RESONANT SCANNI NG M RROR I nventor: Santiago del Puerto [0001] it
BACKGROUND Fi el d of the Invention [0002] The present invention relates a

| i t hographi ¢ apparatus and device nanufacturing nethod. Related Art [0003]
A lithographic apparatus is a machine that applies a desired pattern onto

a substrate or part of trate, A |l | c_apparatus can be used,
for exanple, in the mr@EgzﬁﬁAﬁth@A&NtQW@Bays integrated circuits
(ICs) and other devices involving fine structures. In a conventi onal

apparatus, a pattern,nggevi cesailhshei¢prhe referred to as a mask or a
reti cl@ﬂoﬁan be used to generate a“circuit pattern corresponding to an
ua

i ndi vi | ayer of a flat panel display (or other device). This pattern
can be transferred onto all or part of the substrate (e.g., a glass

pl ate), by imaging ontoalayeg}g& @i iQn-sensitive material (e.g.,
resist) provided on the substr I{ stead of a circuit pattern, the
patterni ng device can be used to generate other patterns, for exanple a

col or filtericpaifites mvadtich matri x of dots. Instead of a nask, the
patterning device can be a patterning array that conprises an array of

i ndi vi @dgad] y contiollabhe iR r8lated NE lRIHhit 6aPhrREs Mmbangest nore

qui ckly and for less cost in such a systemconpared to a mask- based
system [ 0008MufActiting mpthndl di splay substrate is typically rectangular in
shape. Lithographic apparatus designed to expose a substrate of this type
can provid AR sposure region that covers a full wdth of the rectangul ar
substrate, of covers a portion of the wdth (for exanple half of the

AU opBE SUDSAASuraS0 BE AR 0 UnHORSL DERLALINE, SXARRULRLCO! on, Whi | e

the ma reticlet néhr onously scanne n this way,

the patternoits atJubsedt€br part of @ dubsrsel s litladgeaphld agphetiex@aster wed,egi on covers
the full width of the substrate then ex OSU{e can be conpl e&(e:c%vm'th a
singl e scantor pxample, 1@}%@1@3@@@@ ofiflat panel displays, mtegrated circuits (ICs

and other devices involving fine structures. In a conventional apparatus, a
patterning device, which can be referred to as a mask or a reticle, can be used
to generate a circuit pattern corresponding to an individual layer of a flat panel
display (or other device). This pattern can be transferred onto all or part of the
substrate (e.g., a glass plate), by imaging onto a layer of radiation-sensitive
material (e.g., resist) provided on the substrate.

[0004] Instead of a circuit pattern, the patterning device can be used to
generate other patterns, for example a color filter patterﬁ or a matrix of dots.
Instead of a mask, the patterning device can be a patterning array that
comprises an array of individually controllable elements. The pattern can be
changed more quickly and for less cost in such a system compared to a mask-
based system.

[0005] A flat panel display substrate is typically rectangular in shape.
Lithographic apparatus designed to expose a substrate of this type can provide
an exposure region that covers a full width of the rectangular substrate, or
covers a portion of the width (for example half of the width). The substrate
can be scanned undemneath the exposure region, while the mask or reticle is
synchronously scanned through a beam. In this way, the pattem is transferred
to the substrate. If the exposure region covers the full width of the substrate

then exposure can be completed with a single scan. If the exposure region




2 covers, for exanple, half of the wdth of the substrate, then the
substrate can be noved transversely after the first scan, and a further
scan is typically perforned to expose the renmai nder of the substrate.
[0006] Typically, if a source of radiation has jitter, a pulsed beam may be
generated before or after a desired nonent in tine. This can cause a
patterned |ight beam formed fromthe pul sed beaminteracting with a

pat ter ni ng RIS for exafhpR? hhIFOR @itk B cAliBsldle i@he Alib ot nd 2
desired target posi ti or? synchronous scanning m nor SSM which is
synchroni zebk mvbdttranavdrs@muﬁm;he ﬁfsttShm,mJidsecfmbbfanﬂcalmdS aymediyni ng

vel ocity of the s strate has .t een used to conpensate for such
jitter. Thr® g G‘Hoﬁ‘:efh@%ﬁf%%éﬁgws%gﬁ % fig minor SSM the patterned

beam cgpoge dir e?%ﬁ@h}%mipa%oﬁﬁawwaﬁ&bﬁhs’ alter, aSpIRArheasth uyaescanni ng
subst rat e table a esired target position. However, for maskless
lithogr aphygellerﬂéﬂh@fﬁ@ﬁmﬁﬁ@r@ @@&@Fhmfiglem inrtispe. SENG Bascanee apatferiad  hi gh

f t
e e o e A o

surface of fohgatfeyiehy @muatesmamnmg“ o baﬁmﬁsmesﬁbd; targdth@sitionc hAonous
scanning mrror SSMhas to he of an excellent optical (i.e., very
flat, in t#&ckiogeys WAMIBHTRITE, %Sanhlcatlﬁég@mnmﬂé%b?tg&tfr%@mm to have a
subst ant i al o RKOE B LEPHbithe VUi BF B {IBSe, bAORPleaftpBUEN: | 0N
synchr onous’ sca ning mrror icall I néapa produci ng a
pure rotati mméltos:ompmsag: foo sodnjittért hI‘Hrmwgmmmmg)ﬁle sgncramul seanndenani cal |y,

th i dabl i St f d d th | f [
(e .. one BeneSHy duifirest ey B <H T R 1 PSS SBERaY vi br at e)

makes it Wag:?%hm Egcﬁﬁﬁiges‘é‘é‘st?at@té'bfe atcy&tsi%cu tf)és@ﬁ‘on reéwéiepn. A second
node havi ng genfreequency only 2x higher than t useful first node

produces ouforaitﬁaSb]eaﬁnlethDgraP@ tha mcmmwspmngﬁmm@r&%has torpcamaldi t i on, from

f h hat f
r Otrrgtn |uo(rjllclt g{’llggné u¥‘é‘$ 3051 gé&gﬂ’r ?agémg?gr t%h logyggﬁ%)obtﬁao% %gléoﬁarﬁo?\lg (r)n rror SSM

makes it di {shistlubhplitad@ceed hiiad); ahd ectdtatnsani§ aast lioronpat iastiveng, unl ess
the reflective surface is a separate part. Wth a separate reflective
surface, nouHCe My haSYRARPRAYS| SPanEng raEer §iSMhoudIspneoBBERREoW st orti on

and wi t hout scanning mirror SSM has to be of an excellent optical quality (i.e., very flat, in

the order of about 0.5 nm flatness), which requires it to have a substantial
thickness, resulting in a large mass.

[0007] Conventional synchronous scanning mirror SSMs are fypically
incapable of producing a pure rotational scanning motion with low mirror
distortion. Dynamically, the unavoidable existence of undesired modes with
low eigenfrequencies (e.g., one of the frequencies with which a particular
system may vibrate) makes it impossible to achieve a pure, distortion-free
rotation. A second mode having eigenfrequency only 2x higher than the
useful first mode produces out-of-plane translation and mirror distortion. In
addition, from a manufacturability point of view, the requirement that an axis
of rotation lay on a reflective surface of the synchronous scanning mirror SSM
makes it difficult to access the reflective surface for polishing, unless the
reflective surface is a separate part. With a separate reflective surface,
mounting the reflective surface without introducing distortion and without
introducing modes lower than the very high scanning frequency can present an

unsolvable compromise.




i ntroduci ng nodes | ower than the very high scanning frequency can present
an unsol vabl e conpromse. ICIl 3 [00081 Therefore, what is needed is a
system and nethod that allows for a nore effective synchronous scanni ng
mrror SSM  SUMVARY [00091 In one gnbodi ment of the present invention,
there is provided a |ithography apparatus conprising an illum nation
system a patterning device, a substrate table, and a projection system

The il jogpgnat i onrig¥shRIMAHANN hidaBs is 8 Haam ald Medbathamilbeeaar adi ation
source operating at a first frequency. The patterning device patterns the

beam The substeffettive gbtlwosupponningmres&ahd a  substrate at a scanning

vel ocity. The projection systemincludes a scanning device including a

reflective device and a plurality of flexures. The plurality of flexures

are configured to allow the refl SUNMARYI ce to resonate about an axis of

rotation. The scanning device is configured to scan the patterned beam

onto a target area of the subst e The resonant requeng‘}/\‘i@%c t he scanning
|

ra
devi cel®®lsubst a8t Pag 1ejnbadimnt (of thfePTEseRs (nYSIEGEe S 1S A d

s¥nchr oni zed

wth the s i 98§ : j ke present
lﬁmﬂgséﬁ?a%s bmprRE0h naRebh %&st&ff,bﬁﬂétf&ﬂhg abvithe p

i nvention, rovided a method including the follow ng steps. A
beam of r adi sibiswateitablgrand ageofeetionasysteine skhefilleminatiey sysins opslitieise i s scanned

using a subsirate.stage at a scannin velocity. T f diation is
pat t er ned. %%"?381‘ P%f&f‘%ﬁ%ﬂ%fé’m %@%@Fmﬁsgg&%ﬂmrﬁtﬂ] trartjﬁﬁet t?%%gﬂec br][gllg ed about an
axi s of rot@iehiinglessdRisitAt bdant.NThé bulstratefrildd vespos uad Bgnb kexur es

coupled to the reflective device. The scanning of the scanning mrror is

synchr oni zedibsteatp et B scanming relecify egbe Rryeding systensisglydtsnyscapsingci ty, such
that th i j : ti :
o PSR ek B0 B g L ot

substrate. e nent's, atures, an tages of the
present i nyfefidxuedisare @snfigiréd msallovetietefledtive eleaind to pspadte ebowfant he vari ous

enbodi ments _of the present inventjon, are described in detail below wth
reference t#igplrotaioro Fﬁbﬁﬁ%ﬂﬁ@gdﬁﬁw ILpgt‘So_nﬁgureﬁ i Scan the paltetned beam

onto a target area of the substrate The resonant frequency of the scanning
device is substantially equal to the first frequency, and is synchronized with
the scanning velocity.

[0010] In another embodiment of the present invention, there is provided a
method including the following steps. A beam of radiation is produced at a
first frequency. A substrate is scanned using a substrate stage at a scanning
velocity. The beam of radiation is pattermed. A reflective device of a
scanning mitror is resonated about an axis of rotation at substantially the first
frequency using flexures coupled to the reflective device. The scanning of the
scanning mirror is synchronized to both the first frequency and the scanning
velocity, such that the patterned beam is directed onto a target portion of the
substrate.

[0011] Further embodiments, features, and advantages of the present
inventions, as well as the structure and operation of the various embodiments
of the present invention, are described in detail below with reference to the

accompanying drawings.




4 BRI EF DESCRI PTI ON OF THE DRAW NGS/ FI GURES [ 0012] The accomnpanyi ng

drawi ngs, which are incorporated herein and forma part of the
specification, illustrate one or nore enbodi nents of the present invention
and, together with the description, further serve to explain the

principles of the invention and to enable a person skilled in the pertinent
art to nmake and use the invention. [0013] Figures 1 and 2 depict

| ithographic a i i ‘Pm'mtm]}g t he present
i nvention. [00%%3@%%@9@%% rans )errl ng a pattern to a

substrate according to one enbodi nent of the invention as shown in Figure
2. [ OOp®I2JFi gur €THe abemnpisimdrawingsgelieln tredficcopdrhied heengiamdedermaccor di ng to
one enbodi ment of the present invention. [0016]..Figur shows a

reflective Bt eeHS WGCOHetite 1]iliSFré‘§t‘?nr?g‘_’rp‘5‘P{ee?‘?]%‘lfh g‘ﬁé’? tg‘_?‘lpﬁsg‘tpr oj ecti on
syst em havi fgedioaY AN ORGHS FRANRE SsHgion! fFE: LARLA chpiar @eb shows a
transm ssive patterning device directing patterned beans onto a projection
syst em havi principlesyofche orventsorsaertniengplern peson S8Ned irf e pejtingitgatrtes 7, 8, 9,
and 10 show perspective, side, top, and operational perspective views of an
synchr onous™ i WG AP YS%8sM  [0019] Figures 11 and 12 show perspective

and si g1y ews, FigsReal hvehYdeplth 1@ho&¥ N LEp@NEs SERBAIMY tivit&ls SSM coupl ed
to an 1solation mass and a driving system [0020] Figures 13 and 14 shows
per spect i veeraprllingeefe of/thewsesentégyabpivel y, of the synchronous scanni ng

M OrGFR, SO Bt b olafl B e, LnARdiaR o DELHILTG. aheagd (1 onal

i sol at irfgur es and op and perspective view,

respecti vel ycoming 8k bebodiratfihmainveltich SwhowndnBigarestanni ng mrror SSM
[0022] Fiqure 17 shows an operational view of the synchronous scanni ng

mi rror (0888 i n Figarest depighs g psrangansof pPHealengies SR 4% @s¥enbl y and
e st 00 T Sl B s 15
the  [0016] Figure 5 shows a reflective patterning device directing patterned beams

onto a projection system having a synchronous scanning mitror SSM.

[0017] Figure 6 shows a transmissive patterning device directing patterned
beams onto a projection system having a synchrbnous scanning mirror SSM.

[0018] Figures 7, 8, 9, and 10 show perspective, side, top, and operational
perspective views of an synchronous scanning mirror SSM.

[0019] Figures 11 and 12 show perspective and side views, respectively, of a
synchronous scanning mirror SSM coupled to an isolation mass and a driving
systemn.

[0020] Figures 13 and 14 shows perspective and side views, respectively, of
the synchronous scanning mirror SSM configuration of Figures 11 and 12
including an additional isolation mass.

[0021] Figures 15 and 16 show a top and perspective view, respectively, of
another embodiment of a synchronous scanning mirror SSM.

[0022] Figure 17 shows an operational view of the synchronous scanning
mirror SSM in Figures 15 and 16.

[0023] Figure 18 shows an assembly and drive system for the synchronous
scanning mirror SSM of Figures 15, 16, and 17.

[0024] Figure 19 shows a flowchart depicting a method according to the

present invention.




present invention. 5 [0025] One or nore enbodi nents of the present

invention wll now be described with reference to the acconpanyi ng

drawings. In the drawings, like reference nunbers can indicate identical

or functionally simlar elements. Additionally, the left-nost digit(s) of

a reference nunber can identify the "drawing in which the reference nunber

fi rst appears. DETAI LED DESCRI PTI ON [ 0026] This specification discloses one
odi [ e ntion. The

d| scl o@ ?’bmomﬁﬁ rﬁe%ﬁéd}g%g&rrp‘)fl Ttﬁéep{eﬁgﬁlu%\?ilﬁﬁnoﬁm ?ﬁgﬂggope of the

i nventi on ideserited Ivith tefaterio to the zchcempas_/mg drewingsi heﬂm(th‘amnmélkﬁnventl onis

defined by the clai pende t [ 00 7 .The, embodi descri bed,
and ref er erfE¥EHCH r’c“ﬁﬁ’ 5“{;8@? flﬁlcg‘éqq ﬁen%ﬁal % F Sty %ﬁg’enbodl ment "
"an exanpl ey &IRAMITETHE lenehbsn digiRslioral eeféﬂaﬁée hmbmim«w@(ﬂm descri bed
may include a particular feature, structure, or characteristic, but every
embodi ment drasyingét whishdbe rfereyce mohge 8rst epreasar t i cul ar feature, structure,
or characteristic. Mreover, such phrases are not necessarily referring to
t he sane enbodi nent. Further, when a particular feature, structure, or

characteristic is descri bddETAdBDOESGRIBTIONN enbodi nent, it is
under st ood t hat it is wthin the know edge of one skilled in the art to

effem[ﬁé’ﬁéh feat ur.e, fructure I or char acterl % qnnectl on wi th other
enbodi HAtls whet HES SESPATBRORYBHPE R o8 PRBQUTEE0 ST SRR fent s of t ho
i nvention ngy gkt BIRER Sfioh N TR UMRESR emlﬁddixﬁ‘%@t(ﬁ,m@élﬁrte)ﬁ&ﬁghfyor any

conbi nation thereof. Enbodi nents of the invention may also be inplenented
as i nst r ucttherigvestion.edllon seopeeathibadnyeionbs got dﬁ@ltqsﬂn’fo thsi éirclpged be read and
execut ed by or I 0Cessor I ium may i ncl ude
any rrechanleg‘ﬁ?q%&}?er’g?g ﬁ%‘g”%?n "y laﬁgi?ﬁl dt"irrﬁ‘g@a %g | Od?%e%@?cg f orm r eadabl e

by a nmefine (e.The erﬁb@cﬁﬂﬁhlﬁ(s)r@ascxﬁlﬁédl agj refé@hc@x&%b&peaﬁmhl toe-r eadabl e
medi um may i nclude read only t( nory (RAM;

magnet i c di'ske sembedimeniedpa; e@b‘?fil@ép Etoé/’i"aﬁ@ ?ileénab ?%EIHFE nmélfory devi ces;
eLECtrT 2l in@RhleGly e AT GAls) HosBIHO8 iy HiRudl"a PEARAGATAHS! Onal o

(e.g., carrier waves o
structure, or characteristic, but every embodiment may not necessarily include

the particular feature, structure, or characteristic. Moreover, such phrases are
not necessarily referring to the same embodiment. Further, when a particular
feature, structure, or characteristic is described in connection with an
embodiment, it is understood that it is within the knowledge of one skilled in
the art to effect such feature, structure, or characteristic in connection with
other embodiments whether or not explicitly described.

[0028] Embodiments of the invention may be implemented in hardware,
firmware, software, or any combination thereof. Embodiments of the invention
may also be implemented as instructions stored on a machine-readable
medium, which may be read and executed by one or more processors. A
machine-readable medium may include any mechanism for storing or
transmitting information in a form readable by a machine (e.g., a computing
device). For example, a machine-readable medium may include read only
memory (ROM); random access memory (RAM); magnetic disk storage
media; optical storage media; flash memory devices; electrical, optical,
acoustical or other forms of propagated signals (e.g., carrier waves, infrared

signals, digital signals, etc.), and others. Further, firmware, software, routines,




signals, digital signals, etc.), and others. Further, firmvare, software,
routines, 6 instructions may be described herein as performng certain
actions. However, it should be appreciated that such descriptions are
merely for convenience and that such actions in fact result from conputing
devi ces, processors, controllers, or other devices executing the firmare,

software, routines, instructions, etc. [0029] Figure 1 schematically
depicts the lst&'\;cjﬁggéf DS @R e@%@?&uﬁ-a@%&rﬁﬂﬁunge&@ﬁﬁi I&idhs. HowdRe, | nvention.
The appar at e conprises an i Ium nation system |L, a patterni ng devi ce PD,

a substrat eit tsl&hil@b&/\l’ppracnatedi thet sql@odascmpts)yts temesly fofrmviehicues andt i on s y stem

N t IL f d t t di at
Fadi at | on) o056} 198RS uls (hek el o REM T BRI o P Rippor &

substrate (&Gpolled, of Esthél dgﬂéésegx&:‘ﬁﬁﬁé rigb efmiVa0d ssmnnec radines a
positioner PWconfigured t accurately position the substrate in
accor dance instrictioss, eid. n par aneters. [0031] The projection system (e.g a

refrac projection,| ens stem PS s .confi.gur egl. the beamof
r adi at EOBX modul at ' 88bY Sf:ﬁeémjiéﬁgi}r%?lc 5 i%ﬁﬁa%fSP‘ﬁg %g%{aﬁlgl fléé\h el ement s

ont o a tar gghbmkhiT the inSettion, TREBSPaSdtitdcon@ftBedin fihdnalloasystoi t he
substrate W The term "projection system' used_ herein should be broadly

i nt erpret edlag r@ﬁ@mnwdb@yi%g}’farwsqb%@e &bl Mol eadl jagioieeHay 9siem P2l udi ng
refractive, 4 efl ec : L ragiaidnc and

el ectrostati ¢ cl)fp. '"at o5, sg;&?&miglu ob&gﬁ IL@%ﬁrguﬁdgﬁ%{) rleoiE‘ s appropri at e
for the exp@@ms(éggiuauamubﬁ) ng used or for other factors such as the
use of an immersion liquid or the use Ofée(agl vacuum ﬁ%’ use ,of the term

" proj el9038h | ensTheaphsiratedable pi Teig rop QsSUWRDPRS A THEEGi(EB- the nore
general t erf@smp&gtéﬁc Edbgﬂatéyw %'iﬂi"co[]ﬂ&%%] toTE' %oﬁ'ﬁ@h&clt’woﬁbrﬁigﬁk%mops may

i ncl ude dynamc el enents, 'such as a synchronous scanning mrror SSM as
descri bed bmicumtelypesnsgmﬂnhsubms in gcamdrnng with cedain 8ERINEENS.r equi re a
freque si gnal fromthe radiation urce SO and s¢ ity signal
SV fr o&%gye subs?g%P@J‘?CHBﬁl &YV (B 8- Wﬁ@?&gﬁ ,pr?J.e(g}o,nqte%S %yggef#ﬁgésogsl resonant
frequency of,dfigredy RF BHi6BQUEeSB@MMi dTUradiitidfr mo&ithted by the array of

individually controllable elements onto a target portion C (e.g., comprising

et

one or more dies) of the substrate W. The term “projection system” used
herein should be broadly interpreted as encompassing any type of projection
gystem, including refractive, reflective, catadioptric, — magnetic,
electromagnetic and electrostatic optical systems, or any combination thereot,
as appropriate for the exposure radiation being used, or for other factors such
as the use of an immersion liquid or the use of a vacuum. Any use of the term
“projection lens” herein can be considered as synonymous with the more
general term “projection system.”

[0032] The projection system PS may include dynamic elements, such as a
synchronous scanning mirror SSM as described below. The synchronous
scanning mirror SSM can require a frequency signal F from the radiation
source SO and scan velocity signal SV from the substrate table WT to
function, i.e., to control a resonant frequency of the synchronous scanning
mirror SSM.

[0033] The illumination system can include various types of optical

components, such as refractive, reflective, magnetic, electromagnetic,




[0033] The illum nation system can include various types of optical
conponents, such as refractive, reflective, magnetic, electromagnetic, 7

el ectrostatic or other types of optical conmponents, or any conbination
thereof, for directing, shaping, or gontrolling radiation. [0034] The
patterning device PD (e.g., a reticle or mask or an array of individually
controll abl e el enents) nodul ates the beam In general, the position of the

array of | gt ARl fRRYERL bABlaPLARRMASG dny Rombinksth el 1 ve Lo the

proj ection syste can Instead be’connected to a positioner
confi gured fw dxectingatledpingpasidntrotinghadiatioray of individually controllable
el enen

s in accordance with certain paranmeters. [0035] The term "patterning
devi ce_i'ﬂoaf‘f]"cont ﬁ‘ggtgaggmn@ede\ggeeg’&}]éggi,ﬁl LHWtA gr [‘Baéﬁb‘;roﬁlala\}rayn&erprep ed as
referring tQ andudgViGRollft Qéfclty HRRdlatd MRUBAL € Int Béhefll O8R Section of
a radiation beam Such as to create a pattern in a target portion of the

substrate. Pimtideviiche aay ok imlivideslys contradlablsaelements nyilddei Bessl (e g.

masks or reticle or _dynamc (e.g. ,arrays, of .nr.oor ment s)
pat t er ni ng 6?&%3}"83@ .thelpd?féﬁ BT I%OSIEIO‘B’?V H&C%lelgsg?af%p%n%ﬁgévﬁ??ﬁogae in terns
of a dynanpgsifisiet €Edtifipgirede Vs CEscul IRV Bbsifidn i the t Ordye dAppidividadiBd t hat a

static pattern device can also be used w thout departing fromthe scope of
t he present cortipliableictsmentsgp 3eqordance it c§1tH8 PAGIEEY-hat the pattern inparted

to the jation I, &XaGhly « QR i.ned pattern in
t he ta%@?i porti gﬁgg%{%tte@%sfr at e,0¥f g&t%;%g&r?rpl e itu?e(% Egre%:ﬂo{elg’n i ncl udes
phase- shi f t bogrdadBtiuteggetdd as eefecimlltednpdsvist thheednreased 8) moldalatey, t he

pattern eventually generated _on the substrate may naot correspond to the
pattern for %ocrafis-sgﬁtwrbﬂﬁa iraratnn; Q"é‘ﬁl:tsﬁ a5 1% Fal5ta PHIRY i‘%lﬁé?‘léﬁt

control I'abl 6, @l ,GMHNLS sutdtaf. GRB dRGick €arf BS Rithé ﬁﬁie*?ﬁtfeﬁﬁﬂ@%ﬁ%es‘- n which the
eventual pattern forned on each part of the substrate is built up over a

gi ven per i otk.of maskseororetigles)i aredynammb &.2.o frrapspdquegsmiablengemenitlch t he
pattern on t arrg% of indi,vi dual I(y cg tr(f)llaglgewei ment s and/ or t he
relative poBftTYREGFYIERe C_Hl}gf’\“ ? BChY Bﬁs.esc‘[rﬁ’ i SeP AT “lthe pattern
created on fhgmidpaRdmeIdelios HhvelBeit sdHdderapbrecittdd| thatGOitdtRSROBA tO a
particul ar functional |ayer in a device being created in the
- " device can also be used without departing from the scope of the present
invention.
[0036] It should be noted that the pattern imparted to the radiation beam may
not exactly correspond to the desired pattern in the target portion of the
substrate, for example if the pattern includes phase-shifting features or so
called assist features. Similarly, the pattern eventually generated on the
substrate may not correspond to the pattern formed at any one instant on the
array of individually controllable elements. This can be the case in an
arrangement in which the eventual pattern formed on each part of the substrate
is built up over a given period of time or a given number of exposures during
which the pattern on the array of individually controllable elements and/or the
relative position of the substrate changes.
[0037] Generally, the pattern created on the target portion of the substrate will
correspond to a particular functional layer in a device being created in the
target portion, such as an integrated circuit or a flat panel display (e.g., a color

filter layer in a flat panel display or a thin film transistor layer in a flat panel

display). Examples of such patterning devices include reticles, programmable




target portion, such as an integrated circuit or a flat panel display
(e.g., acolor filter layer in a flat panel display or a thin film
transistor layer in a flat panel display). Exanples of such patterning
devices include reticles, programmblge 8 mnirror arrays, |aser diode
arrays, light emtting diode arrays, grating |ight valves, and LCD arrays.
[ 0038] Patterning devices whose pattern is programmable with the aid of

el ectronic ]%@#15 g ) G conpri si ng
a plurality o %r glﬁ%ggﬁgggﬁrg%nl%%ﬁ%ﬁ% .gi@&é t%%gyﬂ%iﬁ?egs grle?ntl oned in
the previ owvaemddnﬁﬁaammept for the reticle), are collectively referred

to herein. as ntrast device Th atternin VI G, onpri Ses at | east
10, at ﬁ)ﬂ’éﬁlst 10 Cattegying (lewices) “%‘863 '?erﬁelésﬂr"%“%@g é{’t‘t?‘l %las 14190, 000, at
least 1, Oooelg%m@fne%‘is (9254 cortfutt§ OnRR Qs PanehaiE@icRs Qbﬁﬁﬁmhg a [0039] A

prograrrmabl e mrror array can conprise a matri x-addressable surface having
a vi scoel asplilitoof modgrimpeable alements é¢.ge @lli the degicenaentiongd Badiec  principl e

behi nd h f
et oct i noparishe rrgms aabdt e R AR oA RER A hRE el P a0

refl ect i ncigahst!degiats. ’aSThér;dittizxfnli@,C&aﬁbel ¢cgii;tnseeUSﬂ legst 40, atdpasvpb.at e spati al
filter, the undiffracted |I%ht can be filtered out of the rﬁalected beam
| eavi ng onl §t leasd 1,090 ptrlgest 8, pi),gq:ttleabel?féQ% 3 sl LY €r 9 fFagthi s manner,

t he beam be ned ng to the addressing pattern of the
mat ri x- addrg(g’g&g?e &é%@ ace.ea‘[q%ﬁzfgf' It wll be appreciated that, as an

al t er npB9E, t heAf ptdgeammable f mirteer aoast c’aﬂneconniirfséraonddmaﬂgﬂwsableeavi ng the
undiffracted Light to reac he subsirate. An dlffractlve
opti cal I\/EI\@“EF@@P@‘@gg(“r?’WPP a%WeCé’PFBIslt rﬁ@ﬁF&LvﬁéPﬁ‘fedm can al so be
used in a Cgﬁﬁ&@@%ﬂinﬁgsd&ﬁ%eippaﬂaﬂls RBNBateXARL&! aadlof ftHeaﬁlleMt@veOpt' cal MEMS
device is ¢ of a plurality of reflective ribbons that can be

def or ned rei;wrfacveeﬂ@t onmdtamdtgjhéﬂs tdéfTagtiedn light, gwherpasgunadgresyeds ?-fé@t s i nci dent

or ogr ammabl By rnet A oo ST el PRlpedr SREBHEIATG T Tor
each of whi gl weaiffrb@ed Nghit\chilb@tiltyrel bt @tthe plfletied dearaXesyiyompeyi ng a

suitable localized electric field, or bﬁl enpl oyi ng
diffracted light to reach the substrate. this manner the beam becomes

patterned according to the addressing pattern of the matrix-addressable
surface.

[0040] It will be appreciated that, as an alternative, the filter can filter out the
diffracted light, leaving the undiffracted light to reach the substrate.

[0041] An array of diffractive optical MEMS devices (micro-electro-
mechanical system devices) can also be used in a corresponding manner. In
one example, a diffractive optical MEMS device is composed of a plurality of
reflective ribbons that can be deformed relative to one another to form a
grating that reflects incident light as diffracted light.

[0042] A further alternative example of a programmable mirror array employs
a matrix arrangement of tiny mirrors, each of which can be individually tilted
about an axis by applying a suitable localized electric field, or by employing
piezoelectric actuation means. Once again, the mirrors are matrix-addressable,
such that addressed mirrors reflect an incoming radiation beam in a different
direction than unaddressed mirrors; in this manner, the reflected beam can be

patterned according to the addressing pattern of the matrix-addressable




pi ezoel ectric actuation nmeans. Once again, the mrrors are

mat ri x- addressabl e, such that addressed mrrors reflect an i ncom ng

radi ation beamin a different direction than unaddressed mnors; in this
manner, the reflected beam can be pajterned according to the addressing
pattern of the matrix-addressable 9 "mirrors. The required matrix
addressing can be perfornmed using suitable electronic neans. [0043]

Anot her  exaigs POrie r@quite® gﬁeﬁﬂﬁ%ﬁf‘es& cah rﬁype&&%é]usﬂéesdliaﬁwg raphic

apparatus can conprise one or nore contfast devices. For exanple, it can
have a pl urdtdéttopicoheansr ays of individually controllable elenents, each

contro i ndep ch ot her h an arrangenent, some or

al | fqﬂggl array‘gmgt‘?l eﬁ‘éWI o@grwl‘-’femﬁ%ﬁﬁ ®%ents can have at | east
one Of [084410MON Thd Kb RAbhie p?éef&h@@&r( SSmpretonelor Mbre todit4sl dtRidegn systen), a
common support structure for the arrays of individually controllable

el ement s, afal/ erampls oitmren ngaephlrfdm Ws@@m eérindipiaiual i ontidlableoj ect i on
syste In o e h t ¢ e
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not ch and/ Ogrran erhblat b@ﬁe@r eﬂg@f tht angypaf tnd@sﬁduatugr @atbiEtle lelen'ieﬂtsanot her
exanpl e, the substrate has a pol ygonal__shape, g{ a rect angul ar shape.
i

[ 0046] Exan%*lneha‘\’ﬁhéfr éeaﬁh@netqfs@rcaﬁénqthglhan@%@té f| {Of Ry G634 shape

i ncl ude e,s t t 25mMm at
| east 50mMm ﬁqﬂl[ﬁqlgﬁgtg g’s‘;g}’nﬂ] % ea)gt %E%G?masucaut ealg)trf %S%Thna&sgtaﬁlt east 150mMm
at | east liABividuaHy doeae]ﬁabwmemanat ahdasta &mm posjecitonl sasm EE0ONM

Al ternatively, %he substrate has a dianeter of at nbst 500mm at nost
400mm at st of thepoisclgn SR 300mm  at nost 250mm at st 200mm at st

150mm |6gls) ”DSt OB bx Aipl &L sdBRSEs the "BRbdddBd]d rﬁﬁlgﬁﬁetetﬁeﬁe substrate

i's polygonal e.g. rectangular include exanples where at |east one side,
at |east 2 sibstesc &Y hat a bemtntiglséictaby shipet hteilongllbgftlthattr@tcrbaﬁsldé)rlaengt h of at
| east 5cm ast ast 150cm

| | 0
nt Teast pofitiened Pes APEh ot sEaR e pabHE B ApoRin bieriile BF afbspthe
substrate hgs addlpddishebe, @Ig.,@&édtmﬂg@%@ﬂ&peat

[0046] Examples where the substrate has a substantially circular shape include
examples where the substrate has a diameter of at least 25mm, at least 50mm,
at least 75mm, at least 100mm, at least 125mm, at least 150mm, at least
175mm, at least 200mm, at least 250mm, or at least 300mm. Alternatively,
the substrate has a diameter of at most 500mm, at most 400mm, at most
350mm, at most 300mm, at most 250mm, at most 200mm, at most 150mm, at
most 100mm, or at most 75mm.

[0047] Examples where the substrate is polygonal, e.g., rectangular, include
examples where at least one side, at least 2 sides or at least 3 sides, of the
substrate has a length of at least Scm, at least 25cm, at least 50cm, at least
100cm, at least 150cm, at least 200cm, or at least 250cm.

[0048] At least one side of the substrate has a length of at most 1000cm, at
most 750cm, at most 500cm, at most 350cm, at most 250cm, at most 150cm,
or at most 75¢m.

[0049] In one example, the substrate W is a wafer, for instance a
semiconductor wafer. The wafer material can be selected from the group
consisting of Si, SiGe, SiGeC, SiC, Ge, GaAs, InP, and InAs. The wafer may

be: a HI/'V compound semiconductor wafer, a silicon wafer, a ceramic




nost 750cm at nost 500cm at nost 350cm at nost 250cm at nost 150cm  or
at nost 75cm [0049] In one exanple, the substrate Wis a wafer, for
instance a sem conductor wafer. The wafer material can be selected from
the group consisting of Si, SiCe, Si(gec SiC, G, GAs, InP, and InAs. The
wafer may be: a Il11/V conpound sem conductor wafer, a silicon wafer, a
ceramc 10 substrate, a glass substrate, or a plastic substrate. The
substrate r (d:%% g NAGMAUTAR E¥BkateGAkPED, O absent
a color. [%ﬁ%]%?erhéeg?%?%%gﬁe’o tfhe substrate can varyaand,yoto an extent,
can depend trapspdrére (fou ltist iaked hambecyedl cobmetl, or altdent seddst r at e di nensi ons. The
t hi ckness can be at. |least 50m at |east 100m  ,at |east 20 t | east
300gm 19820] east Thegigknessiof| the, sybsEafs £a1 VB8P 4@d 18R £ 6B 51 %aeganati vely,
the thi cknegsyefsubdifite BURSEI Ao BY sBiRtrate dRThsiSRIOMhe MickiBsitcad500m  at
nost 2500m at nost 1750m at nost 1250m at nost 1000m at nost 800m at
nost 600m &t at leastSOpEQmME ledst FOSmMAB0IPasto?00xm, b deasB§0Mm] gokayt The

substrate referred. ta rein_can roc ed.. befoare, . exposure,
in for exarPlO8Myat lreégk%?ﬁmt 85??1??*?2?0(? 1?*3?%3“5‘%‘51 &lgghlgﬁrfe%éf{hgf resist to
a subst r at eqB&ehiéRug HRRS nidiesSE0RAS atmoeSI M0)m, at ABLrXS00Ey, aaabst and/ or an

i nspection tool. In one exanple, a resist layer is provided on the

substrate. 175082) atThestdR Pt dt arpst §Q0smm, ebmostRIGEs AaPHROPEHH Bn t he array
of individually.caontroll el ch that the pattern is coherently
formed on THE Sé%%lt %ta Oes.ta%@%’roﬁagi&\% ;90& Ne projection system can i nmage
second@oy1] sour CHg festrafei fificriddetoeherentan ok proecssed, ehefat drnaliteri dual |y
controllable elenents act as shutteri. [ n t%hg relsfgec%, tr}e roj ection
syst em can PapEe.sB fahcxamnley teek (200l g bR APRIS A RYE LT cr 0 | ens
array ( k”O‘c’}‘a £SuRBatl Fvelps lf_l{eeﬁ:g)%ged RRRHAG MAMrdIOy KoM mber a@condary
sources and to 1 nage spots oﬁto t substrate. The array of focusing

el ement s ( eingpectiddidpl.cinmmeiesagplat a tesiaslaydds ployiled onltemabstsate.at | east 100
focus el nts, ,at least.1,000 focus .el emrents t least 10, 00Q focus

el enen Qgﬁgt | eaSt® FHVCHHE SEUHE &fFbnERES, H18r Py eqleg\%tﬁlelﬁﬁ%,‘%oo f ocus

el ements. [QR%uallleomvsiiele Sbmbme ik uak ke patis o dodlteptlglf@imdt s in the

patterning o .
on the substrate. Alternatively, the projection system can image secondary

sources for which the elements of the array of individually controllable
elements act as shutters. In this respect, the projection system can comprise an
array of focusing elements such as a micro lens array (known as an MLA) or a
Fresnel lens array to form the secondary sources and to image spots onto the
substrate. The array of focusing elements (e.g., MLA) comprises at least 10
focus clements, at least 100 focus elements, at least 1,000 focus elements, at
least 10,000 focus clements, at least 100,000 focus elements, or at least
1,000,000 focus elements.

[0053] The number of individually controllable elements in the patterning
device is equal to or greater than the number of focusing elements in the array
of focusing elements. One or more (e.g., 1,000 or more, the majority, or each)
of the focusing elements in the array of focusing clements can be optically
associated with one or more of the individually controllable elements in the
array of individually controllable elements, with 2 or more, 3 or more, 5 or
more, 10 or more, 20 or more, 25 or more, 35 or more, or 50 or more of the
individually controllable elements in the array of individually controllable

elements.




device is equal to or greater than the nunber of focusing elenents in the
array of focusing elenents. One or nore (e.g., 1,000 or nore, the
majority, or each) of the focusing elenents in the array of focusing

el enents can be optically associated,wth one or nore of the individually
controllable elenments in the array o% i ndi vidually controll abl e el enents,
wWth 2 or nDre 3 or nDre 5 or nore, 10 or nore, 20 or nore, 25 or nore,

35 or £’ gﬁ‘m ! CO Oﬁ%gﬁqlgté‘%'Mitﬂﬁﬁ:'ddo?@ﬁhtérq{l&@%ﬁa@ I\.;,ﬁme‘nts in the

array | nd| Vi ] enent's [0054] The MLA may be
nmovabl e (e.qy.leastir thetdmchmetooﬁndomeayofromhes@tstrwat diEng a’mle lteawivei n t he

direction t from ubs Bei ng abl the M,A to
and away frtgﬁ%ﬂﬂ% Wﬂye gsératf allqvg, < 5%% l?rério "ﬁg‘ﬂ? wi t hout
having to @M&&B%ﬁg%ﬁ%ﬁesﬁwﬂ As herein depl cted in Figures | and 2,
the apparatus is of a reflective type (e.g., enployin areflectlve array

of i nc[00551ual |y Aohereil dleaomt@l l Elgmmsg)and Qitherpratatuseis ! angBediypar at us can

be of a tr ssi on y of

i vi dual | YPE B BTPRERE LR SR %ag%ﬁmfﬁ%ﬂﬁ”%%ﬂ?% irehshparat us can
be of a typ&ltaﬂyﬁm MO afrals siABe )T @ Rransicsos WLt (bat, enifbjiega I n such
"mul tiple stage" nmachi nes, the additional tables can be used in paral lel,

or prepar atimngmissiopgrex et FeiddualiyegnieliablieleRentdr nore tables while one or
ror € Oliﬂlﬁgg] tabl 6§, algﬁo%?b}ﬂg a§%§gt\?\§]9£n 6560 @hﬂ:ﬁ@%& dﬁ?sﬂaé@hﬂgr aphi c

apparatus can al so ereln at ea t rt| on
substrat e cadrdxbsoNerabiisbih ﬁmh"‘nmmisstege”lmaphlmbé thaadich@oxml tablsat i vel y hi gh
refractive index, e,qg. ter, so as to fil ce between the

proj ect i on Gpdieaisediparpitel AT ERagAtaTy SHEpsic ?g?rﬂﬁgf’\lh‘lﬂ‘&“ cAM™dFPso be
applied to,pEheme Bﬁ&&srgbfé dihg téHlés@QBélH@hé‘ed%@P@(p%&d%& for exanpl e,

between the patterning device and the projection system | mrersion
t echni [p08% are ViEhd hthogrm&nm appma@satzam dlor be edraetipe nghareia atleask Acal aperture
of projection

S erm"i on'.. as _use 5 S not nean
that a strumtﬂ?%‘)%g}ﬂf\cﬁubasgatﬁ C?Jﬁsf‘)rvﬁ bynﬁ%tlr%lge%; g]é gedhi&ﬁgg?qw d, but
rather onl yre[RR8S Hiffteftdcld thde®, c.boGatR s ekl atdpacbajveat then system and
t he substrate during exposure. 0058 Referring again to Figyre 1, the

i | | umi nat orprojecher evstess aad F@oﬁubﬁti’%?\ n immersion liquid can also be applied
to other spaces in the lithographic apparatus, for example, between the

patterning device and the projection system. Immersion techniques are well
known in the art for increasing the numerical aperture of projection systems.
The term “immersion” as used herein does not mean that a structure, such as a
substrate, must be submerged in liquid, but rather only means that liquid is
located between the projection system and the substrate during exposure.
[0058] Referring again to Figure 1, the illuminator IL receives a radiation
beam from a radiation source SO. The radiation source provides radiation
having a wavelength of at least 5 nm, at least 10nm, at least 11-13 nm, at least
50nm, at least 100nm, at least 150nm, at least 175nm, at least 200nm, at least
250nm, at least 275 nm, at least 300nm, at least 325nm, at least 350nm, or at
least 360nm. Alternatively, the radiation provided by radiation source SO has
a wavelength of at most 450nm, at most 425nm, at most 375nm, at most
360nm, at most 325nm, at most 275nm, at most 250nm, at most 225nm, at
most 200nm, or at most 175nm. The radiation may have a wavelength
including 436nm, 405nm, 365nm, 355nm, 248nm, 193 nm, 157nm, and/or 126

ni.




beam from a radi ati on source SO. The radiation source provides radiation
havi ng a wavel ength of at least 5 nm at |least 10nm at least 11-13 mm, at
| east 50nm at |east 100nm at |east 150nm at |east 175nm at | east
200nm at least 250nm at |east 275;gm at |east 300nm at |east 325nm at
| east 350nm or at |east 360nm Alternatively, the radiation provided by
radi ati on source SO has a wavel ength of at nost 450nm at nost 425nm at

most g@gﬂ gt MBRE sourROR thé it bhi%za%?ﬁﬂan@tcaﬂﬂé lsepfafatb Rhtifids, RSt 250nm  at

most t nmost 200nm or af nost 175nm The radi ati on may have a
wavel engt h examplarghergth¢ 36mee inObenvimadssem IBSBhroase@AdrmpuEods #fy 157nm

and/or 126 nm, 1 0059], T. urce,.and the |ithographic. apparatus can be
separ at e en‘fqnﬁdg@?t‘? Wﬁe fkﬁ“@ﬁfal’h‘é aggﬂ?@g@iﬁg%aﬁg%?nﬁb%era Bser. In such
cases, the SRWACHoINSHAourd0soi Beftrdillumidfsrnipavith e dibeofl 4 the@gr aphi c
apparatus and the radi ation beamis passed fromthe source SOto the

i || um nat orddliveny systemtRD spapgsing, foeexample, geitable diyedipgmaipiopnddipri si ng, for
exanpl e, suitable dirgectin Aol n e t her cases
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the source & nt'egral” par ogra ppar atus, for

exanpl e wheRhbfieplioupsfatus, far BRAreple ywHearpe sdiree issouecmnb@ngndhiche
illumnator IL, together with the beamde]jvery systemBD i f]ﬂrzequi red, can

be ref er r edsouEreXO and Hi iHpmatesyky waetheroy fheriramy doliyRyrsysism can

conprise ang 'u%%ecrangp Qe AN S DRidNEste@nNgul @r intensity distribution
of the radiation beam nerally, at feat the outer and/or inner radial

ext ent [0066JmMon| yTheflRmiaatot dLasanacauprise anddjastendd? for ndjsgtowt theel y) of the

intensity distrihution in upi |. plane of the illuninat cap _ be

adj ust ed. | P REBHRY ?lﬁtél%}lﬁ?fgﬁf ﬁgfi B?d%ft’rf’nc]%leﬁmco rally, @gﬁﬁaafu@%t her
conponents, ,3HCHARS ifbr riHiAHxANe (conth @I réfe®Q@N@ORSLbutEindl B enret,] UM nat or
can be used to condition the radiation beamto have a desired uniformty

and i nt ensiesgectivedyrafiog inbmsitndisebutenyse pesk plare of theillumigg®ieor 1L, or an

ddi ti I [ dwthit, divid
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each be ass@miinefits, soth bs ani@tapratér I adad ¢dnylerstr COeThadivviinated day
controllable elenents of the array of indjvi du%l |y controllable el enments.
A two- di nenks gpesl togperditn fhenragialion hgamale, have a desifed untiormity an

intensity distribution in its cross-section. The illuminator IL, or an additional
component associated with it, can also be arranged to divide the radiation
beam into a plurality of sub-beams that can, for example, each be associated
with one or a plurality of the individually controllable elements of the array of
individually cbntrollable elements. A two-dimensional diffraction grating can,
fof example, be used to divide the radiation beam into sub-beams. In the
present description, the terms “beam of radiation” and “radiation beam”
encompass, but are not limited to, the situation in which the beam is
comprised of a plurality of such sub-beams of radiation.

[0061] The radiation beam B is incident on the patterning device PD (e.g., an
array of individually controllable elements) and is modulated by the patterning
device. Having been reflected by the patterning device PD, the radiation beam
B passes through the projection system PS, which focuses the beam onto a
target portion C of the substrate W. With the aid of the positioner PW and
position sensor TF2 (e.g., an interferometric device, linear encoder, capacitive
sensor, or the like), the substrate table WT can be moved accurately, €.g., so as

to position different target portions C in the path of the radiation beam B.




for exanple, be used to divide the radiati on beaminto sub-beans. In the
present description, the terns "beam of radiation" and "radi ati on beant
enconpass, but are not limted to, the situation in which the beamis
conprised of a plurality of such subypeans of radiation. [0061] The

radi ati on beam B is incident on the patterning device PD (e.g., an array
of individually controll able elenents) and is nodul ated by the patterning

devi ce. Haw 8T 8iGbas e Wednb FoPBlet a9 FFAndloMuEIy PRitrdllaBler adi ati on
beam B pa\s/zvggret r%l’u%lhﬂtohe pr(%j eecti o(r)l systea% PSI,1 whi cﬁyfocuses t he beam

onto a targdehepocdn lwrnsed 6f cartret awbstelnthe pasition of thetpatteginingodevidse positi oner -
PWand position sensor IF2 (e.d., anJnterferonetric device, |inear
encoder, cZ@ﬁlﬁrsﬁjecg@ﬁléeo?ﬁtﬁ8#1%FF§’8&1}1i]%<8)g;’ PHBEESH Y rate table W can be
nmoved [9p62r at el Vin Pe®xampR, AR veinentdSthe isabbtdiel thigle aNT ik agatigéd paht i ons C in
the path of the radiati on beam B. 13 Were used, the positionjng neans for

the array ohe piddifiai ldugbirgkeqnedulo(dontse @ositpeinghing %?é}ﬁﬁﬁéoh§de]8 correct
accurately e pasiiion gt I PASSIRNIGARILCS HERCW L ggsct Lo the

path of the I'ng a scan: n“one ‘exanpl e, novenent of

t he subst r adx@mipdh)laashW¥ stioké srakd Arg not bl prdstie. a dintifar aydtangastaisoke nmodul e
(course positioning) and a short-stroke nodul (fine posj ti,ﬁq)i&ng), whi ch
are not exphd esed |tg PaEpeR thecpriay ofjipdivisuglly F?Pt@ilé?lﬁﬁem%niﬁlvﬂ, short
stroke sta r Wee! LEIY 6ol vagleUsed to
position t%%pg%aééf%ﬁp@ﬁ ieglﬁ?ugﬂ étez%a{nﬂtv%%ﬁdgﬁﬁe g}errer?ts. I't vviell be

appr eci at edtht baject takle hadir Becany alf irglividoallyalopfraltible ¢élomants gathkaveoveabl e,

while the object table and/or, the array,of individually controllable

el ement s cah leiféepo%“‘?I} LR PIBYEE ﬂ’ﬁnretqa_l%‘? orﬂahgf_’ trﬁ%‘_’%ed‘ﬁi r gﬂa} éati ve
movement . SUEh -AllentBlhARGRIMENMinfidhe ARSkiSe ofMhé iafpdratld 1A aStuARerof the
apparatus. As § further alternative, which can, e.g., be applicable in the

manuf act ur ealtsfnativet whizhedan, digspheageplicable ipabe thawiasfure € aipenelate table W
and the proj.ection system RS can, be fi.Xx can be
arranged t oﬁlﬁ‘ga%:t}?d}/or%ogtqf?ge F%’Sgﬁtg tabslﬁgg?raagﬁéﬁ f{ﬁrtc)’ eéﬁ%%%&egx# \géxarrpl e, the

substrate tahlig edcad the silisedicOWtcani Yeharradg&l Bt tenmbesd wiainaitnghet he
substrate Wacross it _at a substantially constant vel oci Iy'&j:i 063] As

shown in Figipsiaate tablen Th pmesamplgdibg splsirats tabia YHE oot Perpyed §1thne

a system for scanning the substrate W across it at a substantially constant
velocity.

[0063] As shown in Figure 1, the beam of radiation B can be directed to the
patterning device PD by means of a beam splitter BS configured such that the
radiation is initially reflected by the beam splitter and - directed to the
patterning device PD. It should be realized that the beam of radiation B can
also be directed at the patterning device without the use of a beam splitter.
The beam of radiation can be directed at the patterning device at an ahgie
between 0 and 90°, between 5 and 85°, between 15 and 75°, between 25 and
65°, or between 35 and 55° (the embodiment shown in Figure 1 is at a 90°
angle). The patterning device PD modulates the beam of radiation B and
reflects it back to the beam splitter BS which transmits the modulated beam to
the projection system PS. It will be appreciated, however, that alternative
arrangements can be used to direct the beam of radiation B to the patterning
device PD and subsequently to the projection system PS. In particular, an
arrangement such as is shown in Figure 1 may not be required if a

transmission patterning device is used. . -




patterning device PD by nmeans of a beamsplitter BS configured such that
the radiation is initially reflected by the beamsplitter and directed to
the patterning device PD. It should be realized that the beam of radiation
B can also be directed at the patteﬁging device without the use of a beam
splitter. The beam of radiation can be directed at the patterning device
at an angle between 0 and 90, between 5 and 85, between 15 and 75, between

25 an(rj%)r)gﬁi or bﬂ@\@g{&éﬁ%@g&ﬁ%ﬁE%g%%gg?gue%modggom in Figure 1 is at a

90 a The patternin ates the beam of radiation B and
refl ecpe6slt backl.t o tlhestqpeamdspthict &reay ESndbviidhally rcansoliabde tlementsdul at ed beam
to the projection.s

stemPS. It wl be appreci,ated, howeve t hat
al ternati vea_‘ndtheaﬁ‘ﬂEﬁéWt %"ecg‘ﬁ’t b@sﬂg@hyt%a E@ctw ai‘?em?)e%‘ﬁf%fpa{t%i ation Bto
the patter ni'rr!}ﬁrtn e@%’ﬂ&%&@@ci@t{‘geﬁ?%ﬁg}%&ﬁwhﬁ 8 t4rb& PrECtdtARe st em PS. I n

particul ar arrangement such as 1s shown in Figure 1 may not be
required if(ia., atsirehsstatsexpospa). (I@esibgratietableeVilss theashifted in[igoB4] The

depi cted appara . can be ed....h_several nodes; [,006 ) tep node,

the array oﬁl%{%ya}rmplsﬁtﬁ%r’?‘tc}lt{?ﬁegﬁﬁaége P%%ﬁ?gcanabneam&’hsee]d‘st}hg¥e§at e are kept
essenti al | y;slatthe Rakimumhiizeeotheeidpbi@e FRld Gits thepRetofdhé earptte radi ation
beamis projected onto a target portion C at one go (i.e., a single static

exposure) . MhtosGhimeged ia asinglestolic @popHen shifted in the X and/or Y

di rectlltoﬁgﬂso thaﬁ_ a dfnfsfc ﬁﬁ&edet a{egglraryg&;lhfgmdﬁuﬁ]%n 1P RGNt N step

node, maxi murm si ze 0 exposu ts the size of the target

portion C i4miogd substiutes heGcanriedafyhchrexpeuwkile hp @at&h itpatted scthe node, the

array of individually controll able el enents, ag(%at he SéﬁSt ate. are scanned
r

synchr onousiiafipn heary isReErFigd | i At 8BSt HOFRE B &t TORC 58BIHYCs proj ect ed

.onto a tar ?%Jﬁog@'@% R gtgéf%if)ﬁand Hreetif¥ l:)?t}fiys%ﬁ%]ﬂa@e rBARRIY MR arrabh§r vel ocity

and direct "he's ate relative to the array of individually

cont r ol | abl mdplidmiipt Sontasllable delerments nean bye t Metexmived byradhd f(dsat i on and
e e o RSk L 55 R R hRE L R ANFHER Shem B S0 ™%
non- scanni ng &k ik 0} nRkiklif stR'dehe HPokurd Feldlimits iHaghidttdimens ¢ exposur e,
whereas the |l ength of the scanning notion determ nes the height (in the
non-scanning direction) of the target portion in a single dynamic exposure,
whereas the length of the scanning motion determines the height (in the
‘ scanning direction) of the target portion.
[0067] 3. In pulse mode, the array of individually controllable elements is
kept essentially stationary and the entire pattern is projected onto a target
portion C of the substrate W using a pulsed radiation source. The substrate
table WT is moved with an essentially constant speed such that the beam B is
caused to scan a line across the substrate W. The pattern on the array of
individually controllable elements is updated as required between pulses of the
radiation system and the pulses are timed such that successive target portions
C are exposed at the required locations on the substrate W. Consequently, the
beam B can scan across the substrate W to expose the complete pattern for a
strip of the substrate. The process is repeated until the complete substrate W
has been exposed line by line.
[0068] 4. Continuous scan mode is essentially the same as pulse mode
except that the substrate W is scanned relative to the modulated beam of
radiation B at a substantially constant speed and the pattern on the array of

individually controllable elements is updated as the beam B scans across the




scanning direction) of the target portion. [0067] 3. In pulse node, the
array of individually controll able elenents is kept essentially stationary
and the entire pattern is projected onto a target portion C of the
substrate Wusing a pul sed radi ati onygsource. The substrate table W is
noved with an essentially constant speed such that the beamB is caused to
scan a line across the substrate W The pattern on the array of

i ndi vi dual | ¥, cont rw'eirnnagén@ogéﬁgﬂg[ﬁ SubstartR1F AR AR SshrbiEbivgen pul ses of

the radiation syst ses are tined such that successive target
portions Guised edjadsedoade;t syaclirerizid ¢ol thoupdatingf dhe phiders Wystheat e W

Consequently, the . beam B ca an across the substrate Wto ex th

conpl ete patt® 11?43Y1%H£HY3‘E°PFEH%’§G ’E&ﬁ%‘e tﬁb‘?Pﬁ’ﬁt“é‘?&'JThe process is ng):at eg

unti| @hgglcorrpl et e Suﬁ_ﬂ%}iiétg?id\ﬁ\fna??@ RER) wiidhOSa helpeffBrong ddimethe[ 0068] 4.
y

Cont i nuous scan node i s essentia the sane as pul se node _except that the
substrat e Wthegrephinregarabisatf Vigure 2t iHee paitn dfoaaedhenrmubstrate i tion B at a

substanti al | y,.canst ant speed and the pat.ter n i.ndi vi dual |
control | abl ré’g e@ nt S‘?qé‘_g'ﬁfped‘QP%‘Heg S]fcﬁ%%%gléemb% as%daaﬁg%(%@é%@lfa% %\Jg 15 y
substrate VMjaRedeodopRserhing dbvissPBL ariid @dpbyedcpostiant sutatindtilythesour ce or a

pul sed radi ati on source; synchronized to the updating of the pattern on the
array of i ngima $hane.| Pncohstrase Méﬂ?eeSP@FSe@fEMFedéaﬁu]b%ar‘?féﬁH? WO%@] 5. In

pi xel grid inmgin I ri. i i trogr aphi c
appar at us o?ni%agg)égggg%%b%p P g%eﬁ?glraﬁ rrgdd&%?\l su tllrltg?gH\/&\?iggh’ %Ltgal i zgd by
subsequent gxppsmaRerohas fiet pbarespotiprica Bpotryjenateasity of thatspatse  di rect ed

onto patterning device PD. The, exposed spots have stantially the sane
ohape, On SOURIEA.ch BRIRTR o reaiatts B Bomerh R S LR PRGN r TG 1 n

one exanpl ey - ReHSP er%ﬁezﬁo{ssisbﬁ{éll‘?r than a pitch of a printed pixel grid,
but rnuch smaller than the exposure spot grid. By varying intensity of the

spots [0970ht ed, Gophirtens dnsl/areatiatio. on fhebove descrined Bwpesol wsef | ashes t he
andi or var i SR e ey a2kt roeh IAREE use or entirely
di f f er gpb1frodes pf1itHo@apR) a phiséin becgEpyedlaybiQT tadist b the subsgataphy, a
pattern is exposed on a layer of resist on the substrate.

The resist is then developed. Subsequently, additional processing steps are

performed on the substrate. The effect of these subsequent processing steps

on each portion of the substrate depends on the exposure of the resist. In

- particular, the processes are tuned such that portions of the substrate that

receive a radiation dose above a given dose threshold respond differently to

portions of the substrate that receive a radiation dose below the dose threshold.

For example, in an etching process, arcas of the substrate that receive a

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

developed resist. However, in the post-exposure development, the portions of

the resist that receive a radiation dose below the threshold are removed and

therefore those areas are not protected from etching. Accordingly, a desired

pattern can be etched. In particular, the individually controilable elements in

the patterning device are set such that the radiation that is transmitted to an

area on the substrate within a pattern feature is at a sufficiently high intensity

that the area receives a dose of radiation above the dose threshold during the

exposure. The remaining areas on the substrate receive a radiation dose below

the dose threshold by setting the corresponding individually controllable:

elements to provide a zero or significantly lower radiation intensity.




The resist is then devel oped. Subsequently, additional processing steps are
performed on the substrate. The effect of these subsequent processing steps
on each portion of the substrate depends on the exposure of the resist. In
particular, the processes are tuned sgych that portions of the substrate
that receive a radiation dose above a given dose threshold respond
differently to portions of the substrate that receive a radiation dose

bel ow ]mzfose_ t B SrableOhe ARkti RXRIIR hethe leBo ARl fahbMPcRIRGRBS nor €as of the
substrate that receive a radiation dose above the threshold are protected
from et chi ngbroptha chayger from adgvel opaxdmbms dese. td-H@aey dose event fife thsost - exposur e

devel opnent ejve. a raddiﬁ(;non dose

th rti f . the resist that.r
bel ow t he tiﬂdé‘éﬁ %?P&Qﬁﬁ%slgﬁleﬁﬁcfm SR B YEe (i TN SAdon, o
protected fRemsay N Bie sitleCHlr Bk NBhtire BosiRiahy esll tiRahdifiriinG @liforet ched. In
particul ar, the 1ndividual Iéecontrol | abl e el enments in_ the patterning

devi ce are éensifyion thhather side. r lngtead.i dng to Wiffraptive elfasnibeclewl vbthen  area on
the substrate.w thin e re i t £ 1 Cl i intensity
“that the ar léaghartlé’{:lreazo \S/ee(iroggéitgg‘éﬁ%%a?a |tgotn| %ﬁg'agg%é&{l%e&%fgtgée{)%%@g%ol d during
the exposupftheThtemeBtiord Wmatebafrnned biehesddslopad ecsise edet@mmnedadi at i on

dose below the dose threshold by setting the orre@gon&i ng i.ndividually
control | abl BY 8¢ grEHeR at B’hﬂﬁho@ied_éc%veﬂeii‘bgeoc}roﬁ éﬂP’F"i fefigionydese r adi ati on

I ntensity. &Qeslhol(f@l Wﬂghrolﬁ%gf ﬁ%tdr&ﬁofﬁaﬁagiﬁ%@ﬁb&ﬁcﬂ%§ ehdfradditforedges of a
pattern feature does ndot abruptly ‘change froma given maxi num dose to zero
dose even i foehend heatievihe padcisg poeition aif] thd petieh deatue hoandargetantlee pr ovi de t he
maxi mum radi ati on. intensjty on one side o he feature.boundary and the
i mm  + aBSaEA MO BRSF GHTPR ety Eor bl e el

di ffractivepgffRCtadiatibhqo | RURE oRTthé REbstiatditat hRNoKH0F Getl BRSpabEin across a
transition zone. The position of the boundary of the pattern feature
ultimately fasturedobydarheThese ehobedot eslyde maxigemegrrmmwagumpptensiy/ positi on at
whi ch the recej ved, dose, drops..bel ow t dj;at j ap. thre d. The
profile of tRE Sd%&ﬁo-& Pt toofnqgrgm’gfe‘féoﬁlsr\ bgg“ééee%a%lr%oggﬁ gr§t%‘rn gnlglinglﬁlg% zone, and
hence the pR&isieldeBsl thayis edminbelypafeired b iscaraweanlingtindary, can be

controll ed nore precisely by setting the ngl vidual ly control| able el enents

that PN de r aliraspamet FopidenEEcaln ol abdhs 2O8MPRAT BPPHETor near the
pattern yf CRLMLE RAHAIRE Yihad RE$8:FHE e MRlogPihY {yRielPXL RUARIP R Ni MUM

intensit
radiation intensity provided to the substrate by a given individually

controllable element can only be set to two values (e.g., just a maximum value
and a minimum value). At least 3, at least 4 radiation iﬁtensity values, at least
8 radiation intensity values, at least 16 radiation intensity values, at least 32
radiation intensity values, at least 64 radiation intensity values, at least 128
radiation intensity. values, or at least 256 different radiation intensity values
can be projected onto the substrate.

[0074] It should be appreciated that grayscaling can be used for additional or
alternative purposes to that described above. For example, the processing of
the substrate after the exposure can be tuned, such that there are more than two
potential responses of regions of the substrate, dependent on received radiation
dose level. For example, a portion of the substrate receiving a radiation dose
below a first thrésheld responds-in a first manner; a portion of the substrate
receiving a radiation dose above the first threshold but below a second
threshold responds in a second manner; and a portion of the substrate

- receiving a radiation dose above the second threshold responds in a third




| evel s, but also to intensity | evels between the maxi num and m ni num
intensity levels. This is commonly referred to as "grayscaling." [0073]
Grayscal ing provides greater control of the position of the pattern
feature boundaries than is possible ifi a lithography systemin which the
radi ation intensity provided to the substrate by a given individually
control |l able el enent can only be set to two values (e.g., just a maxi num

val ue and gafflepi wsoycﬁﬁgl?,_) grapleali§@ein Be wdbd k& Psdvide h askiaidroBodent ensi ty
values, at least 8 radiation intensity values, at |least 16 radiation

i ntensity vabfilesgeress the ashsti3R havinj arore thanrwenddstred dageulsyels.atTheeast 64

radi ation intepsity values, at |least, 128 . radiation i i al ues, or at
| east 256 cﬁaﬂﬁllag?léﬂ%lserpéaﬁ%t%ﬁa\’%ﬁgﬁaﬁlt % 551% %/lgidudejosse Ee(‘:’ gfr%’ %géa%?ijdé%{’fe\éd onto the
substrate. {8Q7A4d dbde 16h4 6 1dag PpRiee raliaibntdiet lgeRysdedst 6desird be used for

addi tional or alternative purposes to that descri bed above. For exanple,
t he processiagigtion dosedevelygyat teasted dasired radfptiondgelgrds-.can be tuned, such that

t here nore t t ial . : i f substrat e,

depenc@ﬁlfslon reclgi%@%]% raalegtbl%gbﬁ?bﬁéﬁloaie?s@gggﬁ%aaggtﬁ&gggﬁ%@ea&g%reti on of the
substrate reagbllédyyandthcisasthanthdods mbelyovomrdlingsthetihtepsityobfitheesponds in a
first manner; ortion of the substrate, receivi ng}é,a rﬂdi ation dose above

.ap |
the first twfigippirerepisd Betashrand oty subptratenzy des % n'Y second
manner; an t.h . r [(RVE i ose above
manner; a dd?ﬁn@r g{ﬁcﬁg r}?gafsa%%ﬁgglgw @ééewi_eb)a SO PSSP tHeASliR1rh R Ned

Inathir manner. Accordingly,
gr ayscal i ngleantivelyusediditmnpily be dentoliadbaconmlos éhe guration ef ter oss t he

substrate havin re than two ired dpse levels. The  radiation dose
profile canexll??&}&e zg? theeppt. Z’E‘ﬂés‘cﬁﬁi‘ﬁ 66‘8@8?61’ &3y rointgn %853?“’? ‘¥ red

radi ation dogénta8yeleseivatradi®@st ift 08RkdIRY Jfaglicadskion dpsaurtevelts, at |east 6
desired radiation dose |levels or at |east 8 desired radiation dose |evels.
[0075] |t stadiatien fdpse Heeeitrs Bppresk i potieid carh gtherefae,r helidiemshivelps® profil e can
be control]gd. by,;et ho t her r [ intensity of
the radi at?‘%ﬂloﬁ%lé%ic\? 58239%%%?0%%%% Q%’r?ﬂﬁhlghéjﬁg%é{?&elsmaggt nggri bed above.

For exanplgluralifReofrsadiesdivoexpdeses.r ecei ved by each point on the substrate
can alternatively or additionally be controlled bércontrol ling the

dur at i @879 t he Inseperdodemyherpuijsginatternen e supsiRisy Hd%B5R5P%81Y Rach point on
the substrale £aNof the individually controllable elements in the patterning device to

the requisite state at each stage during the exposure process. Therefore,
control signals, representing the requisite states, must be transmitted to each of
the individually controllable elements. In one example, the lithographic
apparatus includes a controller that generates the control signals. The pattern
to be formed on the substrate can be provided to the lithographic apparatus in
a vector-defined format, such as GDSIL. In order to convert the design
information into the control signals for each individually controllable element,
the controller includes one or more data manipulation devices, each
configured to perform a processing step on a data stream that represents the
pattern. The data manipulation devices can collectively be referred to as the
“datapath.”

[0077] The data manipulation devices of the datapath can be configured to
perform one or more of the following functions: converting vector-based
design information into bitmap pattern data; converting bitmap pattern data
into a required radiation dose map (e.g., a required radiation dose profile

across the substrate); converting a required radiation dose map into required




potentially receive radiation in a plurality of successive exposures. The
radi ati on dose received by each point can, therefore, be alternatively or
additionally controlled by exposing the point using a selected subset of
the plurality of successive exposur? [0076] In order to formthe
required pattern on the substrate IS necessary to set each of the
individually controllable elenents in the patterning device to ' the
requisite sg, aoﬁtm%ﬁﬁg, SHRGE HUIehd iddIGIABARO SHRIRBRC 3ent! Nkl or e,
control S|gn representing the requisite states, nmust be transmitted to
each of t heonvexdfingi ﬂmalréqyalreabnrtadxahbmtnlneeneﬂt}ermmes foir neawhelr@xxadnmﬂe t he

| it hographic nc udes a.controller that generates the control
si gnal s. TH@HHHﬁﬁg?%f %ﬁ)%5Wﬂ§@dHW‘Pﬂg'E%ﬁ@%%aie can be provided to the
|'i t hogfpapsy C app@ipalcus deﬂlctsaaﬂ%%ﬂgen%ildfqﬁefa@pmﬁm &beimStoGRel | . I'n order

to convert the design information into the control signals for each
i ndi vi dual |Memhtmvﬂnhalbltbatew@n’emmsed teh®, @omlner olanefaciure Phdies pend or nore

data mani pu at|on evi ces, each on i ure e r sing step on
a data stré ﬂﬂ?ﬁat E%ﬁ?nﬁgwglnéa?t(F elhggﬁk%a%thﬁ%%ﬁon devi ces
can col | ectywigkhe staﬁlerxefeeérfceduﬁleraﬁs AlB&, the @I@dvaplagdmpﬁo{l@@f?tﬁa: vitensdat a
mani pul ati on devices of the datapath can be configured to performone or

more of t hesMRAdiaRtRge-Burthe Varals cafigaretiphy ol diy Bishaiethe lPYn _
i nformation év h%'h&ﬂ%pth@%gﬁrﬁr Fra(i!l?ath%n GOMELAA piRhjiep pattern data into.

arequiredra |on bse required radi ati on dose profile
acr oss[o0he substAaHﬁ@anﬂnM@wml gﬂm p@ﬁmnmedyﬁaﬂlBSnndudnsmlmmm into

required 18 ra at i ntensit for in V|duaII controll abl e
el ement; andpPag ﬁmPﬂ%eSrt\?é altflélﬁe lﬁ‘ﬁ‘ SisArapgs dut85 for each
i ndi vi dual '%ce&@ﬁferrﬁédﬂzﬁb@raaka%ﬁ%am@ EhCRIELER RRDAANSh SRALFOh 281 gnal s.
[0078] Figure 2 depicts an arrangement of the apparatus accordlng to the

present i nvapettienstopaiS.cah flathandend, AB. gpn, be focaled mﬁh@fan@‘tumce Tak flat panel
di spl ays. res ondln to thos 1 are depi ct ed
b S o TRRRE B e AR ) i§ focuSg £od B Robl ngg?%ﬁs of the

vari ous en@@dq@ﬁpts e.g., the various configurations of the substrate,

the contrast device, the NLA t he beam of radiation, etc., remain
appl i cHBBY. The projection system PS further comprises an array of lenses MLA

arranged to receive the expanded modulated radiation B. Different portions of
the modulated radiation beam B, corresponding to one or more of the
individually controllable elements in the patterning device PD, pass through
respective different lenses ML in the array of lenses MLA. Each lens focuses
the respective portion of the modulated radiation beam B to a point which lies
on the substrate W. In this way an array of radiation spots S is exposed onto
the substrate W. It will be appreciated that, although only eight lenses of the
illustrated array of lenses 14 are shown, the array of lenses can comprise many
thousands of lenses (the same is true of the array of individually controllable -
elements used as the patterning device PD).

[0081] Figure 3 illustrates schematically how a pattern on a substrate W is
generated using the system of Figure 2, according to one embodiment of the
present invention. The filled in circles represent the array of spots S projected
onto the substrate W by the amray of lenses MLA in the projection system PS.
The substrate W is moved relative to the projection system PS in the Y
direction as a series of exposures arc exposed on the substrate W. The open

circles represent spot exposures SE that have previously been exposed on the




[0079] As shown in Figure 2, the projection systemPS includes a beam
expander, which conprises two lenses L1, L2. The first lens LI is arranged
to receive the nodul ated radi ati on beam B and focus it through an aperture
in an aperture stop AS. A further Iens AL can be located in the aperture.
The radiation beam B then diverges and is focused by the second |lens L2
(e.g., a field lens). [0080] The projection systemPS further conprises an
array of | I j XRB ¢ radiation
B. Differ eﬁspﬁg%art i dnégg?&%gﬁegﬁn%%?gﬁée%&rggigéti onagcggtr)nygf,@ﬂé%?r esponding to
one or nor demes Whithin thedirvjieciioal dystemoP® expdsabh eowe Reokspos expostrkeopat t er ni ng
devi ce PD, pass through__.respective different, | enses M. ]n,t array of

| enses MLA. Eé‘éll’ﬁtrla‘?nggf 319%8@1’1%%8@‘@& hin F\?E\b%Pet ]iscﬁ‘?n?ﬁa%e? H’éﬂ%dul at ed

radi ati on BegmBali theroRRIRbf Wiltchpbd#s SORxpIEd BYREEH 8f Be\bpotkrS.thi s way an
array of radiation spots S is exposed onto the substrate W It will be
appr eci at ecSuchasn aafahpeough isntommpgiit refaredete @f ‘ol $id iwegiaged array of

| enses 14 ar.e sha\/ggb the array of |enses can conprise many thousands of

| enses (theé" i¥8°YF ue of the array of individually controllable

el e”er]%)ﬁS}]S ed asit thebdaich @it kit \of ¢&difidn. spbBBik]arfahgdrat ad ahgleust r at es
schematically how a pattern on a substrate Wis _ generated usiag the system

of Figure 2 reltivetelthegubsiram¥y Ehivs@eneiihe sybsire licpagdlelio tha¢ehtli on. The
filled in cirgles repr nt t r spat ' : o the
Substrate \C/é(b(;?}retc & r?&%olg #0@25%5&%{@6% {ﬁﬁe&gggﬁéeg% ?Ig&n‘%gylgﬁgl%n PS. The
substrate Wehsnin®\@dcti@l @heVe-directidng, pachj adiation spps et (RS iowert he Y

direction as _a series of exposures are osed on the bst W Th
circles rephfseat asgoef Wp%@’é‘i‘@% %Ereijﬁaaﬁf‘(’ﬁ"é%%fﬁ E%rSﬁﬁ%ai%réﬁtngposedeogpen
the 19 Sub@%ﬂ%gg) e é\lﬁ?epﬁ@%iﬁti%%btﬂ’?} TRE 9h@86 bedn BBhOmbR@ oSkt rat e by

the array o es in the projection systemPS exposes a row R of
spot exposumnest Id¥, attmestsithst maste3Wat Hest Lonphwselpitatanast P@5°t#He substrate

i s generated hy e sum all the o« R,Of _spot, exposures. SE exposed by
each of the‘ngﬁoqiéls?‘t mgﬁtcﬁ[) nc'éuiﬁE g}?ﬁ{amt iAgteEI@ M B;Elera(ralglc=§$rslesdgto as "pi xel

grid i magi ngast 0.cdiescussed above. [0082] It can be seen that the array of

radi ation spots S is arranged at an angle .
[0083] Figure 4 shows schematically how an entire flat panel display substrate

W can be exposed in a single scan using a plurality of optical engines,
according to one embodiment of the present invention. In the example shown
cight arrays SA of radiation spots S are produced by eight optical engines (not
shown), arranged in two rows R1, R2 in a “chess board” configuration, such
that the edge of one array of radiation spots (e.g., spots S in Figure 3) slightly
overlaps (in the scanning direction Y) with the edge of the adjacent array of
radiation spots. In one example, the optical engines are arranged in at least 3
rows, for instance 4 rows or 5 rows. In this way, a band of radiation extends
across the width of the substrate W, allowing exposure of the entire substrate
to be performed in a single scan. It will be appreciated that any suitable
number of optical engines can be used. In one example, the number of optical
engines is at least 1, at least 2, at least 4, at least 8, at least 10, at least 12, at
least 14, or at least 17. Alternatively, the number of optical engines is less
than 40, less than 30 or less than 20.

[0084] Each optical engine can comprise a separate illumination system IL,
patterning device PD and projection system PS as described above. It is to be

appreciated, however, that twe or more optical engines can share at least a part




O relative to the substrate W(the edges of the substrate lie parallel to
the X and Y directions). This is done so that when the substrate is noved
in the scanning direction (the Y-direction), each radiation spot will pass
over a different area of the substrate, thereby allowi ng the entire
substrate to be covered by the array of radiation spots 15. The angle O
can be at nost 20, at nost 10, at nost 5, at nost 3, at nost 1, at nost

0.5, at nosr Gheob mBke oﬁﬁt%tﬂlgmiiﬁnoﬁ“syﬁ&ﬁt p&lidPiing Aevied al® Phojbbtidh-
Alternatively, the angle O is at |east 0.001. %0083] Fi gure 4 shows

schemat i cal dyptehow an entire flat panel display substrate Wcan be exposed
in a single scan using a plurality of optical engines, according to one
enbodi ment of the present invention. In the exanple shown eight arrays SA

of radi ati opxanRis Frpasife Byfeideed by eight optical engines (not shown),
arranged in two rows R, R2 in a "chess board" configuration, such that

"~ the edge of one array of radi ati on spots (e.g., spots Sin Figure 3)

sl ' ght 11'1368%]? ver l ' sﬁ §%@ﬁ& 109 pgﬂtérﬁ%g&@icpPﬂmdhja%tHéeo%eﬁg of t _he

adj acent ray o radla englnes are
arranged i nbeamns| BB 36 a3proje@w$n S)fs&’rm IPSSIﬁea'nfgea 4yrchvanons sGanngsmirtar this way, a
band of radi ation extends across the width of the substrate W allow ng

exposur e of S¥Me Semtlply Fagpe pshews a franspusshes pasieralee devics é?%g?%mgcan It will

be appr eci Zﬁﬁt@ﬁfgﬁ%e g?!to z*'b}dg&lngn SJBRePs Qlfavi?lgtd Eﬁlchﬁ)'ﬁghéqg@dnﬁﬁ be used. In

one exanpl nu cal © engines | | east 1, at [least 2, at

| east 4, atmireasiSAS, Iraboth@aﬁmdmmntsaprdjﬂaen s®em 6 hak elwynqhtpnﬁms at Ieast
17. Alternativel the er tica ngines is. les | ess
than 30 or slcé’%‘gn%/ YOS %gﬁt]‘o gg ggﬁbixrgggrrgﬂ&gnoguga e?%%?ﬁ)ke a separate
i I'1um nat i Oﬁldsafqéa@,ﬂbﬂépmjdaa&ﬁ Bt PO. L Vp&61idID depchdRIpQIES bdaRingléSt em PS as
descri bed above. is to be ‘appreciated, however, that two or nore

opti cal eng¢trﬁeBarb©Lﬂarsmam@nfam timg.spatigmed beamn(PB & sagpredopntendiiécrat t he
{1l um nat i op sc}r/%ls e%gﬁgatt sfdg'rc@%g&gq‘gog i@ e eﬁi ?fﬂ u@ﬁ @é&ﬁgﬁﬁ sExenpl ary

Exposur e Sy%(fs are rning device PD
directing p@hﬁlﬁﬁgeﬁﬁnobm (Fidwir0 a@ dastefl égdespn T31y§lirﬁ:rfde88phauom@na

synchr Onousasflgr%ggénrl] gcorr;éc:rtxrn%roptlcal element AR c0ntrols where on projection optic
PO patterned beam PB is directed, and in turn, where patterned beam PB
leaves projection system PS (shown as dashed lines). Again, where patterned
“beam PB leaves projection system PS is based at least partially on knowing a
' scanning position (e.g., scanning velocity SV) of substrate W scanning in scan
direction D (or in the opposite direction). In this way, patterned beam PB can
interact with substrate W at a desired target positioh C.

[0086] Although not specifically shown, synchronous scanning mirror SSM is
coupled to or otherwise mounted to a projection system PS housing, as
discussed below.

[0087] In the systems shown in Figures 5 and 6, the synchronous scanning
mirror SSM 1is a resonating mirror. The instantaneous angular velocity of the
synchronous scanning mirror SSM, during the instants in which it is impinged
upon by the short pulses emitted by the source of radiation SO, is chosen so
that the velocity of the projected image measured from a fixed reference frame
matches the velocity of the substrate table WT measured from the same fixed

reference frame. In other words, instantaneous angular velocity is chosen so

that the velocity of the projected image relative to the moving substrate W is




SSM Simlarly, Figure 6 shows a transm ssive patterning device PD
directing patterned beans to a projection system PS having a synchronous
scanning mrror SSM In both enbodi nents, projection systemPS has the
synchronous scanning mrror SSM anjpptional astigmati smcorrecting
optical elenment AR, and at |east one projection optic PO |In operation,
dependi ng on a scan angle at a particular nonent in tinme, patterned beam

PB i s scannggbo. @k @ redohbtr §ichromasistamig @frradSSNhE bsgolaralerleaionng opti cal
el enent AR usi ng synchronous . scanning mrror SSM éshown as dashed |ines).
Thi s i nci dedtthp Buires wies sinusidallnmd thepbaeis eentipdled sechcthipt nanypgint AR
controls . | ect t:} . g%pa I j.r.ected, and
in turn, %@%tl%gptg fesrgghgﬁgﬂgg%%ﬂgé&&peg@elsg%égbgg?iS n sy@t§ em I shown as
dashed | i nemjrrorA§BMN whehethe dedlicttermnéd zedoeah RiBol ddleetsorptio enguian system PS

is based at |east partially on know a _.scanni.ng posi.tian .g., scanning
vel oci ty S_\Ijel‘ﬁﬂ‘t_yéﬁng"s? fraxey SO4ARHAR D ATglte o iﬂ}eewﬁ%wlb?ltﬂ&§ °n the
opposi te di fe6ik Fhuedcd. ThiS bwmeﬁi&lg%@%p%aﬁﬁg]o]%h@agbﬂut%he;ﬁﬁct Wi th

substrate Wat a desiréd target position C "[0086] Al though not
speci fi cal | matshiogrthe sygutdrfmquecysteded by 2mite ther pudsng itsquangyipf e t o or

ot herwi se nount ed. t jection st.em PS housin as . di scyssed bel ow.
Coos7) T (R afiafeRooh Tt g FRL B R B o, Fhind o ccanni ng
M rror SSM dubsteaté 8% Oftahé RErBtI pdRftion] K@ieh 1B JleA e OMsll aBlgtN e to el oci ty of
the synchronous scanning mrror SSM during the instants in which it is

i npi nged  upssiedy therescidlagion (pgt wétd jdter of akpubyOmpaee dUs tet pariedi at i on SO
i s chosen s | o¢i - pr.oj ect ed. i nage neasured from a
fixed ref erlg%%%dl??gﬁr%eggrogre:cf)gﬁgéég%@gec%}@ﬁloogﬁlgifl% f the substrate table W

measur B48s]r om t hes davwsséd xedhe, ifethe semce of rali@ionl $O diak gitteryar pldsed ,
i nst ant aneous angul ar velocity is c?{ose so  that the velgcity of the
proj ect ed i FaBERRPEtgcpErated hekue wp ARG e detedrmemenyingime. s @n For a

resonant SYGRN B0 EARR M Qb i AIAUIAIdEThERlian of the

m nor varies sinuso the phase 1s controlled such that nom nal
radi ati on puitl és fattesvimpdevidenRD) fot argvd ati supstrage Vot Honthd csyprisind @anous
scanni ng nanor SSI.\/I.V\hefq the deflection ig zero. At zero.deflection the
angul ar  velSEPd Posionpt taregh(; AR "EGE AT PHYE B FHHEE BT Y he

oscil | ati ongdNINR&ofdM®s to the embodiments of the present invention, even when jitter
occurs in radiation source SO, the patterned beam PB will be directed onto a
scanning substrate W supported by a scanning substrate table WT at a desired
position. This is accomplished based on maintaining synchronization between
both the synchronous scanning mirror SSM and the radiation source SO and
between the synchronous scanning mirror SSM and the substrate table WT,
which is described in more detail below. The synchronization can also be
obtained without causing disturbances to the projection system PS, as
described herein.

[0089] Additionally, if high order aberrations are determined through
inaccurate movement of substrate stage WT, these aberrations can be feed
forward to synchronous scanning mirror SSM, e.g., in the scan velocity signal
SV. Through synchronizing with the actual movement of substrate stage WT,
synchronous scanning mirror SSM can 'compensate or correct for these
inaccuracies, and allow for the pattern to be printed at a desired target position

C on substrate W.




angul ar frequency. Thus, by controlling the anplitude of the oscillation
and nmatching the angul ar frequency divided by 2mto the pul sing frequency
of the source of radiation SO the emtted radiation can be nmade to

i npi nge on the substrate Wat the cggrect position, when the jitter is
smal|l relative to. the period of the oscillation (e.g., with jitter of
about 50 nsec at 6 kHz, the period is about 166 m croseconds, so this
condi tf{O@@O' S nEtﬁl Jeoﬁ’%ﬁ&wé% FHREHAS e teARRY Gevich Fﬂ‘%a@ﬁgrﬁl‘éle@foff adi at i on- SO
has jitter, a pul beam nay be generated before or after a desired
moment in tmnﬂencfmnsl reflectionanfgedintien Baittaaramghb d.ivgith beahe EiB)L(tB@r med from

the pul sed beam B i ter in h C to arrive at
substrate gﬁefs’rtB Rﬁ‘&“ﬁ‘gﬁbﬁﬁng’é Le e(r)élsl?qu’odﬁgdﬁ &F%F ‘)éie?t C. However,
using the sm%awnmn%saﬁmfdmcﬁwfr&h m&@%m@ﬁs@@hﬂgn mridrhes@bodi ment s of
t he present invention, even when jitter ‘occurs in radiation source SO the

‘pat ter ned U@amﬂJPEIQM $ysteePSif @C@I@b anbwh carsbgﬁbﬁuﬁé%i@g@t:& aleOngy suppor t ed
by a scannin trate table W. %%1”[ S

acconpl i she%‘%glé) 316 HOHB N i Sﬁmﬁlén Lol ccﬁr oni ?gF?tgﬁl% t%%%g&gis?% t he
synchr onousatsgles iofdnditiérce! ranSSMlﬁmﬂntﬁ‘lﬁn ra Cselrnaisns @unwcemg(apaaﬂ bet ween
the synchronous scanning mrror SSMand the substrate table WI, which is

descri bed i HempiteAlyat & inghey.oichrea ]%eyaf]i’@H? hdeeaessobrfersibepalismsd  obt ai ned
Wi € h.OUt Ca SﬁpPﬁfk?%g@c{](ﬁﬁétﬁe%rﬁ@&h Nhe l%:]é?zﬁbl?scsrsteﬁ’ﬁP gdescri bed

herein. [00 er aberr ons are deternmn ned
t hr oug[lﬂ091]naccurl&gma@slmmmttmﬁmb&tpaﬂtmm@gmem mbliggieg atbeamat i ons can

be feed forward to ronous _sc in jrr SSM e scan
Dol oai vy s\ tnariatet BXRISHR M e ArSR fh-w i SRELIS iHaPHBvnent of
substrate staggoytan &Y%&Q@d‘%ﬁnﬁ%n@pﬁﬂeﬂingr Qfrfaoo¥rGRe paRémegsat e or
correct for these inaccuracies, and allow for the pattern to be printed at

a desired t@nvg@tPlposTlua patten@dobeasu BBt isadivectad egzang[egoﬁopmptﬁly:gra@dS shows a
reflecti ve B tter evice PD havin i nei dence an reflection
of radiati dif Ectﬁ’flnﬂﬁoﬁggh C‘H"“M%ﬂ‘“&%m&%’ ;@th BiyeC glgré;)ésé%n o forma
patterned bgam RBgleThe vﬂﬂ&ﬂ eanest hbam BB degradsr eci asheatxangilgl g¢e of

i nci dence and reflection fromthe synchronous scanning mrror SSM
synchronous scanning mirror SSM directs the patterned beam PB at angles of

incidence and reflection from an astigmatism correcting optical element AR at
an angle y, which can be about 30 degrees, before the patterned beam PB is
received onto the projection optic PO in the projection system PS.

[0092] 1t is to be appreciated that unequal reflection angles could also be used
in the systems of Figures 5 and 6 and/or that other angles of incidence and
reflection could also be use, which alternatives are all contemplated within the

scope of the present invention.

Exemplary Synchronous Scanning Mirrors SSMs ~ Example 1

[0093] Figures 7, 8, 9, and 10 show perspective, side, top, and operational
perspective views of a synchronous scanning mirror SSM7. The synchronous
scanning mirror SSM7 includes a reflective device 702 (e.g., a mirrored
surface), a base 704, and a plurality of flexures 706-1 to 706-n (e.g., linear or
blade like flexures) {n can be an integer greater than 1, and in the examples
discussed below n is 9). In this configuration, an intersection of longitudinal

axes 708-1 to 708-n of flexures 706-1 to 706-n is at a rotation axis X of




in projection systemPS at an angle 0, which can be about 30 degrees. In
one exanple, the synchronous scanning mnor SSM directs the patterned beam
PB at angles of incidence and reflection froman astignmati sm correcting
optical element AR at an angle y, whjch can be about 30 degrees, before
the patterned beam PB is received onto the projection optic POin the
projection systemPS. [0091] Figure 6 shows a transm ssive patterning

devi ce PD npgifihi\d RaR8ANmiRbr SBNIALIRM B diPa kaffitearnaét RAB&Rbeam PB. For .
exanpl e, thé beamof radiation can be received normal to a patterning

surface of ddvicegdRt dn nihegwodlisyfloareD 06 Phedippased s Bat tepasiiPBeenderdi rect ed at

angl es of incide and eflection fromt.he svnechr ol C i[fng mrror
SSM i n proj 8?‘?5(5’2%%5%65 %)é@terg?cttg 2 %1‘?“161ingn Elg‘?’ RHEE ngla%%gteh%aa%%mfnso degr ees.
- I'n one exanpRiont0ef réflafiie 8QLSTE: aNNhdaghFefletiveIMide reTisshbiva pat.t erned.

beam PB at angles of incidence and reflection froman astignpatism

correcting sphsinstlongatadeaiiovaR vatioushapas gr b usadhased eamshsge abHit 30

degrees, be i i t j ection

opt o PO i PRt S Sh e PER len BurhiieR; K EoRR g RaRE ) ST o

unequal ref §léitéd #risaangl es coul d al so be used in the systens of Figures 5

and 6 and/or that other _angles of incidence and ef | ect IE@Q’ cgoul d al so be
Sp &t

use, V\lﬁo_t%] al t _erﬂ&%‘i‘rﬁ%s? OQTlethVq)é'chrglflet}?ﬁFé"t@H)‘W_ SlFREsE.HRnt of the
present | ”Vﬁ%hgr&s é@(ﬁﬁmé ?rg}ﬁieg}’ 2%@&19950‘?@6 REPRAAK MR A2l beExaml e |

[ 0093] Figures 9, an ow perspective, side, top, and operational
per spect i vemadefismaof saasymeterialnegs ssehswehaloys, rtitariugShétyllifine osthechr onous

scanning myrror SSM/ includes a.reflective deyi.ce .702 (e.q. . .g mrrored
“surface), a{llbea'é"é cpg e made 3“)6? glf%’rini‘tymgtfmelﬁ'e%ﬂ%ge%@gﬁl&teorg%%@n (e.g.,
linear or Rhgde ubitkenblRsUTSlave A @ stiFedfabdt G9@rsnBlIeRhGly dddan 1, and in
the exanples dirscussed belown is 9). In this configuration,

an
i nt er sect i othabthe neaterial havmalongddguedde- Btiffaesrosknpovat fof Yasx ilveselyos- 1 t o

706-n | t 1 [ . 3 j ' SSM7,
ani ch i onnaibfdpg¥edy ds s GUIRSIORCERSBERTPL R LMEE, OO
flexures 70§ same tHickpesethds engihatalthesghediis ¥e noe ndguired.pl Yarésioafinf | exures 706

ot et | ve SMTITEES FOBICHIE Bt FBRE Gech Junabin denregBas BhBwRY

proportional to a number of flexures 706 used. A collective stiffness of all the -

flexures 706 combined, in conjunction with a moment of inertia of reflective

device 702, determines a resonant frequency of synchronous scanning mirror

SSM7. Thus, individual flexures 706 can have varying thiclmesses. Although

nine flexures 706 are shown, any number can be used, but it is desirable to use

more than two. It may be desirable to use a higher number of flexures 706,

such that higher resonant modes are made inconsequential, as discussed

below.

[0095] Figures 11 and 12 show perspective and side views, respectively, of
synchronous scanning mirror SSM7 coupled to an isolation mass 1110 and a
driving system 1212. In various examples, base 704 can be formed by a top
surface 1113 of isolation mass 1110, or can be coupled to top surface 1113 of
isolation mass 1110. Isolation mass 1110 is coupled to a surface 1114 of
projection system PS via flexures 1116.

[0096] When synchronous scanning mirror SSM7 is unbalanced, isolation
mass 1110 can be used to dampen or eliminate reaction forces (e.g.,

vibrations), which can cause disturbances to projection system PS by




as being el ongated or oval, various shapes can be used based on a shape of
the patterned beam PB (not shown) or other paraneters, as woul d be known
to a skilled artisan. [0094] Flexures 706-1 to 706-n can have a known
stiffness, but allow for flexing, agssthe name inplies. Flexures 706 and
reflectlve device 702 can be nade fron1a sane material, e.g., steel, stee
alloys, titanium beryllium or the |ike, or can be nade fromdifferent

materials. Jeforafiofl&F §yﬁ3&r@n&ﬂ&esdﬁhﬁé|1ﬁirrorwmg HPtheh@adilopx i@ 706 have a.
hi gh stiffness factor 'with small density and that the material have a |ong

fatigue |if&d/@tiibiatiensscausedkbysernnimgvafrsynéhiomous ekgnning mirrer $PVd power of
t he thi ckness of f%sﬁa#lﬁﬁ% ezlgmpm ureE?ne? ag c%rﬁdaslnl_abﬂal\ﬁ%v%r'ﬁl?ns[e&ge t hi ckness

and | engt h; arg nof, arfationn erances in

t hi ckness a«ﬂ}ﬂwhﬁ@&hﬁn@f W@tﬁﬁlh td}éﬂtﬂbhdib,}@ienf IPEXUre réfmants fiicthvens edfy
proportional to a nunber of FI exures 706 used., A coI | ective stjffness of

al | the fliexlatien mpes 1ébhihregh faxuresnillficeabhe wntdder pomestitusie i nertia of

reflective t Eggg% ynchr onous
scanni ng m rg%}r[hl ﬁ}%gdnfﬁgé {,%&gung?fn dsdgﬁﬁ@ﬁ@%usrces gﬂlf:}érrlg 1?;I/I\S/Ieri\?/lar yi ng
t hi cknessesthisAkidep igiationi massf |16}0.Ilfﬁ$ns7@&nea‘1'ﬁnmhioimw pasy fitberrbeforcan be used,

but it is desirable to use nore than two. @aﬁzg esirable to use a
hi gher nunb@mpie. f ifeisplatian 72pgss Lk Aesonaps H"itg 3B APCHBUYS are made

[ nconsequengclaﬁllll ling ﬁgngf §SNESREbnaRE | £ kIﬁZOQI?eSJSOﬁhQH"II%S 111@88mpehsshow

per spective an e views, respectively, of synchronous scanning mrror
SSM7 coupl eﬂiemnoaamcesﬁbmchmoumnmmgﬁllumcﬂfa\dwﬂ"hw, mERjestEneHsteR12. | n

vari ous ex | es, base 704 can be f b to sur.face 1113 of
i sol ation JECEVED 2 IBP"}téer‘iluB%i uBLHt é’(rfe‘g%r i\i’%‘bo fﬁ%Fté f%ﬁ%" 2 i sol ation
mass 1110. Jes&Hafthi OF SHRArchddd sb&nrﬁ&%\ﬁﬁl%rtﬁm7smlfe@%vé@14fuﬂﬁer proj ection

system PS via flexures 1116. [0096] en synchronous scanning mrror SSM/
i s unbal anc@tbnuiltml af |V4i:rrathmst§an§m1medcém Tb% Pﬂ@é@l‘)ﬁlos}@‘é@fbé’@ 60 &1 ni nat e

reaction fof % géﬂ%%gOl&l}) n\nggltc%ta'c&nlso%l a &’9%&1&4&&5&8&1%&5%68 to

proj ection %C resona ronous scanning mrror SSM.
I'f the reacsf Eigufe@rlqem ahid e@n b et toofmrncausadrehyolsmnmysmnorh synchronous
scanning m \EV{:]J%{I tl%sei\él{uators apply forces that are out of phase with the sensed vibration
of the isolation mass. -
[0097] ‘With reference to Figure 12, driving system 1212 can include an
actuating system including first set of actuators 1214A and 1214B and second
set of actuators 1216A and 1216B. Driving system 1212 can be, but is not
limited to, coil and magnet, linear, or another typé as would be apparent on a
skilled artisan. An actuation force causes alternating ones of actuating
elements 1216A and 1216B to be attracted (pulled) or repulsed (pushed) by
actuating elements 1214A and 1214B. This, in tumn, moves synchronous
.écanning mirror SSM7 around rotation axis X. For example, this can occur
6000 times a second, or at 6 kHz, to match a pulsing frequency of radiation
source SO (not shown; see Figures 1 and 2).
[0098] For example, in a coil and magnet system, a drive coil 1214 (1214A
and 1214B) can be embedded in or coupled to isolation mass 1110 and a drive
magnet 1216 (1216A and 1216B) can be embedded in or coupled to
synchronous scanning mirror SSM7, or vice versa.

[0099] Alternatively, coils coupled to base 1114 can interact with magnets
coupled to mass 1110 (in licu of coils 1214 and magnets 1216). The coils can




are not substantially elimnated, they can | ead to undesirabl e novenent of
optical elenents within projection systemPS. A resonant frequency of

i solation mass 1110, through flexures 1116, can be an order of magnitude

| ower than a resonance frequency of gynchronous scanning mnor SSM/. In
this case, isolation nmass 1110 forns a nechanical |ow pass filter. For
exanple, if isolation nmass 1110 resonates at 100 Hz and synchronous

scanni ng i k¢ @iveaithe RSQMAL eqahcpokitle, syhdheoriond sédnining mizes SEM,0 danpens

t he resonance of synchronous_scanning m nor SSM/. Thus Iﬁ%ojection system

PS T ecei vesam prod¥rcracamaamplitadmescilateny prattongd wass d&He t THiS miBe from t he
resonating YOG i 1 §§Hﬁ Ak i vel urther
attenuatiohggwﬁfgégg g@ﬁ@°€§§%§ﬁ?§?§%ﬁ@%3t e 5r01e§§?g%h§§§¥gﬁ%Ps can be
~achi eved bylatgedphipligndeohis iadirewntrastbodintl decing| the oyrrhemmous ecanhingi sol ati on

mass of Figures_ 11-14. This can_be done to forman active isol ation
system in mmr&SMr?élO&étfa%P%%ﬂvg&ﬂawaaﬁ duges Wﬁﬁﬁeeneéﬁfheo@“ﬁ‘?fase with the
- sensed vi bral 00 ! ﬁmﬂﬁﬁfﬂ, b (R catsBAFhint BstbRfoRr encenet 0 Figure
12, driving systen115 2 can 1nclude an actuating systemincluding first
set of actuatbexs of2hdivdanclyl ddud systensemessdl 1 Idecanobe aefemed ¢r 9s B216A and
1216B. Driving. syste é?lﬁlcan.b?,.but is not limted to, coil and magnet,
li near, or A ‘ﬁ@?m§@% eL e A iplon a8k ent on a skilled artisan. An
act uat [t(ﬁﬁo}f orce KALSSIveN, tLHRAbEIBAO R e Ofysteft Wakbftbretli@@Ndsvel216A and
1216B to be attracted (pulled) or repul se (pushequby actuating el enents
1214A and 195%B, dthpther jcanfigirationspok sirigy neeBroenld deansdnyithprlor SSMr
around rotation.axis X For e I i n 0] ' a second,
or a6 kroterpgnaran e b Fh A R snk MR 25 kR PRCE
shown; see &iuldibe Sorednd pzo nhHGRB] whieh atlswiniem tol expand aid canndetmagnet
system a drive coil 1214 (1214A and 1214B) can be enbedded in or coupl ed
to isol ati ot TRiesatert a desised figaBeNYe nmagnet 1216 (1216A and 1216B) can be
enbedd {n or c I i i ML Vi ce versa.
[ 0099] %]er nat i %%&ggﬁlﬁts%%gl% Qltég @gggﬂl?%i%glﬁh? nt eregggﬁ\\{ﬁi th magnets
coupl ed to dmss AR1&Gn(allow feuo aicaeithes frd@tldf thadefmimedsvit® 7683 forThe coil s
can 25

polishing regardless of monolithic construction.

[0102] The use of a large number of thin flexures 706 can make it possible to
dynamically separate a desired eigenmode from higher eigenmodes (e.g., to
force the eigen-frequencies of undesired modes to be higher, so that the modes
are less responsive to the driving frequency). The response of the higher
undesired modes decreases one-hundred fold for each ten-fold increase in the
ratio of the higher mode’s eigenfrequency to the driving frequency. A system
can be designed so that the first undesired higher mode has an eigenfrequency
at least three times higher than the driving frequency. With this flexure
configuration, the desired eigenmode is the fundamental (lowest frequency)
eigenmode. The next eigenmode is a relatively harmless in-plane rotation and
its frequency is about three times the fundamental frequency. Out of plane
rotation about the axis orthogonal to the scanning axis X is an oven higher
mode, with eigenfrequency about four times the fundamental frequency.
When the synchronous scanning mirror SSM7 is driven by a sinusoidal torque
or force input at or near the fundamental frequency (6 kHz), there is large
amplification of the desired scanning mode and large attenuation of all the

other modes, due to their much higher eigenfrequencies. This produces the




be driven at the resonant frequency of the synchronous scanning mrror SSM
and produce a snmall anplitude oscillatory notion of mass 1110. This notion
woul d excite resonance of the synchronous scanning mrror SSMwi th a much
| arger amplitude. This indirect nmeth of driving the synchronous scanning
mrror SSM allows for not having to apply forces anywhere near the mrror
surface, thus substantially elimnating a cause of mrror distortion. In
the cont ex&es%%gﬁré ﬂ?@dti%ﬁ&ltﬂqé’n&f ADCRP 1Y EhiThe HAS tﬂelalﬁr%@abgka@e seferred to
as a reaction ss (rather than an isolation mass) [0100] "Alternatively, a
pi ezoel ectra’zpprotrihmeomystem a magnorestrictive drive system or other =

configyratjons o drlves out Lng fromth
scope @ﬂﬁ%ine pre é*ﬁﬁl?w %urelg%%?(%‘ﬁ?l ‘%efd‘fvv}h?groggs 03’0 ’g be formeed
of piezo majeq a@s,hred@@nﬁﬂg%é&%etﬁ&mésozoew@faaoﬁmnﬂfBéﬁdasafmlalt@, resonate at

a desired frequency The arrangement of the flexures 706 conpletely
behi nd t he aévbamcmgxdle ccwgtymed 70botbagndal Fenniliin beangliie bebaviemdt i ont of the

L85 e 5k oad B e L AP AR G0 o8 R BKA b 07, LUt e

to dynam cakl flexaeparthicknds. dBsiheestiRiggaa ity nadoshhlgbent eifgdmodes (e. g.,
to force the eiggg frequenci es of undesired nodes to be higher, so that
the modes Bede flewuisd ndiby arademingatlyy 36 #g aKiek JERSIRIYSOMPERSIMes ponse of

t he hi gher ir qﬁslf S I ten-fold

i ncrease | nmtléﬁl%%% ‘lgcs)ﬁgf Q?ﬁ&ﬁ% e ng Mgﬁg@ﬁ? ?%qﬂg%rgélon?%&tg’he driving
frequency. Ataryeﬁmgrmroughnt}tme;ydles}?mhd behatiiatt is keown thet axinldeidinessd hi gher
node has an, ei genf enc | east ee, tines er tha he driving
frequency. Wﬁ‘isqsh{l%&ﬂye‘k’ & ﬂEﬁ‘Fﬁ‘?@&&a&l?&?mfﬁﬁej@l g‘h FBPerode is the
fundanent al 4 éclré’a‘éﬁlgtthé fh%@ﬁ%fkaol?ﬂ&ﬁﬁ‘@?@@by IR A twS] HENARERIS a
relatively harmeSs 1n-plane rotation and " its frequency i s about three
tines the fUwdamenralf Sexopeeiioyby afectof opletghs the sigenfretveatioat thehe axi s

oi gontr cque e Bk Pt e e e D ERAR el Pyt igmetl, e

Synchr onouSs#gaNThé gighhfié@endyan L%ldééltédelﬁigbef Aodd (raumaml by exigue or force

input at or near the f undanent al  frequency kHz), there is large
anpl i fi cat i sAsiep-compregeien flexprs be}quxblsmeasaﬁhy p&acips off9nuat i on of all the
[0104] Another reason for using many flexures 706 is that, although the total

amount of dynamic force applied on the mirror at resonance is the same
regardless of how many flexures 706 are used, the amount of force applied by
each flexure 706 is approximately the total dynamic force divided by the
number of flexures 706. Therefore, when many flexures 706 are used, the
force applied by each flexure 706 is very small and the total force is very
evenly distributed, which tends to greatly reduce the distortion of the mirror.
[0105] Figures 13 and 14 show perspective and side. views, respectively, of
-synchronous scanning mirror SSM7 similar to as shown in Figures 11 and 12
in an embodiment including an additional isolation mass 1318. Additional
isolation mass (or reaction mass, depending on how the system is driven) 1318
can be used to further reduce or eliminate reactions forces or vibrations in
projection system PS (not shown) (or to reduce the amplitude of ground
motion required to stimulate a given amplitude of synchronous scanming
mirror SSM motion at resonance).
[0106] - In one example, base plate 704, flexures 706, and reflective device

702 can be made from a single block of metal. In this example, even with a




ot her nodes, due to their rmuch hi gher eigenfrequencies. This produces the
26 desired pure rotational notion about the scanning axis X to a large
degree of approximation. [0103] Using many thin flexures 706 instead of
few thick ones can allow for, in a g sired scanni ng node, the flexures 706
to predomnantly bend simlar to a beamrigidly constrained at both ends.
For this beam i ke behavior, it is known that bending stiffness increases

propor | onajriok ikl uiob e BOWBHAL of IREnbAXHEFsullskiapas. | the

or t hogonal , y undesirabl’e out ane node, the flexures 706
pr edoni nant bperatidn ats6 &Xizadbr ¢venshigherdbrlpsisslsi Bor exmppbe msgnubavéirgigde of t he

fl exure 706_el ongat | ile the other co cts al.t.ernati.ng through the
cycle. For framse g’é‘_ﬁ%&%ﬁi\&,](’% fefal %R’r}ﬁwg YHg i(gﬁlfeéqu?t?%ﬁscqa%& eases
linearly w {fcRinidgh GHOESS c el ite! RYMIHES tighibroldritices ¥R BP laffordaple decr easi ng
the thickness of each flexure 706 by 'a factor of two, and increasing the

nunber of fé@kurAdso, 1Bbding monalithiy, thd insérgelt anprieg é ganimizsduwhioh of the
e R R0 6B B TSk, YLD SHRELS a8k B D L
t ensi on- coNPSRFS FARhéd¥ &I Be RBAIRHEEY JvithSattadhing aEiesintiyr Mafedisls qiforof f our .
[ 0104] Anot her reason for using nanééflexures 706 is that, although the

total anpusramifie a\gtsRETPHT7 % ap picta hassrplatse/ O rregircanvedabdisce is t he

sanme regargdle V. 7 : of force
appl i ed by %etggf%reg;eesgﬁﬁgﬁg%e "I"éﬁgﬁr o&qgr%‘g%sgrﬁgaﬁ%g?%%’g e%&‘%@%&% force

di vi ded by mkthodduaée sabstddtak vsrapliat@6 betliven @hns,dn ondve motrengistottexur es 706
are used, the force applied by each flexure 706 is very snmall and the
total forcetedlif®fy evenly distributed, which tends to greatly reduce the
distortion of the mrror. 101051 Figures 13 . and 14 show perspective and
side- views, respectively, of synchronous scanning mrror SSM/ simlar to
as shown in Figures 1Exampgle22 in an enbodi nent including an additional

i solation mass 1318. Additional isolation mass (or reaction naess,

dependi ng on how the systemis driven) 1318 can be used to further reduce

or eli[0109f e reapiguRRS S ML ES sBiw W tb?%hﬂ%&phﬁiveﬂ_ﬁ&h,e&blbe@ﬂvay,séfem PS (not
shown) (or  to reduce the ar}plltude of ground notion required to stimnulate
a gi ven anpinathatecngfodimention syrshemgnn seagning mirror SSMIS. * Figure 17

shows an operational view of the synchronous scanning mirror SSM15 in
Figures 15 and 16. Synchronous scanning mirror SSM15 includes first and
second reflecting devices 1502A and 1502B, each having a reflecting surface
1520A and 1520B (see FIG. 16), respectively, that are coupled together by
flexures 1506-1 to 1506-n (e.g., arcuate or curvilinear flexures): In contrast to
substantially linear flexures 706, flexures 1506 are curvilinear flexures.
Again, similar to synchronous scanning mirror SSM7 above, synchronous
scanning mirror SSM15 is designed so that the ends of the flexures 1506 point
to the rotation axis X of each mirror 1502A and 1502B, which lays in a plane
of active surface 1520A and 1520B. '

~ [0108] Synchronous scanning mirror SSM135 is coupled to a projection system
PS (not shown) through a mechanical coupling device (not shown; but see
Figure 18) extending through bores 1522A and 1522B (e.g.; cylindrical bores).
As seen in Figure 17, bores 1522A and 1522B extend through node axes 3 ‘and
4, which are axes that exhibit no movement in the fundamental mode, which is
the scanning mode of synchronous scanning mirror SSM15, as discussed

below. In this example, only one of reflecting devices 1502 will be used for




mrror SSM notion at resonance). [0106] In one exanple, base plate 704,

fl exures 706, and reflective device 702 can be made from a single bl ock of
nmetal. In this exanple, even with a 27 thick reflective device 702, the
stiffness of this flexure design all%vs resonant operation at 6 kHz or
even higher if desired. For exanple, manufacturing froma single block of
netal by using wire-EDM (wire-Electrical D scharge Mchining) process can
yield the reatiingdnih@iing ShRARCRID IR BE bilich AllicBive@ioe K020, by bel ng
nmonol ithic, the Tnterna nping 1s mnimzed, which mnimzes the power
required t oisdiséd/for bhlansy acdisonsadsbeboanfimegglmiiser afithis sSMterbandihgr nore, t he

chal | enges with attaching.dissini]ar terials (for exanple a glass mrror
702 to a mete a%mﬁf%@%}fnﬁ?ééﬁd?ﬁ@%w&ml%d. Due to differences in
ther majgi9ypansi op;gaf0NYsitiwiSdylihliddal AR Fat Al ealik}eaRbihBRAMEIIDR andet hods
require substantial conpliance between parts, in order not to distort the

mrror. Exahfe @spetiody, Rndupedrivs sysem1d 8sRoWA2Ao abtd2p8r &ect i ve vi ew
respectivel f anot her enbodi of ~a,.synchr . SC i mrror
ssvis. i gubactiono B KalSins HRTL PR0ar COuRRT (e PE R A3l i ng

mrror SSMLERJA4A arfd D8M4BSard 2o@ileld doughtaglReviobiaes C5aPA mgi Md22Botw SSML5
includes first and _second reflecti 81% devi ces 1502A and 1502B, each having

a refl ecti nigseashvedat ait bonines 98 PGB OB204 adFI820B, gihis ppansementfl y  that are
coupl ed t O?ﬁ#qhglranﬁyai b a?fﬁgg ¢826° 004 %856%35 l%%ggﬁdqcﬁ'gﬂdﬁcal A §4ahsu&Qr

curvilinea xures). Tn“contrast to t ant y |1 near exures 706,
fl exures 15084 and URLAB i maedse fidedxior emstraiAglarge, rigidodarmétens yandhr onous
scanning mrror SSM7 above, s nchtro 0 scanning mrror SSM5 is designed:
so that thed%mpRea vdbratigmo %%(B%/C@Et i’SB’@ﬁ‘b@WﬁntaﬁP fie rotation axis X of each
mrror [0}59}3'&‘ andyyl 3008, syiBinC M3 122Ydfiaddhal pRIr& N thef fRE ldldBrofildbAdke 1520A and
1520B. [ 0108] Synchronous scanning mrror SSML5 is coupled to a projection

system PS fatwttors 8. to h8 @iy eansbernsedtorpuben swalyionews s¢avileem{gt shown; but
see Figure,l8) -extendi ng. through bores, 152 and 1522 . Q. ,..cylindrical
bor es) . Assélg)elﬁ’ °h ir'—l?eéﬁaglé’e{% Ay ?lggml%'iafieéﬁkbﬂ%gZ(E%tzgg(f%nﬁdg? harnoﬁgh node

axes 3 and galternating fashion, as discussed below. For example, a first pair of actuators

1812A and 1812C can pull and then, 180 degrees out of phase with the first

pair, a second pair of actuators 1812B and 1812D can pull. This stimulates
synchronous scanning mirror SSM15 to resonate around each axis of rotation
X on surfaces 1520A and 1520B of respective reflecting devices 1502A and
1502B. Tt will be immediately apparent to one skilled in the art upon reading
this description that the same can be done with actuators that push instead of
pull, and that only one pair of opposed actuators is sufficient if the forces are
doubled. All these alternatives are contemplated within the scope of the
present invention.

[0111] In one example, reflecting surface 1520A of reflective device 1502A
‘can be used to scan an incoming patterned beam PB (not shown), while
reflecting surface 1520B of counterbalancing reflective device 1502B can be
used as a target for sensors (e.g. capacitance gauges) for measuring position
and phase of the resonating device

[0112] It is to be appreciated, as discussed above, other drive systems can also
be used, as would be apparént to a skilled artisan upon reading and

understanding this description.




4; which are axes that exhibit no novenent in the fundanental node, which
is the scanning node of synchronous scanning mrror SSML5, as discussed
below. In this exanple, only one of reflecting devices 1502 will be used
for 28 scanning an incom ng patterngg beam while the other reflective
device 1502 is used for bal ance, as discussed bel ow. Through use of this
count erbal ancing, an isolation nass may not be needed in this exanple.

[0109] [rogggure 1 S&%ﬁﬁﬁgﬁlkngr@%@m&mtopme Bﬁaséeagsgﬂa%&msi es 1822 and

1824, ectively, drive system 1812 (1812A to 1812D) for
synchr onousscsmamng migons $Md b iSBMEEnda®ehiahfoivest) reapmanb ewde ajows fenbl i es

oapect | ve T SEHIAUTENI e TOMARACLSONE SR a UEBRBRERT B35r angenent of
.two planar gif a@ﬁ@rﬁh%%t h&s@ﬁc@aﬁo]&%ﬁﬁi@%ﬁiﬁmwuﬁwﬁdfs@ée{. assenbl i es

1824A and 1824B can e used'to constrain Targe rigid-body. notions and
danpen vi brBowerer,maelekscussed eprove,optheh endtenda wenldablsordwe usqdo1 e 1 n dri ve

system 1812, .di agonal irs of the four romagneti ¢ . actuators 1812A to
15150 can tleie B 5 aRRnS eohtfs ohth SRR TRARR, preRERIRE” .

al ternati vehyde. &rbr%lx@;ﬂgm; thid fsaB&ed id Fighet 10, (SYathishewskannity @ftroral t er nati ng
fashi on, as discussed below For exanmple, a first pair of actuators 1812A

and 1812C cErMpushovanin Fisere 11 Boommistels resfineopsiprned i dhexhHytst i r st pair,
a second pagr [ is datSns Liagyl ates
synchr onougﬁ\éeclggndr?iaa%;geyﬁr%rs yﬁe%éﬁ}%ﬁgtbgacﬁé%ﬁ%ff%@%?g&# I:(!;:ach l%%’?'s ‘of rotation
X on surf acesdeloZ2A andd tarbiBe ofithrtas dedtedvemxes of teatianny oflesspedse1502A and

1502B. It wl]| be imediatel arent to one skilled fn the art upon
reading th% aﬁeés]égpﬁte}néﬂfsgﬂétﬁg aX4H I@éﬁ‘%‘ &&ﬁ’étew{Waséch ors that

push i nst eadigfes M4l Londifish {HAL 1RNLVhRPRBAIsEarRingO PRASE A1 130T S 1S
sufficient 1f the forces are doubl'ed. Al these alternatives are

cont enpl at etynainidaily balaecaslc Apedeoixes Aand groegwive Wwitly tistdeoterlinegefitte | n one -
craml e | SLect LAt i 359, 15200 0 SO UNRARH SEudB0n2r, e Vo
surface 152080 i€ ouhinefiRARAE tHROhdrRbh@r hihd/ Qertien é&teiawaﬁs ¢lai goe used as a
target for sensors (e.g. capacitance gauges) for measuring position
through the center of mass, nodes 1 and 2 lay on the horizontal cenfer plane
and nodes 3 and 4 lay on the vertical center plane.
[0114] Additionally, adjusting a curvature of each of the flexures 1506, while
maintaining symmetry, can allow for the distance of node axes 1 and 2 from
the vertical center plane to be édjusted until these node axes lay on the mirror
surfaces 1520A and 1520B, respectively.
[0115] Also, through adjusting of a distance of the bores 1522A and 1522B to
the horizontal center plane while maintaining symmetry, node axes 3 and 4
can be made to coincide with the centerline of the bores 1522A and 1522B,
respectively.
[0116] The inner flexures 1506-2 to 1506-8 may be used to contribute out-of
plane stiffness, raising the eigenfrequencies of the other modes. Also, the
inner flexures 1506-2 to 1506-8 may contribute to keeping the stress on the
back of the reflective devices 1502A and 1502B lower by distributing
dynamic loads more evenly, thus improving flatness of reflective devices
1502A and 1502B.

[0117] In an example when air at high pressure is introduced between each

planar air bearing 1826A and 1826B, a thin air film is generated on each flat




and phase of the resonating device [0112] It is to be appreciated, as

di scussed above, other drive systens can also be used, as would be
apparent to a skilled artisan upon reading and understanding this
description. 29 [0113] In one exanpie, a dynam c behavi or of the bal anced
synchronous scanning mrror SSML5 in"its fundanental (|owest) resonant node
allows for an eigenfrequency of the fundanental node to be just slightly

hi gher thanmfe O%I;%%%@éﬁw g&g%jsﬁ%t n{utg KKREMY onpys ugga&nhfggb%hgor SSM 5 is

made of stee usse above, other materials could also be
used. The AAedtidietil8D6AfandyRRIB omﬂbmﬁammladgglmnﬁcct@smﬁncS apftirely

in-plane in_this _ node. this is i i 17.
Syncl?hr onous®) s@&ﬁ%@f%a‘ﬁlﬁggm"% §‘?‘|(5W’i‘pl Wvﬁréegfgﬁ%f%sni@quéfﬁpggel y free
(unconst ra'rptﬁ%g%mam bbcuettl Bhtsr teh aﬁ% ROGMbAESIS0bANGS] WagsR tige

di spl acene each point is natur zer o) Node axes 1 and 2 coi ncide
with the desmmhaxdhedofsqu@zaﬁlmrdammg, whgécqanwery gyersely asthiBp0A and

1520B. Node,axis 5 ryns thro a center of mass, which satisfies the
condi tion tth‘é{%{p?wg @ﬁ%ﬂf%hﬁ@g%ﬁ%m ng mrror SSML5 be dynamically -
bal ancggiigjNode axRp S/imdfcdl &0l ehae a&térﬁblyhmzagnraﬁdlmes ofn bee bores
1522A and 1522B, respectively. Wien synchronous scanni ng mnor SSML5 is

symetric aisopledahbo cnidg émtheiremedti el tee 4520k ARdl S41Hh ABS! HRECg0 ¢ hrough

the center of SS, t pl ane and
nodes 3 and” At leglﬁffgﬁgﬁ(\i/é?%ar%pg%%ﬁfg@tﬁ anljém %Wl%zpt?%ﬁal ly,
adj usti ng acaﬁwe\/@dcuﬁ@hgﬁede‘@pﬁh situ 'eﬂste(yfﬂgemubp@r&&ﬁiﬁg mdrinere rehimsiedt ai ni ng

symmetry, can _allow for the distance of node gxes &nd 2 from the
verti cal Ceﬁb@@mqypg%sqrgacs%o%ﬁje@&twsmﬁ qrupgg s SH‘?)W axes |lay on the m nor

surfacl?§ %]520A alﬂ'%gﬂg lélA a tBe‘éﬁlllBQ’ asdefibliad 18b$R addni guh (Adli usting of a

di stan f the bores 1522 the horizont al center pl ane while
mai nt ai ni ngshewniretaybe usodiéo arvedu® @nat high prasstiye, M@gtaothaomnéﬂme with the

o L%, PO 520,80 15020, ESRELI L LG e
stiffness, [@bsiH%hheRESENTHEGHRNE heSefingthe ot her nodes. N so, the
10120] To excite the fundamental mode of the synchronizing scanning mirror
SSM15, the two sets of diagonally opposed electromagnetic actuators 1812
(e.g., actuator pairs 1812A/1812C and 1812B/1812D) can be used. Each set
comprises two actuators that are driven in phase. If the synchronizing scanning
mirror SSM15 is made of a magnetic material, e.g., steel, the actuators 1812
can be, for example, reluctance actuators, electromagnets, or the like, which
exert a pulling force on the outer flexures 1506-1 and 1506-n. The diagonally
opposed sets are driven 180 degrees out of phase relative to each other. It
should be noted that the equal and opposite set of forces used to excite the
synchronizing scanning mirror SSM135 can Be canceled out, so there may be
no net reaction force fed into the supporting structure (i.e., no mechanical

vibration transmitted to the projection system PS).

[0121] Due to the high Q (e.g., damping factor) of the synchronizing scanning
mirror SSM135, which can be made from a monolithic block of metal and
supported frictionlessly by air, a relatively small driving force is enough to
achieve the small angular deflection of the mirror surfaces 1520A and 1520B
(1.2 miliradian). In one example, synchronizing scanning mirror SSM15 can

be manufactured from a single block of metal using wire-EDM process, which




i nner flexures 1506-2 to 1506-8 may contribute to keeping the stress on the
back of the reflective devices 1502A and 1502B | ower by distributing
dynam c | oads nore evenly, thus inproving flatness of reflective devices
1502A and 1502B. .. [0117] In an exagple when air at high pressure is

i ntroduced between each planar air bearing 1826A and 1826B, a thin air
filmis generated on each flat 30 side of synchronous scanni ng m nor

SSML5. The *&éﬂs%e_%gm&%aﬁ'gmgmlémmkiaﬁsaﬁ&aﬁﬁe ake, 1826Bv¢ aRingl | ow for a)
a higher eftective stiffneSs and b) providing an effective neans to danp

unwant ed noaesolitiice theaimtsirn daptpén remonmigeduwhichgminimiges theepewerg assenbl i es
1826A and 1,826B is,. commonl,y called "squeeze- ki danpi ng," which can vary

inversely vﬁeﬂﬁlr%ntg d“pvﬁ?[?edsyBﬁ}@?lzgjﬁ St '?qurls%ﬂlrr?rckness. [0118] Each ‘
cylindpigzy air prakiriigedssesiny ASAAA 1506 cbipfdcls dhipg theajpbed at both
ends to the respective plates 1826A and 1826B, such that the assenblies

1824A and 18Y%8 andel Y2Banpkss it possivic iorceess 1B antefdha spars HRZ4  can be
acconpl i she sobﬂﬁéiﬁqm Xying or by providing nonent relieved shaft
nount i ng surtraces on he pFates using flexures (not shown). [0119] Sral
hol es jo128he ai r Abéidondlly, aks eiybhings bhRAGA odinitic 182dFofizolg ssinoimg) may be
used to introduce air at_high pressure, creatiqg athinair film between

the assembl PEr1BSMAS apfl Hprasilting rerhact dapBetPyre FopRitcfs®oReand 15228
to form oy biofitiGalydlpashaks fich iR QaBaubd? R aTnBihisfiol N

f undanent al synchroni zing scanning mrror °“SSML5, (he two sets
of di agonal $opnumipposedr $$Mct r omagneti ¢ actuators 1812 (e.g., actuator pairs
1812A/ 1812C and 1812B/ 1812D) can be used. Each set conprises two actuators
that are driven in phase. If the synchronizing scanning mrror SSML5 is
nmade of a npghelhG Ofk&ldnal . e. 9., steel, the actuators 1812 can be, for
exanpl e, reluct'ance actuators, electromagnets, or the like, which exert a
pulling force on the outer flexures 1506-1 and 1506-n. The di agonally

opPor afta2sh o, an pille BhutiR SALAGH SRl PABRSINSHA KUE AR Ot her 1T

shoul d e equal and oppoSite Sset 0 orces used ’to excite
the synchr@gihat Ng0scansy faforined 05inSoMLbf thanyhens descdbaitabout witho t here may

be. respect to Figures 1-18. In step 1902, a beam of radiation is produced at a first
frequency. In step 1904, a substrate is scanned using a substrate stage at a
scanning velocity. In step 1906, the beam of radiation is patterned. In step
1908, a reflective device of a scanning mirror is resonated about an axis of
rotation at substantially the first frequency using flexures coupled to the
reflective device. In an optional éfep 1910, the patterned beam of radiation is
scanned onto projection optics using the scanning mirror. In step 1912, the
scanning of the scanning mirror is synchronized to both the first frequency and
the scanning velocity, such that the patterned beam is directed onto a target
portion of the substrate.

[0125] Although specific reference can be made in this text to the use of
lithographic apparatus in the manufacture of a specific device (e.g., an
integrated circuit or a flat panel display), it should be understood that the
lithographic apparatus described herein can have other applications.
Applications include, but are not limited to, the manufacture of integrated
circuits, integrated optical systems, guidémce and detection patterns for
magnetic domain memorics, flat-panel displays, liquid-crystal displays

(I.CDs), thin-film magnetic heads, micro-electromechanical devices (MEMS),




no net reaction force fed into the supporting structure (i.e., no
mechani cal vibration transmtted to the projection systemPS). [0121] Due
to the high Q (e.g., danping factor) of the synchronizing scanning mrror
SSML5, which can be nade from a nonohht hic bl ock of nmetal and supported
frictionlessly by air, arelatively small driving force is enough to

achi eve the small angul ar deflection of the m nor surfaces 1520A and 1520B

1.2 mliragj : I C A i ; SML5 can
( ﬂggg)qurtﬂg ORI AT Ge. A R @it B 6h a’?ﬁ@t’}ﬁhé!gh%@?fhes

be manuf actu a single’block of metal using wre-EDMprocess, which
31 vyields piesent mpparatoedad bghised ®l assisnoetheatreation af faovadigty ef yes,. Al so, by
bei ng nonolithj C’ﬁﬁﬁ?ﬁ i nt er.nal d%rrgi n(g i tm' nim zed, which mnimzes the
pover requfEeditith gusistordaxs; ARYPOHF P’h@ <1¥5Hi ng nminor SSMI5. [0122] The
arranggiegf of tRehfldpeasic IRRneoImhateinyvh ehinRdisk b€ ebbdiatents 1502A and
1502B nakes it possible to access the front of the mrrors 1502A and 1502B
for poli shi afthejieadin indlie eonderdlof ppticah lithagraghy,dt widl beapprasfatedaat

synchroni zi scanni n jnor SSML5.. and t.he.res [ ro_nek. driving
force tr ansﬁ]i%t 1"8’311{‘] 3" ?cﬁlénh?or%sjegcltnl 8%he§ygqptgg1§tﬁ9§,’ %]Le&glﬁlﬁ% é'“fe”tsltl rabl e

confi guratiﬁmo%@phﬁ SBEN RN Gnkgt SRR Ag 18 raar SN kxesmicalr y Oper ati on
[0124] Figure 19 shows a _flowhart depicting a nethod 1900. For exanpl e,
met hod 1900lithearaphy.Je imprintdiheminty lpogrPhyHe agyptierame e deBBe above with

respect to fj =S 1%)%2)11C heRm Q{:&ﬂh' QbikSc4r oduced at a
first freq@gﬁjég}%%l%e%%e%d %@}1&&5 su sP?%te isfq{sl% nne %s?‘ﬁg %1 substrate
stage at a bsepassudrigtovelagai dfyresistrsuppling th IEsubstise vdemupbn thediesist on i s
patterned. |n Stda{tﬁr ?08, a reflective. device of a scanni mrror is

e 1 .
resonat ed aBdHedty Pphangglectiogragpeiisradiation Depta RIESSIT OF 4 FRIMYIPRNAN £ 1 equency
using fl exUflﬁ&o@.oﬂﬁgﬁﬂeﬁﬂ;gt&E%iccri;ﬁﬂo%ﬁ& bifofdRY tecRt 1chin@R ARAAd step 1910,
the patterned beamof radiation is scanned onto projeéction optics using
t he scanni nafterithe wsist isgustlep 1912, the scanning of the scanning mirror is
synchroni zed to both the first frequency and the scanning velocity, such
that the patterned beamis directed onto a target portion of the
substrat e. Conclusion : : e :

[0127] While various embodiments of the present invention have been
described above, it should be understood that they have been presented. by way
of example only, and not limitation. It will be apparent to persons skilled in
the relevant art that various changes in form and detail can be made therein
without departing from the spirit and scope of the invention. Thus, the breadth
and scope of the present invention should not be limited by any of the above-

_ described exemplary embodiments, but should be defined only in accordance.

with the following claims and their equivalents.




[0125] Although specific reference can be nmade in this text to the use of

| it hographi c apparatus in the nmanufacture of a specific device (e.g., an
integrated circuit or a flat panel display), it should be understood that
the Ilithographic apparatus describedsherein can have other applications.
Applications include, but are not [imted to, the manufacture of integrated
circuits, integrated optical systens, guidance and detection patterns for
magnet joa28pMRi N AR Helpprclafdd- tRANRE Détaslell BSoriphioA Wbdio! it i) el spl ays
(LCDs), thin-film magnetic heads, mcro-electromechani cal devices (MEMS),
32 |ight eBumtaryandi Sbtrmct deEtiens, isdntended wdhe ysed t¢ mérpist Biejolpimss | at  panel

di splay, t resent apparatuys can be us o0 assist_in the creation of a
variety of hf%?/g}]gma%aﬁ‘? %Sﬁﬁ‘ft{rﬁeﬂ“f% ?apaﬁgic%%‘%%ron? g{/érrmrg’n toI}Otaau‘zol or filter
layer. [ 0128lenf¥lirhosabodemass ffctheefesanGavdnsionbdecdli@nslated tiyhehause of
enbodi ments. of the invention in the context of optical |ithography, it
will be appinentar(e and gius, ggenct intepdadda limiy thepigsend ipventemapd §r§p| i cati ons,
for exanple,_] i N hy, where the context allows, and is not
limted to %;gﬁ%%ﬂ&mF#fﬁoéragﬁy. In inmprint |ithography a topography in a
patterning device defines the pattern created on a substrate. The

t opography of the patterning device can be pressed into a | ayer of resist
supplied to the substrate whereupon the resist is cured by applying

~ electromagnetic radiation, heat, pressure or a conbination thereof. The
patterning device is noved out of the resist leaving a pattern in it after
the resist is cured. Conclusion [0127] While various enbodi nents of the
~present invention have been described above, it should be understood that
t hey have been presented by way of exanple only, and not limtation. It

wi || be apparent to persons skilled in- the relevant art that various
changes in formand detail can be nade therein wthout departing fromthe
spirit and scope of the invention. Thus, the breadth and scope of the
present invention should not be limted by any of the above- descri bed
exenpl ary enbodi nents, but should be defined only in accordance. wth the
follow ng. clains and their equivalents. 33




[01281 It is to be appreciated that the Detail ed Description section, and
not the Summary and Abstract sections, is intended to be used to interpret
the clains. The Sunmary and Abstract sections can set forth one or nore,
but not all exenplary enbodinents ofysthe present invention as contenplated
by the inventor(s), and thus, are not intended to |limt the present

i nvention and the appended clains in any way. 34 Wat |Is Cained Is: 1. A
| i t hography apparatus, conprising: an illum nation systemthat conditions a
beam of radiggik aClale&ekved froma radi ati on source operating at a first
frequency; a patterning device that patterns the beanm a substrate table
that supports ang scapsifoghisidpdh@nllcopraga@ani ng velocity; and a
projection systemincluding a“scanning device including a reflective

devi ce and a pl uralitygn cfluhingtion eystemhthaplconditipnsy adfeaf ek uadistissei ng
configured to aléﬁylthe rﬁflective q§ViC§ ?p r.esonat e about an axis of
rotation, VIWENES FomradelRm FRgeHeRrTARgiaL e IEHATCNTE t o scan the patterned
beam onto a target agggtt@ﬁintghgvigy{m{ﬁﬁeﬁls@@geMerei n the resonant.
frequency of the scanning device is substantially a sane value as the
first frequency, and Pssubgtratirtabipzidat whpperishend semant gbseto@i 1. 2. The

| it hography appar %H)%itqfanﬁl aiml, wherein the plurality of flexures are

al i gned, suth gt axes Funni ng through center planes of each flexure
intersect at the axi sagfrojecticat by@tendfindlinting Gasvainigg dievice dnclhtiagaxi s of
rotation being |ocated at_a refLect}%Q surfﬁce of,tQS_ifannin devi ce. 3.
The |ithogr tiypparier ard arplpjalifyneh flexipes dhe piusality| o gxvrey RANE £ 1 exur es

are made fr ‘Q(mf%tu?(ﬂ tﬁzhaZIBﬁ/?l{hﬁ%ﬂegﬁhe B&Y to! finalReibyl dnRidbt @¥atiohl tani um  or

titanium al l'oy.” 4. ography apparatus of claim1l, wherein the beam
of radi ati oheietn thecicatering dé¢vianisangfigured td scapsthe patterned beany efitoect i ve devi ce

of about 30 degrees to 60 degrees.
target %rea of the sugs’cra(ge, %ng
wherein the resonant frequency of the scanning device is
substantially a same value as the first frequency, and is synchronized with the

scanning velocity.

2. The lithography apparatus of claim 1, wherein the plurality of
flexures are aligned, such that axes running through center planes of each
flexure intersect at the axis of rotation of the scanning device, the axis of

. rotation being located at a reflective surface of the scanning device.

3. The lithography apparatus of claim 1, wherein the plurality of
flexures are made from steel, steel alloy, beryllium, beryllium alloy, titanium,

or titanium alloy.

4. The lithography apparatus of claim 1, wherein the beam of
radiation is incident at an angle with respect to the reflective device of about

30 degrees to 60 degrees.

5. The lithography apparatus of claim 1, wherein the reflective

device comprises an elongated reflecting surface.




5. The lithography apparatus of claim11, wherein the reflective device
conprises an elongated reflecting surface. 35 6. The |lithography apparatus
of claim1l, wherein the scanning device further conprises: a driving
systemthat is configured to cause the reflective device to resonate about
the axis of rotation at the second frequency. 7. The lithography apparatus
of claim6,. wherein the driving system conprises: first and second

magnets coupl ed § 0 oppgsiitiRgRPAT apparkhie off @hiheq! MhRreite et Scanding _
conpl ementarily located first and second coils that receive an alternating
current si giexice fgitherigempiisdsogr aphy apparatus of claim 1, wherein the

plurality of fIexuresg%%g%[%%&m§tﬁhu&aa&H%F&h &y%%E%QQEQ%Pg#w%rcuate

fl exures and axes pd% ough Cent er anes o e plurality

of fl exur esddvideas s@6hate sbas tiardxiodfirytatibn bithe 8otoRd GEqueptwt i on of the
reflective device. 9. The lithography apparatus of claim1l, wherein: the
scanni ng device has first and second oppositely directing ones of the

reflective device eaoﬁkp%&k%%wgy&giﬁg igpcgmﬁ_&f“%g%ﬁpﬁ&gdg%ngrotation

such that a selected one 0o ctive devices Is used to Scan the
patterned bsamosingprishe optical system 10. The |ithography apparatus of

claim9, wherein the scanning device further conprises: a Vi ng system

having first and secoﬁ@t Fad r oy H@%@Fr‘fﬂ?ﬁ%ﬁe‘i"s? RATEF eSS aqq{g‘renati ng ones
of the firsgtnaffcsReRBA@airs of electromagnets are energized to allow for
the resonating of the first and second reflective devices around the

respective axes of rotoatplenentarg loated fitse and sévoyd aphy thappreeae@s of claim 1,

wherein the scanning device is coupled to the projection systemvia an
50l at i on rAlETRESHrE Sienal. |

8. The lithography apparatus of claim 1, wherein the plurality of
flexures comprise a plurality of curvilinear or arcuate flexures and axes
passing through center planes of each of the plurality of flexures intersect

substantially at the axis of rotation of the reflective device.

0. The lithography apparatus of claim 1, wherein:
the scanning device has first and second oppositely directing
ones of the reflective device each having a respective one of the axis of
rotation, such that a selected one of the reflective devices is used to scan the

patterned beam onto the opti.cal system.

10.  The lithography apparatus of claim 9, wherein the scanning
device further comprises:
a driving system having first and second pairs of
electromagnets, wherein alternating ones of the first and second pairs of
clectromagnets are energized to allow for the resonating of the first and second

reflective devices around the respective axes of rotation.




arrangenent, such that vibrations caused by resonating of the scanning
device are substantially elimnated. 12. The |ithography apparatus of
claim1l, wherein the scanning device is stinulated into resonance
indirectly by actuators coupled at o end to the isolation mass and at
the other end to the projection system such that no driving forces are
applied directly to the reflective device, thereby substantially

elimnating distartiorhe flitoghpBy labpdi@gs AFNYaiapPakdictisn e sdadhimgl, wherein
the reflective device and the p Iurallté of flexures conprise a nonolithic

structure. deviceThecqupladoly At Praippigrabis$mbivic gj ielationmeasailixurehe
proj ection gy da%gsiﬂéx{t“é&c ‘%ﬁat IAn%ecg %gg%%%)%?ﬁnﬁ%s% &%&9&@“' ng device

is configure 0 Scan erne e optic system and the
opti cal sy&hemMmﬁmﬁ@mﬁﬂgﬂmﬂﬁdlo project the patterned beam onto the target
area of the substrate. 15. A device manufacturing nethod, conprising: (a)
produci ng a beam of radiation at a first frequency; (b) scanning a

substrate using g subgj sglsdg arfls SERNMhNA, WRKEE the scahfihgPal t erni ng
t he beam of radlatlon ona ng a reflective device of a scannlng

m rror aboudevawe is abnmslatefd infot zasonanceamdsembfﬂafrﬁqhaﬂtcbry colmged arare ehdequency

using flexures coupled to r deV| nchron|2|ng t he
scanni ng of %ISQ‘GE%F}?@S ?ﬂdrartg?ect ert?B%l ﬂi’éojf"f }O&SY%F@qﬂ%?ﬂi t84d t he

scanni ng velpgigd Yor&dChrd f@?h&&ledmﬂyeweﬁeb@@ﬂmﬁe diviest edrdpt o a target
portion of the substrate . The nethod of claim15, wherein step (d)

conpri ses uwbﬁ@ﬁkmw¢§nnmﬂﬁﬁuh%@ﬂhav|ng axes passing through center planes
of the flexures that <cross at the axis of rotation..17. The .nethod .of.
claim 15, wherein step (d) conprises using curvilinear or arcuate flexures
havi ng axes passing t1Heolfhbgephy epparhtanes ofim 1, wherein the reflective

device and the plurality of flexures comprise a monolithic structure.

14.  The lithography apparatus of claim 1, wherein:
the projection system further comprises an optical system;
the scanning device is configured to scan the patterned beam
onto the optical system; and
the optical system is configured to project the patterned beam

" onto the target area of the substrate.

15. A device manmufacturing method, comprising:

(a) producing a beam of radiation at a first frequency;

(b) scanning a substrate using a substrate stage at a scanning
velocity;

(c) patterning the beam of radiation;

(d) resonating a reflective device of a scanning mirror about an
axis of rotation at substantially the first frequency using flexures coupled to
the reflective device; and

(e) synchronizing the scanning of the scanning mirror to both
the first frequency and the scanning velocity, such that the patterned beam is

directed onto a target portion of the substrate.




the flexures that cross at the axis of rotation. 18. The nethod of claim
15, wherein before step (e), the patterned beam of radiation is scanned
onto projection optics using the scanning mrror, such that the projection
optics are utilized to project the pgjterned beamonto the target portion
of the substrate.
16.  The method of claim 15, wherein step (d) comprises using
linear flexures having axes passing through center planes of the flexures that

cross at the axis of rotation.

17.  The method of claim 15, wherein step (d) comprises using
curvilinear or arcuate flexures having axes passing through center planes of -

the flexures that cross at the axis of rotation.

18.  The method of claim 15, wherein before step (e), the patterned
beam of radiation is scanned onto projection optics using the scanning mirrot,
such that the projection optics are utilized to project the patterned beam onto

the target portion of the substrate.




