPfive slement

146 4¢ 1&@@@@9 &2 "Edriit) e4 Bgas@néfy the %Bﬁfﬁlj Rﬁﬁhbeam 128, the

adapt i ve | ement 146 i hdependent | I't'S nei ghbors,
corresponding alemﬁrs gloptrolleri 1 e:amaadijushthehetates phthe atlaptich element

146 G{AR gé%@ebﬁé"s;ﬁ”%@ﬁ‘h%ﬂpéf%qawﬁﬁ%@mg&%@w £f8meh) having
any 6Pavaaklyesf ghakbecshift vaNigsBlohd @ %dm@ﬂ%éri}valﬁéﬁpfdr\é&ample
el enent 14 not just between an "off" state and an

from-30° & H1%0° but between an off state and a variety of

OByt S a6t GiKA8RRind BiboloRSABAL BaBbREDEmEAR 146 can

tO0 con an 1 n
be @Ieemcaﬂﬁ at:mmte@rtcespmmgmgfremermm stetmttooldumthér?l and each

Corrq%%gpg%r % oy cgp rol&r 4[7te‘ly c&yé&%pag%@f gp{p Eﬁrovxdﬁed to the
adap?ﬁe%lemfeH{ hy6! PRSI g{@ﬁ%gﬁa@ﬁigj&gﬁ%rﬁ 195 nclude at least

non-transm ssi aptive el enen
one ehgtiical ciopéi géee@wooamaslyowne‘or p&ﬂc:mr ot the @daptive hﬁements 146 -

showlﬁ%h& bearH)lzﬁs tF\e Volt aéee%)p?legl ncgrogs %ré%ﬂta a%rt]itvéo(lalement 146 is
varied, the corresponding characteristic (e.g., amplitude, polarization, or phase)
controlied by that adaptive element 146 is also varied. By selecting the voltage
applied by the element controller 171 to the corresponding adaptive element 146
from a spectrum of available voltages, an operator (with or without assistance from a
computer-based routine) can adjust the radiation beam characteristic controlled by
that adaptive element 146 to have a corresponding value. Adjacent adaptive

-10-




adj ust the state of the adaptive el enent 146 to

produce any of a variety of polarization val ues
wbebosaama44f or exanple 01 and 901. \Wen the adapgiN®2004/033904

element 146 is configured to control a phase of the

elerﬁéﬁﬁ@ﬁlrmgcéﬁ 8Btcdtaned 49 a Qéﬁeraﬂf%frﬁ%%ghﬁgr & Eﬂﬁ%l the overall

controller 171 can adjust the state of the adaptiv
distrisugasnof ﬂle'lfaseli@ﬁt@d dmafactan@ﬁtawes HhEtcr()ss-ﬁpail@'d ofi thle radiation

bear 84 ISP LaRbAdifefts TiE adantié, Sbmalil s Sap regaive other

lnput@almsalsbobrmﬁpd:@tlnubUQISﬂ varfdblé OstafeB @Aang 89 3R UthkNparameters
any of the foregoing enbodi nents, each adaptive

deSCélb@ﬁeahovmdnccm eipbodimanty iheashafasieristiacerirelleddhnageh adaptive
elen{ﬁrn? B Focd ﬁéﬁyér@ %ngti‘ﬁﬁétrona@fjtnﬁgcfgr A e(@{r(%rl? %%qg.d'ﬂ&ordmgiy, the

enent con can vary an e
characteeistic @bnm@\wdtrdlfed)td have agatenperab variation ﬂmﬁach state which

Accordin h,adaptjve el enent 146, c ncl
can ffiisase e e dRBIRG O th.feSule Produres: BIBHbRAJEIVE structure
140.€ach of the adaptive elenments 146 shown in Figure 4).

As the voltage applied across each adaptive el ement

146038k hnmedemghdinwrtr ¥p eooiralierc had axaneinctdec programmable,

com;é@'e?—iﬁ%?é‘aﬁ E‘qe\gza eq%ol ar 'o%@ﬁgg ngmﬁ,nggy caq?fﬂgHFecg}Eo réc%qve input
sign#ie|festhi @@lsbh%nﬂcﬂltéw%pp%}ﬁﬂatécbmyuﬁ signalseioeihle adaptive structure
controller 171 to the correspondi n‘(_:,;'b‘a‘adaptlve el enent

140. 1 ngother gmbpdipents: the eantealier 148 canhavesgibsr agangements. In any
of th‘é%%r éﬁ@odéﬁ‘i’bﬁ% Fhe WUdrhRHer 399! ééﬁ’%%ﬁééofﬁga state of the adaptlve

uter-based routine) can adjust t |on
strucbhar 440eg0 dhat th sanE lacldphbiye stttm:turad:h@ﬂ)lm daleeused to provide

. 146 to ha orrespondi n Adj acent adaptive
radi Qn\ns%%ﬁﬁéibﬂz d Kbty R SH S oSSt o 1 n6. oan
bgogagnt 1 @nkeeféguﬂe ?Ff Qﬁré?ﬁ@édlbhe?ﬁ BF iy aﬁﬁﬂgﬁfs 110 §88¢THd above

the over al istribution of the selecte
with edfarenceciol Eiguesol-dristthat theadapiive tstroictuse tilecarnpiiqvideofor more

precigs Sanio of e Fitiludel Pofaryy ataiok Phape aRsstitiichs S the radiation

bean§ A28 Fakiisethsaddnd@lier $7@tandiried @éch fbf ttl'il@ adapVebRinfents 146
descri bed above. In one enbodi nent, the characteristic

to take Anrasiadel spipctastiiomaa generally spatiurus spediaes of svailally states.

This {ﬁ%g?e% Fﬂ? ﬁ Cﬁé\Pﬁ;c[aH .P@B\?% (’gﬁe gH%’lﬁtg (ﬁttﬁé cﬁﬁ?@é%ﬁﬂlcywwkplece

160.t eﬁopradanvmm euy pro\admgaa hregliation baaine M 28 davinre reppsenplitude,
redl the results produced with'the

Polartggﬂftisg. gadr @strwon[tbeéy?ﬂeﬁ CORENURYRYY i fFRMtong Kegion to
o S 88 S Tt 51 o oo
comparetli wiih epbiterns envailatlei viputonventional methods. This technique can
also improve the depth of focus of the radiation beam 128 impinging on the radiation
sensitive material 161, and can reduce the sensitivity of the material 161 to
variations in exposure time during subsequent processing steps. The reduction in
sensitivity to exposure time can be particularly important when the thickness of the
radiation sensitive material 161 disposed on the microlithographic workpiece 160

varies. In such instances, the thick and thin regions of the radiation sensitive
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signals froma user and direct appropriate out put

signals to the adaptive structure 140. In other
wenasiisaemat s, the controller 170 can have othepCTagﬂmanmM

arrangements. In any of these enbodi nents,

matensilt 161 lcan rbE@w@aéirrmblaéﬁﬁoéd‘ré tfhes %lf?fou%vereg@ggmg i regions

/structure 140 so that the sane adaptive stru
a"dé’ﬁHngér‘?}@é’é'ﬂﬁthﬁD@QS radi ati on beans 128 having a

at ur.e
o B i (SRR S SRt e Aol Hifpere 140
desaribield rabbreewith tefefeinger &5 Figuress1i4d$ thhe bﬁyd@mrig\/%e foregoing
structuyre 140 can provi de for nore precise control of

techfiues e 8 %P’“Vﬁolsémlve 4/ Ganpﬂme@ﬁgﬂﬂy bYATYofEOoPr more
charbBRorfsAes 8 kM radigidh heBn? P28 For!dkantifl! 1l ddintbe%tfithure 140

di rect each aptive el ene
can peaisedste indepandently varyearyr avd pf tunamplituge diskribiution) tHe phase

aistrBBbh; i, 3¢, ifarizalign “REHEEnopt Bhegraiion feampiass or can
indepéfderiy \ﬁéf?”ﬁllethréé @Tothé&engjlé’cnbﬁﬁ’cbr@' OWEGQ&Q/a]rﬁége of this

havi ng an anplitude, polarization and/or ase
a"afaﬁ%m?nbaﬁ |ﬂ@a¢ B8R 2Paraior eear heve nadurekter degmeoofecoatgoloover the

char e o TSRS, 0 W, 5 s
matgyial t1&ns Faov ambatpii@, thieaoperaterndar ﬁ@htrﬁﬁm?ogﬁseThlﬁrlguglon of the
o GETTSHS T st P e e, S e
distrib8i6h lof ¥Re %’ég’f HQB éﬁ&wc@%r&én K&G%ﬁ%lk |sS Eﬂ'ﬁbéémetni’ can be

of the nateri varitations I n
Daﬂl@ulariy@ctvabmmaﬁtfoprappbwlom whesa Menbmaitdme lmlght alter

one BELRHAHER - oG o B8 fEoRFE ) hlc of vning o

targes eharddtegstirt eri al 161 di sposed on the
m crolithographi c workpiece 160 varies. .In such

i ieainc eBigUrd ti%ia igrapty ustratinggistribubipnshef heali ladepandenﬂy

variabRl Belari %]"éﬁéﬁfﬂ’f@%@%ﬁéﬁ-n15?@£fiﬁ%°ﬁ $3ifed in accordance

‘with an tdnacadimenit e thesinventidn, nTh@Q( @nd Y aréé 8hown | in Figure 5 def ine a
undeﬁ@@m in eth| ck regions. OOBSét(Anot her feature of

plang,geg $e torike sadiption path 18Q (Gicyradd amiem\rqﬂ;aal axes
A angl1YepUsy SAGIENS SRR hobSch), Mbe!eifion bean

128 eambhavel apardphtudg d@ﬁnbutiomSQ@ withy o pbaksaghe ai phaszﬁd@frfbutlon

di a
591 Wit A 81 pRgIAPHES awbarsen gb%ﬁa@ﬁmcﬁe Jisinpusiap 590 and
the phuge @istiibgticiBO1 tcﬁﬁﬂlé%séthbp%d déa'i’lﬁ E\ fled, shapes, In stil
di stribution, and pol ari'zation ution
furtheraen'shqd@ﬁea@arﬁtm@e characrtanstscan”e;ﬂwcrednaltnpnvlaea;man28 (e.g., the

polariBii6f & theNBEegm88Y LAV LIS Be LShiASa™, %gpenéentﬂl of the phase
distribution 591 and/or the amplitude distribution 590. _

00371 In other embodiments, the apparatus 110 déscribed above with
reference to Figure 1 can include other adaptive structures that also independently
control two or more characteristics of the radiation beam 128. For example, in an
embodiment shown in Figure 6, an adaptive structure 640 inéludes multiple reflective
adaptive portions 643 (three are shown in Figure 6 as a ¥irst adaptive portion 643a, a
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arrangenent is that an operator can have a greater
degree of control over the <characteristics of the
woadisapmm beam 128 inpingi ng on the radi ati onpcT/Us2004/033904
sensitive material 161. For exanple, the operator can
n i hS bRHbAIt hadA b
T g
adaptiveapodignsof43dean rinblutieoa plraliye dfetaflettioe - elemthents dhaving an

oro ST PR ROl el L PBO LRS84 35 5 eprller 70, Tho
adaptioBVnicteRa6 40l @4ahCAsHIglde lat GiFectiohal AliRbRE4E Hoxitiohed to align
the radi ati on beam as an uncontrol | ed byproduct of

the inepiingyand quigejag psliens obthesfadiatigobgam 12 @aenga;siraight line
_ J gt SR NEN "l

o 917 B SHOLR R e o o A ORAHBE: i ay o

thesd )emboditrianiis etha adaptiver gertioas 643 lvaancantisd dheeatplitide, phase,

t he inyention, The X and Y axes, sho in Fjgure 5 .
and/QfoPAIRTERG s DRHRR aPt e, AAQFLOR e DRRM HZh adifa Ao particular
emboditent 8 for WI‘I@(’[-H %ng of tﬁé“aﬁta?ﬁvé’ gfdrti&?é g8 8ontfoldePamplitude

I t phase v

represent anplitude and ues, respectively.
distritption diieaadapiiveqaoriior1 883 can include anstanglire geleerally similar to that

descib&li BhHER 035 P4 AMSIRRENNG 848 313 gproorated herein in
its estiregdbyresfesendd) eirfdpiker bvilbdithehts, Buth @n &fsbtRedortib® can have

phase distribution 691 can have other, independently |

othelcamangRMents. shapes. In still further enbodiments, |
t H pes. : rine .
1, TSP N R AT rbmons

of theoirrﬁrentid/)rema\;ﬁdbwm;imsbtcibewﬂweréiabfmhqaepos&ssbf lilbugtiation, but that
., 591 and/or the a i tyde distribution 590. [QQ37], In

varioys faediEGRIISBARY e Maee %ﬁ’ﬂgfiﬁ%‘a H@)?VQHE&% %M‘Eﬂf %i%fb%of)e of the
_ b _ piy . i
inveroht /A RERATRGE thP vehih 1o TRE Iifed S508686, 5 296! Afbended.
claimsore characteristics of the radiati on beam 128. For

exanpl e, in an enbodi nent shown in Figure 6, an

adaptive structure 640 includes nultiple reflective

adaptive portions 643 (three are shown in Figure 6 as

a first adaptive portion 643a, a -12 WD 2005/043244

PCT/ US2004/ 033904 second adaptive portion 643b, and a

third adaptive portion 643c). Each of the adaptive

portions 643 can include a plurality of reflective

el ements having an orientation or other attribute

that is independently controlled by a controller 670.

The adaptive structure 640 can al so include a

directional mrror 649 positioned to align the

I ncom ng and outgoing portions of the radiation beam

128 along a straight line axis. In other’ enbodi nents,

the directional mrror 649 can be elimnated. In any

of '
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these enbodi nents, the adaptive portions 643 can
control the anplitude, phase, and/or polarization
di stribution of the radiation beam 128. In a :
particul ar enbodi nent, for which one of the adaptive
portions 643 controls the anplitude distribution, the
adaptive portion 643 can include a structure generally
simlar to that described in pending U S. Patent
ApELAMS: on No. 09/ 945, 316, incorporated herein in
its entirety by reference. In other enbodi nents, such
an adaptive portion can have other arrangenents.
[0938] Anaipganrgtubdoraehidiing thikddterficaRitra8iafb R dirkkaid to a
. specific enbodinments of the invention have been
mfcraﬁfbegrmtﬂc werigliecs. sonpisites of illustration, but

aog; PPRECY SUPBRH KEFay ™ sE oD sURAS, hostiitleg, o ooy

Accor di migrglithohephty eotkpiecd:s not |inmited except as by

t he agFendfed .clainms. -13 CLAIMS: 1. An apparatus for
coRSPHI48 Pl adisdicadiasitianad e @rect adiediation haare @lww a sadiation
m croli Of R j I S§4-N0k ;& jece .
Suppor t PP AT NESREMEREE, SRR, Hler i AiptP BB lving an
m cr ol i ampiiugehidistributign, e @e;phassowistebotiort aatidit & opolarization
positi on.eFI. ta direct a radiation beam al ong a

r adi at i O ”bﬂ)‘g?ﬂ' toward the workpi ece support, the

r agh Hdaphvd BULRARY iﬂl&gﬁiﬁedth:bt ﬁée%t%hs[éélth%thfégp otﬂ_e source

phase distribution and a polarization stri
an adap®f vadigtipincand ethsosvarkpiree suppdrt theli addpdive patracture

bet ween sQu .of radiatio nd th rkpi ece .
supportr,]é‘fqﬁ% %dé@?‘?‘l{% 8{ rI %@Qﬁr@erﬁgvpﬂaﬁﬁ%l%r%&§,elg@tlvely
i ndepengemition c@mshhsdipl! elamnantel &sdH \@hfigurafitet isikive a
transm ssi bl e el enents, each configured to receive a

por t i onP@ion (e themrdiatio beaemensh ehahge o poestate to any of a
bt arely R BBl Bl sttB) LR 2 Tebe AL e

to chance at one o

t he phasmeplituger distributionanide tdiaaseotrtritigion0And the polarization
di stri gé{tiign .of the radiation beam a reticle disposed
bet weerMIBHOULAR Gf fRRrackiatiph kP@Mand t he wor kpi ece

SupPRtitle dPosed between the adaptive structure and the workpiece
support; and

a controller operatively coupled to the édaptive structure to direct the

elements of the adaptive structure to change from the one state to

the one of the plurality of other states.

2. The apparatus of claim 1 wherein the controller is electrically
coupled to each of the elements and is configured to apply a variable voltage to
each element to independently change a state of each element from one state to

any of a plurality of available other states.

3. The apparatus of claim 1 wherein the adaptive structure includes a
plurality of Faraday rotator elements, with each Faraday rotator element coupled

to the controller, and wherein the controller is configured to independently apply a

o] ‘1 4‘ (o3




a controller operatively coupled to the adaptive
structure to direct the elenents of the adaptive
structure to change fromthe one state to the one of
the plurality of other states. 2. The apparatus of
claim1l wherein the controller is electrically

varlamel platidigbote @2hOF aiddRyetRaRnt Sleiiedht 116 él%ﬁg@ W 8¢hté ®of each
ply a variable voltage to each el enent

Fara e@é@i@érﬂlweehﬁﬁ@b ogesstaie tofanyaeh aepfenrmtﬁy of raymilable other

s 3’ ST cPloy DA ol ARG FoBBlon ot = o

poladgatri whentinubb e siatd usles transmiitinglradiatioh dtal ad@¥sponding
r ot af or elements, with each Faraday rotator el enent

p'”"%%ﬁ gtner pglarizatiepmwheniia any 41 dherthesistatefe control | er
is configured to i ndependently apply a o -14- 0
vari abl e voltage to each Faraday rotator elenment to

change Bhstapperatiis edafainfanaeengin ﬂi@é@aptﬂleeﬁﬁmﬂufd P#ludes a
of a plurality of available oth

tate to
plu'@kt!ép quagig PWG@@%W%I? yaeach %@kel@n@%ﬁpumﬁaﬁ@ﬁh@ cpPRtoller,
anc SR 808 But1Ed B0l AL QRN A 20 A vlage
to eathupixei elenséntdbhehange arsrtatatcnfoasaz:h/\pmel eiemiemt fedmtdre state to

h h he
any a0 Piat e il Be o Bl auales. whhy 2 pyich e eflght ansmitting
radidtioreht §|1ﬁ'§?Bh§sé\”v§Hbr?ﬁ? thePong! stg @%trﬁﬁ%ﬁtﬁﬁb terltahSn at a

controller, and wherein the contr r 1s contigured
correqunﬁmo@lncaiﬁy bf/othep Phasey shieabin @nyaifitig etharcst@tash

pi xel el enent to change a state of each pixel el enent

fromone state to any of a plurality of avail able

other sTiaé epparhful sa%ranm Xewl/vhéFéIHEtPab EleftsTs tdf adgptlve

radi ati on at aflrst [Jase when in the one state,

struaturgridarea a NRg-tinagl vaniinghtransmissidlity és paall of thepstates. i t y
of other phases when in any of the other states. 5.
The apparatus of claim1 wherein the elenents of the

adgpt i Vehe Séﬂpﬁétlﬂl%eoh%‘i’eﬁrrﬁ 1”‘1‘0rthéﬂ%o\‘rﬂ5r}§|ﬁ@ a retlcle disposed
transmSS|b|I|té|n each of the states. 6.
(1

betwagpathgt adapfivecstiuetiine andrtheewoddigss §un@or& abtaast one of the

reticld! &EJS&%S/&OIKSP( IS5 of:{bp‘i:)%?t l?éeigg \%1@?% éi%l{]]\%r & tﬁfed éf’%r and

t he wor kpi ece support being novable relative to the
other. 7. The apparatus_of claiml wherein the )
adapt i vEhs @pgeratke afneping e1s Whﬁrel@t thesadapfiveasiduetire includes

first, aéerc%)ﬁa Qlfl e[hﬁﬁte%ﬂ‘eﬁﬂsl Hie > a ngre% éﬁeg;(c—ﬁﬂ%dl ﬁﬁh array

d apird. on pa
lntersefctingo tbastl’mﬂaﬂtai mhtheahdorestergmgerlal HWOn@rthB@orﬁfﬂ directions

genergl?y %%Irrgwgl E[)gttlgle }’aliqdelat?cl)nerrp%rtlrtlstr?g etltg%e];w{sr %% tﬁgrﬁr)ét ba?':ranyg being
configured to receive first electrical signals to change state and alter the
amplitude distribution of the radiation beam, the elements of the second array
being configured to receive second electrical signals to change state and alter the
phase distribution of the radiation beam, the elements of the third array being
configured to receive third electrical signals to change state and alter a

polarization distribution of the radiation beam.
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configured to receive first electrical signals to
change state and alter the anplitude distribution of
the radi ati on beam the elenents of the second array
bei ng configured to receive second electrical signals
to change state and alter the phase distribution of

t he. r adTaei aupdrg@ig) oft dIgineHenksign te blSpIiVE BBuUFéihcludes a
bei 23% confllgured to receive third electrical signals

pluralfy oh sirfdricaliaddiassable eleraentsArgangast inan arsy of isatunems and
rowdf the radiation beam 0-15- 0 8. The apparatus of
Claim 1l wherein the adaptive structure includes a
plurality of electrically addressable el ements
arranged in an array of colums and rows. 9. The
apBar at h8ecapRAralus of waimel nWhﬁ'@"i!)ItUedPWf%m)bDf available other

stat SRS £ gPhoflly b Sty Ragiy it o Mo

spec appar ALUS T or
controlling characteristics of radiation di rected to a
mcrolit hogr aphi ¢ wor kpi ece, conprising: a work

supBort ﬁaann?gatalsg‘ebﬁgwo@m paa@o&)%sttcsaiéadlaaoa a#lr.epteai toa
mlCﬂlﬁ]‘b@HﬁfH“@W ﬂ&gégev&l’ o@f -- a source of radiation
ned to rect” a-radiat

posi ion beam al ong a

r adi eorkpieceatuppoowdiadingha wopppitesarfacppesditiotdte to carry a

radi ation bﬁ%m haF¥’| g‘Pé\ﬁ?\ hase distribution and a

pol ari zAH$'BANGOERRNE C%n adaptive structure

poé'sbb%&?@f l‘a"c‘ilétfi')‘?l ;?1 SAHicHAOR AR Delneen t#b‘?n %%Hcfﬁ radiation
e wor e adapti ve

of radi ation and Kpl ece support,
st ruct upath travamgthe plonkpiece }SLmbortndh@eradla’uibhybeam having a

control | abl e e nt s ach, copfiqur to recei ve a

port i onp@l G flis rﬁ)gglogtqrgﬁa Rk ﬁ gj 10T v om one

st ah & daptidd Btektute ot nddyi n%eaﬁé@iét%w Satft MWe%h%éssource
to change at | east one of the phase distribution and

t he pol @ iradigtien aad sthe warkpiecer suprort.adfiet adaptiveasfructure

- M d
he wor LY 4cE BERABF: P P ARGBRIP BT e, cach
coupl edcérifiguned adapteive & tporidiiie the rdiiztieh Bdin and change
el enents of the adaptive structure to change fromthe

one st al'@m gnet fa@te e MY Hhed vl ©f arilgblgepther states to
states. oildhge I f!é’é%‘?%r?ét o)d tl‘?é g{fllaﬁé'ﬁtéﬁlbmgﬁ iy HE polarization

adapti ve st ure is at
distribution of the radiatlon beam;

a reticle disposed between the adaptive structure and the workpiece
support; and

a controller operatively coupled to the adaptive structure to direct the
elements of the adaptive structure to change from the one state to

the one of the plurality of other states.

11.  The apparatus of claim 10 wherein the adaptive structure is at least
partially transmissive to the radiation beam to allow at least a portion of the

radiation beam to pass through the adaptive structure.

12.  The apparatus of claim 10 wherein the adaptive structure includes a

plurality of reflective elements.
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partially transm ssive to the radiation beamto allow
at least a portion of the radiation beamto pass

t hrough the adaptive structure. 12. The apparatus of
clai m 10 wherein the adaptive structure includes a
plurality of reflective elenments. -16- 0 13 The

appar at lJEhleaprwtm b0 cidner €0 vHdrsinaiapid eive tatietesncludes
ncl udes urality of Faraday rotator el enents,

a p r@'ﬁyegt:rFafa%)dar@tat@f Alomestsniith easufaaday taiefor element
couﬁi@Bt rt8| iR - ggﬁﬁa"@er% B Lhferaft fh@ I&?qthﬁlg? gg gﬂg’rﬁﬁgqued to

i ndepen y app a variabl'e vo

mdeEandelaiyy applgtaovanﬁmemnltag@td:baﬂgﬁaraiayt r@t&toﬂéleﬂ@&h to change
r el ement from one state to any of

a StB’qeupgp%p{) raggwép’qa&(br glement framaena stafpita anepf a plurahty of
avaﬂ%’%‘i@@%r@é@soﬂwtﬁ' nl*ar’aﬁ%??ﬁia‘t&‘ é‘l@n{e?ﬁ' ltr%h‘sgfhlﬁb raffiation at

first polarization en in the one state
a fist apelarlzamorg wiaeh aini dme abnex statw, r ea@ohrdnsrgutlﬁxhgmatilatwn at a

ns when in any of the
correngeld pliaifif Blstmaiarzalpng vdish BeriidBe dlherstates.
adaptive structure includes a plurality of quartz
pi xel elenents with each pixel elenent coupled to the
coidr ol The apparatusiodceim theheosinrtbé lagkaptiee stuttiugairetudes a

plorafft of SRR elerian Ui bueleieiat Srnlsd G santroler.

. and W@Fémflﬁesdoﬁkt%lfépls @mflg@lfecﬁtcplrid'éﬁbh%nﬂf apMI9id @@léb!e voltage

ot her stat es, W th each Pl xel elenment transmttin
to eaclpixel leraentatof q:hangepa stetevipiepath pixeb etemeenitfare, ormw gtate to

any SFLBALTE. AR PP fhes NRSBM ML BAEA Lifomiting
radnd’smmaparfafsuphégé vﬂﬁéﬁ irPltheé DB eCEHATRCAIRY ltr‘éhsﬁﬁttl radiation at a
radiation directed to a mcrolltho raﬁhlcvvo pi ece,

corresRaRding plyralily abethsr dbases phentineayi ¢ighea 0§"Lﬁf|§<§@ﬁes
surface positioned to carry a mcrolithographic
wor kpi ece; a source of radiation positioned to direct
a t&di ahh appaestos g ognteolling chbiaererigtiat bf rawatich ditected to a

8 ece support, the radiati on beam havi ng an
mlcrgﬁbp we pr“?%tqoﬁ’ipnséﬂ%hase di stribution and a

POk alybAgidQn sd? i 'h% 01, sﬁgpﬁﬂ birY& Sé({]ll’tf&r}érdeto carry a

positioned in e ra |on P tWeen The sour c2
of radlmiarohthagmpﬂﬁirewmwmeece support, the adaptlve

B oo SO 2 oSG ekl S Pactaton
anpl i t ugkathdioWdrd RHE | Workpidte RIS, dinst chﬁ’éﬂdnoﬁe%dhé\rﬂﬁg an
amplitude distribution, a phase distribution and a polarization
distribution;
an adaptive structure positioned in the radiation path between the source
of radiation and the workpiece support, the adaptive structure being
configured to receive the radiation beam and independently change
any two of the amplitude distribution, the phase distribution and the
polarization distribution of the radiation beam; and
a reticle disposed between the adaptive structure and the workpiece

support; and
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pol ari zation distribution of the radiation beam and a
reticle disposed between the adaptive structure and

t he wor kpi ece support; and o -17 a controller
operatively coupled to the adaptive structure to
direct the adaptive structure to change from one

st at eotieolerodperatistigt coudléd (OhtheaRigabave sstafctgleatandict the
wherei n the adaptive structure is configured to
change ﬁﬂaml‘@q%tr%qtafeetqu fermepnig stata forgnagher state.
avai |l abl e other states to change at |east two of the
anplitude distribution, the phase distribution and the
poti@ri zaheompgiuritus bot ichkaim 115 Wh@reﬂpplﬂl’eata'dépﬂfle chtpidture is
fl wgerel n the adaptlve structure includ
coniguiegtp tcyhaaseé‘rm'@ss al§ inaraehad winbin ofc@\ca@habte piher states
1o AR oSt M5 of B aiBF BT3B, e FisSe difrriop apd the
polarigation diséimrident | y change a state. of each el enent
froma first elenent state to any of a plurality of
avai | abl e second el enent states. 18. The apparatus of

cl giym 1$h%p§'ré¥ugl?ﬁ cRAIRPIS Whe élﬁl{ﬁ% %B%&\)}Iﬁ lsHH@lﬁjr@mc!udes a

plurality of Faraday rotator eemsn
plurdily afl @lementat with elachemementpdgied to theheormteriler Oehrhdéwherem the

confr s S B S s MG 15 SRBRY o
: ,mdep@ﬂ@@mnﬂ@rﬁléﬁge §@ma%f%a%h6é|§m%t fi8kNa stﬁféé’@lénf otAL & any of

element” froma first element state to any o

a plyplityafiavpilaple pggondisiemenicetotas. el enent states, with
each Faraday rotator elenment transmtting radi at i on
at a first polarization when in the first el enent

stage, TARE dppangld of cRim BSihvRkian tﬁé aBapfR éﬁﬁ&a&dw&%des a
plurality of second pol arizati ons when I n any

Plur@éy: @ﬁ&ar@ia}ﬁmﬁ@t%teéQregntsngwtrrm%craEpm@yu@taibr elesmenmtltﬁnupled

o WA SATIRLE, M UoP Y DU, € BB Drera

voltageuuol @stH Batdm@ycrctatopélbment tensdegrridently chengert statd 8f each
configured tqo app Idy a variable voltage to each
)

Faragy dplatel SRE1AN: fi9rh ATNBLAEBIRT piain dnGay e Sugldy obavailable
seco‘?1dX§|'eF?étrﬁ'§ g{/g@ﬁ‘a%zdﬂ EStadaS QIRBF e fénq% 1 eé’n&mfttlrgcj rédiation

plurality o e second el enen
at a Gest polgpization ethemeintthe fiestei@menhstate dinat tramsnaittiry fadistion at a
se. when in th? first el enent statﬁ and
corritangiAt HIWGIVadl at¢ShdaPolarizstips pahan nty @nr af ithg second
clemEtedephases when in any of the second el enent
states.

19.  The apparatus of claim 15 wherein the adaptive structure includes a
plurality of quartz pixel elements with each pixel element coupled to the controller,
and wherein the controller is configured to apply a variable voltage to each pixel
element to independently change a state of each pixel element from a first
element state to any of a plurality of available second element states, with each
pixel element transmitting radiation at a first phase when in the first element state,
and transmitting radiation at a corresponding plurality of second phases when in

any of the second element states.
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0 -18- 0 20. The apparatus of claim15, further
conprising a reticle disposed between the adaptive
structure and the workpi ece support, at |east one of
the reticle and the workpi ece support being novabl e
relative to the other. 21. The apparatus of claim15

wheoei nThbeagstratusy of FikCH Bl uitel do@prisily heSitle disposed
first and second arrays of |ndependently el"ectrically

betwppdy B agpptivessineire  anshiie worlgieratseppet .ahgeasteone of the

el Sha MRS ROl B RSB,

elenents of the first array being configured to
receive_first electrical signals to change state and

al £br ohBegPnaRriuanyf ¢lained SeBeraim b @dlaptive shhghue includes
ot e Rl RRSphn SRR et CALbBonal LA, et

elemuni$, gachdatrayr Bfttezrs‘eetnsgcmed radietion i path %Ingn@b(ﬁeridﬂ]g in two
chaaﬁe state and alter another of the anp

orthegata! idigelions generalivaaumal de rthwaﬁ@ﬁoarnﬁﬂﬂ,h@e Elements of the
first %?ﬂa@rbéﬁé'c%ﬂggl‘eﬁtf | Rt i\%,nfu%ft eﬁélﬁnéeﬂdé grﬁdéa{g??&g%ﬁbe%%ate and

he apparat us™of ¢ wherein t
altersomas of U‘reean”rmd:tu@edlstribl,uibur the phasd distrémitioncamd Yhe polarization

. ddr ess e rranged in an arr of col ums
aistrBfiioR > BahS SHdAD Bt Atk SeMenty o 1BauReroh ey being
, conf ey Qeéél(fé‘ %bb'éﬁd 'e'ﬂé‘dth@él%@wal@'té‘ rcﬁlahbé s‘?éteaﬂﬁ)oéltéﬁanother
ements, each bein | eas artially transmssiv

of th@ mmeplitudel dtSlrdwﬂ@@anﬂteo maaﬁw distribatisn andorthé opoiamzatlon
pass through. 24. The apparatus
d'SterFjﬁof' %@an%@cﬁg%éﬁhe adaptive structure includes a

pl urallty of reflective elenments. 25. An apparatus for
controlling characteristics of radiation directed to a

m 44-ol i T gpaprates @belaimekewhetsip the adgptive siudtpreineludes a
pluraﬁn*tﬂgfr}gFfecﬂ'ﬁﬁﬁlg%glﬁ@s\%’%ﬁﬁ% lg@ﬁér{tg%glgﬁﬁ%gt%?a%?%&%)g?f %%Iﬁ%ns and

rowsposi tioned to direct a radiation beam al ong a
radi ation path toward the workpi ece support, the
radi ati on beam having an 0 -19- 0 anplitude

0241 O 8o 0P P B RELA G s o

plurmladoatadalptlpatdhementamﬂ Beingt atuRiagt apiesiyt irangdissive to the

t he radi atlﬁ 1h bet ween the source
radiation beam to allow at east a portion of the radiation beam to pass through.

24.  The apparatus of claim 15 wherein the adaptive structure includes a

plurality of reflective elements.

25.  An apparatus for controlling characteristics of radiation directed to a
microlithographic workpiece, comprising:
a workpiece support having a support surface positioned to carry a
microlithographic workpiece;
a source of radiation positioned to direct a radiation beam along a radiation

path toward the workpiece support, the radiation beam having an

o -10- o



of radiation and the workpi ece support, the adaptive
structure to receive the radi ati on beam and change
fromone state to any of a plurality of avail able

ot her states to independently change each of the
anplitude distribution, the phase distribution and the

pol ar i zamiplitudediditribbtivn,om frasea distFiBltich Shnd bHT b8Rrization
to a second distribution, with each second o
di st ri btisiivtion e & Rliane geneeallydrasisyerse todheiradistien path;

spgist 9 ! JoUt 4 aNs: . 8. CO
P B ARG M T ARl erp e soure
di rect ef eadiafioralandstignalakpiece hauppdaptthe eaddptivet str@cture to

to change the, state of the adaptive structure; and a
reticl e'geﬁﬁé"let Y}@n@ﬂj'@@r\/\é@ﬁ”‘tﬁ &£0apoe o anecsiate tagmy of a

the V\Drﬂﬁlﬁhﬂﬁf of %ﬂgﬁlb otWek Befiks 'tS"’}@He;S’é]‘?de‘?ﬁlgtb(P‘%nge each of

reticle and the workpi ece support el'ng nov
rel at i viletampliledetdigributasn, thb@happalisttinstiof and thepd@rization

of - aaaptre Epanin & MaldRtbifng e s€asd wlinbiden. i each
transm ssdorRl diRtribiftion’ sslb@klomoRea Benerally eamg-@oluggégectmm

a portion of the radiation beamto pass throu
The appefrsaogaddlistdbation®R5 wherein the adaptive

j . | it f.ref Li , :
51§ 48hieon QELHLS B PpHIBh bRt SR L s aieet plgirica
.of _radigighals tdithecideptive® stucttir€ t®khhRgE AP Bidte of the adaptive
wor kpi ece, conprising: directing a radiation beamfrom

a radi a¥rwstuea@pde al ong a radiation path, the

radi.at.i@an Vil L [ [.Qut. | a .
 LBCRTpRSA R AAcRN B shbUAR TEELBLRR e ypreoiece
as a f usuppioon wiah bbd:?sit @me of traahlfét}@f@agqrtﬁéahdr)]bkpiece support
transverse to t radj atj on path; inpinging the

radi at i ng,@)aqﬁa@ﬁe Ffﬁafé‘@aﬁ?tfih\?é)t@?rr- ucture positioned in

the radiation path; 0 -20- o changing a state of at

| east one el enent of the adaptive structure from one

st2fi.e tTheappafatas pf deahi2bywbérchy thd abhstivet StauctaiteaineRides a
| east, one of the anplitude distribution,

ohref SRREL et Siahebmica [Beh SR B o the
radigfibfHdaPttd Sllow BRRHsES ddifion BRHRS fRELRFATRAM 10 Bals Hdugh.
away fromthe at |east one
27.  The apparatus of claim 25 wherein the adaptive structure includes a

plurality of reflective elements.

28. A method for controlling characteristics of radiation directed to a
microlithographic workpiece, comprising:
directing a radiation beam from a radiation source along a radiation path,
the radiation beam having an amplitude distribution, a phase
distribution, and a polarization distribution as a function of location in
a plane generally transverse to the radiation path;
impinging the radiation beam on an adaptive structure positioned in the

radiation path;
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el ement of the adaptive structure; passing the

radi ati on beamthrough a reticle positioned between
the adaptive structure and the mcrolithographic

wor kpi ece; and inpinging the radiation beam directed
away fromthe adaptive structure on the

M ehandihg eostafthbLavrebkPo s elerdéht dfftRe MRiabade afruclé Wom one
28 whereln changing a state includes changin a state

to any 8RR pROYAapuElitheharalahie ethasstateatieshaape at least

STS}NP: BE :ég:fr)]f;ﬂfeor%'ﬁgp P?eren{’tfr'gl;{g@i' g’}@ ggtglambugpn and the

differ epblaruaallcm distibutiongli stri buti ons. 30 The net hod
of cl aim 28, c;,th her conpri sing: passing the radiation
beaﬁﬁ'ﬂg oifigh raqiation Learanthraugh temd v dipen dhe at least one

el ect 1 gahlenadheaaaplie Shdppys, each array

i ntersecting the t1on pa and extending in two
or pasgioy athediradiationisearantraligly a natict [:ioeltbhed between the
radi ation ath directi first, Iectrlcal nals to

the firé&fa t;v,eé}rchur &migrgh Oafap(}'!'f‘ewpi'l?% Ce; @Aday
anﬁnﬁhbi@ib thBQaéﬁlﬁbhtbéé‘?n ‘E‘J‘w%&fédbé% PRrofd tffé‘ﬁdéﬁﬁveaét?&ﬁure on

beam “directing second el ectrlca S|gna s to
second Hhermicrolihoprapiie wokkpigae.of t he second array and
alter the phase distribution of the radiation beam
and directing third electrical signals to the third

ar 29y tPhéhasesd %f%‘eﬁﬁrﬁ?@@vhﬁeﬁ&n %‘n?%gf‘éa 5ie Fduddd Bhanging

pol ari zation distribution of the t1on beam
a St%tﬁ toTarRy wé tehplrality f dvailaiglevpibee istatehaalljioh gvhicts catrespénd to

it TGP AL oL BB Vg SR o re

polafinetiorf distriputioasi ty of electrically addressable
el ements arranged in an array of colums and rows. o

-21- o 32. The method of claim 28 wherein changing a

::%gt S}F‘g@hégﬁﬁﬁtgg%@g@é ﬁgﬁﬁé oﬁ%{%ﬁ"és'ﬁ g? gtit\(;eany of a

pl passing ythef radifton Yenesthrdugh dRBEr §édohdC @Rt A arrays of
spect rum of other states. 33. The nethod of claim 28,

f ur t herelestrigallsi Agdresagklenflementsadieash oarmsyamtersestipn the
i AR DRISH SRR, o HE SO Goncray
normal to the radiation path;
directing first electrical signals to the first array to change a state of the first
array and alter the amplitude distribution of the radiation beam;
directing second electrical signals to the second array to change a state of
the second array and alter the phase distribution of the radiation
beam; and |
directing third electrical signals to the third array to change a state of the

third array and alter a polarization distribution of the radiation beam.

31. The method of claim 28 wherein changing a state of at least one
element of the adaptive structure includes directing an electrical signal to at least
one of a plurality of electrically addressable elements arranged in an array of

columns and rows.
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novi ng at | east one of the reticle and the

m crol i thographic workpiece relative to the other
whil e i nmpinging the radiati on beam on the

m crolithographi c workpiece. 34. A nmethod for
controlling characteristics of radiation directed to a

m 820l i Thegnhatfidc ofvelaipi 28 evhateimpEhaiding adsfa@@tdfﬂﬁ |Bast one
rad|(§t| on beam from a radiati on source al ong

elemend; et th sna%?twe Stfwweamc&td%ncfwwmémnmg)r@ @mﬁs@ any of a
plurfty bF bl sPe S5 pht Al filus ShabEH R M2 efs.

to the radiation path i mpi ngi ng the radiati on beam on
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pa{3 aRgnetgod of claiw 2, fuitheleeynpdsiadel enent of the
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yof aval erstates to'cC

I east oadamtivet ﬁmqﬁhmcﬂtm nmdnulithogra@hd: \tvbfkplece and
|on the radiation

|
eEUa g fFath DR ol Heb astcls i amICTelfthgi@phi. workpiece
adapt i veslsive!$d Uhe: o %H@etﬁﬁ,ﬂ b ahbORRRRIN bREAYHR the

areticle p05|t|oned et ween adaptive structure
and t hemigrolitbbgtapige aphimesor kpi ece; and i npi ngi ng
the radi ati on beam directed away fromthe adaptive
structure on the mcrolithographic workpiece. 35. The

megdod Af nﬁhﬂjd“f&“coﬁt%ﬁlﬁ rch"a?éﬂ[%éh&id%gop?é@bﬁ@n tchl%cted to a

radi ati on beam through e at | east one el enent
mlcr@htéoa@aqm wermleaeamrrmnsmg 22- 0 36. The et hod of
ref,l ecting the radi
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St ruct ughe. ratifatior@edBt Radingf a th%is@ &étrmﬁu‘ﬁbﬁ' éhd? I?;‘15‘ﬁtgl'aﬁﬂa’tlon
a state includes applying an electrical signal

at | eastisgivetion afeatfiubstionel lgafien %asnlau@tg@neraltys‘.ransverse

met hod lfquecrgafa'h h ﬂg characteristics of radi ation
di rected U 't hogr aphi ¢ wor kpi ece,

cammmg;nggthednadm:ttdmbeamr adi @i ladapheastiucuie Positioned in the
radi ati on,. source along a radiation path, the
r adi at i @B PAYYI SRANGNG BIstatgqef @art Jepsthape oplement of the

phase é’da%tirvbbé’¢ c[‘?ﬂre ﬂ'BH1 @n@cgté‘tre' ERALhYb U BhIhRY PV ailable

as a function of |ocat
other states to change at Ieast one of the phase distribution and the

polarization distribution;

directing the radiation beam away from the at least one element of the
adaptive structure;

passing the radiation beam through a reticle positioned between the
adaptive structure and the microlithographic workpiece; and

impinging the radiation beam directed away from the adaptive structure on
the microlithographic workpiece.

35.  The method of claim 34, further comprising passing the radiation
beam through the at least one element of the adaptive structure.
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a plane generally transverse to the radi ati on pat h;

i npi ngi ng the radi ati on beam on an adaptive structure
positioned in the radiation path; changing a state of
each of at |east two independently controllable

el ements of the adaptive structure from one state to

angéher ThtahetHod dholaparaigiiittiier Bangeisilg FFRsting Wee (Pédtatlon
litude distribution, the phase distribution and

th
beamgorggﬁﬁﬁt Jagst 6Re edervent ‘bfuthieoﬂf’apcﬂwe sfuchiet he

radi ati on beam away fromthe adaptive structure al ong
the radiation path; passing the radi ati on beam

t hgpughThe rrﬂéﬂhotj&)fmm BonetkreRf wRAYinGE stadaiptiudes applying
tructure and the mcrolithographi c workpiece; and

an el? neRisial fretheadh fﬁﬂﬁmﬂ%@'@mwwm%ada&h\gﬁ stragtieehe

adaptive structure on the mcrolithographi c workpi ece.
39. The nethod of claim 38 wherein changing a state of

ead8. of Aaineltemb tffor tuntrolidg nsrdattetisticxoof radia8bh directed to a
, e|,tgrrent of the adaptive structure includes:
micrgyl QEW)}&CWHQ‘FWCW@WISH@ el ectrical signals to one

Or oifE¢tfr férréﬁlaﬁ{%ﬁrﬁperéﬁ f3m tah%dz%?ﬁ)%q | ggfé'lb'lﬁér lgarggé;[gm path,

change one o e anplitude
di stri bing oadiatidnt beamolrmwm;atémrardbﬂ;mdébdtsitrdbutlon a phase

dlrectln econd e ec ri.cal aIs to one
or SN, AN ahiation Eaﬁ?n 8 atngtion pblaggtion in
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distribution, the )Ease distribution and ttﬂ
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b th h th
ol oment AP et nPGAn @ oHateoy ofioreciebbnat least two
el ement pdef@nrddity SBARIBLY edriemis3St tMees@aptivehaRghtle from

a state includes changing the state fromone state to
any of %%lstﬁtaﬂptqn%merastam v lirdeneangienty shesge 4t leFstetwo of

"adi at 1 AT Bt iAo PHRE B RRREO AR e Bolgrization

st ruct udistripilon,The met hod of claim 38, further
SI ng reflecti ngﬁt he radi ation beamfromthe

oI SR fadiation. pEaTeawey Jeerir he agdaptiveestieetnirl alang the
claim %%dld‘ﬂéhtﬂ]éﬁﬁ, conpri si ng:

passing the radiation beam through a reticle positioned between the
adaptive structure and the microlithographic workpiece; and
impinging the radiation beam directed away from the adaptive structure on

the microlithographic workpiece.

39.  The method of claim 38 wherein changing a state of each of at least
two independently controllable elements of the adaptive structure includes:
directing one or more first electrical signals to one or more first elements of
the adaptive structure to change one of the amplitude distribution,
the phase distribution and the polarization distribution;
directing one or more second electrical signals to one or more second

elements of the adaptive structure to change another of the
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passing the radiati on beam through first, second and

third arrays of electrically addressable el enents,

each array intersecting the radiation path and

extending in two orthogonal directions generally

normal to the radiation path; directing first

el ect ri aalplitudgndistritbtidnnethki pldseardigthibitior: BaAgthe? polarization

state of the first array and alter the anplitude

di st ri beitritien; 8AE radi ati on beam directing second

el ] S|4 0y.¢h e -
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third electrical signals to the third array to change

a state of the third array and alter a polarization
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radi ation path; o -24- 0 inpinging the radiation beam

on an adaptive structure positioned in the radiation
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to change the first anplitude distribution to a second

anplitude distribution, change the first phase

di g3 1 byhé pibthed 3 SREAEE, HHASS ccﬁ'hﬁ.ﬁ%ih@ut i on, and

change the first polarization distribution to a second

pobassinatthenratligtion heanonthrowgh fersic hsedundgandetiigl arrays of

i ndependent . th other two: djrecting the radiati.on
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ag@E@l@@QgéﬁﬁgﬁﬁgéP%hﬂglsqsQH@: %gtea(f';a?/dto%%ge a statte 5f the first

array and alter the amplitude distribution of the radiation beam:;

directing second electrical signals to the second array to change a state of
the second array and alter the phase distribution of the radiation
beam; and

directing third electrical signals to the third array to change a state of the

third array and alter a polarization distribution of the radiation beam.

44. A method for controlling characteristics of radiation directed to a
microlithographic workpiece, comprising:

directing a radiation beam from a radiation source along a radiation path,

the radiation beam having a first amplitude distribution, a first phase

distribution and a first polarization distribution as a function of

location in a plane generally transverse to the radiation path;

o -24- °




the mcrolithographi c workpiece. 45. The net hod of
claim44, further conprising: passing the radiation
beam t hrough first, second and third arrays of
electrically addressable el ements, each array
intersecting the radiation path and extending in two

or irhpiagimgy this raﬁatlmm;egﬁmhabhyada“m.waétmc@uﬂéﬂsosmoned in the
radi at i on path; directing first electrical signals

the fir&diaionpathy change a state of the first array

P aEndhgif o ABtPeA B a MBI U dBHEE didfehofihe Paptive

ecti ng second
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a polarization distrfbution o eralalon bea
- 25- o f{istribution, and change the first polarization dlstnbutlon toa second

polarization distribution, with each change being independent of the
other two;

directing the radiation beam through and away from the adaptive structure
along the radiation path;

passing the radiation beam through a reticle positioned between the
adaptive structure and the microlithographic workpiece; and

impinging the radiation beam directed away from the adaptive structure on

the microlithographic workpiece.

45.  The method of claim 44, further comprising:

passing the radiation beam through first, second and third arrays of
electrically addressable elements, each array intersecting the
radiation path and extending in two orthogonal directions generally
normal to the radiation path;

directing first electrical signals to the first array to change a state of the first
array and alter the amplitude distribution of the radiation beam:

directing second electrical signals to the second array to change a state of
the second array and alter the phase distribution of the radiation
beam; and

directing third electrical signals to the third array to change a state of the

third array and alter a polarization distribution of the radiation beam.
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