e3e"b"d@c‘6Tb~ D 1 Lithographic Apparatus and Devi ce Manufacturing Method.
The present invention relates to a lithographic projection apparatus 5 10
15 conprising: - a radiation systemfor supplying a projection beam of
radiation; - a support structure for supporting patterning ans ‘the
patterning nmeans serving to patternlthe projection beam acc

desired patulélpgtaphlcaﬂmmmmsraitdd)tvactﬂ MafufacthongiMethod. subst r at /”Z//

proj ection systemfor projecting the patterned beamonto a targ t Wlﬁon
of the substrate; - a base frame; - a balance nass; and - a posf"tlonl ng
actuat or connected between said substrate table or sai d support structure
and sai d bal ance nass for generating a reaction force between said bal ance
mass and sai d substThd greseabimemionselatbsso pichidgraphidisrbjeceor dpparinys t o position
said substrate table or said support structure relative to said projection
system TR "patterni ng means” as here enpl oyed shoul d be broadly 20
25 30 interpret eg as refterrl nsg I0 t:that S8 %tb ltzed to endow an

i ncomi ng T adi 56K 8%5%?@{% p%g{qgear[ggg é?lb'%sams crflﬁjg ‘corresponding to a
pattern that lassutp?ot@@tr@étaetfeﬂsup@oamtg%ﬁahn@%édn@ Nh@pattehfing HRaAY RALg td1€e
term"light valv can also be used in this context. Generally) the said
patt ebn \malttlemdbe pesmmd beamacegrdingite k desirefipatienonal | ayer in a device being

created in the t such,as an integrated circuit or other
devi ce (See bédl %\?&ftga%%@gﬁ)oég‘)@tn%%w Att er ni ng neans include: A mask. The
concept of a r@ﬁr’éfécﬁoﬂ‘%lsten{(ﬂﬁ%oﬁ&l ﬁltﬁaﬁﬂteawayoeaawndttdr 6 LUARA ofRRK types

such as binary, terndting phase-shift, and attenuated phase-shift, as
wel | as \abstoaes hybrid mask types. Placenent of such a mask in the

radi ati on beam caUﬁres sel ective transm ssion (i n”umm a transm ssive
mask) or Tefl éRBHAEN the case of a reflective m ﬁ”@ga radi ati on
i npi @i N on they4Re has@Gra@r ding to the pattern on thg, In the case of
a mask, the support structure will generally be a mask tabI e, which ensures

that the -mask aposithsirtgeicthagar canmdrt@dwmssatdi suhstrate tahle qrrsmdmup@rt adi at i on

eam 2 bl b SR R TR G AR 2o BRI 2~

mat ri xaddhg %aat;bsstaw tfaBEQ)r Rdishfpcit é&u’%ﬁﬂé‘ mﬁéacyjqo ﬁaﬂﬁérptald fitRfraRMbl@or
reflective surface. basi ¢ principle behind such an apparatus is that

(for exarspides)lpmtﬁstamsledrdatemtoaﬁldtme]wtam gysteive surface reflect incident
Iigh#sas diffracted |ight, whereas unaddressed 5 areas reflect incident
|l ight~“as undiffracted light. Using an appropriate filter, the said

undi ffracted |ight @RRehes a‘tt'ehﬁﬁ?ﬁite%t’ a@ﬁex‘éféﬁaﬁl&feh%ﬁétﬁ&ibbﬁﬁﬁhl | eaving only
the diffracted |ight behind; in this manner, the beam becones patter ned

accor di ngntetprethd anrifrung tm@emth@rcnn b¢ usehieto endow 2n intomingsrablatios bedmace.  An
o e et SRR Sk RS RERTRE & A R SR TR e
about an pRMich dHth@RWsirht8gtha term “light valve can also be used in this context. Generally,
20  the said pattern will correspond to a particular functional layer in a device being created in
the target portion, such as an integrated circuit or other device (see below). Examples of
such patterning means include:
- A mask. The concept of a mask is well known in lithography, and it includes mask
types such as binary, alternating phase-shift, and attenuated phase-shift, as well as
25 various hybrid mask types. Placement of such a mask in the radiation beam causes
selective transmission (in the case of a transmissive mask) or reflection (in the case
of a reflective mask) of the radiation impinging on the mask, according to the
pattern on the mask. In the case of a mask, the support structure will generally be a
mask table, which ensures that the mask can be held at a desired position in the
30 incoming radiation beam, and that it can be moved relative to the beam if so

desired.



Sui tabI e l'ocalized electric field (electromagnetic, electrostatic), or by
enpl oyi ng pi ezoel ectric actuation means. Once again, the mrrors are
mat ri x- addressabl e, such that addressed mrrors w Il reflect an incom ng
radi ation beamin a different direction to unaddressed mrrors; in this
manner, the reflected beamis patteRned | S according to the addressing
pattern of theAn;abgtammaimmixwtﬂrmyWOnmwnpwwéstavdm isramatxx-addr essi ng
can be performed. usi ble el ectronic nmeaps. In both of th sitl_tﬁations
descri bed her e 9@3&2% %taémgl%vds%léﬂéc ‘%%.‘HOE@Wrai“Qé‘ tyF Sprbcs. The

rogr anmabl e

prog moﬁ{j@ﬁnf’% g hint/$héh ér{gﬁgfxﬁﬁ}sfl?ﬂtaf’ Lnéxra %ﬁ{ix@f d3Peal OF @§

referred to can or exa rom n|te ates atents

5,296, 891 and té$le2@vé5s@&8e ﬂe%ct mftderR(]ZEhpﬁ(ﬁfﬂac&ﬂﬂiglhgaﬁhcﬁdas uMkIBR&sEB597 and
WO 981 33096, which are incorporated herei reference. 1n the case of a

pr ogr ahmabl e nﬁﬁeﬁ%lfeﬂ&ﬂrla‘]ldeltt ightas lt!ldsffrﬁﬁétﬂ hggt; r{séna areappegpriste idtsodie seidas a

frame or table e fi ablea equired. - A
pr ogr ammabl e LEﬁ; ﬁ‘;e}cg%ﬁ%c@%%ﬁe '3éom‘>‘{t OS?FF rgﬁgcgﬁcif)?%ﬁ?agwg%n f en in

United 25 Stat Qﬁ”frﬁ’@&&ﬁ htWehiad 24 3h R ffannih) iiehbehm HeBSREPPRRERM ab&fre ng oy
reference. As above, e support structure in this case may b odi ed as

a frame or tabthe adﬂtﬂsslegamleofKhhlmﬂttrlmgrdrbsablﬁﬁeﬂa@r Amalm:aewas required.
For purposes of the rest of this te at_certai

ocati one. - speebodBient bl iratbmpt Bl mior el sl v S FRETRefaLe! N mask
tabl efgo however mifr&i8, &RADY Fhichca Gk mcﬁﬁdéﬂlyqll&ﬁ%&ﬁ%n'a&ls%ﬁb l ances
shoul d be seen in the broader context of the patterning neans as hereabove
set forth. Lithogbkphealized deetcicifichl @potiomagretic aelediostasiel] or bpemplogingl e, in

t he manuf act ur e, of mtegcé‘?t.ed circu I n such a cas

| Cs th
At ter i ng. meaRELoRSPIE IO TER0R+ QR A3 i HTESE RELHORG ARt blinsuch
i ndi vidual | aygf faréR6a brord W tdHedt RARESHM “f%a@&‘n beatrin PAESrANL O 2
target portion (a conprising one or nore §| es) on a substrate (silicon
waf er) that haémtmen t@ ovdddessadt thirgors; ay 81is mannadiha réfteated daarntis patemader i al
(resi 1n gene a single wafer w cont ai ol e net 0
5 achh "t ar gateepnd e il SintibeBtm it s GRS Rs mi Qo | b eatired
proj ection sysh@mx &Ia?es%g%aﬂ bé*?erfdrﬂaeﬁ%xh@@ﬁna%@@élééﬁdiﬁo mBAR! B b of the
patterning by a mask on a mask drstinction can be nade between two
di fferent typestuafiomaddsiuied hereaberes, thepatteming mpagrcap hompmecqmcm ingoye

appar atus, each targe ort| on i s adl at e 0Si n entire,msk
e ont o Mot B S Mo meg b R m SHRDE sl Bef de bRl
referred to ascz B@,Bél@ineétfép&{%ﬁn 14, ffro%ﬁ‘l)%ité@Sﬁ?és'PéFenW@'S%H%%‘BHH"@E y
referred to as a step-and-scan apparatus - each target portion is

i rraddCat ed by iGZbﬂ%raaéi’Cﬂ"aiayemamimh@StW@ M@%%mﬂéﬁﬁ W&Wblch
proj ection beamin a tion (the ' scanrtt%eprg di rection)

ref.erepnce di e
i T synonr onBtes s Rert FEEGHGEy KB 3 4 I paf PR s i o | o
to t_hl S di FeCtth@@ald%hﬂ.‘S‘&t sthx@ttﬂ@ﬂﬁ &k enbBBic@ 2Ok BGieU? tﬁﬂ@tfélr@x\&tﬂdle Raé a
magni fi cation factor generally < 1), the speed V at which the substrate
table is scann@d)’hﬂlkecbel movYabbt ayreqitddies t hat at whi ch the mask table is

scanned. More infornmati {1 %h 15 re ard 1t0f|l aphlc devi ces ﬁs her e
doscri bed can DEFATRMANE LD g% AR Exempls o sechs rpstuksin 15 given in Paited
hereizy by refes@rsPachiUs 5m9ta‘7écwtchmgm%@6m weln%y@eﬂefehb@gmatm

projection apparatus, a paftern (e.g. in a mask) is iaged onto a substrate
that is at | eatht spepori siuctpreiovbisedseopaybe empbodied as afiame ob tables fayiexample,

mat eri al (remsbé Pri.or t this lih‘rnatgie(rstlg.s ep, the substrate may 20 undergo
various procedl Emaé't}tf’tf’x& O PINRNG 25 FEBPSY: coating and a soft bake. After
exposure, a
ot - ox P BB Y U S PUAF IR o, ARl AR SRSifiaHg B
measur eneitdelfito spanpleo mvolvirigemiaskaayeldmbskahble glsoweMar, sheagananal pﬁnqapbs edures is
used as a_basis to pattern an |nd|V| dyal | ayer of a device, e.g. an IC
Such ¥ patis@issrddn sugheinsianges shad grseengs thefrbedss Cﬁtts@égél@spvéttaﬁnweémch. ng,
25 ion-inpl 0, ing), netallization, oxidation, chenp-nmechani cal

pol i shi ng%%}% a%{re%% gcgﬂjPended to finish off an indivi dual | ayer. If several
l'ayers are requiredLithidgedphidysrojsbtdreapanteiante ued, Fovédaimpld, i er eof , wi | |
have to be repeated for each new | ayer. Eventually, an array of devi ces
will be pmé@émtw@rof integraign sireuitscICa e pych amgase dheipajicsning means May) SEEEHE at ed

|t vi dugh o) eue e IS R Al B Sk PRI B A elBR R fene o

Further information regardi ng such processes can be obtained, for exanple,
fromthe book "M crochip Fabrication: A Practical Guide to Sem' conduct or
Processing”, Third Edi t| on, by Pet er van Zant M:Gr aw Hi I I Publ i shi ng Co.,
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beam of radiation, and such conponents nmay al so be referred to bel ow,
collectively or singularly, as a "lens". Further, the |ithographic
apparatus may be of a type having two or nore substrate tables (and/or two
or nore mask tables). In such "nmultiple stage" devices the additional
tables may be used in parallel, or Preparatory steps may be carried out on
one 10 orinmagee ohtbhd Egenpbitiendang. @mprsmg @k lve marabdies)sonaa sbbseatagsilicmd f or
exposures. al stage |lithographic apparatus are described, for exanple, in
US 5, 969,%‘%1)&?3@ %%9%‘}7 %’7@%1”{‘) ALED rféf"éﬂoqié?’@ltwclﬁ'gﬂt?f@? éﬁ%‘ﬁ@eiﬂg‘ﬂ‘egﬁ‘?’

l'i t hogr aphi: o) ' I ' | : ¥

posi ti one%élgﬁlga‘%sfﬁg&pgﬁbnﬁ?g%@et‘?]g}&pﬁf@jﬁ@%%g&gﬂ pf(?) ﬁé‘ﬁ‘éﬁ“gﬁ%{ﬁg?ﬁﬂé in a
so- cal | edinsdied vig thy profston shtend) ohe at Hiems UpRfrentHpparatusf @nplogingubst r at e

t abl e nove synchronously at constant speed. The accel eration or

decel &r atpassIiing Ok 8 neask opa MaskHatie dedistinctipe carbemadebatyeerowa diffegnbst r at e

bl ical |y be of the or. 5 tg 100 ni d hst r bl
moht ¢y e eainen Gadne v o SiGerRbic brh et wbaifs i SRR LR o ved
by an actiyatifted Hiaxpbsind theAGiigdmhsk ﬁat@aﬁ&namgew&ﬁé@ﬁp&ﬂzegbé ke i S

transferred to this basé frame. If this reaction force is irectly
t r ansf er rapgpatatus is coBawmlyrefared to h$ 8 wates giepperi dn hmalggenasivei apparatins—of t he

B F Ei E i typi | | 10 to 5 Hz]) . ..Thi sul i
bt b arErUMOTRIPERES Fg SetitP et nEbarth e e (el ST ohisSyefaIy ( ne
Pr 0] 69! | to@Baivel By thihall PAiRd ek Ak ORBAPLARPRYT &P rdrtnckhe

Proj ection Lens. Because the Substrate Table 1s positioned relative to the
Proj ect i atirecgns (the Hicanfing| dicecition) Whibessynichnonousdnscanting gensmbsttae tbtev o

osition errors, 25 affecting . the imaging process. The effect of such a
Feact | on M1 o i BEaIE D 8 ChgFipBesitee. B Fimeti b BHRCUGN BETE S6ll FAXER s
oS | ey RAsRbr B @BRerdRc 1T RhseB YOS 1RV HEARUCRLIIGLIR 1 R3fdedon

force using a positioning actudtor between the substrate table and the
bal ance maRkbe3Dfastor M tihes thidnet whiob theanaski table és $canmadv ddorierinfonmatibr withi on

whi | st. the bgl ance mass [|s,nmoved in th site direction by an_agnount
equall 5t o TERRGd DirasEehirurkirebg b deinbed S dfned Premiite TRy at 1o of
the substq gig792RA@rpdRatl Berllf ferdfRes. In this way, no substanti al
reaction forces are transmtted to the base frame and the conbined center
of gravity of the balamesfadissngprdceshasivgbdithegraphiapriogectien appavaug,@ t he base
frame stays supstantially constant. -5 If. such. freel unt ed .bal.ance
mas has BRUPEH G 017 Bia) ' FEH PRifbshagee el I A Aot Ve 93 1A e
and the tafaacﬁmi&fkéﬁei_uf% SR £ re@0Y. PHBE® (ARG YEIAG steh the khiRfraledniyne bal ance

mass, in particular if the balance mass is in a vacuum can be difficult to
arr adfle amdergosiaripys procedures; sushrag phintieg, resistanating andptsofthake.nAfitere t he si ze
of |ithographic projectiaon paratus.the mass of the, bal ance mass be

| ncr eased*PErEdlc B A HES PG 12 sr PoRe et Sh AR aRo8 POt At of
extra conpEgyidevelopmen€ aMaAT bake hfd hiRRduReRertiRRREHonf thindRb Ik GedBPRs The
above problens are equally applicable to the support structure for

suppor t i regraylvé ppaedwesnisngedreanbasisnioghtieinso indizidvaltloyareé e deeicatd.gi@ntlG. t he
proj ecti o§ ﬁystgtm 1& and ca{}Ebe Hoved with the use .of a balance mass. It is
an obj ect>Ush ARECHEL LAYEE may Liship FTEP PP HAT O SHH SUFR 25 AiPe to the freely
mounbed %h-%gfan{'ﬁ%ﬁ _i_&cﬁﬁx‘ig)%eﬂaﬂﬁ%ﬁiorﬂ%&ldaﬁoﬁ,‘ dhBmBah&haliof plishing, ALOME

menti oned problens. This and other objects are achi eved accordrng to the

i nvent i onnfended wFinish ¢ gn aptividua pgyar.alf seveas laypecart reqhined, thoethepdmilag

par agraph, characterized .in th sai d pal ance ss .i s coupl to said base
P e e, v DUaiBrat § Eacah pieest, i Ranado BaTegemas B eacthet Pl Tvesfelir® on

ei genfre i X S ha, GilcLd '

reacti ono#%p c%\é d?ilc‘ge&%lr te rgsr?%ggr?g]cbggdef%% rgﬁig?é 1? %sﬁidg \%g%/i%(t)ﬁrﬁnysggg?tted of the
react i on ffan oge asotherdrysntietlindqbetsnch hedibagerfsawing, Rherdetioaimkdividval dévdedsi ¢
coupling. An eigen frequency of between 0.3 and 10 Hz of the bal ance nass

i s pRaf erdaBde BRARIEION heaiiern Foneeigd 16 RS yFWhsk Hfpupationregarding sysh t ed to

the base fank..as, fobhoNs: foPBELLAR FOh ERoRRIREAIEH D RXRIEAl Pl e

substrat &’ € or suppor ructure requencles above a 0 15 Hz

we har dl yGiifdersSerhicestidceortfieccbase’, ThadEdafondby Paes earl Z&IUI0GHAS Hilbe bal ance
mass is unaffected by the elastic coupling and behaves 25 al nost as a free

bal ance rRubbishing Cohd 387 15BYURAE062250-Urinempemdtedinstain brrrfesnet. t he substrate
tabl e or support structure typically are disturbances with frequencies well
above 10 Hz but the bal ance nass does not transfer significant disturbances
in this frequency region. However, acceleration forces generated by |ong
stroke operations of the substrate table or support structure, which
typically have an energy with a frequency of below 10 Hz) 30 are
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-6 balance mass is typically I ess than about 20 mm The el astic coupling
may as an exanple conprise of |eaf-springs, torsional springs or other
mechani cal springs, nagnet assenblies with spring-like characteristics,
etc. Furthernore, it is noted that, the elastic coupling has the tendency
to nove the balance mass to its neu#ral position. This yields for exanple,
5 advant ages dur i ngFonthé sakieiof aimpdieitgf the projecpos systemn g haxeinadteobe referredn
enbodi nent according to the present invention, the balance mass is further
suppor t edtos gheg 'lwé{?bm*ge% thip eerpyshauld b hroadiphateperater 198 CROMPABENGYRAIEONA | €,

b i r._bearing bet th Thi

provi des PSS S, TEARRRGe R USSR B ARRE 85 reBiE ke i n

the transdygeh@Nr efahplet ﬂ@&radl-ﬂioh@yﬁ&n%@%ﬂdﬁﬁﬂhd@@&ﬂﬁ&kﬁ@ eratihg present
ge

invention’, the apparatus is constructed and arran such that on novenent
during posceidorg tegny of deseldesignsypesifer disdsting,shaping or camtrping the progactioe t he
position of t .0nbi neq center of gravi of sai ubstrate taple or said
B ppor | SRPTEl It 8 st herReBe ey alshibgro e to Yol BUERMFRie ol o
moves. Dugndi@arkyNGs §HRAL. FufiRdtPihk Tehdztaphle alaﬁ%@am Ppd i drt ane,
t he center écl)J raflity Wi IIu 15pnot r%aﬁglai r?pi tas po itior:il g% rm{/ ment rduri ng
posi t i onimgreahbstetaltablel $armdairewd abimoromasiatiablesy dpoudh ‘Shultiple stage” devices

enbodi ment of .t he present invei?tion, he apparatus further conprises a

bal ance rta%additionpliahlesrmpy Roier ot PATAE! HOTLRIEIPTY SHPS MaY De gamier QHEEN ARkss. | n
thisgcti | : O S fah in

par allleel %ﬁ‘ﬁ%@?ﬁ%&sﬁ{& 5’8&(% gg%ﬁa% %ﬁ]‘%&%\@? Iﬁ‘gl%égp%ﬁé(}é%nl%l gtggésj al so
coupl ed tlahsghphibapgaritnsaae desaibsdifor amhs én W8SK9GHc441aindrW OIS/ 40794 ance
mass actuator may be used to apply position correction forces to the

bal ance rtB&¥PQRted herrip by Eferemksy. in this way, |arge but |ow frequency
forces in the #r. I o P i : i . at

| ow frequency.ﬁ]?ﬁgﬁ{’)@%@ﬁg © &gléﬁg@ag%{%%?ﬁéﬁgfprg@ggﬁ gﬂg%{(’aeskgﬁa éaﬁ% H{;Jng t he

I esonanc eonf & xppen éyructire! igpréjadtad or tHeBubstsats tabla ia% sof aatladstahying ipeocessss  of

t he Bal ance Mass and the stiffness to Base Frane of the el astic coupling)

and a°f ur'thess thssupRIL 8rychure gpd shbsiralg dahts moe syshrongeshepfspnstaptgeesthdbve | oHz
bet ween t I i t e

o csont. i BnAnon bF GUEELePiin R, Bl AR et T S e Ao R o A e

bal ance nulds cactypatally be of fwwoddn obfitto 1oemfSnods spiatatedatble ntigle tisisdly r ane. 30

el ct r omatgt Aeous] OB LB ebTEbis EEEr GHRGH movF BBt HEFeHBE ABHIEBE  he
present iywapAfe i ARRALREYSHEARTE BB naR A RREcRUTEGR s

positioned I n paral said elastic coupling, ereint
i s akéo climeptletatsfersaiitd tiraBasefHran® this acssls th larpeiengitaimnp ef the BaseRramEhe

spring-d er 7 _.Syste C ine. different t s of .sprin

(echant daBen ErenterFis GpEels 1 kS DA LB et db Bt rampeiS o Btanpl e, a
Vi scous QRIRS the #or@GElY 1sGHAFibS B st 8P e Préfebtior DerR! B&H of the OrAldh dal%hen
required transfer characteristic both series and parallel connections of
springs dedradampexdso teyProecapplémsdBecanscitiy anbsgee Bible bepophiosed/elmivboai nent

is that i rovides a | ess expensive solutiaon and is generally nore robust
than an 46% PIRECSGR Tt Sa Prapibon L sEn LB oD SO The S SFaROS (OBEEPRY bl y. ¢ he

spri Bg- dagfesn %é?ﬁﬁ%iﬁ cbges at |east one el enent having the
characteristics of a spring connected in series with at | east one el enent
havi ng the characteristic of a danper. In an enbodi nent where the elastic

coupling substantially has 10 the characteristics of a spring, this system
is further on ref erihsgfiegt of sughareaesiorns eéi?'Pb?H%‘f"&ﬁ%léFs"c‘lﬁﬂi%ecﬂié

i npl enent i AIBSS t AR : bly,
t he darrpenr%blnzaill?rapl) ecgre%ga;gi?fpas anedg’?iéy icaﬁé}&rg§{6zg§§be£@F]S| ncg)&tgﬁﬁi‘r%ﬁ%s
advant agesaction féree asing a pbsigocitig astastor beeweabthk istiystrateatable ahd glei Haldnge arags
contam nation. This KDK-system enabl es a danpi ng of the resonance frequency
of t R Barehthat thesubsirgtespble dsyinpyest ineue gireqtipn %}g% therbajanee papsis oV dR and

the stiffpess t se Frane of the | G in ther decrease
in force' er%‘??sqs]g? %?%C%toﬂé’yfap éaﬁgﬂ%ﬁﬂuﬁa@gé& @B@@ééo‘{"&@ @g\“\g\égbﬁﬁrg{?égﬁgse frame
and the hah@NEenABSAtio HNheSHHIRAE EBIERE theBAKINBENTABY 1AItEIR wWAS, Aic@ibs@RdalbY

appl yi ng conmponents that incorporate both characteristics of a spring and a

danper suecictias forgésare trandnesttaditoethe bhse fameaandohg cambingd cemer af igramtyeafiteedi nent
of the present inventjon, the | ance mass .is danped with a. er with a
Ganpi g GBERRS EEAR e et ig el S (ot S AP ey sy Ret B yadl 75 %

this way | ong stroke reaction forces of the substrate table applied to the
base frame cannot anplify. In an enbodi nent of the present invention, the
danper is positioned in 25 parallel with said elastic coupling, wherein the

o o o o v o o r - o o o



I n an enbodi nent of the present invention, the balance mass is danped with
a danping coefficient, b, which is varied as a function of frequency. As an
exanpl e, an 30 Eddy current danper may be applied. Al so, in case a bal ance
mass actuator is used for actively danping vibrations of said bal ance nass
t he danpi ng coefficient can be vari’ed as a function of frequency. _g_1In
an enbodi ment of th¥ spelefeely maovntadttiabance maes haspdange seokea thenataneomasy ses a

controller for periodically applyi osition.control. | pop. This nmay, as
an exanpl EOBESETEE R B posdeke: i the riErission s e b e

repetiti Vg9 fR landahflsS YR pAKiBHISr ff AR BaBlce PHRPRNH a VREHDE, WAFHOT 1O
conpensate for friction of the balance mass or to correct 5 hysteresis

ef f ect s odiffihat telaashgecarciamllisrig a ldnge araclimbodi nent of the present invention,

bet ween 50 and 100 % of the reaction force w.th a frequency below 3 to 10
Hz i s Jexerted by saltPredtigBint & BARIpHEEge 8i3¢ ShilGoBrRBRICPFIREHION 3RPAANS o di ment

of the prx%ﬁ{‘s”&f th¥4 ée%sg%%ﬁf?ﬁ@ﬁfég%{d"tﬁ Ltk Hf‘ersn%ﬁéffe{qgir@ oil&e%c?\égcuum

chanber contal ni ng e su e or support s ure an he bal ance

mass. Thebdiaicane therdstSof@ktrh BempleR ¢ i the MeaTHitohléss sPgpdri sith@bdlxnceuhdsed t o
such applications because of its small stroke. In an enbodi nent of the
present invention, ah®bahavensoblems psicqaailppliedhie toHbe BapacueEsfoand a wal |

Che bal antibEmd e Eheniol ekl AR50 aRp e ARARMER, Fali oo R iR b

proviige Uird dahibesndvediwith thalusd6fa basssce maes. exanpl e, such as air for air
bearings or electrical cables for positional sensors, can be routed through

the bell ows and do not therefore need to be vacuum conpliant. In an

enbodi nent of the pt%sentb.icg\éﬁ tei on .t ﬁwbxﬁ” Wsrgvcl) m_ at Ieaztstt [ o{ 20
the el astic coupling® Bepahdihg i1 He ST 1PN s, ehaé”ggﬂ \ng?r@ﬁtfﬁ’ﬁytly or
conpl et el molhike bldfde ik thaiRElch@ipaftly diEineasid 6f thO v tBenfishdBRBbles.
bal ance mass and the base flane. I n an enbodi nent of the present invention,

t he bal ance mass acThidweod oder pbjects prei aghicvethgreprdiystiodhe inyestommiae@t ed wit h
said ]l%al a]rf't?lggrap i a})}?z{raotlljlg Qs éspaeicgiegenll kh%\’\c,)sp'ening paragraph, characterized in that
said balance mass is coupled to said base frame via an elastic coupling so that said balance
mass has a suspension eigenfrequency of between 0.3 and 10 Hz such that a portion of said
reaction force is exerted on said base frame.
In this way, only part of the reaction force is transmitted to the base frame

20  through the elastic coupling. An eigen frequency of between 0.3 and 10 Hz of the balance
mass is preferred because then only low frequency vibrations are transmitted to the base
frame as follows: reaction forces generated by movement of the substrate table or support
structure at frequencies above about 10 to 15 Hz are hardly transmitted to the base frame as
at these frequencies the balance mass is unaffected by the elastic coupling and behaves

25  almost as a free balance mass for these frequencies . Unwanted disturbances of the
substrate table or support structure typically are disturbances with frequencies well above
10 Hz but the balance mass does not transfer significant disturbances in this frequency
region. However, acceleration forces generated by long stroke operations of the substrate
table or support structure, which typically have an energy with a frequency of below 10 Hz,

30  are transmitted to the base frame. Part of the reaction force on the balance mass is taken up
by the spring stiffness of the elastic coupling and this requires a small stroke. It has been
found that such low frequency forces transmitted to the base frame can be quite high in
magnitude before they have a deleterious effect on the apparatus. In this way, in a typical

lithographic projection apparatus according to the present invention the stroke of the



According'to a further aspect of the invention there is provided a device
manuf acturing 25 nmethod conprising the steps of: providing a substrate that
is at least partially covered by a |layer of radiation sensitive nmaterial on
a substrate table positioned on a base frame; providing a projection beam
of radiation using a radiation systefj using patterning means supported on
a suppor t baleneecmessds typicay dess thia abpey Koo Ahgelagiicaenplingymay paan e¥ampla its

e EE R R p e R .

table or $amApRHPMRE ChirhEaities Seté. Fuithbifort Ot RFHotdR Sht CRSE: BipURERIALI Ng a
reaction force bétween sai d substrate table or said support stfucture and a

-9 bal ancéertesdency tramaed theitetagce mass tants meotral pgsipam.tThid yislds dorremampleon f or ce
to sai base frarrg thr.outgﬁh. an e(léfasti C cou Iing‘ whi ch coupl es sai d bal ance

mass to s&7HPHEERIIRmEIY liggtiop & saidpsitioningiag ﬁ“olr'_equen_cy of between 0.3 and
10 Hz. S Al though Sgﬁ?ﬁﬁ EIInBO(IjiE'ICﬁ{ &6 ti?@pt e?iﬂint;JH, ﬁlett?(ﬁ(atn]gé fh&ﬂ@i tjse of

t he apparat us accor ng to the 1nvention In manur acture o

shoul d befael huppotted viadebatiagt the dasesfirarhe. dthe dparangadan sashmse xample, bé Mredir

possi bl e applications, For exanple, it may be enployed in the manufacture
of i nt egr Reasmedsiwesa) the hasedrame 5 thbalancs mepsacklas providen a syrnoRgllpwing g net i ¢
domai n megp | i.qui.g- i ; h:n-f:.l m magnetic 10
heads, et _aﬁ%ﬁn%%?itﬁwggegﬁe{ﬁﬁé@hed%ﬂ% g%%??élﬁ% leon%ﬂaa{{%,c L%)’lﬁ t he cont ext of

such phternative appid eabodiment RBYrdifgao tHe fré@nt @Wefion, €iid sdparatus'ivaf er” or
"die" in this text should be considered as being replaced by the nore
gener al t epnsyuctad gpd arranggd suehythat-ongmgvenient duingppsitianing ofrsaishsubstrajetaple | n
t he presen t Lns.." hatjon.' ) L.ar 15
enconpass 0%??‘?%5’@@ ngl Etgfeetc? P ggs ﬁ%%%gﬁ%gur)@gllngﬁ?%ﬁ?lbol?%gavﬁtgioﬁéﬁaI%?l?sgr\%eoI et

radi at i ontabke ¢ .saldi suppért vaiengl baid baldhce madFelatiBdto safdbagé frimb aRBImcves. EUV
(extreme ultra-violet radiation, e.g. having a wavel ength in the range 5-20
nm, as wONE tathegiastic spuplipgnishe balanse mass wrthpbisgdrapie, Biecentenel Gavitswill

only. 4 ¢ hovEympIFist R B s A SRR P R PR, ™ 0

Figure 1 ggpoatsguétage.rel evant parts of a |ithographic projection apparatus;
Figure 2 depicts a Iithogwhi C projection apparatus according to an
enbodi ment of the i Hv@hemberimentyfthe presrapinyvention, theiappyptus Highes compdsdason

t . . esier. flegpyrEp Ve
Vacuum aphrran BAR el ok FERRAE TR Rordlom i i BUAREC A R O e

scanni ng pmbedifent, thddRlldnct inites adichtbrr @@ be poyitidnsdinparaleDuitk sfid dRplict s t he
transfer of the reaction force to the base frame in the frequency domain

for 9 fef@ilingrplrasinghe Balapcempass py alsagauplede stif base frrmeryig said belagesi cts t he
f ' i.sql , f
transter HAELC&c'u%'EbJ. Tnds %ﬁ%aggé @?gs]?aecrl\@ﬁot? n&e’dkrgo% ﬁ%ﬁ@%&sh@% ReR&id Bk, f or ce

in the frequency domain present 1 nvention.
to the balance mass at a low frequency. In this way, large but low frequency forces in the

translational dircction can be applied to the base frame at low frequency. The balance mass
actuator may also enable a damping of the resonance frequency of the Balance Mass system
25  (formed by the mass of the Balance Mass and the stiffness to Base Frame of the elastic
coupling) and a further decrease in force transfer in the frequency range above 10Hz
between the base frame and the balance mass.
In an embodiment of the present invention, a filtered feed forward program
is applied to the balance mass actuator to smooth out the forces passed to the base frame.
30  The balance mass actuator may, for example be a pneumatic, hydraulic, electromagnetic or
piezo-electric actuator.
In another embodiment of the present invention, the apparatus comprises a
spring-damper system positioned in parallel with said elastic coupling, wherein the balance

mass is also coupled to said base frame via said spring-damper system. The spring-damper



-10 Figures 7 depicts the KDK-system connecting the base frane an the

bal ance mass according to an enbodi nent of the present invention Figure 8
depicts an alternative arrangenent for connection of the balance mass to

t he base frame according to an enbodi nent of the invention. 5 Figure 9
depicts an other alternative arrangehent for connection of the bal ance mass
to t he baswstém ary cavthiraldiffgrendtypes efispoidghendchaficalhar, imagoetid) ovith diffgrent 10
schemati cal | i cts.a KDK-system copprisin n Eddy .current danper

Fgure. 1100eh eSS (G <SamPEy & vECu aiae LAY Ao dTEMTMEdT G Giegr ees
10 of fre | ' . i [

rof or enceo S £t Hah GRL Brach NG bolf el ard I FeorbERRRATA 1 1
depi cts t hed d@hparantayperappliad. An ddvhmaegy afthe pagive]jeabodionena pphitdt providehe

apparatus conprises: a radiation sHstem Ex, IL, for supplying a projection
beam FB ofesp axpeasive solutiog ang is geperally porggbustdbanaan astive solalden @rihdemenss c. ) |
which in |S ' case al so conprises a radiation source LA, 20 - a
first obj ég%omgﬁ'{%&%ﬁgg‘{{ table) MI provided with a mask hol der for hol ding

a mask MA (e.g. a r@kdfelaBly, tiRNGriegannptadsikem donipisePaIédsi &Y dlemem agingM f or
accurately positioning the mask with respect to itemPL;, a second object

t abl e ( substaharagterighitsc)f aspripg gonneetedn séries vathat deast enetedgrarnt hiving thel di ng a
SUDStr 2 el LS e 3 AR PR SRSB4 o
subst 1@t e dhirabREPEG ofta®ptih g MhiBlsystémRs Rirdet biPFer&Yelt8as thel @Kﬁ%@h. MBe9. 2@
mrror systen) for imaging an irradi ated portion of the mask onto a
t ar get podamper ocGuldebegmpdementeédisayviermas dempen @ agy @dier tyfpe ohdamper.
Preferably, the damper is implemented as an Eddy current damper, since this
gives advantages in the area of endurance, reliability, maintainability and contamination.
This KDK-system enables a damping of the resonance frequency of the Balance Mass
15  system (formed by the mass of the Balance Mass and the stiffness to Base Frame of the
elastic coupling) and a further decrease in force transfer in the frequency range above 10Hz
between the base frame and the balance mass. The spring damper system may also be
realized by applying components that incorporate both characteristics of a spring and a
damper such as rubber like materials or memory alloys.
20 In an embodiment of the present invention, the balance mass is damped with
a damper with a damping coefficient, b, of between 0.3 and 0.9, preferably 0.65 to 0.75. In
this way long stroke reaction forces of the substrate table applied to the base frame cannot
amplify.
In an embodiment of the present invention, the damper is positioned in
25  parallel with said elastic coupling, wherein the balance mass is also coupled to said base
frame via said damper. The damping may be realized by a separate component or can be
obtained by the elastic coupling itself with internal damper.
In an embodiment of the present invention, the balance mass is damped with
a damping coefficient, b, which is varied as a function of frequency. As an example, an
30 Eddy current damper may be applied. Also, in case a balance mass actuator is used for

actively damping vibrations of said balance mass the damping coefficient can be varied as a

function of frequency.



substrate*W 30 As here depicted, the apparatus is of a reflective type
(i.e. 'has a reflective mask). However, in general, it may also be of a
transm ssion type, for exanple (with a transm ssive nask). Alternatively,

t he apparatus may enpl oy anot her kind of patterning neans, such as a
programmable mrror array of a ty e-Sas referred to above. -11 The source
LA (e.g. a | aser- pr daaeeabadimenteighe presentaneption dhe gnpawtnsdyrtberseapriess

radi ation. Thi lb?amis feg into an il.l.um n%ti on Sﬁiem (Ll1lum naﬁ]og% 1L,
ei t her di P88’B‘1“3 IR SfIA WRPBW%&P@?‘&% ORI PO AT P e hY IR B
beam expangi@fedks prdveht &¥R PRI balikReeirhdsy ALO &S Rpetltive MOHi0RS BPEHi® SuAGhiSt | NY
nmeans AM for set PI ng the outer 5 and/or inner radial extent (conmonly
referred tableasr sPpport etrucmd ooto comepensate Sprefticliaedfithe balandeenass e stéamect

di stri%ut' on in t&e befam li]g,addi jon, it wll generally conprise various
ot her on%&srﬁ%rﬁ‘f‘%,"' eqis AT the estic ¢RWPLN&t or IN and a condenser CO. In this way,
t he beam PB i npi ngi mERe i L gl L.atensity
distribution in i tsrﬁg?lggrgﬁgcgctl Oﬁt@gﬁ?@t&\%ﬁﬁg{%@%{lég a\;ﬁ\nb?ﬁo ?Eggatpg to
Figure | tdaation foeceswith adreljderitgbelvav Svd 1 Hz tihexehtodiby sagid efastidieouplihgogsaphi c
projection apparatus (as is often the case when the source LAis a nercury
| anp) f or besg @), but that it nmay also be renote fromthe |ithographic

proj ection apparatu i.at ch i i into
Phe apparat e (oo, Tt AFpgdfeftddte BESH Achtior tnlrBHART R tampftes

| at t e10 sceRadiueh tisantlet @onthiithgQhs Subsiate tdtle bheippord sl thd ang tifbafanct FREs.

| aser. The current invention and O ai ns enconpass both of these scenari os.
The beam Phe balsreequassiaf yha preseptisvertianhs pamiswlannsuiiedite sushsapplicationn a mask
tabl e M. vVing..tr the mask MA, the beam PB passes through the | ens
PL, whi chbg%gées(gfgist%a?{)%%gn&PB onto a target portion C of the substrate W
Wth the aid of thelRéh &fbedihepOstithé prebei inveAlGh, 6 d8HowiseipbREDPERWE the
measuring neans |F), the substrate table WI _can be noved accurately, e.g.
so as to pdenceinassand pevadif thexyapaumprbamben sThds ispossilele baeayse of thhsmpdam PB.

Simlagly, the first sitloning.neans use CC t.el sition

Che bk RESHE o thd BpREahdst B B TERAS oS Rec i T B ARG Bato R, L 00
retrieval uglitidshe tigtsdtarv® nias € Fode , shdl ®rajr foPdiir Belringg oPele€ifiBal chbleggirer al ,
novenent of the object tables 25 , W will be realized with the aid of a

| ong- st r oResieN Panspisecanse rpwed threvghidy balewwandidornat sherefRee negdig e (i ne
posi tioni ich. are not explicitly depicted in Figure 1. It is noted
t hat gene{r)%%uijm\,lmnlﬁ&em%ng stroke nodul e enabl es | ong stroke novenents of the

substrate tabl e subsianémbddiventofahdprasau invBhtic thbeell®ngfosinrad keastipagiife of
the mask table enables | ong stroke nmpvenents substantially in aone

di r ec#® ontheigdastig pupling. Pprendingonghe gtiffaessdhebellomws smay pardy Ongarenietglyitakey

st ep- and- §$&’Ehé”‘ﬂx%@ﬁ Ythe Eﬁ&i% ?nh@?&%@ﬁr th@%\élah&?ﬁm&%g‘?ﬁ'é‘ﬁ&s%%‘lpteo a short
stroke actuator enabling short stroke novenments In Six degrees of freedom
or may be fixed. Theén geghbddesemufalicaprdsent aivemton) gRbalanct wsdadtissrastttherodes:
-12Tn step node, the mask table MI is kept essentially stationary, and an
entire masNiNgndaRPer 8YSHIDjeopaeri¢hwih saig balapceemass tblioﬁgﬂ)‘/émdpﬂé%‘?’}“'-) onto a
target pontjign. C [ . LS : . Shi_f i . and/ or y
directi on'sd‘uééc)falt"ga{? Igﬁa;fe?? g[;regﬁéfetp %?}5)8 lé;?zcl)-trh Il%délgfégéd%ﬁ abdtggl?? rnfgthéllil gi?te%mgy t he
beam PB; methodlconpeiginghdgepsedsential |y the same scenario applies, except
that a given target portion Cis not exposed in a single "flash". |nstead,
the mask tabl ePIdFidiBg #snhsHple tha inatdeasbpartiplyueaversd bytalayes of gadiatiod- " scan

directi O.n;englgilyggaatt{}?al ¥n qisﬁgs?}aleotggle gﬁiﬁpﬁ%d;éﬁ?gasg frame; that the projection

beam PB i § . 0 scan over . concurrently, the substrate
table W' is si Brvidnes pfdjsctioR beshn ioRrddittion Mg Aradipi&Ssys@ndi rection at a
In

speed V = M,
- using patterning means supported on a support structure to endow the projection
30 beam with a pattern in its cross-section;
- projecting the patterned beam of radiation onto a target portion of the layer of
radiation-sensitive material;
- moving said substrate table or said support structure relative to said base frame by

generating a reaction force between said substrate table or said support structure and a



10 which Mis the magnification of the lens PL (typically, M= 1/4 or 1/5).
In this manner, a relatively large target portion C can be exposed, wi thout
having to conprom se on resolution. The invention will be described with
reference to the substrate table WI, However, the invention is equally
applicable to the mask table M. 159As can be seen from Fi gure 1 a typical
Li t hogr apbalancappas.at us conprises a base frame BF on which the various
conponents are supported.. As an exanple,. the unti.n f the various
conbonent et terizel BEamTiE rhg of Pl Sractioh fret i s Prpertfrobfan e 2. Thi s
figure s : f I i : i f :t.ed to the
gr ound 181‘9 X@ﬁ%@ﬁ?@fgé@ﬁ%%ﬁ%}?fﬁﬂ#%@ﬁgdg %Pés%g?éaﬁ(g%sgS%Hfo&%?ggg@?ﬁéﬁof t he
base fr anggdiffreqyeregiofdetwren0ScandriOeHzet r ol ogy frame SO which is conpliantly
connected to the base frane BF with a soft suspensjon system 55 of an
active vibration i soOltheyebspesitic ssfeiensa gpy bermadeyythis taxip thejuse @f thgen by an

act uat or r i I i t e . An

el astic c%%%%aflﬁsg%qi@gﬁ}gst S?genlhg%:}}t{eo lﬁg}%ém@aeﬁﬁ%ﬁ{gegg?%%?eﬁﬁg@sﬂg}?fghélﬁgﬁ Base
Frame. ThgndststdddnBaisuch af Bgpaedt@shdsina3UihdriidssiBe apslicaiond) e Rx sHpll, it hat t he
bal ance mass is nounted on the Base Frane BF wth a suspension

ei genf r eqienbsemployedin the manwfar wraef integratehertispl) sypeamegbdanse angdeiedios and
10 Hz preferabl.y 1 to .6 Hz..A suitable sus sj.on _ei genfregpency is. about 3
o, he KGERdPoReRitig P taRtyRs Gu R S RS LAY pebc
equatiigon Kehlis, e®Q The-skilledSRisam will hpprecdreChfBM Mmb esiél JFSTH A rmadive he
stiffness of the spring of the elastic coupling 1 SO and nBMis the mass of

t he bal ampplipations By use phithgitexst''caticleie waferen §diohinghigdextshouldbey of - 13

t he bal ance .tas§ to be in t range of 0.3 to 10 Hz ensures, that a large
but | ow TEEUBRAY PP atrltnsy By el giab s v o S B P et thmas ) s
al | owed iﬁbrb&i”hre@kléc@i%iypns in the translational horizontal plane (forces of
up to about 5000 at a frequency of less than 3 Hz). In this exanple, in
paral l el with the dndbe prgsenddptument,itbe terms deadistion A0l Theap!’ avcupedta a 5

Bal ange Mass actuator 100, The el astig¢c coupl | I Al anper. 170. .and t he
Bal arde NGam B Al Gres b gleaonaimelt jadutdh BebiGthe Wiy bBEBTBR o8 MR A L b o
way, the whakdnpmh &3B! 248193, NS 7¢RMRE hndREd HIY Ratréme YIFRSRDIA eddiRiol e8! €
sealed off fromthe conpartnment wherein the substrate table W' and t he

Bal ance Neyinga wavedangthen. therrpage §€20gtmpes Welkes particle hparne suels as iwnbeargeot
condi ti on%c?rnnﬁ)he el astic coupling, the danper and the bal ance nmass 10
act uat or R SQIB%ct to contam nation or outgassing properties, etc., The

bal ance nass act uat@hbddifhehts of #RAnVENtAWiBGow alehéftied] B'way of HQnip ance
mass which can have a tendency to drift fromthe correct position. This

dri f 20 wHindh Withrefesench doigigtacempanyingsicbematicsdrawipgs Bewhicha resul t  of

The correct i on 15 doBTadeneere Fas i phSro R RN BhiGthn BT ol Mo

15 which control s tHguea ®piees MBGHSgRBhIProectidippadtipatisdingad ky (for
exanple every mllisecond) applies a force, if necessary, to center the

bal ance rfaxbpdBNen@bicanydiony to prevent drift of the bal ance nass

resulting fromr ep%i'gtgrle edegx%isl By H&xogrfap}xigeprgjlélc ?&nra%tpgra&%glccedrding to an

25 embodiment of the invention suitable for vacuum applications
Figure 4 depicts a typical force pattern during the scanning process in both
time and frequency domain.
Figure S depicts the transfer of the reaction force to the base frame in the
frequency domain for different embodiments of the present invention.
30 Figure 6 depicts the transfer function of the Balance Mass displacement to
the base frame force in the frequency domain for different embodiments of the present

invention.



The actuator 100 may al so be used to danp novenent of the bal ance mass BM
to avoid windup i.e. resonance of the balance mass BM Alternatively, this
function 20 may be performed by the separate nechani cal passive danper |
70. Whatever form of danping is use the rel ative danping coefficient, b,
is preferably between 0.5 and 1.0 & nore preferably between 0.65 to 0. 75.
If the bal ance nassFrurasat dapictpde KDKsysemiconpgeing the hageiframe am thechajapee

danper, the.d ] geffici.ent: ej var i as a function of

frequencymaf—soe}'%rg@lgg%ﬁﬁ@? eglbé)g%?nﬁﬁpg%&#sl@g‘il ﬁ{nt@ﬂ b =0.7 my be used up to

a threshol d 25 freqpgifys (&icts bR hItE@NANR! ranpémér forf R@Eh&Hiof of thedaladce?0 Hz)

after which the danping coefficient reduces such that at a frequency of

i nfinity, masstodianbpdsa draomedctordingrto ah smbediment of thhirvenagn. t he force transfer

from Bal ance Mass tg, Bas§ Frame at hi gh freg%enci es Ls |less thap that for
SHE 6

the caSe where the HEHfi AECRIGERR PLERANCTPAUVE GHEPSEMEDt 145CONRESCHER RS so
reduces t R4 : ?dqa?{ : }m@% s to base frane
for frequgﬁ?:l es dé%@@“*%@iﬁ@ﬂ%%@%‘ﬁ% su egl'??(g{]@%t@g:te e%ﬁ'se to the
suspensi on ei genf r eBigarecl0 sshembticaligldapics akbXK -SilemidvengrsimgadEddgarranat uat or
100 may al so be used to snmooth the force profile transmtted at | ow
frequenci@nﬁ’eé- the base frame using a filtered feed forward program This

i s done by passing ghe. exp . .on f : on
the Base  -14 Fran e [hEOrBAGRTEkpER AR Mhad M NURDES ISP

t hrough t bfefréedbania ¢helGizoacd ppher 100 to the bal ance mass BM whi ch snoot hes
out the sharp changes in reaction force. H gh frequency disturbances are
not passed to the Base Frane in any case. 5 Figure 3 shows an alternative
arrangenment of the LOUS CcO nen S rte t. fr BF for
use i n vacuum appl iiégttg1 f’%‘yu.r “r Cga'?ﬁ% %ﬁdé%}régﬁg?cetsﬁrgmsﬁﬁBrg(ﬁ?ggg&feas @@ T s

posi tionegardn a substrate table support frame SF (which is stiffly
connected to the base frane BF) via connecting neans 12. The Wafer Table is
driven by an actuator (20) and the reaction force is set on the Bal ance

100 i & danper 170 eue! RykARicD SRR btalebihs bl pARAR R RS 1

subst r at eagpatdugs. StheR@parafus@bmpridd’: t hi s enbodi nent, the projection system
PL, bal ance mass BM and substrate table W' are encl osed by a vacuum chanber
VC that is sti#¥fadjationshigemdix. lo fonmpphing 7 praigstignbeap PR of iedigfigpdegate tabl e

the-nor | 20 oV pn ety FIRHDA BPuR 4D, bR ARk AR Bl pRoFBUPHRE, o0, ¢

frame SF afdidtiogisamtce BlAy frictionless. This can be achieved, for exanple,

by Sﬁendi ng the substrate table WI' from the bal ance nmass and provi di ng
t he ance na&Srshpbicidable hmask taple) NFT proyidedwith aysask halder fonhalding a magk) e

and the C j ' i 3 ' ' :

auppor t ed by e Euet pif snbe PR Ai30Rochi g Melns PR KGr SRR S3fcRe
al so be sthspeskedthasspekemstiietn PEchani cal or pneumatic springs. On actuation
of the positioning actuator 20 to generate a reaction force, the substrate

tabl e W and bafesapdobigeidabig(subsirate rabled VAT erevidedopidy p eebsiptedoldep i, The

bal ance . ' pcally. 1 frame
SF and t nTope heuSuRe B leGP b iU R R WA URPLABEh Ao Eant ARSI
The 2% stiablerp@sisioning tnieane PR foracamatply pugitibhihgithe sutesan vatholespgebado itehe

bal ance mass is nounted on the wafer stage support frame SF with a

suspensi oPLei genfrequency in the transl ational (horizontal) plane of

et neen, 0. 3 el B ETBLY € S iy S R TP

ei genfrequency igur ron an

decel er at pafioh 6f G IndsRMA o £akdey pokioHIC @K, icﬂﬂgﬁﬁng Bfe SEMOF digs) BT B1eessS.
Accel eration and decel eration forces are shown both in the tine dormain and
in the fradseseWdomain. In this exanple, In this exanple the nmaxi nal
accelgration faorce, i.s,about 1500 [ Al so t he RPower ctrum.or, t he energy
per 11t Bore afiGensthE RBrar ittt NestivR i Ce B s RR0EF BFD. Hay(ReF
Spect r um §RWeral, ¥ H8y 4196 68T AlradshBMEGHE FodaWC@itH fransMQy R hibks.
frequency the remaining energy is very small. - 15Appl yi ng a suspensi on

ei genf r eqAbemytivaly, theapparapes may éngloy andiBerkind of pattemniBahwans shsas,a shor t
stroke transl atiqnal ,novenents of the substrate table W, which occur at
frequencyp%ﬁnﬁﬁﬂaﬁeE@IqﬁﬁﬁﬂcﬁﬁéﬂﬁﬁﬁJE@“S WV y transferred to the base
frame as the Bal ance Mass acts here in a conventional free nass manner.
However, for long stroke 5 translational novenents of the substrate table
WI, which occur at a | ow frequency of bel ow about 15 Hz, at |east a part of
the reaction force is transferred to the substrate table support franme SF
and thereby to the base franme BF. Thus, the displacenent required of the

o r e




20 Law, wll absorb all energy and thus cannot transmt forces to the Base
Frane. A | ess perfect Newton Bal ance Mass will partly transmt a very snall
anount of force with | ow frequenci es. A Newton Bal ance Mass has the

di sadvant age that the notion or exc {SIOI’I is equal to the nmass ratio of

Bal ance Mass and Substrate b] e Iast .c.coup i S connected

bet ween t he Bal ance ‘N&S8W&H 3‘[4’?& Bil%‘ér pr,o i éafzspﬁawgﬁe'émwge WEEar si on
can be nug T f are
Can D, bl S Heion A9 lcES IPHRY BT bl | QU RBHBAGY I e

f r equency dirbalyBarstelharing frwsm:dcwﬁdlﬁenmg eieahs, goel ast dovant x@akiddr B¢ forMaS s
force, as is shown in graph G 1. Above the resonance frequency, the

undanped Baarawée Thediunaigaion [y sy cempristeadiustios rrmam)Aqus selhiag Biesatetr ame and
forms ani ca of -40 30 T

ol 115 cad PR o agie) e8ndhuBPrb ety @ & solifc bt By T ERRG s ve
danper i ngRahahbi dibirfblibih G 8kACTERIRIAN A WARIRER MinfiRkaaasudBse and

t he Base Franme as shown in grap However t anlc ter thIS
Danped Batampenelikss sudhfesrandmntegratea SN and alcbaddnkerafO- Bﬂthﬁﬂﬁdﬂdre]beam PB.6When t he
danping elenent is EorrredM% a danper, |rtJ series with a spring, this

conbi ned ¥YRINgREHN th mask MA Baga @%ge%ﬁer PRI dBiEpEtY dspdb@ian 8180 1 ef er r ed
to as the s&¥ibgm again has a roll-off of -40 [dB/dec], although the
filtering starts at a higher frequency. As is shown in graph &3, the

per f otrance of thi sItlﬂBKu]ﬁyﬁhﬁmdBa:IﬂamgerdNaﬁgUrslshawfd Porced.A hay be bdtied

Bal ance Mass shown i In an other enbodinent, a control |oop forned by
an act uat 8¢ hoasineoh tfteHéh%P%{H‘é BrojAcsion APRATEES (S aften the gass Whesithe smiresensor

o apptt o ey Hchi 38 Slarkdld. 6 ARG R BERAIL okt MeoRRSq Lo
danpi ng oprogémmaﬁpmmahé faﬁtamncbyams;vm&ﬁ aipreiceyttitgled site e applrahdBbl roI I

off is 10 maintai ned see}g ) gure 6 depicts the Bode plots of the
transfer 6RE-tWigh BapiheicuNeRle dﬁﬁ%tl%ﬁnmf%)h@lﬁiéﬁ%ftﬁcwlpdfﬁ elten Wespsswhed. At
| ow fyequ b tah smgo%wg force is
propoﬁi oﬁ%l% ? eg|aﬁ\a/eg§lgﬁe?14f¥gfhe s ﬁtnlg'séesrﬁo?Ca%’hwalﬁ'I %1 %gg t|hng So a
sti ff nessthefe §c‘énéxﬁfs [N n] bet Ween Bal ance Mass and Base Frane will result
inle-5 (m dlsplacerrent per 1 i nput force (so the transfer is 1 e-5

[M N or -100 dB). &8¢ &%@BB[SNPS%H@“H igisrespbstanmask Mibarhichiis hgldona ¢ he
stiffness radu al so
t he frequgngl;lat@ q?g?avt"}% S;Etﬁ%g?{kfﬁgé%(e@% g%fbﬁg%ﬁe%ﬁggdéi seeJugﬁtt%I’gn%P%nd
1). So aw:hrchtfoaisasthecbca:mum oritg acargersportishC b thie ubsters W.sWithne Bl ofmioe I\/ass

filtering) but also.a |arge 20 excursion. A stiff eliﬁ)tlc couplln% has hard
forces’ (p&&P" Posidoningmegi (and ifeifarongici mgasingmas PEtERSE Eable

conprom s nce
oo AR PR GV AR g L Sp s i

2 non-T1near
char act er isthesmB; Sienimdy) maedlrstqnoaoomngmhecaﬁb@sed) [rpamma&&y p&atidn thenear
and non-1linear_ springs-type elenents nay be applied to realize this. These

ol ement s BAH MUY TithRpEer D5 aRahthe BEIARES €1t Serapshgaical TeiaNAl of §hes uch
manner th f n e S is
di spl aced ?]{)&ﬁ} ;ﬁ Es)}nnge@tg ?Qk; %Plteﬁlr\n\ée%\%aﬁ rélgdz’onang] 55‘{]‘?%‘9% Eﬁaﬁﬁ§

di spl 2cendrit, W' Iwill lbe reatiazbd Mthdhe did o adkargesmge insoduicegomtse p«bshﬁoxﬁmg)l antliac at | on
shown in flgure 6 is, approx. 100 x !'). .In order to avojd this, a_dapp

el ement s 108 PRsitiAningh v@l%trﬁ e%wbﬂﬂargiepw@daa Kigure 1 Iﬁlsr i gur e

6 shows t e et he
char act er?@t?glsa?g?{ ?‘ﬂfg f e%ﬁ rs()%&@lé@qgﬁg?&ﬁﬁkgwgyﬁ%ég?% cs of the
KDK- syst esnbafste Gbls hﬁmsmtﬂmy ipheplaed ehils theclongftrékeanedias vf the atishkdblg

conbined with the Bal ance Mass actuator. In the danped systens (&, G3, A4),
t he anpl i enablesileng sioka mavements subﬁéarmumm@@ difestionn wwe ip hesiasmelea

freq i ttenuated. For high freguencies ave a -.40 dB/ dec
or 11t wefer SepEIUE Shordh e e Primh A BB Yos R SO B e |

Bal ance Magmedled B} RORMEHoke aftuBtef Enablifg BEsTREtSRIhovedRBlsGh SixadeghiEbedi ment  of
the present invention, wherein the KDK systemis applied bet ween t he

Bal ance Miesloandr ntag bBdedFr ane. The KDK-systemis a 5 paSSI ve systemthat
conprises an elastig, coupli 150 in aral |ng danmper system |
g0 that conprises aﬁhee&éﬁﬁﬁ‘? t\‘?gca\n ‘if’h‘é"f‘”ﬁﬁgﬁef‘[: “a spring in
series wwth an el enent having the charact eristics of a darrper. Thi s

KDK- system can be applied in conbination with a bell ows 120 encl osing the
KDK- syst em enabling the use of materials or conponents that are not

vacuum conpliant for the KDK-system The bellows may also | 0 take over,
partly or conpletely, the function of the elastic coupling 150. The

/s ~17 _  x



as shown irn figure can also be applied inside an enbodi nent as shown in
figure 3, as an alternative to elastic coupling conbined with a bal ance
mass actuator. In a vacuum application, the balance mass BMis connected to
the wall of the vacuum chanber VC by netal bellows 120 whi ch nay be

manuf actured fromwelding a 15 curv pl ate ore buckling a wide pipe with
thin wall $. Thin gtep hods, the ek table MTas kep esssophlingati®araand sthentsie mask or 100

or the KDK-system.to be pl aced oufsi t he vacuum cha VC.such t hat
t heir desi§ leatﬂl?fé it e&oé‘?é‘s%“@rﬂ%&e)rﬁm%émtf&eéy’o%’“:&&'PFe%’éPS‘tr%}ebe

I
vacuum conRla Sk s b AT FERY o0y i GRRAL US4 AERHA) o FUPRIRHIDES,
Vi a pi pesbeirRiditd®by theleamidB;of 20 bel l ows 120 is possible because of the

smal | stroke which the bal ance mass BM under goes duri n% positioning of the
subst riat e2¢ abl & SGRD MO4S, efseNtiplly thﬁagamecﬁcma@to apehies, e¥rgpt that a given Wreest i c

coupling of .th bal nce BMtQ 8 sh

oo nac; Bhruol S ftor BisRE Ry bk Pnddt® ARG, B8 ol SatRlB i e base
frame whi given Uﬂeétfﬂns(t}%rﬁé%llg@nican diedRN, Of. thd'¢ d¥atiodPwai arspedd wiab khatC. The
el astic coupling |50 and bal ance nass actuator 100 are housed in the

subst r at ethegisbjecticrchaam BB andsased fotshamover g saask dapge; vmm&mhmbstme whi ch
may conve er pr re than the s rate tab uum
Chanber  vioieais sindtoRo i bePeaoht S tpRs RO T bRg ¥ oo PhsH ano
bal ange Masiichavlis! BleGhaghPbation bide IHMRILL @YRcAROME= 3 HaQsH mmﬁfa wal | VC.
A seal or bellowis required between the secondary vacuum chamber 200 and
t he connerdatoelyclargebanget pantian Cenmbe exposed,| wishouahadng o dompuemsis® ont he

connecti on nenber 200 connects the bal ance mass BMto the elastic coupling
150 and t 8°WHP%nce mass actuator 100 which are directly connected to the

base frame BF. The $HOfhERIG WADLSIMATIHANBNRIREAce Yo tHeSuBSRAE AbR WTOM t he

base frane in this enbodi ment -18 such that the bal ance nmass actuator BM
does not Hewve;rotlbenmclaumwaﬁby applicabls t¢the|ma5bc§d)1@ Wed outsi de of the
vacuu A seal isr ui r t he sybstiﬂﬂﬁ l.e vaCLéum chanber VC
and tte connection g\ﬂ]’ée b & DPIGRL FALBOSTaRNIS, ARPAHATY SOMPTRENE sy st em

connect edbé&etfmﬁbﬁ“ﬁaémeemmsco adls hitQu Tﬁﬁkﬁ'@d':r ame BF. The Bal ance
Mass is supported by the Bearing system 215. KDK- syst em conpri ses an

el astic coupling 158sand¢xampleythagraiatipg of ty yadewscammonsitatp hp basegfsargel3 and
an Eddy cysrrent .d er. ri.sed,o net plates. 220 an ducting pl at
230 posi tﬁ%’ﬁté?} %é&%@ﬁc%&nﬁ I‘J}\@ﬁﬁ%t trbf gee s ﬁeeb%sﬁl gBﬁﬁ'glgs?‘Bﬁ/l can have
1to 6 de e?&%l?fstlifffy%ﬂﬁé&ed BUke ﬁﬁ&ﬂ@bﬁ‘ﬁe ﬁro?’é%ﬂbﬁ@?sté?xf] er,eedmed(M}nt he

hori zontal plane) or degrees o free om (bo in the horizontal and

vert ikl pibztions ofithe b@mmmgFépy beingonpwier oy a niedrofngy Seame J0wkick ison bet ween
bal ance nmss t, fra n.all.de f fre domln
o ane e TRy aRR s b U st BaPB b PR p ok Syl Rt £r 4 SRER T, 1
coupl i ng betare ﬁsd?ﬂloihf‘s?ﬁcﬁiﬂ(%s\ﬂsp \ArhESVafePPabIE if draven byam adedr d2d)faaa et

properties for the different degrees of freedom The elastic coupling may

further besaetgrbioresds witton the Ballam‘d‘elassﬁe@ﬁvlhémmb@ﬁ cawplingr1 54 is mnnnqg@nper
syst em hayi ent ro r di f er e rees dom As
an exarrpag WE?’QQ‘F@ Tces W t@"bﬁ FmErs éh%?elg%ﬂ?gcé)f’r@mg Fein
the e)ﬁst&mseﬁy%ltﬂﬁsheléﬁa&eena%prslxﬂgm@@bmma@,e IPPdnd B WitkS:Ssul n@m a base
frame BF. It should be 20 clear that the depicted elastic coupling nay be

combi ned mgcﬁrmhenmimtsme}monalémqmw) plﬁmmofdne@wméﬁ andll GHBgareferablyMas s
act uat or igog talaso be noted t in ar rangenent the Bal ance Mass
is coupl e!:lt(?ﬁ SYHBYE SHPCRY A e)@u?mé'rf&ab&lﬁ ai%hough only springs in X

and Y direction areTgppls F@xﬁjsmnTé? iFd ff &in tsteéandanaaai dd2BrdfgAselyGatfup! i ng
in different degrees of freedonican a be applied for nore than 3 degrees
of freedofh): 25 Whil st specific enbodi rrents of the invention have been
descri bed above, it will be apprecj that the invention may be practiced
otherwi se than as described. .Thd degggiption is not jntended tolimt the

i nvent{ on. fo= ’ @

27 Mgy,

wherein Kgpring is the stiffness of the spring of the elastic coupling 150 and

mpy is the mass of the balance mass BM. Arranging for the suspension eigenfrequency of



-19 CLAIMS: 1. A lithographic projection apparatus conprising: - a

radi ati on system for providing a projection beamof radiation; - a support
structure for supporting patterning neans, the patterning neans serving to
pattern the projection beam accordi to a desired pattern; S - a substrate

0j ection system for projecting the

table for holding a substrate; - a
pat t er ned threbAinsAIRASAIG b igdbe 798¢ PER34p 10 hle caipts that alarge Butlaw dregpeney; - a

pat ATGAE 5 .
cubet rat 0 WL QR0 e FuB Rkl A Mt AELE LA NGGR RELATIEGRAST) the

gener at i ngragsla@@ial hérizonGil @Ranb eforee of sgk(daﬂwk SOGEN AP Srequivhe§ of ksSthasBr at e
table or said support structure thereby to position said substrate table or

sai d suppdia). Istthia cxampler sl pardliebwith theglastisrcoppling 190, & Jampen 170Hapleedaridzed i n
t hat id | an ma i led to sai.d frane via an _.elastic

coupl | fo. Taange st 2aimn 1P 4Rk EfniCerihliBe 2T Sus e "B eBE B SR ¢y o
bet ween 0.\3,RR630r h%%gg&qzam@?e eAcIBSEd byoblowdald, IMeRRIW AN HeQIfLHc i S exerted

on said base frane. n appar at’us according to cllaim1,
char act er iceeginignthekiampthandxht balescemass acwawou pecesled off\frdn ¢hebmampaftnene via a

bearing. 3., An par at us di tQ cl ai 1 or 2, nstructed and
arranged SEFIR S“Bﬁr%@gﬁé&& a&ﬂ?‘i’%galaw ﬁ?ﬁrﬁrﬁg’cwdéﬁf"d‘%lﬁ’gg‘fl?‘&‘(semf‘)ébl e
or said su hest kol : C ' ity of
oai d substPBrS ¢S @rhitenp R e AP coliher 0K geRBE: SETE balthedhal

rel atil0e tactuswr eithasspettrtampntaimimation ve sutgdssingrpregepdgsattcs accordi ng to one of
clainmse 1 to 3, further conprising a bal ance nass, acguator for controlling

the posit il balneemasspgiuait d Ofussised 4o corFech s positign obte hatangg mags whishm 4,
wherein saj I | L t4 [ r ] sai d
el astic C%hrgP?‘ﬁegf@ﬁﬁegﬁﬁd*?fﬁE%E*a‘?éﬁééeﬁgggﬁ,% gﬁggggb%@&% k‘lgg gha(w&hﬂ%fse
frame vi aab hestérisigoaebamssreanit offrietion betw2On the Bhse Bpa BF Wad gedalshiceithasd one
of claims_1l to 3, further conprising a springdanper system positioned in

paral | el AMHosgxamRle-adbs EOESHBP iSAPPLGH T 2flRSadHeomeanitol BY hayae p sopirdisr
coupl gﬁ' t Qyiéd Con ’f‘s‘%h%él?&e‘%hésﬁfa&ﬁat%i)ﬁd)d‘%ac%éi‘i&ﬁfcaﬁ%’ ERambld evér apparatus
according to claim6 wherein the spring-danper system conprises” at | east
one el emremtillisasindyappiies afiarcadf a¢desdary; o cdntar thpbdlnge aoasn BM substamtiakty ices wi t h
at | east one el (Fman% h%vi ng the characteristic of g danip]e]r .
prevent drift of the balance mass resulting from repetitive motions of the substrate table.
The actuator 100 may also be used to damp movement of the balance mass
BM to avoid windup i.e. resonance of the balance mass BM. Alternatively, this function
20  may be performed by the separate mechanical passive damper 170. Whatever form of
damping is used, the relative damping coefficient, b, is preferably between 0.5 and 1.0 and
more preferably between 0.65 to 0.75. If the balance mass actuator 100 is used, it may be
used as an active damper, the damping coefficient, b, being varied as a function of
frequency. For example, a damping coefficient of b = 0.7 may be used up to a threshold
25  frequency (of, for example, in the region of 0.3 to 20 Hz) after which the damping
coefficient reduces such that at a frequency of infinity, the damping coefficient is zero. In
this way, the force transfer from Balance Mass to Base Frame at high frequencies is less
than that for the case where the damping coefficient is constant. This damping also reduces
the amplitude of the force transfer from Balance Mass to base frame for frequencies of
30 movement of the substrate table WT close to the suspension eigenfrequency of the balance
mass BM.
The balance mass actuator 100 may also be used to smooth the force profile

transmitted at low frequencies to the base frame using a filtered feed forward program.

This is done by passing the expected reaction force of the balance mass BM on the Base



8. An apparatus according to claim7 wherein said spring-danper system 10
conprises an Eddy current danper. 9. An apparatus according to claim4 or
5, wherein, in use, vibration of said balance nass due to said elastic
coupling is actively danped by said galance mass actuator. 15 10. An
apparatus_accordi ng to any one_of cldimi to 9, wherein, in use, vibration
of said bEramecBF Hugughyelest pass filtauend applanga fressthrough sagbalange massia¢her wi t h

0.55 1o ol o SATRSIRNTE Bhoaifer, N s et iE ekt torly GhBher s

posi ti onefledquendy dRaBArced ardinblp£8dLhothPBhdeFraepl ifydbasiher ei n t he bal ance
mass is also coupled to said base frane via said danper. 12. An apparztias

accordlng to any one of clalns 9 t~ 11, wherein said bal ance mass is danped
W th oefficient s.varied as a function o equency.
25 135 ant A S AERUNG awg&m?nb?féheovar&ua.cwpanenés PO it e

conpri si nP?Sg fﬁ%t]ﬁph’érq{se {iPYachfRl @11Mt1'69 .iﬁ'ttﬂs Qqhé@.ﬁﬁrgtgttd‘fﬁé W and for
periodi cal Iy applying a position tontrol |oop substantially to prevent
drift of p@:@brhaloambmetaﬂlesuppom épmt ISF (whidhas s0ffly cohneaddoto shidisdse at e

tabl e or said _support structure. 14. An apparatus accordi ng to aggp one
of the pr&aBaBiY Vi conpectingiasass A%’éhevbé(éf?r ?eblarmdqw}ey(ﬂﬂ acHatpr (EQand dke  or ce

wth a1 RAUENCGSk Uod OB s UREL A0 kS Bk ASGARHpl O O

sai d base Trane An “appar a

pr eced) ngBalaAdce™lassvdraratr108 ahé kldampecKiOane sorhret e &btwieh theiBdl ave MaB agd and
said base frane. 16. An apparatus according to any one of the preceding

cl ai ns, fihesHestrate tablgspprIrhigame.JIa dhis smEpdimsat teoprOECHPMEYStem BL,SI%@{C@ ate
table or 3 ésdslléﬂa%%%séawésfe% a?é‘gncgaseg b?%'v% RS ber VC g@? f‘lt us

accordi ng erei n sal rame 1Torns part
portions @jnns&ked to/the buse fediadgB&®. and wherein a bel | ows extends bet ween said
10 bal ance nass and said wal | Portlons 18. An apparatus according to claim

15 or 17, Bomdbesybstatedade Wbard bddanee mass BdA ate mpayritedyuch dhay iapgatigngl
coupl 1'5ng m%)%en]ig tﬁfhe%?%ﬁ%f’@aﬁe p]rga%lge' th’é?ur?éc%'s tﬂ?,?su%'étréltg ta w&%sbﬁ sal d

bal ance mass ac €m 1's connec wWith said
bal ance naame SPiosidRtanaally fitibAess. This can be achieved, for example, by suspending
the substrate table WT from the balance mass and providing the balance mass with air
bearings or providing both the substrate table and the balance mass with air bearings such
that their weight can be supported by the substrate table support frame SF. The balance
20  mass may also be suspended on elastic mechanical or pneumatic springs.
On actuation of the positioning actuator 20 to generate a reaction force, the
substrate table WT and balance mass BM will translate in opposite directions.
The balance mass BM is elastically coupled to the substrate table support
frame SF and thereby to the base frame BF with an elastic spring coupling 150. The
25  stiffness of the elastic coupling 150 is chosen such that the balance mass is mounted on the
wafer stage support frame SF with a suspension eigenfrequency in the translational
(horizontal) plane of between 0.3 and 10 Hz preferably 1 to 6 Hz. A suitable suspension
eigenfrequency is about 3 Hz.
Figure 4 shows the acceleration and deceleration forces that typically occur during
30 the scanning process. Acceleration and deceleration forces are shown both in the time
domain and in the frequency domain. In this example, In this example the maximal
acceleration force is about 1500 [N]. Also the Power Spectrum or the energy per frequency

band is shown. Typically the acceleration profile Power Spectrum shows large forces at

frequencies below 20 [Hz]. Above this frequency the remaining energy is very small.



20 An apparatus according to any of the preceding clains, characterized in
that the stiffness of the elastic coupling is a function of the relative
position of the balance mass 20 with respect to the base frane. 21 An
apparatus according to claim4, 5 9 or 13, characterized in that the

l'i t hographi ¢ apparatus further corrpﬁ ses a feed forward controller for
controlling the bal aﬁwbnmgaaswsacmsumt@gcnfﬂ:ﬁu«ﬁmyap;bmrratg@&fﬁécmrl@lmgfdrmmny of

the preceding clainms, characterized.in that 25 the el ast gis
appl i ed i Ralapce Mass, shorggigpkedranglational mpypmenss ohhesupsiraicda ble T, EJCEAC%V. ce

fact t t hat
manutac UEH%ag?éM;PSm ir%laﬂ%gﬁgﬁ e, ot l¥tr%fls?érfc\ﬁ'tg'tﬁkgoat§e ﬁ%é%% fiee tha

is at |east a er o ationsensitive nm el’l al on

a subst r aBglahedMasPasd mereneaic@mﬁumareé frasmhardfer.- Hpwewdrdfon tbng spokg ect i on
beam of radiation using a radiation system - using patterning neans

suppord edtranslatiosabperements efcthe ﬁ'ebSﬁréteéamgw T véhight @?Cét a Dlewieegvengndf a

pattern in.its.cro se |on ect the ea |at|on
P ot Pl apEh SRR G R pary & Bk R ot BRAGRAT 4P G Bt 81

novi ng  sagppsHEsiieaS BatPibRboko fRIvdsSHARO B, %ﬁéJQEéJd]@plﬁ&]n%n’t MQuir&d 518411@ base
frame by generating a reaction force between said substrate table or said

support sbalaadteunass dordow freghennyaneresaentscil agducededsi az;e:uttmrnoﬁ nhammlon fomeg part of

coupl es stFvsaad 19028 BT gn BT P O Soch By sriigeRlaste M "
ei genfq e%’&ﬁﬂi{l)g QBO bﬁth\ﬁ@%bncfouﬁd ﬁa@gsu%g lh‘ée but%ﬁ\ﬂé "f‘orce dum s in the
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ca] carba] KEPEs) e B Ibledof Fopshbr S atarts MAkS WPetip i B dAPBaTad cal ool
cal” Paﬁ\ﬁl%\é?tb? ChPeERINEITIRE ?ﬁgﬁrk WRention. This figure shows_the Balance Mass
pappqgqr } xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca]ca
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25  Balance Mass excursion can be much reduced. The effect however is that low frequency
forces are directly transmitted (to the base Frame) and that at the resonance frequency the
Base Frame force can be much higher than the Balance Mass force, as is shown in graph
G1. Above the resonance frequency, the undamped Balance Mass again reduces the force
dump into the Base Frame and forms a mechanical filter with a roll-off of —40 [dB/dec].

30  The amplification at the resonance frequency is reduced by applying a passive damper in
paralle] with the elastic coupling between the Balance Mass and the Base Frame as shown
in graph G3. However the mechanical filter of this Damped Balance Mass then only has a

roll-off of =20 [dB/dec].
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Figure 6 depicts the Bode plots of the transfer of the Balance Mass motion to the Reaction
Force is plotted. At low frequencies, the Balance Mass motion as function of the input
force is proportional to the inverse of the stiffness of the elastic coupling. So a stiffness of

15  1e5 [N/m] between Balance Mass and Base Frame will result in 1e-5 [m] displacement per
1 [N] input force (so the transfer is 1e-5 [m/N] or —100 dB). For 1500 [N] the displacement
is about 15 mm. If the stiffness is increased, the motion is reduced by the same factor, but
also the frequency band for the output forces is increased (see figure 6 and eq. 1). So a soft
elastic coupling comes with soft forces (strong Balance Mass filtering) but also a large

20  excursion. A stiff elastic coupling has hard forces (poor filtering) but a small excursion.
Somehow a suitable compromise between Balance Mass excursion and Force Filtering
performance can be found. The use of an elastic coupling that has a non-linear
characteristic may be applied to accommodate this compromise. Both linear and non-linear
springs-type elements may be applied to realize this. These elements can be arranged

25  between balance mass and base frame in such manner that the stiffness progressively
increases when the balance mass is displaced from its neutral position.
Near the resonance frequency, the displacement will be amplified if no damping is present
(the amplification shown in figure 6 is approx. 100 x !). In order to avoid this, a damping
element should be combined with the elastic coupling . Graph G1 in figure 6 shows the

30 characteristics of the undamped system, G2 shows the characteristics of the damped
system, G3 shows the characteristics of the KDK-system and G4 shows the characteristics
of the elastic coupling combined with the Balance Mass actuator. In the damped systems
(G2,G3,G4), the amplification occurring in the undamped system at the resonance

frequency is attenuated. For high frequencies all systems have a —40 dB/dec roll off, so
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| F( @ Y0YRP{SpivE sy eemthat ¢BMprises anfalasggoypling 150 in parallel with a sprmg-damper
system 180 that comprises an element having the characteristics of a spring in series with
an element having the characteristics of a damper. This KDK-system can be applied in
combination with a bellows 120 enclosing the KDK-system enabling the use of materials
or components that are not vacuum-compliant for the KDK-system. The bellows may also
10 take over, partly or completely, the function of the elastic coupling 150. The KDK-system
as shown in figure can also be applied inside an embodiment as shown in figure 3, as an
alternative to elastic coupling combined with a balance mass actuator.
In a vacuum application, the balance mass BM is connected to the wall of
the vacuum chamber VC by metal bellows 120 which may be manufactured from welding a
15  curved plate ore buckling a wide pipe with thin walls. The bellows allow the elastic
coupling 150 and the actuator 100 or the KDK-system to be placed outside of the vacuum
chamber VC such that their design requirements are less stringent as they do not need to be
vacuum compliant (for example meet out-gassing criteria). Furthermore, utilities can be
provided to the balance mass BM through the bellows 120 via pipes or cables. The use of
20  bellows 120 is possible because of the small stroke which the balance mass BM undergoes
during positioning of the substrate table WT. The bellows may form at least part of the

elastic coupling of the balance mass BM to the base frame.

Figure 8 shows an alternative layout for the connection of the balance mass

25  BM to the base frame which, in this embodiment, is part of the vacuum chamber wall VC.
The elastic coupling 150 and balance mass actuator 100 are housed in the substrate table
vacuum chamber within a secondary vacuum chamber 210 which may conveniently be at
higher pressure than the substrate table vacuum chamber VC. A connection member 200
connects the elastic coupling 150 and balance mass actuator 100 to the substrate table

30  vacuum chamber wall VC. A seal or bellow is required between the secondary vacuum
chamber 200 and the connection chamber. In alternative illustrated in Figure 9, the
connection member 200 connects the balance mass BM to the elastic coupling 150 and the
balance mass actuator 100 which are directly connected to the base frame BF. The

substrate table vacuum chamber VC is separate from the base frame in this embodiment
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10! 109'!
system comprlsmg springs 240 and an Eddy current damper comprised of Magnet plates

220 and a conducting plat 230 positioned between both Magnet Plates.

10 The balance mass BM can have 1 to 6 degrees of freedom , but preferable 3
degrees of freedom (in the horizontal plane) or 6 degrees of freedom (both in the horizontal
and vertical plane). The coupling as described by the present invention between balance
mass and support frame is applicable in all degrees of freedom in which the substrate table
or support structure have movements. The elastic coupling between balance mass and

15  support frame may have different properties for the different degrees of freedom. The
elastic coupling may further be combined with a balance mass actuator and/or a spring-
damper system having different properties for the different degrees of freedom.

As an example, Figure 11 shows a top view of a possible arrangement wherein the elastic
couplings 150 are springs between a balance mass BM and a base frame BF. It should be

20  clear that the depicted elastic coupling may be combined with the KDK-system or
combined with a damper and a Balance Mass actuator. It should also be noted that in this
arrangement the Balance Mass is coupled in 3 degrees of freedom (X,Y and Rz) although
only springs in X and Y direction are applied. This method for defining the elastic coupling
in different degrees of freedom can also be applied for more than 3 degrees of freedom.

25

Whilst specific embodiments of the invention have been described above, it
will be appreciated that the invention may be practiced otherwise than as described. The

description is not intended to limit the invention.
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pattern the projection beam according to a desired pattern;
5 - a substrate table for holding a substrate;

- a projection system for projecting the patterned beam onto a target portion of the
substrate;
- a base frame;
- a balance mass; and

10 - a positioning actuator connected between said substrate table or said support
structure and said balance mass for generating a reaction force between said balance mass
and said substrate table or said support structure thereby to position said substrate table or
said support structure relative to said projection system,
characterized in that said balance mass is coupled to said base frame via an elastic coupling

15  sothat said balance mass has a suspension eigenfrequency of between 0.3 and 10 Hz such

that a portion of said reaction force is exerted on said base frame.

2. An apparatus according to claim 1, characterized in that the balance mass is

supported by the base frame via a bearing.

20
3. An apparatus according to claims 1 or 2, constructed and arranged such that
on movement during positioning of said substrate table or said support structure the
position of the combined center of gravity of said substrate table or said support structure
and said balance mass relative to said base frame also moves.

25

4. An apparatus according to one of claims 1 to 3, further comprising a balance

mass actuator for controlling the position of said balance mass,

5. An apparatus according to claim 4, wherein said balance mass actuator is
30 positioned in parallel with said elastic coupling, wherein the balance mass is also coupled

to said base frame via the balance mass actuator.



10 Q#q}~<rS1 11131 p/  $10%dd& ()- ' $10%& ()-!f ' $109&<Z<& ()- $10%&' ()-!k
$10% < <& ()-3s$10%& ()-s"z~ @1'13! "10%& ()- @ 10%& ()- 10< 10<
10<s8! T0%& () -/ $109%& ()-!f/  $109@<Z<& () z&8dE~_@

1113 @O%& ()- !10%& ()-9$10%& ()-I 0%&' " 109& () - 0%&' ()-t2dE~_@
11131 L0%: ()- Y%silO%&' 32"1 i I 1 0/«&' Og 1fo - QLOY& () - kghi dE: /
10 108 1 apparafus accor mg to ne of claims 1’to 3, furth er omprising a $pring-

Loverosk el Syt bodiidsein hialle) G0 blsuce At nerdif Hg Birdnce WPV

10w - } " ?44s alsbQodfled to said base frame via the sgrm damper system.
1'"110%& ()-"y/1 109 ()-F-10%& ()-& ni'l10% ()-!aF#10%& ()-!aF#10%& ()- @ H
10 10! 9%109%& ()-! 9%$109%& ()-9z109%& ()-10%& ()-10%& ()- 10 10W 5aBH
5 T An apparatus according to claim 6 wherein the spring-damper system
comprises at least one element having the characteristics of a spring connected in series

with at least one element having the characteristic of a damper.

8. An apparatus according to claim 7 wherein said spring-damper system

10 comprises an Eddy current damper.

9. An apparatus according to claim 4 or 5, wherein, in use, vibration of said

balance mass due to said elastic coupling is actively damped by said balance mass actuator.

15 10. An apparatus according to any one of claim 1 to 9, wherein, in use, vibration
of said balance mass generated due to said elastic coupling is damped with a damper with a

damping coefficient, b, of between 0.5 and 1.0, preferably 0.65 to 0.75.

11. An apparatus according to claim 10 wherein said damper is positioned in
20  parallel with said elastic coupling, wherein the balance mass is also coupled to said base

frame via said damper.

12. An apparatus according to any one of claims 9 to 11, wherein said balance

mass is damped with a damping coefficient, b, which is varied as a function of frequency.

25
13. An apparatus according to any one of claims 4, 5 or 9, further comprising a
controller for controlling said balance mass actuator and for periodically applying a
position control loop substantially to prevent drift of said balance mass due to repetitive
motions of said substrate table or said support structure.

30

14. An apparatus according to any one of the preceding claims, wherein
between 50 and 100% of said reaction force with a frequency below 3 to 10Hz is exerted

by said elastic coupling on said base frame.
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16. An apparatus according to any one of the preceding claims, further
5  comprising a vacuum chamber containing said substrate table or said support structure and

said balance mass.

17. An apparatus according to claim 16, wherein said base frame forms part of
the wall portions of said vacuum chamber and wherein a bellows extends between said

10 balance mass and said wall portions.

18. An apparatus according to claim 15 or 17, wherein said bellows forms at

least part of said elastic coupling.

15 19 An apparatus according to claim 17 or 18, wherein said balance mass
actuator or said spring-damper system is connected with said balance mass through said
bellows.

20 An apparatus according to any of the preceding claims, characterized in that
the stiffness of the elastic coupling is a function of the relative position of the balance mass

20  with respect to the base frame.

21 An apparatus according to claim 4, 5, 9 or 13, characterized in that the
lithographic apparatus further comprises a feed forward controller for controlling the
balance mass actuator.

22 An apparatus according to any of the preceding claims, characterized in that

25  the elastic coupling is applied in at least 3 degrees of freedom to the balance mass.

23. A device manufacturing method comprising the steps of:
- providing a substrate that is at least partially covered by a layer of radiation-
sensitive material on a substrate table positioned on a base frame;

30 - providing a projection beam of radiation using a radiation system;
- using patterning means supported on a support structure to endow the projection
beam with a pattern in its cross-section;
- projecting the patterned beam of radiation onto a target portion of the layer of

radiation-sensitive material;
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eigenfrequency of between 0. 3 and 10 Hz.



