07 AUGUST 2006 Lithographic Apparatus and Devi ce Manufact uri@fAveUsod006he
present invention relates to a |ithographic projection apparatus

conprising: a radiation systemfor supplying a projection beam of radiation,;
a support structure for supporting patterning neans, the patterni ng neans
serving to 5 pattern the projectidn beam according to a desired pattern; a

substrate {ahb@apiic Apphidivsa@nad Denies Mahu€act@ingrMeed.i on system for projecting
the patterned beamonto a target portion of the substrate; a base franme; 10

- a balance nmass; and a positioning actuator connected between said
substrate table or said support structure and said bal ance nass for
generating a reaction force between said bal ance nass and said substrate

tabl e or said suppam pedstMGhrRioh RAERDYO 4 RhBEAPhiL Projedtiod sppRiahiat e table or
said support structure relative to said projection system 15 The term

"pat t er nicomprsiags” as here enpl oyed should be broadly interpreted as
referring to neans.t hattgcag be LIIS,ed to .endow an i ncom ng radi ati on beam

with a patter Adaliaiissys S¥PPlYiBg A REQiEHPNDgam of sadialtoner n that is to be
ted i ' : : oy e
oot be toeq PufR RN R Ahpdrlfi BHRHLE hfeand, B efibifind mellls f¥ilfro 00

to a par pakéthaie frofectionbain hayrling © £d«dtvwd pattebgi ng created in the target

portion, such as an integrated circuit or other device (see below). Exanples
of such-pat t @snbsitgtegbladon hpddingasubstigiesk. The concept of a mask is wel |

k inlith d it incl k bi
Al tornat 7ng phgcaedeef e fr BfliE e Rfmed YBRF pf o itB b g o ous

hybrid mggsedapepes. Placenent of such a mask in the radiation beam causes
selective transm ssion (in the case of a transm ssive mask) or reflection
(in the ease abhsedramd;l ecti ve mask) of the radiation inpinging on the nask,
accoréji ng to the attern on the mask. In the case of a mask, the support
strutPure wi| P DgleAES TATSy a mask table, which ensures that the nask can

be held at a desiifistinp AstbtbPEorinBctel Betddeh B4 utRrafeathiab @fid bsipdie and that it
can be noved relative to the beamif so desired.
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.
15
The term “patterning means” as here employed should be broadly
interpreted as referring to means that can be used to endow an incoming radiation beam
with a patterned cross-section, corresponding to a pattern that is to be created in a target
portion of the substrate; the 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.



07 AUGUST 2006 -2 A programmmable mirror array. One exanpl e 007 awchusa 2006i ce
is a matri x- addressabl e surface having a viscoelastic control |ayer and a
reflective surface. The basic principle behind such an apparatus is that
(for exanple) addressed areas of the reflective surface reflect incident
light as diffracted |ight, whereas -Bnaddressed 5 areas reflect incident
l'ight as undi f Arpesramhnidb@thirrddairag. @fe 8RARSIBOF Alch af devicehs a hiagigai d

undi ffracted Iight can be filtered out of the reflected beam | eaving only
the diffract eaidrésgihle bafdicadiaving atviiicoelastierrontrok Inyer ppd mréfiastive surfacet dihaed
according to he addressi.n attern of the matrix-addressabl e surface. An
et nat Lve . cHSHRRGHRIE B BROGRARREBIS NRT 0 SFRE SHUESSS el e

arr angenent of iy eldrdld RSt ificidhe Bont Wl dittabRA 1138, Whdhont hildhatsdd | t ed
about an axis Iby applying a suitable®l ocalize eﬁ ectric fie

(el ecty omagnet argas reflegtiniciddnalight) as vadiffryctediiglay iUsihg 4ni appropriact filtes, the kaidt i on
nmeans. Once again, the mrrors are matri x-addressabl e, such that addressed

mrrors will refdifeacteddighhessriediteredioutof 8i¢ teated beam, dravmgraaby thedi r ect i on to

unaddr essed m S: in .S _manner he fl ect eam.isS patterned 15
according to tﬁgﬂaafaedfrléggé ?ﬁl&n@{]?@ Hlatgf’ert ﬂ'g rb!%gqng%s&aggglg Iaﬁcoﬁgwgg%_. The
required matrihy 2datssafShAMSrTEthe thaBel-hdireReble Sirfite S Wn' Aehfitiok ect roni ¢
means. In both of the 'situations described hereabove, the patterning neans

can conpri se omebatimentrof a pregramaahteonisroriarrey employag snatib argangefmentefitingn on
mrror arrays as here referred to .can be gl eaned, for.exanple, from United
st at €9 Pat ent sml‘@r%,e?%?%@ﬁlcgﬁ?f EE‘“%OVI%L}@fg,hf§§§°'ﬁﬁa ab@yﬁgbﬂﬁg %ppl i cations
VO 98/ 38597 a%it%e?&aﬁ%{@éectﬂ@ﬁ@ﬂ (eﬁr:@oﬁlﬁgfeﬁ@,%i&h%gkah@t &t By émglrogfn rence. In
the case of a programable m nor array, the said support structur€e may be
enbodi ed as a pieawriectic dcalatien nfeans. eQueergain, theintirornay nintrif-addrdssablepoachbl e as
requi red. A programmble LCD a[i]a . An exanpl e of , such a con%tructi on is

gi ven in Unit ghat adgrespedimauropywahie @,‘Q%?‘Qgi?d_‘m _ amgn;a {iHesBt at ed herein
by reference. ({1§e§ﬁQI?Voeunad5&§seﬁ%%F%r§ﬁia§%Me 3 tht?retd%kéd Peaf iBtteREqePodi ed
as a frane or table, Tor exanple, i ch may be ti1xed or novable as
requilsed. For geusndipas tief adilresping attern of ke matsik-adtiresdubie maxdrs.nBYe regire@r t ai n

| ocations, specifically direct itself to exanples involving a mask and mask
tabl e; howevermatrifaddpangsandie pesfopmed using syitadledecironis raeans. bethd de shoul d

be seen i n t Ne; 1 ARLGHRA BileaBive! e pRRLh I Hho%s TRAISmpAR JIE'FaRaYe Set

forth.

programmable mirror arrays. More information on mirror arrays as here referred to
can be gleaned, for example, from United States Patents US 5,296,891 and US
20 5,523,193, and PCT patent applications WO 98/38597 and WO 98/33096, which
are incorporated herein by reference. In the case of a programmable mirror array,
the said support structure may be embodied as a frame or table, for example, which
may be fixed or movable as required.
- A programmable LCD array. An example of such a construction is given in United
25 States Patent US 5,229,872, which is incorporated herein by reference. As above,
the support structure in this case may be embodied as a frame or table, for example,
which may be fixed or movable as required.
For purposes of simplicity, the rest of this text may, at certain locations, specifically direct
itself to examples involving a mask and mask table; however, the general principles
30 discussed in such instances should be seen in the broader context of the patterning means
as hereabove set forth.
Lithographic projection apparatus can be used, for example, in the
manufacture of integrated circuits (ICs). In such a case, the patterning means may generate

a circuit pattern corresponding to an individual layer of the IC, and this pattern can be



Li t hographi c projection apparatus can be used, for exanple, i®7tA@cuUsT 2006
manuf acture of integrated circuits (ICs). In such a case, the patterning
means nmay generate a circuit pattern corresponding to an individual |ayer
of the IC, and this pattern can be 07 AUGUST 2006 -3 inmaged onto a target
portion (e.g. conprising one or nore-3dies) on a substrate (silicon wafer)
that has begagedanited tatbdtipotidnd¥ @l cathprisith édd GrnGre Asdsy biy € sistratel (Sillicén €si st ) .
In general, a single wafer will contain a whol e network of adjacent target
portions t heaferathat Baschsen spated ynth|ar1am1p@utaédltmnaems‘mtevqanaipreait(msmt)s313gemqralone at

t I t t at t b
Fabl ;" a dRSIIERCYHShRILROHET e Y Ratr Ok P PP epRory PR e FheieRe. 1 n
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irradi ated by exposing t entire mask pattern onto e target rtion in
one (o; 5 supbttaning dypanaskuss 4 maskoabiond Yistimdtioncan bé mads batwsed evo diffepgner . [ n an
alternative apparatus -_commonly referred to as a step-and-scan apparatus -
each tar getyRsoPtmaehing Inrongdyre&dithgeranhiqpraiscen ARRFAMUS: £3¢iHATRSt PATEOES k

pattern “”ﬂ? dult@cfbg&gﬂo\%ﬁ\ Itﬂé‘eﬁﬁéﬁ]a'slg ﬁte%}é]gt@ tﬁgia%e?pﬁr%on(ii%&?céé %{}% %nf‘e

"scanni ng" “direc onB anni
paral | el opppgtiths RaoaIMEHly idfeﬂ*cﬂl t5 afl ia WREdri stsppers | TR @A altbria@epatatust-he
proj ection systemvvlll have a manlflcatlonfactor M (generally < 1), the

speed V at commoninmeredie ay 2 step-radisean; apparetis nedachniarget pertign fissigtadiatad byl mes

t hat aﬁ which the mask table is nned Rﬁ) ein é tion with 15 regard to
| i t hogt &phPEOSHEYY B SCYmigthg "&é’é@?‘i%’%&“ AN DRIOFCEIN ‘Ef‘m ot EEKAHBTE™ S r om US

6,046, 792, dir&%&h&ﬁfea'&@a‘ilnh)g“ QirBeti) %fl@ﬁﬁi%ﬁﬁ)nohﬂ %aﬁﬁﬁgftﬁéidb%&&g t4YlOCESS
using a Ilthographlc proj ection apparatus, a pattern (e.g. 1n amsk) is

i maged ont parallelwbshti paelleh@ithissliractidng sisce, pmgeneadl] the pmjentiod spgtem W1Hyfa|ve aof
radi ati on-sensjitive Si s Pr| tot |ng t he
substrate W&?nléﬁa'iﬂﬂfg‘i M/éepéfﬂﬁ lg’c‘% qhé‘eﬁlr"rgsﬁi ]Fé ?Céfm‘ffjoatl ng
and a soft wlﬂf‘ggﬁfa%ftér% tinfesRAS Yk e«mcmﬁe I%HQ(S Bﬁt@s edoqwafe%ﬁﬁﬁﬁﬂ% t her
procedures, suc post - exposur e bake PEB), devel opnent bake
and messur sigent toilitisqpeapthiodevides tah bere ralng:exdbecﬂ eat b glsanednfios exanpleyfrah I_pfS ocedur es

is used as _a basis to pattern_ an individual |ayer of a device, e.g. an IC.
Such a pat ?@4@882 |1RSAEPOTAtE( heredinb XJWS@P% vari ous processes such as etching,

ool i shing’ et o i PRahery g Bioobd Bl B it lbieciBR BRATRGCRN C2L
| ayers ar eptefniel € dn a hhik) is dagddainto a putsaadulia is sledt patindyntoviehe Bof lays | |

have to be repeated for each new | ayer. Eventual|y, an array of devices
will be prelsadationsensiive naeriaesisiaPeey to tisdaagme siepethc spbstiakanay epar at ed

20  undergo various procedures, such as priming, resist coating and a soft bake. After
exposure, the substrate may be subjected to other procedures, such as a post-exposure bake
(PEB), development, a hard bake and measurement/inspection of the imaged features. This
array of procedures is used as a basis to pattern an individual layer of a device, e.g. an IC.
Such a patterned layer may then undergo various processes such as etching,

25 ion-implantation (doping), metallization, oxidation, chemo-mechanical polishing, etc., all
intended to finish off an individual layer. If several layers are required, then the whole
procedure, or a variant thereof, will have to be repeated for each new layer. Eventually, an
array of devices will be present on the substrate (wafer). These devices are then separated
from one another by a technique such as dicing or sawing, whence the individual devices

30 can be mounted on a carrier, connected to pins, etc. Further information regarding such
processes can be obtained, for example, from the book "Microchip Fabrication: A Practical
Guide to Semiconductor Processing", Third Edition, by Peter van Zant, McGraw Hill
Publishing Co., 1997, ISBN 0-07-067250-4, incorporated herein by reference.



fromone another by a techni que such as dicing or sawi ng, whe0ZAUdwT 2006

i ndi vi dual devices 30 can be nounted on a carrier, connected to pins, etc.
Further information regarding such processes can be obtained, for exanple,
fromthe book "M crochip Fabrication: A Practical Guide to Sem conductor
Processing”, Third Edition, by Peter-4van Zant, McGaw H Il Publishing Co.,
1997, | SBN 0- 07- 06725@r fhe JaR6 Of MMDALEH (RQIr6leBti St sysRhPHEPRGcindferVeGrleTred 006
-4 For the sake of sinplicity, the projection system nmay hereinafter be
referred toasnthet'leas" hewsver, thistenne shouldhbsbroadipnistpudted ecrispmaaksingi vatienpr et ed

as enconpassi ng.various types of. projection,system includi refractive
opt cs, refliEe B piestien sxsdBriacliging artbivs GG, Sigrive qp&f:s,@se@ﬁi&fﬁppt:ﬁﬁe |
radi atl on 0O any O
these desi ShRLThairl? THaliRof QIRAE A o8RRI PehanBiC bt o
beam of 5r adt@irdiag to amdofahieds desigpoypenta direstingl slaphey arebatroltidg the prejectivn

collectively or singularly, as a "lens". Further, the Iitho?raphic
appar at us g3 Eragiatipn; yiesush gpmponeREs Ry alsthberederteskte helow, sOlesEVEI%RE/ or t wo

or nore mask _tahl es) . .l N "] £ " ' ditional
tabl es rraygll%u%g@’a;si)an lédgsr 'Z#l}%ef’q%erﬁ%fgég‘%rlég %%at@@é%ﬁ%%g{/g Bg) e@ Y‘:ng:%‘éio St on
one 10 or pRE@siRBhRIaBMY (aBd/BPEvPsr MBeSn Ak fftles) 2Bl Qieh ahRItiRe SblgdrRUickor

exposures. Dual stage |ithographic apparatus are described, for exanple, in
US 5, 969, 44 adddiond @bles 0729 be usédhio papadleh veprehanatsiry stops mey be earged owtrpneone

i thogr aphi c projecti apparatus,. the .infornation, on a Mask that is
posi ¢ Bed OF BRFG5SOHE SBF PLEE WhertebIE 87 LEPEASTHRE REPHBSt PAAEERDI ¢ i n a
so-cal | ed ﬁ%gfcyﬁpgnagygglﬁgé%m dekeriBhEE R e&mﬁ%ﬁyﬁms 5 08 144 ¢ L W@@Mgwﬁt rate

tabl e nove sy at constant spee accel eration or decéleration
f or ces canireerporaitd heembyaefenmcaccel erati on of the substrate table can
typically be of the order. of 5 to 100 nmis 2 and a. substrate table m ght
typically wei gt 2BtorapbicRspieplqs; aPPRratysyihe 1%8%%?%@%%?%“?&“&8%‘8”% an

ranof or r et g ISP REREE i} Boui iRt SOEate ABCSFER S Siifnd Broers

transferre ase Is reaction force I's
t ransf &5 r edhtre thdrsuppas strictareandtshbsiratetabletnsoviersyhelirogous it caiistaamspezl. The Base
Frame Eigen Frequencies (typically 10 to 50 [HzJ). This results in Base
Frame vi br atcelsrionpsdeceleration forees san/be high bgepuse Bieacecderation picthe swbstrgte

e vi rech €an _ i
pr oy oot on bt angtcdlyBe e ol @3 €110BRD" B e ARRTIE ol ) 0° |

Proj ecti onwkRsbotti0s200 (K GCK ign st trate (abd BlrhovedWy dn geiassr @i is@tached@si tion
errors, 25 affecting the imaging process. The effect of such a reaction
force can dBaseddgmedthpyeagen cealsftlraggpyed to this base frame. If this reaction force is

20  directly transferred to the Base Frame, this results in large excitations of the Base Frame
Eigen Frequencies (typically 10 to 50 [Hz]). This results in Base Frame vibrations that
disturb the Vibration Isolation System of the Projection Lens. Part of the vibration can then
be transmitted to the Projection Lens. Because the Substrate Table is positioned relative to
the Projection Lens, this Projection Lens vibration will generate servo position errors,

25  affecting the imaging process.

The effect of such a reaction force can be reduced by use of a freely
mounted balance mass as described in US patent 6,262,796. This is done by generating a
reaction force using a positioning actuator between the substrate table and the balance mass
30  such that the substrate table is moved in one direction whilst the balance mass is moved in
the opposite direction by an amount equal to the distance moved by the substrate table
times the mass ratio of the substrate table to the balance mass. In this way, no substantial
reaction forces are transmitted to the base frame and the combined center of gravity of the

balance mass and the substrate table relative to the base frame stays substantially constant.



mount ed bal ance mass as described in US patent 6,262, 796. Thi §7isu&@iC200%
generating a reaction force using a positioning actuator between the
substrate table and the bal ance nmass 30 such that the substrate table is
noved in one direction whilst the balance nass is noved in the opposite
direction by an amobunt equal to the ei-stance noved by the substrate table

times the mass rati o [9fuchifeeBiistntad Baltigde!rast Bad MRrdeadRE ShéBAsncelrask hi S
way, no substantial reaction forces are transnmtted to the base frane and

t he conbi nedquieageidande igritgvnakement ansethe panamssomelseables dnd hibes cbyrtingit e t abl e

lative to the base, f t bstant i al | tant. 07 AUGUST 2006 -5
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requires guifR0k % hftadek SndP4aTER a hiGider ansm ssi on of cables and tubes
carrying wutilities tg t he bal ance ss, In particular if the bal ance nass

is in aSvacuum can Heanditérhptatolntininnize thessiageof dittebgraphid projectiomapparaypes thechi ne.
51n an attenpt to nmnimze the size of | ithographi C proQjection apparatus

the mass dpastpEthsdaleReemasscandsingeased iq reducsdhe quéd_ﬁﬂ}érefiﬁ’é thaasse requir ed
of the mas %alaggé ﬁQﬁfccgsg o{ %gragcg)?rgﬂ&fitfiﬁ Eﬁe%e%ﬁgﬁgigﬁl%gysukg%x{t gﬁ%h@%gfance ma

. . S
frictionless suppor nce’mass. ove p are equa?ry

applicable to the supmerabosd probletiisrd &juall$ Hiieable BgtheRppat §tAichird gormeans
whi ch al so needs to nove relative to the projection system 10 and can be
nmoved wi t h sepporiirgthe patierpiaiganeans Niich alsq ndeds trmes iskative fo the @rojedivarsystem

inventign to provide a ernati.ve to the freely nounted bal ance nmass t hat
at Ieaéﬁ pﬁpggvogﬂn&v‘?fg‘?@ﬁ@nl@e ?aﬁﬂlgn%ebrgesg. nmenti oned problens. This and
ot her objects are achieved according to the invention in a 15 |ithographic

apparatus as specified in the opening paragraph, characterized in that said
bal ance mass i s couplligd an objai of thapresént anmmentidratogmodliesn akteroativel tb thy feely hat

sai d bal ance s. has _a suspensi on ei genfrequency, of between 0.3 and 10 Hz
such that SOGIORGHIG mesy G st paufly Pipirater sne QLing ahovemeiopel Budblops e,
hi this way, only pa%isojndtdﬂ?erbﬁﬁ%!a%“ad‘h@év%g_aéc%rdiﬁ@fbsﬂﬁbtiﬁxfcﬂti&?ir{ehe base
frame 20 through the elastic coupling. An eigen frequency of between 0.3

and 1015z difthagrephizadppamers asepecifisd iprtkd epenatg feeagraphe chdnanerimeldyin thaw f r equency
vibrations are transmtted to. the has

gener at od. 590 BBHUAESSH COUReLPSKRR B S SR SBYR Mo R SEaRce
R
coupl i ng andhctiehforesis 2vereddnsdaidisasa fifamee bal ance mass for these frequencies
Unwant ed di st ur bancetshiso‘l;a)'s’ r<1)$1ly 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



substrate table or support structure typically are disturbanc@% Audust 2006
frequencies well above 10 Hz but the bal ance nmass does not transfer
significant disturbances in this frequency region. However, accel eration
forces generated by |ong stroke operations of the substrate table or
support structure, which typically have an energy with a frequency of bel ow
10 Hz, 30 dbadance maswisttyrigaliydessribarhzhout 20 m.ﬂp&?qsu@coqpﬂmg meaycAsian gxdmplee on
t he bal ance mass is. taken up b he. spring stiffness of the elastic..
coupl | ng. arf@RNG Of g B Horel TGRS REOer MEhaRiARANES FETESICTERER | ow
frequency fofe §stinelIARSEHatdcRisti&, bOCFRBREMbre IS FGAEH Mg, tHel dI &tk 'cgﬁ})lin? has
magni t ude before they have a deleterious effect on thée apparatus. fn this
way, in a tthptendéncylto niuygthpbalancp nosett itsomeutrplpposaionsTlas yldh fogexampild)e
present invention the stroke of the 07 AUGJST 2006 -6 bal ance nmass is
typi cal Py |ad¥antages Juspg ipitigzaan Oflﬁé%‘P%‘éﬁq"Eﬁ ¥H ng may as an exanpl e

conprise of |eaf-spri , | i ] i L hgS,
magnet assenblies w %ﬁseg{rb:aﬁgﬁ%?%ecoccﬁ%%‘éﬂeg |E§eng§§’ﬁﬂ€3@ cg?r%{)s%& it is
not ed t hat ,fuithe seppstddovig @ bpdringgo ftksbasé frame ETHbHRANMNg CanyBY &n EXvenpdé/banRG@irmass
toits neutral position. This yields for exanple, 5 advantages during

i nitializatheanngbetwaenithsbase frane aryl the balapes massnThip peavidediarfapporaaltoyiag iy t o
the present_invention, the bal anc ss. s, further .supported via a bearing
to the basd s hemdidng froRER s Tk sl gRGRRL: P 1C2 Trg

bet weengt he base frangn epBodiiRnPalcoRkS: GRAS preddit viRhGoH JBE afpaMBPRIt
allowing the balance nass to nmake the required stroke in the transl ational

di recti on. cofstiugtedrand mbranigedesuch thaton diongmens duhing posemng phsad sibstrate tathe
apparatus is .constructed and arran such.t hat on vement durin

o5 11 oni ng SH0 SRELTBENFa s HOMIOR O Ol COmbiPed e of B TbCrh il R D1 ¢ f on
of the comiyied: é%ﬁf‘&\ﬁii)oﬂfstri}étﬁ}@ dnd s@id baBinde ABSIelAVE to $a@Pbse HanRBl1S RHARON
structure and said balance nass relative to said base frane al so noves. Due
to the el adduedo tteupdstegooplirigef thabdanwe maxs & the basedTdnas ¢he ceanar of gragitgevil er of
gravity will 15 not maintain its position on_ novengnt dyrin sitioning of
Said s dBst nat AR S GPOTGR B MYEBER uSHIE ROV HPRNE PSS WAL ALS O BA t he

pr esent in\éﬁgﬁ' chhe apparatus further conprises a balance mass actuator
for controlli'ng the position of said balance nass. In this active

enbodi ment, the bal afeen embsdiaehtieftthe preaent liveveption, ttheoappdratus fasthed doalprised h
said elastic 20 coupling, wherein the balance mass is also coupled to said

base frame ARENSAMESTACHUERIdOr FRIGSlINg: the pevitionef ssidhance eardB it aditeor may
P uoed. OB E L AR S Skl B it @ o
20  coupling, wherein the balance mass is also coupled to said base frame via said balance
mass actuator. This balance mass actuator may be used to apply position correction forces
to the balance mass at a low frequency. In this way, large but low frequency forces in the
translational direction 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



transl ational direction car) be applied to the base frane at D3WUCETEO06Y.
The bal ance mass actuator may al so enabl e a danpi ng of the resonance
frequency of the Bal ance Mass system 25 (fornmed by the mass of the Bal ance
Mass and the stiffness to Base Frame of the elastic coupling) and a further
decrease in force transfer in the freduency range above 10Hz between the
base frane aysttmt haybambimedliffasst types dspengsddienkmicabfairt magmatiey eith diffierentt | on,
a filtered feed forward progra1 is applied to the bal ance nmass_actuator to

smoot h out BYRES @f&ae@;rsp@ggéwg? 3 Vi&cqys Sampers AR eddysyreptedagines, £iG, Ivgrder to
A : | >
actuator mayp,.fqh gegtﬁggé ﬁf%?e&haﬁggﬁgﬁ&g% g%&ge[s%g{; bt%ﬁua c%ﬁﬁéc%ﬁg&esgh@ggg, he

pi ezo-el ectric ac anot e present 1nv

appar at us CeanpdingRss May B9 bpplEddARPEAVartaRtof thelsssivé ombeotimentia tiak itghrovitlésa sai d
el astic coupling, wherein the balance mass is also coupled to said base
frame via slkestiexpensiyyselugreandsiy genarllymreregpbush thag ampetiveosplutioiasthezapense- 7
system may conbi ne different types of springs (nechanical, air, nagnetic)
with differ® stomet;g; é)gmgqcedanpers for exanple, a viscous danper, an eddy
current danper, etc. pPRIQEBIG! the Sprifddadhper sierh 8oMpFi&d af 186 klement having
characteristic both series and parallel connections of springs and danpers
may be appl thedharActeasticaof agpring canmectpdsievies with atlieast one lemehthaving the ovi des a

5 |l ess expensive salutiqn and_is generally nore robust than an actjv

201wt ot SFRECERE ALE daBors Brieh SEMAFRILER e ERaHaETpIng APy befarper
system i . { kS

ot g ok EEa b RESE 2 i T Atlonk R uler rIBICROARIE BE KK SFucfth. e
char act er i s@angpep towld danipplementedans astideods danmper wheamyeothéretypd afsdangpee.oupl i ng

substantially has 10 the characteristics of a spring, this systemis further
on referred to as thePRfskatly.dhedamperisimplemented avin Bddyecumept ineghis

VI scous dag&%s a%/alﬁg%ﬂsqﬁﬁ?eraré%/ %nﬂhmﬂ@émafabilﬁg,%ﬁfl&m%ﬂi&ngigop Aitihation.

i mpl erent ed®as an y current danper, 'since t’hI's  gives advantages in the
area of endmiia KROK-systdrh @Bables y dampibg bhihe a¥oharicy frqdey df &is Béhnoe™Mass Thi S
KDK- syst em enabl es a danpi ng of the resonance frequency of the Bal ance Mass
15 systlém (dysiemedormeditiydhermass offthe Balapeg Masscangibe stiffness tocBaseiFrameaktheo Base

Frame of the .elastic,coupli and a.furthe ecrease in force tran rin
the T r equerdgriPshaenEa §OLE R aBRt Rt W EimstE IF R TRabShe PhiE BRPETE
nMass. The Sputwes tHe BRRfraySiRitheBiaileSRash EThe eing Aaplysysie by alss Beponent s
that incorporate both characteristics of a sgrl ng and a danper such as

rubber | i keeatiged by applyg apmmongnts thabipsorporate 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  paralle] 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.



20 I'n an enbodi nent of the present invention, the bal ance nmas87AUciET2006
with a danper with a danping 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 franme cannot anplify. In an enbodi nent
of the present invention, the danper -Bs positioned in 25 parallel with said
el astic coupling, whelramerhbmlibenhtardftle prasnt iventiaotheappiretls tfartieaicomprss
frame via said danper. The danping may be realized by a separate conponent
or can be @)mrﬁfqﬂ@aquyeflﬁ@@lwplyen&:wfﬁlﬁl%cqmrgbloppvﬁlhmamaéraa&waraamsr. In
an enbodi ne ¥ [ ' ith a
danpi ng coe%#qhgiéé]{; I,%Vgr,gt%?vﬁﬁ:fﬁl‘ni%s %\f/%lrc ?g‘i& S%i@?eatg? %P%gﬁ?%ﬁ%@n% ‘?fesgﬁdﬁggfa%m an

exanpl e, antaBR ded@ppditiéthiRtiire BRIOROMpPeRYatdr FiMlon@ the/batdhce Mas€ SO corrbét! ance
mass actuator is used for actively danping vibrations of said balance nmass

t he danpl nghystee¢sis effests ofdhpelpstiocgppkng.as a function of frequency. 07 AUGUST
2006 I n an enbodi nent of the.present inventio t a at further
conprises a control| ei" %qrn??@}rﬁggiogﬁ}e' W%?B&WF%E’”@%H&%F%?P‘EM%&% rt]Teoop.
This may, aga@fbnSRRZRYiE PReqRRBY baBwPoRHLRExEtdd By ald aait’ c@ﬁﬂglﬁ&% JERP S
due to repetitive notions of sald substrate table or support structure or

to conpensabase framef ri cti on of the bal ance mass or to correct 5 hysteresis

effects of the elastic coupling. In an enbodi nent of the present invention,
bet ween 50 and 100 %@fal’tf’r’i‘éb‘)d%”é%{ﬁto?m‘r' RreeapinyFionat PE%%‘H&;“’H‘SFBW@’%% 10

bet veen 50 _ I Of | : 10
of tho 1 esoieenmiBoR @hifing SO PRt Sup RS nlclATTng 8 LG "=

chamber corTla tildi@e s 6£iihs predtért ihvankion & patiqidatt suitkd wcsuch @pplivatibise bal ance
mass. The bal ance mass_of the present invention is particularly suited to
such appl i cecawssof itbemalisiokst its small stroke. In an enbodi nent of the

present invention, a R)ea!ial%diﬁeggggllk{gﬁ)ge%ﬁ{i\ﬁ@(gﬂiohhf?ﬁ%%ﬁ%ﬁﬁpl@%?p@&ﬂ e Wl |

of the vacuum chanber his Ts ecause of roke of

t he bal ancepaldes nakslandsa @dN anthegaouifin beanabes € TARYs peibksbaadset dftlssh4ll provi de
utilities to the bal ance mass, for exanple, such as air for air bearings or
el ectrildal stgke eSthedalanpoymiass andds advantageais beaause any eablasdnd trbes ghproviglebel | ows

and. o0 HFLELS0R UG5 b o BRETMSRIE AR R SRR B e
positional sensors, can be routed through the bellows and do not therefore need to be
vacuum compliant.

In an embodiment of the present invention the bellows form at least part of

20 the elastic coupling. Depending on the stiffness, the bellows may partly or completely take
over the function of the elastic coupling between the balance mass and the base frame.

In an embodiment of the present invention, the balance mass actuator or the
spring-damper system is connected with said balance mass through said bellows.
According to a further aspect of the invention there is provided a device manufacturing

25  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;
- providing a projection beam of radiation using a radiation system;
- 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



20 the elastic coupling. Depending on the stiffness, the bel | OAvGYST2006 y
or conpletely take over the function of the elastic coupling between the
bal ance mass and the base frane. In an enbodi nent of the present invention,
t he bal ance nmass actuator or the spring-danper systemis connected with
sai d bal ance mass through said bellowd According to a further aspect of
t he i nventibalaricherass,i s provi ded a devi ce manufacturing 25 method conpri sing

the steps of. providing a substrate that is at |east partially covered by a
| ayer of raghagaciesized BtFISPLBE Rakt of paidl reaption toesdp saiddasefsarac giseyah Bhed on a

Layer of v adiEFHoH] SURRERLEE M sl Faldats ik
cyt om ol S e PRI PBhBARAL AP AR, Bloed LR ARP R WS AR o e

proj ection eig&lﬂasaéﬂc%fbetwemog%ﬂ 10rH4.t s cross-section; projecting the
patterned beam of radiation onto a target portion of the |ayer of

radi ati @n-sensiti ve niktkoughispeaiis referercsiraayshemadeindhis saxt éo e usaplths uppor t
structure relative to.said .base frane by ner at j e ion force

et veen sai WPAUBSAPeang 4o e brendian &t temRrat? oh R, & i ke 8Rpueilicr 2006
-9 bal ance fRgso08 iR 36&HA Ffperakdy Hak MinotHel POssitAE hppiicatiétsd Fof@enng, if or ce
to said base frame through an elastic Coupling which couples said bal ance

mass t o saimayblesemplogeteinthd mannfactsparfantogratedi qpaodl sgsieras@pidahcdatddesection3 and

10 Rz. 5 Althou specific reference .be made. ip this text_to the use of
the appar aaaeng@dP%ﬂnﬁac domakmanegrias, léﬁg-icw%ai@sagm ¥ (hig-Tgm magpeticy

shoul d {Be j ¢j.t : R@‘%- her
possi bllg agféﬁégég{tci L()Iﬁlg .S@ggagisg]?rrg’lﬂg%%a&%ﬁggq%n%ggf %h%ﬁta e rr%ﬁ%f acture
of i nt egr atapglieypiohs; ahy ayessfah® tengs i'daolet, "aadertiet '@lid"i infthis pat siuldébd or magneti c
domai n nmenories, liquid-crystal display panels, thin-filmmagnetic 10 heads,
etc. The skonsideredias baingrepiaced By HiedBorgganerplierms ‘mnaskis &l&hﬁrétfe? ang "tangeh
alternativ ort ll{eg?e%{i%]i’ any use of the terns '~reticle", "wafer"” or "die"
in this texXt shou € tonsidered as being replaced by the nore general

terms "mask", "subst matie'pragdt ddcan@at, thexerrhd Gadiatioresdpdcbeang? ire ukéd the
present docunent, the terns "radi ation" and "beanf are used to 15 enconpass
al | typés ehcanpsass plbhmghef ¢lectrampeneiioradiating] ingludgg wltraviglptopdiation (. ey twigha

l(J|et ?é_ a E)Ih ﬁavg%ﬁ%{tﬁ{o‘f@ﬁ?ﬁéfgg! 9?36,3 ?57 %frl '?26 %r%?'an& EI?IVO(rext%eznflSe u a-v?&gt rlzzlhli\z/ltig)g,x et. gr-ema
having a wavelength in the range 5-20 nm), as well as particle beams, such as ion beams or
electron beams.
Embodiments of the invention will now be described, by way of example
20  only, with reference to the accompanying schematic drawings in which:
Figure 1 depicts the relevant parts of a lithographic projection apparatus;
Figure 2 depicts a lithographic projection apparatus according to an
embodiment of the invention;
Figure 3 depicts a lithographic projection apparatus according 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 5 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.



having a wavel ength in the range 5-20 nn), as well as particl @7 hemuvsr 2006h
as ion beans or electron beans. Enbodi nents of the invention will now be
descri bed, by way of exanple 20 only, with reference to the acconpanyi ng
schematic drawings in which: Figure | depicts the relevant parts of a

| i t hographic projection apparatus; +HDgure 2 depicts a |lithographic

proj ecti on appar at us Eigems didepictseheaKDKesyzesahh o@mmectirfg thé)daserfvannd arothe bhlagee € 3
depicts a lithographic projection apparatus according to an 25 enbodi nment
of the inveﬁ@SS@ﬁC@dmgaga@embedlmemfﬁﬁapmw&aweah@n Figure 4 depicts a typical

force pattern during ﬁihﬁreﬁcgegi‘cﬁs”& @{e%agﬁzé P%gng’%%tep)} fol icgifngﬁﬁcgn {)fétﬁ? ﬁglgﬁ%s e

domain. Figure 5 deplcgs ansrter eaction

frame in thﬁassﬁéﬁﬁ%@&ﬁaﬂ@!ﬁ@doﬁ’diﬁ%bQiéﬁl%cﬁﬂént%fbl%jihm{o& of the present
invention. 30 Figure 6 depicts the transfer function of the Bal ance Mass

di spl acénent to the Hgere Kdepivts fnoother alternahiee arangempntyforiornmieetidnoof thé f f er ent
enbodi nent f the present .inventiagn. 07 A T 200 .10 Figures 7 depicts
t he KDK- sy??ag%c%mﬁg@ttﬁ?‘lga*ﬁ@"}‘fﬁémﬁf% aﬁﬁ‘%ﬁ'@n}ﬂf gtﬁtéﬁmvﬁﬁgg'%accor ding to
an enbodi rent of the i N i ] i I '
arrangenent for conneﬁggﬁﬁggatg?ﬂe{ﬂ%@@g&fgeﬁggyglg S?Sgéh;l Eéﬁgggggfé gﬁrrgﬁg%%%rt di ng

to an enbodiampet. of the invention. 5 Figure 9 depicts an other alternative
arrangenent for connection of the balance mass to the base franme accordi ng

to an enbodi nent of tigure AV sehematicalty depicts 2 BalaperoMass thay is gogrled iy Jdegrees
KDK- sysfem ¢ é&ﬁk}g&e%@ﬁig&gg}ﬁwefent danper. Figure | | schematically
SS

depi cts ‘a Bal'ance coupled in 3 degrees 10 of freedomin the
hori zontal plane. In the Figures, corresponding reference synbols indicate
corresponding parts. 15 Figure | schematically depicts the relevant parts
of a |ithographic prdp&eFigwres,sppashendig rafseneppanbeliadicsiemoresponding

radi ation s gem Ex, IL, for supplying a projection beam PB of radiation
(e.g. I- ’

15 Figure 1 schematically depicts the relevant parts of a lithographic projection
apparatus. The apparatus comprises:

a radiation system Ex, IL, for supplying a projection beam PB of radiation (e.g. I-
line, UV, EUV radiation, Electron Beam etc.), which in this particular case also comprises
a radiation source LA;

20 - a first object table (mask table) MT provided with a mask holder for holding a mask
MA (e.g. a reticle), and connected to first positioning means PM for accurately positioning
the mask with respect to item PL;

a second object table (substrate table) WT provided with a substrate holder for
holding a substrate W (e.g. a resist-coated silicon wafer), and connected to second substrate

25  table positioning means PW for accurately positioning the substrate with respect to item
PL;

a projection system (“lens”) PL (e.g. a mirror system) for imaging an irradiated
portion of the mask MA onto a target portion C (e.g. comprising one or more dies) of the
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 transmission type, for example (with a transmissive mask).
Alternatively, the apparatus may employ another kind of patterning means, such as a

programmable mirror array of a type as referred to above.



line, W/, EUWV radiation, Electron Beametc.), which in this plfAUGUSEROGG@SE
al so conprises a radiation source LA, 20 - a first object table (mask
table) MI provided with a nmask holder for holding a nask MA (e.g. a
reticle), and connected to first positioning nmeans PMfor accurately
positioning the mask with respect tdlitem PL; a second object table
(substrate table) W Phéosauaesd-Ani(e-& aasaipseduseddisehaggs plasha Soge praguees a

substrate e. .esist-coated. si.1 i con. waf er d nnect t o .second
substrate et GypdalSE ThishER Sl bt ndidyndth GRBRGRAT O AR he
substrat e wijtdtly of BRGthal Migith@BsedbondRtidinyl BEdrsOfuch %S h 8Bark ekdeD EXlfol €- 9. a
mrror systen) for imaging an irradiated portion of the nask MA onto a

t ar get por téxampe. (Bhegillumomper IEimay comprise adpstengdineans AVl forhsettingutbs outat e W 30
As here depicted, the agpparatus is of a reflective type (i.e. has a
reflective 3ndEynnerggiglextent iqengw eferrgd o g8 o-optergn 9—w§erarqs9%@ﬁ%y%ef on
type, for CARYLY S0 o - T i 1.5S) v i at us
may empl oy Sogtry Hdibdioh iR ReRR, 17 aRRN, il DERRY chfiphue LRuROAREY,
array of a doyfnems, satiend adintegrabomeandly/codlderser CROH thid hay abeibesn PB (e. 9. a
| aser - produced di scharge plasma source) produces a beam of radiation. This
beam i s fedmpingngen the| A hap a dgsiredanifiormityrrchinanyity distribptioein itdi rect | y
or after having traversed conditioning nmeans, such as a beam expander EX,

f or exarrplcé(.’ss%ﬁgmﬂ'l um nator IL may conprise adjusting means AM for setting
the outigr 5 and/or i nMAgKoul@EE Abte@¥htBREgard RIMBIMeY thefthE S&ficd OA %ay(bé widtigr and
(Y-inner, respectively) of the intensity distribution in the béam In

addi ti on, ithe housingyafrthe Hibograpbieyprojeetionappanatus gasie ofter thepeseewhen the golrcais an

i nt tor N, and d 0. i s. way,  the b PB i npj ngi th
sk h has ety P B syish ol et SRy s Eephntiom e Rhoapilc °" "€
Cr 055~ S SO iffffecsiéh deparbiIRUIA il RAnk hin HGHRA ek BiF Wiflnd Bifarditie sour ce

LA may be In housi ng of the lithographic projection apparatus (as
i s often tHe.gcwih thehad of hetabutizeting Winrers)y thie tattar scehaipis often tlexaspivdgn but
that it my_ also be renote fraoamthe |ithographic roj ecti on apparatus, the
radi at ildn BB&IAURES b 1§ 0 Gredmerdasery ﬁgurr@gmﬁ%mwf@@%%%a@pagiﬁ °€vi th
the aid of t@é&%@éﬂaﬁoéﬁ recting mrrors); this latter scenario is often the

case when 15 the source LA is an excimer |aser. The current invention and
Cl ai n8 enconpass bot Thefbeain R sutseqratly osercepts the mask MA, which is held on a

mask table MT. Having traversed the mask MA, the beam PB passes through the lens PL,
which focuses the beam PB onto a target portion C of the substrate W. With the aid of the

20  second positioning means (and interferometric measuring means IF), the substrate table
WT can be moved accurately, e.g. so as to position different target portions C in the path of
the beam PB. Similarly, the first positioning means can be used to accurately position the
mask MA with respect to the path of the beam PB, e.g. after mechanical retrieval of the
mask MA from a mask library, or during a scan. In general, movement of the object tables

25 MT, WT will be realized with the aid of a long-stroke module (course positioning) and a
short-stroke module (fine positioning), which are not explicitly depicted in Figure 1. It is
noted that generally, the long stroke module enables long stroke movements of the
substrate table substantially in a plane, while the long stroke module of the mask table
enables long stroke movements substantially in one direction. However, in the case of a

30  wafer stepper (as opposed to a step-and-scan apparatus) the mask table MT may just be -
connected to a short stroke actuator enabling short stroke movements in six degrees of
freedom, or may be fixed.

The depicted apparatus can be used in two different modes:



The beam PB subsequently intercepts the mask MA, which is hel @7 AvGasT 288
table MI. Having traversed the mask MA, the beam PB passes through the | ens
PL, which focuses the beam PB onto a target portion C of the substrate W
Wth the aid of the 20 second positioning neans (and interferonetric
measuring nmeans |F), the substrate tdBte W can be noved accurately, e.g.
SO as to pokiti dn seipfrhedee tie rhaskgatile MT is kepsesseritially batipedriy antl antehérehrasia PB.
Simlarly, the first positioning nmeans can be used to accurately position
the nask NMAgEixPreisstsddn oneeq As- paingleoflashipopeatnnees pastign Cqflhe subsii@itani cal

rovemont of P RaY b et st hE3 oY ittt By Sk dehfppp S c R 2

| oDg- st r ok epeTREdIhRd (ALY B&nPPB t i oni ng) and a short-stroke nodule (fine
positioning), which are not explicitly depicted in Figure 1. It is noted

t hat geder a1y, Inlsean made, ssscokalyribelsdnae saeniieapplioh gxeapt Hiee a gbiennargets of t he
substrate tabl.e substantially in a. ne,. whi t he. | roke dul e of
the k-t AP CinnibrdraY s sheRe b eraiited. Buein e MY isHouht h
direction. dibeHRREtioh hé BEcARASsOh dresonaL 8! the L emeond SAILPRREEY, fna

st ep- and- scan apparatus) the mask table NPT may’just bé connected to a
short st r okke pojactibnbean &Bl ik napsedtr dcas bralkemashvieragetconcniresitly, the gutsaateof
freedom or e fixed. The depicted apparatus can be used in_two

may. b .
i fferont HoedVT issimikanspusly groved imthe spine ot epPatiigigirecting ahd sheed abr Mywin | s
kept esgenty 4 o] : i I L ' I i A one
go (i - 2070 ch 1 R BBk LR (RNCATRE GBS MG 15 IR S BRen, £, "o
i's then shirtlagekly targdarget potionIC gantberegpbiednwithout hhvihg #o chrhprefiseton ar get
portion C can_ be irradiated by the beamPB; 5 2. In scan node, essentially
the sane sdeiPHiion. applies, except that a given target portion Cis not
exposed in a single %l - . .| A a
given direction (the 'l'fémg_?lcﬁtéjsmlg%@ﬁgg%ﬁesafdrggdc}gﬁlgEﬁ?@ﬁ%e&pw%%®§ga¥?@éf%ﬂ) W th
a speed v, HdwdvBathe inhentohaj eqiallg appieableHB thesmaskiasld MD. scan over a mask
i mage; concurrently, the substrate table WI is sinultaneously noved in the
sane odSopposite di r ésthanhe seendramp Fegure/1 a typical iLithographic eppavatus cemprises a

magni fi cation of t | ens P t vpi cal | M= 114 or 115). In this manner, a
r elgat ively bf"?fr%@“? EF@’&WnIBSIF hegﬁﬁ%‘sc%oﬁn%dé]e%% P& HPO d}hoajt having to
conprom se on resol Wy Mbxahpl, tIRMBMNHRAE oftid vabiduslesfpdieatd tiiebas€fiamense to

the substrate table WI. However, the invention is equally applicable to the
mask t abl e illgstrated schematically in Figure 2. This figure shows the base frame BF which is

preferably stiffly connected to the ground 10. The projection system PL is isolated from

20  vibrations of the base frame BF by being mounted on a metrology frame 50 which is
compliantly connected to the base frame BF with a soft suspension system 55 of an active
vibration isolation system (AVIS). The Wafer Table is driven by an actuator (20) and the
reaction force is set on the Balance Mass (BM). An elastic coupling 150 is connected
between the balance mass and the Base Frame. The stiffness of the elastic coupling 150 is

25  chosen such that the balance mass is mounted on the Base Frame BF 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.

The suspension eigenfrequency f, can be calculated according to equation

(1):
1 |k,
30 o=y 7 (1
° 21\ my,

wherein kspring 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



15 As can be seen fromFigure | a typical Lithographic appara@UAUcHsBER08es a
base frame BF on which the various conponents are supported. As an exanpl e,
the nounting of the various conponents to the base frane is illustrated
schematically in Figure 2. This figure shows the base frame BF which is
preferably stiffly connected to the gtbund 10. The I?roj ection systemPL is

i sol at ed fr &% bztange mags todedn gie napge @ga(k%tor HHe empmrasyhai s lagge by tilomeigegieney
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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



can have a tendency to drift fromthe correct position. This @Ff AUGUST2006
can be thought of as hysterisis, can be as a result of friction between the
Base Frame BF and the bal ance mass BM for exanple. The correction is
applied as a closed | oop control by having a controller 15 which controls
the bal ance mass actuator 100 and perdfodically (for exanple every

m | | i secondjrampBH theoughfadoweass filtanavé aprlyipg atforce ¢hmpegh thh dalan¢eamass anms®r BM
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of the bal anc BM Alternatively, this function® 20 may be perforned by
t he separate nechani cal passive danper 170. \Whatever formof danping is

used, the relative danping coefficient, b, is preferably between 0.5 and 1.0
and noPe JHENESSBPYS Bl eligasive, argnggnent phthe varippscompongits syRposted by thet or 100
is used, it I ;mplﬁ_r-t i flicient, b,
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the region of 0.3 to 20 Hz) after which the danping coefficient reduces

such that dtame BFegaecomnecong inadnsni2 Yhe Wederdbabhs in drivereby ar actnator @0y ardathe | n

t hi , the f t f I to B F hi.gh

[ f equent edoietof 655 I Esn B gy Mire 0L AR RIar e OHBTHE ] s Rlshoftit ent i s
constanp. HiishcRIRE BuabS P00 SRUCEpet 190 ARRLhAIR BEwdddaht BhkRcd MAGSInAr

from Bal ance Mass to base frane for frequencies of 30 novenent of the
subst rat e ttixbdubstyife cdbdesaippart fiames Insthesremibmdineényathé pegection pysémtPhe bidaha@nce

mass BM The bal anc Ss actu r 100 al so be used to snmooth fhe force
profile ¢ Mgt BN padisulpirrig s @’dﬁ@ﬁ@fl@g%ﬁ%@%%&ﬁﬂmgﬁ%éhaﬁgf Y| t er ed
feed forwar I Sl one by passing the expected reaction force
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frame SF (which is stiffly connected to the base frane BF) via connecting
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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.



10 Bal ance Mass actuator 100 and a danper 170 are connected bgtwWeest?06
Bal ance Mass and the substrate table support franme. In this enbodi nent, the
proj ection system PL, balance nass BM and substrate table WI are encl osed
by a vacuum chanber VC that is stiffly connected to the base frane BM Both
the substrate table WI' and bal ance nggs BM are nounted such that

ransiational 15 TOMRBRing kel dRbalent) A PP bE 61 1 90 Hiostte ace

of the substrate table rame stant rictionless. This
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bal ance mass and provi di ng t he bal ance mass with air bearings or providing
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per frequency band is shown. Typically the acceleration profile Power
Spect r um slpererhancgef fherapparats. f r equenci es bel ow 20 [Hzj. Above this
frequency the remaining energy is very small. 07 AUGUST 2006 -15 Applying a
suspensi on ei genfrequency in the range of 0.3 to 10 Hz for the Bal ance

Mass, ghort i%fré@“sﬁo% ﬁﬁ%dﬂ%ip%@bf!?ﬁié?é?%ﬁ&élaﬁ{;)e MaSs RSt ﬂﬁ%ésé‘ﬁa?né%r aWhi ch
at n a r

b
occur requency of about 10- 15 Hz a ove, are hardly transferred to
t he base f mambensf drhieodiBentsnt the ldpsssntaoventioar Ehis figarecshowe tiiei Balaice Mass nass
manner. However, for Iong stroke. 5 transl ati onal enents of the substrate
cdreavgendtizh

table I, picero Basefirame Torcs Blor(edfieyic ihedfeuanaydifzbstia reisengs, tht | east a
part of theureaEhiiRibfaesy) hduhtt@BIf86d Flsd Qe bhewith BalALE MaRY' i€ shown as

graph GO. A perfect Balance Mass that operates according to Newtons ‘action = reaction’

20 Law, will absorb all energy and thus cannot transmit forces to the Base Frame. A less
perfect Newton Balance Mass will partly transmit a very small amount of force with low
frequencies. A Newton Balance Mass has the disadvantage that the motion or excursion is
equal to the mass ratio of Balance Mass and Substrate Table.
If an elastic coupling is connected between the Balance Mass and the Base Frame, the

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
parallel 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].



support frame SF and thereby to the base frame BE Thus, the dip3p@aTI06
requi red of the balance nmass for |ow frequency novenents is reduced as a
portion of the reaction force (between 50 and 100% is exerted on the
substrate table support frane SF via the elastic 10 coupling 150. It has
been found that such large but |ow figquency force dunps in the horizontal
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however is that low frequency forces are directly transmtted (to the base

Fr ane) 1and maigtaingd, segrapb$shance frequency the Base Frane force can be nuch
hi gher than the Bal ance Mass force, as is shown in graph GL. Above the
resonance frequency, the undanped Bal ance Mass again reduces the force dunp

into the B%B@{fé aﬁfﬁ Iru?t? BOddBIoR ofBifelRidisfed bf tﬂelgaﬁncwaﬂs thotiBh ko g%fRe‘a&i%n;lo

[ dB/ dec] . cation at the resonance frequency is reduced

appl yi ng aFprssds plettddmpdowifrequamiesl the |IBatdnict Mdsemetias s functionpbf thg inyet ween t he
Bal ance Mass and the Base Frane as shown. in tgraph G3. However the

mechani cal Teree isgropgrtionpgl do the ipvsaseref |t Mmeas o the lastisfopping: Se a stéfnessafy of
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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



I n an other enbodinment, a control |[oop formed by an actuator petwRatiiioe
Bal ance Mass and Base Frane and a position sensor that neasures the
position of the Balance Mass relative to the Base Frane is applied. ne
controller can be adjusted in such a way that both the danping of the
resonance frequency i s obtained and ijhe steep -40 [dB] roll off is 10
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proportional to the inverse of the stiffness of the elastic coupling. So a
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el enent shoul d be cortbarvachum applicheom theshalance oass Bivpis ocGnageitedGb theywhil gfir e 6
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bet ween t herdadeineehdbsanca nthst BM Baseghithe b8llowsh20KRKpipes bedables. 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



5 passive systemthat conprises an elastic coupling 150 in papalAwrius#iZopea
spri ng-danper system 180 that conprises an el enent having the
characteristics of a spring in series with an elenent having the
characteristics of a danper. This KDK-system can be applied in conbination
with a bellows 120 encl osing the KDK{8ystem enabling the use of materials

or conponenygh iHadtheafanBOa¥PdctiAiBr BNRIok #Rdt nked tof esyakinltn S¥mbRMt adftgs bel | ows
may al so 10 take over, partly or conpletely, the function of the elastic
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200 angst hgusponteshé fidy havd@ferent ﬁrogéﬂti% o ithe/@ffetehtl §dgreds o fleBddTh OMtee 9, the
connecti on menber 200 connects the bal ance mass BMto the el astic coupling
150 and t helastic¢capbing mayJSurher baicombined with balance natiss egtuatgr anskerecipeiigt o t he

base franme BF. The ubstrate tabl e vacuum chanber VC is.separate fromthe
base {1 ar nEaPRETAETOSIR FEENCORRELr DSoRTeresiegiren of RERPe. bal ance
nmass act Ua%@an%%ﬂﬁﬁe? Fidfe NEGRwWsQ tBS viERCHUPROBR drfRferAdht iWhetein tRQ$4sti oned
outside of the vacuum A seal is required between the substrate table vacuum

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.



chanber VC and the connection nenber 200. Figure 10 schemat i@hAUGUSERPGG s a
KDK- syst em connect ed between the 5 Bal ance Mass BM and the Base Frane BF.
The Bal ance Mass is supported by the Bear_i1 g system 215. The KDK-system
conprises an elastic coupling 150 and a spring-danper system conpri sing
springs 240 and an Eddy current danper conprised of Magnet plates 220 and a
conducti ngpais:230 positioned between both Magnet Plates. 10 The bal ance
mass BM can have | to 6 degrees of freedom but preferable 3 degrees of
freedom (i.n the horAZukagaéphit progertion apatkewpreoeprisgf r eedom (both in the
horizontal and_ver.ti ne)....JThe coupling as.described by the present
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not intended t @ Balancé niabeadtimatentor oontrdlit g WSHEHti A0 06said BiakdeAhddS relativeMo said
I'ithographi c projection apparatus conprising: 3 radiation systemfor

provi di ngbﬁeﬁﬁﬁ‘jeecti on beam of radiation; a support structure for supporting
patterning meagfracidiLe®@dt thaf SHidBalfRRANBass & ¥dupRdlte saiBHabefirBme Ne B QhfretdoBRing

beam according to a desired pattern; a substrate table for holding a
subst r at eso that said balance mass has a suspension of Eigen frequency of between 0.3 and 10 Hz such that a

portion of said reaction force is exerted on said base frame wherein said balance mass actuator is
positioned in parallel with said elastic coupling, wherein the balance mass is also coupled to said base

frame via the balance mass actuator.

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

supperted by the base frame via a bearing.

2 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 1s also coupled

10 said base frame via the balance mass actuator.



a projection systemfor projecting the patterned beam onto a 0AAgeUspa@006on
of the substrate; a base frane; a bal ance nmass; a positioning actuator

connected between said substrate table or said support structure and said
bal ance nmass for generating a reacljoon force between said bal ance mass and

said subsirate kg afufal AMIRLI o GRS (bBCRER LOnBAShE hAPiAR ¢

substrate ' tabl e or sal ort ure relatirvé to sai

system qaghper Hleanpésitidsed 1ﬁpma&muﬁ 94id eRii¢ eddpling, Wh&eﬁ%b%hﬁﬂc&%a@al d

bal ance nmass relative to said base frane, characterized in that said

bal ance nualso cenplesiiol seidl base frame wathe springdamper ystesl. ast i c coupling so that
sai d bal ance nmass has a suspension of Eigen frequency of between 0.3 and 10
Hz such that a portion of said reaction force is exerted on said base frane
wherein sai d bal anc sai d

el ast%c ?bupl i ng, atﬁé&giﬁ%@}]%ﬂgg%g g]es an daﬁ‘lpg} yséfalhg base
firame Vb@nbhgesmn@mermaﬁemcnaumg@he c}%raomls@bpamsptﬁ]mﬂéawm defiec! aim 1,
characterized in tbnt the balance nass is SUpp(,r via bearing. .ted by

t he base Withatdeasponrelepprirhaving the elarateristicof @ldamper.1  or 2, constructed and
arranged such that On novenent dUJJD2 positioning of said substrate table
or said support structure the position of the conbined cent er of gravity of
said subgtrate tablg, g a?ﬁhsdac%Hfﬁ?r%fo Hifd PR &g RAb@n Se
relative to said base franme als ves. 25 4. An ap ar a us acc Ing to one
of cl@i meomptises3n BEddytcoeentodamgrersi ng a bal ance nmass actuat or for
controlling the position of said balance mass, 5. An apparatus according to
claim4, wherein said balance rnass actuator is 30 positioned in parallel

wth sal el astic in t S: | £0.-
sai d base frame vi Zﬂfﬁ@aﬁ% aér/]éﬁggfd% g%@?ﬁﬁ%@% 5; id&é?"a\égl%é’m%%ﬁg
appar at upalagceonaisiihetto said elasfic chulimg i adtive, damped grsaiiobdddrice mf@s actGMbr.Ng-

danper system positioned in parallel with said elastic Coupling, wherein the
bal ance mass is also coupled to said base frame via the Spring darrper

Syst %: ?0.7' AN ap%%raa&pﬂlsat& c%r%'n{kg(o a%y%k@bf‘h?m‘f"“% 6' hérgm w trxéenglbrzﬁl el

syst
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.



conprises at |east one elenment having the characteristics of & ApeUsEH2006
connected in series wth at |east one el enent having the characteristic of
a danper. 8. An apparatus according to claim?7 wherein said spring-danmper
system 10 conprises an Eddy curre nh danper. 9 An apparatus according to
claim4 or 5, wherein, in use, vbatlonof al ance mass due to said

el astic &dupling |§’hﬂ’cﬁa¥f’é'1’%/acﬁa LOAPYLRE §f IEiﬁ TSP dEY 2 15 10.
An apparg& e éj‘fc% t{%ﬂwée‘ﬁ sﬂﬂyba%ﬁe‘?ﬁasgh@d ?ub b%s% t?amé"’“er en, 1n use,

V|brat|on sai ance nmass generate G sard el astic coupling is

danped W|th a danper with a danping coefficient, b, of between 0.5 and 1.0,
preferably 0.65 to 0.75. IL An apparatus according to claim10 wherein said
danper i $6.posi ti onéd dpparane @aﬁwngeﬂo anytone ohthe precedinigeclamspfurthgr  wherein t he

bal ance nmass . i.;s al so co to sai.d ba frane via said da r. 12..An
apparat uSTHEEUR NS R OB b AL S A R PR st s
i's darrpe @E %ﬂg%pl ng coefficient, b, which is varied as a function of
frequency n apparatus according to any one of clainms 4, 5 or 9,

further conprising a controller for controlling said balance mass act uat or

and for periodically applying a position control |oop substantially to
prevent #Fift of sAnREpparalcascorang tagdaimol & @@etqm Faj@ basedranen Eorps pagiof

substrate ta ort uct u 4.. An a tus accqrding to
any one. B teespene Bl i VR Pime Rk bt P st <32 Bhiess S64 ¢

reacﬁtd ONp 41 &S talld BailiveALsSaYndel ow 3 to | OHz is exerted by said elastic
coupling on said base frame. 07 AUGUST 2006 -21 15. An apparatus according

to any one of the precedlng clainms, wherein a bellows extends between said
bal ance nmass and s base fra 16. An gpparat Us acco any one of
the precd®ing cl ai apPﬁ’Paflﬁ'écc rfBFfaéﬁ“nlg’ ‘gﬁ ﬁWf"c??éﬁsrg%lpoq’t‘:%ﬁ’FﬁF At ng said
substrat Ed%@éﬂ U 9{ structure and sal d bal ance mass. 37. An
appar at ugeaggy%bfoé?nlg toS gl al'm I6, wherein said base frame forns part of the

wal | portions of said vacuum chanber and wherein a bell ows extends between
sai d 5:LO b@ ance ma?\% a%ggra%asl a(gcc\),\r%lnlg tg %lraEmC)lr%sor 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  withrespect 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 Jayer 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;



18. An apparatus according to claim15 or 17, wherein said beldT AususD2086 at
| east part of said elastic coupling. 15 19. An apparatus according to claim
17 or 18, wherein said balance nass actuator or said spring-danper system
is connected with said bal ance nmass_.through said bellows. 20 An apparat us
according to any of the preceding ¢fFains, characterized in that the
stiffness of nying wd pebsiaigprblagr pad suppercitiusiroTelathie tp spidthaseelTpoebyi on of
t he bal ance mass 20.with respect t he base frame. 21 An apparat us

accor di nESTEAEIEA TEASOTEonS bV said PIEHET AR S RHRETHEERNS Tghr aphi ¢
appar at ug, bt gl comprises a feed forward controller for controlling the
bal ance nmass actuator. 22 An apparatus according to any of the preceding
clai ms, ehaiagizdiiaednimittigpart 3bsaideaeti@sforee 1©aaidl basgframeappljtesh i n at

| east 3 degrees of freedomto the balance nmass. 23. A device nmanufacturing
met hdd cdagtid eiupling M epplesfsaid-bajanes mdishiy @idkase fiageavitihasuspensaen | east
partially covered by.a |ayer jof radiation- Sensitive material on a substrate
t abl e poéﬂﬂﬂgﬁgﬂngﬁ&gxﬁggé(iédﬁgﬂ 0“provi ding a projection beam of

radi ati on using a radiation systenm using patterning neans supported On a
support structure to endow the projection beamw th a pattern inits
cross-section; Prg CCtiDg the patterned beam of radiation onto a target
portion of the layer of radiation-sensitive material; 07 AUGUST 2006 -22
nmovi ng 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 bal ance nmass, characterized in transmtting part of
said reaction force to said base frane through an 5 elastic coupling which
coupl es said balance nass to said base frame with a suspension

ei genfrequency of between 0. 3 and 10 Hz.





