LITHOGRAPHIC APPARATUS FOR TRANSFERRING PATTERN FROM PATTERNING DEVICE
ONTO SUBSTRATE, AND DAMPING METHOD FIELD [0001] The present invention relates to a
lithographic apparatus for transferring a pattern from a patterning device onto a substrate, and a
method for damping a first frame of such an apparatus. BACKGROUND [0002] A lithographic
apparatus is a machine that applies a desired pattern onto a substrate, usually onto a target portion of
the substrate. A lithographic apparatus can be used, for example, in the manufacture of integrated
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reticle, may be us generate a circult pattern t rmed on an individ e IC. This
pattern can beRfahsfeRbdNGLO & A fgetPdrtionSdRS TivAIBng DR B\ bHe, N délerdd Qies) on a
substrate (e.g. a silicon wafer). Transfer of the pattern is typically via imaging onto a layer of
radiation-sensitive material (resist) provided on the substrate. In general, a single substrate will contain
a network of adjacent target portions that are successively patterned. Conventional lithographic

apparatuglllg%Bde so-called steppers, in which each target portion is irradiated by exposing an entire
pattern onto the target portion at once, and so-called scanners, in which each target portion is

iradiated by sc&APR} The peiesenihioveianatitaten ieamn lihagmehienaienigheansferring a
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direction. It is also possible to transfer the pattern from the patterning device to the substrate by
imprintingWeB pat&AasAtYShe substrate. [0003] Lithographic apparatus commonly comprise a
support frame which is supported by a base via a vibration isolation system, and a projection system
arranged to transfer a pattern from a patterning device onto a target portion of a substrate, wherein the
projectioBA¥sdaiREdses a first frame which is spring-supported by the support frame.
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spring-mounted, and does not require the actual presence of a spring. Any element having a
substrate, usually onto a target portion of thesgake.A lithographic apparatus can be used,
for example, in the manufacture of integrated ¢isc{iCs). In such a case, a patterning device,
which is alternatively referred to as a mask @tecle, may be used to generate a circuit pattern
to be formed on an individual layer of the IC. Fipattern can be transferred onto a target
portion (e.g. including part of, one, or severasjion a substrate (e.g. a silicon wafer).
Transfer of the pattern is typically via imagingt@ra layer of radiation-sensitive material
(resist) provided on the substrate. In generalingles substrate will contain a network of
adjacent target portions that are successivelepettl. Conventional lithographic apparatus
include so-called steppers, in which each targetigois irradiated by exposing an entire
pattern onto the target portion at once, and seaacanners, in which each target portion is
irradiated by scanning the pattern through a ramfiabeam in a given direction (the
“scanning”-direction) while synchronously scanniihg substrate parallel or anti-parallel to
this direction. It is also possible to transfer fhattern from the patterning device to the
substrate by imprinting the pattern onto the suabstr
[0003] Lithographic apparatus commonly comprise a sudpamte which is supported

by a base via a vibration isolation system, antbgeption system arranged to transfer a pattern
from a patterning device onto a target portion aluastrate, wherein the projection system
comprises a first frame which is spring-supportgdhe support frame. Spring-supported in
this context refers to a resilient support which ymaternatively be referred to as

spring-mounted, and does not require the actualepiee of a spring. Any element having a



resilient or spring-like behavior, such as air-mounts may form a spring-support as mentioned in this
application.  [0004] The mentioned vibration isolation system is used to isolate the support frame
from vibrations in the base and may therefore use elements having a resilient or spring-like behavior.
Therefore, a mass can be spring-supported by another mass using a vibration isolation system that is
arranged in between the two masses, or in other words, the vibration isolation system may form a
spring-suesdienVinrapongsitatkehayitsnss cmd s pringsioppofosrcaggifikgesuppod persentailRdlim the
art and \Aﬁllighgéﬁm{&igﬂt_ be described in more detail.  [0005] The first frame may interact with other
parts of the projection system such as optical elements, e.g. lens element, mirrors, etc. As the optical
elements of the [¥§)éLilhve spstetinned sili@dian ieelahagiagstenoisriseiswatadhiensgppohidrapparatus,
tis desirgdinaidaENeAFtoD BEUNCRRTRThERRS UMM P edh lea RO p Al RS the
optical elements. However, it has been tound that first frame movements cause disturbahces of the
optical eleahaiorTHéssefwi¢ende MashagastidiRatP fiognstiondiranahele vassousiRgna, Wareion turn
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e.g.a se_con | e prOJectlon S s_tem excites m_ove_ment_of e first frame. T _ IS effect may be
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performance of the lithographic apparatus is not satisfactory. ~ [0006] Additionally, movement of the
first frame may 9908k HegotirshiicHseMiay frigtachwitheotfarfparie i ARG SYSLRID SUSPoRs

Sensors Measyriag i polica) elemeriaasiionsitiirse ia M d5ALRARRIR AN BIOHRE RRFHARETTOrS
in the optical element, again leéading to a deteriorated |ma?|ng performance of the lithographic

apparatuSySieIMIErReyitical (oot Iadiesirarkotea iR oaTaRIVERIPRIGEIShIE ppesHess that
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embodiment of the invention, there is provided a Iitho%raphic apparatus comprising: a support frame

supporte8lBNaMWasEIOMey ol ih s iSsRidaW)dttAt Argfisatiesyeimeavangdgttshrnesserdd fittern
from a pafiReineIEMAFRO TR’ St MO RTaINJhGI REGEFHRR EHEBT BRI EHilsidr amrMvhich

IS spring-supported bé;:e support frame; and an active damping system configured to damp

movemeH? 8fihdR¥teapReise’ Rave\emhgisgtiermaniBmens BYitsesaRpPEyEtne confthated
to provideg s &RNSoE QUIPLEL NG seitRlNeAE s el BaY ensRisah bR fehtramReaiftstagieator

system arranged to apply a force between the first framé and the support frame, and a controller

configurethi§ BIEAHERIRNGVLRANRSIRY & R HiBE FReEiRaHRNfies SErb6: Wtdrame can be

close to other resonance frequencies of massesci@uhto the first frame via the support
frame. As a result, the imaging performance oflithegraphic apparatus is not satisfactory.
[0006] Additionally, movement of the first frame may indudeformations of the
frame. As the first frame is commonly used to suppensors measuring the optical element
positions, these frame deformations may inducetiposerrors in the optical element, again

leading to a deteriorated imaging performance eflithographic apparatus.

SUMMARY

[0007] It is desirable to provide an improved lithographmparatus, in particular an
apparatus having an improved imaging performance.

[0008] According to an embodiment of the invention, thisrprovided a lithographic
apparatus comprising: a support frame supportedl igse via a vibration isolation system; a
projection system arranged to transfer a pattesm fa patterning device onto a substrate,
wherein the projection system comprises a firshavhich is spring-supported by the support
frame; and an active damping system configuredatog movement of the first frame, the

active damping system comprising: a first sensetesy configured to provide a first sensor



[0009] According to another embodiment of the invention, there is provided a method for damping
movement of a first frame of a lithographic apparatus, wherein the first frame is spring-supported by a
support frame which in turn is supported by a base via a vibration isolation system, the method
comprising: a) measuring the absolute movement of the first frame; b) applying a force between the
first frame and the support frame based on the measured movement of the first frame. BRIEF
DESCRIPTIQN ©pFsthBREuNGSlute [ooteireninddinetiamer ehérahvatitiatonilyaemisy dessibed,
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correspond ference symbols indicate corresponding parts, and in w gure
depicts adfthodeapisic\pp@iralitodbeotitnt getiatoe pasrithe firsifshedaventont.  [0012] Figure 2
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DETAILED DESCRIPTION
isolation system, the method comprising: a) meagutihe absolute movement of the first
frame; b) applying a force between the first fraand the support frame based on the measured

movement of the first frame.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] Embodiments of the invention will now be describegway of example only,

with reference to the accompanying schematic drgsvin which corresponding reference
symbols indicate corresponding parts, and in which:

[0011] Figure 1 depicts a lithographic apparatus accortiingn embodiment of the
invention;

[0012] Figure 2 depicts schematically a portion of thledgraphic apparatus of Figure
1 in accordance with an embodiment of the invention

[0013] Figure 3 depicts schematically a portion of a lgraphic apparatus according
to another embodiment of the invention; and

[0014] Figure 4 depicts schematically a portion of a lgtaphic apparatus according

to a further embodiment of the invention.

DETAILED DESCRIPTION
[0015] Figure 1 schematically depicts a lithographic appes according to one

embodiment of the invention. The apparatus includeglumination system (illuminator) IL
configured to condition a radiation beam B (e.g. td@liation or any other suitable radiation), a
patterning device support or mask support structarg. a mask table) MT constructed to
support a patterning device (e.g. a mask) MA amtheoted to a first positioning device PM
configured to accurately position the patterningicke in accordance with certain parameters.
The apparatus also includes a substrate table deagfer table) WT or "substrate support”
constructed to hold a substrate (e.g. a resisedoatafer) W and connected to a second

positioning device PW configured to accurately posithe substrate in accordance with



[0015] Figure 1 schematically depicts a lithographic apparatus according to one embodiment of the
invention. The apparatus includes an illumination system (illuminator) IL configured to condition a
radiation beam B (e.g. UV radiation or any other suitable radiation), a patterning device support or
mask support structure (e.g. a mask table) MT constructed to support a patterning device (e.g. a
mask) MA and connected to a first positioning device PM configured to accurately position the
patterningettaiiteparactieliancehwithpgEtatin pdratnetesciingrgjpatiamussyiienncladbsa seibaotite

table (e. : t ) " " ¢

resistoo e R Ry e R B2 B oy
position thatibEiteeincecrdarioaattget pariqataitegiudimhengparaare flieskpinbridebsirate
projectiog,gystem (e.g. a refractive projection lens system) PS configured to project a pattern imparted
to the radiation beam B by patterning device MA onto a target portion C (e.g. including one or more

dies) of the sub$0Rike] Whe illufpaisioTHsyBlgmimady ins\istenyariay sriypirmigAbo Mgt H A

components r vear Ve ' ic. e ti ther of
oical Samr e o e e e
patterningqepwﬁp@rrtaml@fﬁﬂéiM@ﬁh@@éy@di@*ﬁ@m@éﬁﬂﬁf@dﬁdﬁﬁ?ﬁn the orientation of
the patterning dgyige, ‘Fﬁedﬁéﬂé‘rﬁi‘cn@edlékﬂegVQBEE&PH%TGQ‘%Q’%&%&?@Q'FW%S’rﬁHﬁHélstfP‘it

example whether or not the patterning device is held in a vacuum environment. The patterning device

support @@p@wmﬁaai@amwmmgfeul@@tmtafmm dmﬂm@@ﬁiﬁﬁgoﬁe&mﬂﬁhégr@h&m%ming
device. ThePBIRINESHARGAS SYREASRY R& iIREG/AE thiAbhP hexRmiy WhlReman B fixed or

movable as required. The patterning device support may ensure that the patterning device Is at a

desired PEFHGH RNGRITREIWRe QSN aie e RIS MesAgnisal of asd uainflestpattisr
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[0018] The term "patternln% device" used herein should be broadly interpreted as referring to any
device thB€ cafiaseaieea tahiapat exadmatf vhidhmayadiatiaevebie apdesidiseton §& KateHRgte a

pattern irblé\%réi%hﬁﬁﬂi?ﬂw%tﬁﬁﬁ%sﬂﬁ%ﬁhﬁ PaRidh R el Bl 48R RABBEMIERP IS iR AAtition

beam may not exactly correspond to the desired pattern in the target portion of t’ﬁe substrate, for
example IEEREPlatte R BRI IRaSKSEHIMI My T G O oD deaIRliF Ies st TRraskeNeseierany, Bt

pattern irppaEiedietRGigAIRHBNLRAM ! WF@W&&&&%P%H%HBWE@@M' layer in a device being
created in the target iortlon, such as an integrated circuit. 001 gThe patterning device may be

transmissive or iVBCERIM B3R THARE rAfCEe iteeslilgiRIe rRReKiIbheRIbIRiIBAatRf ARSarrays,
and prografefalled-GRyPaBeise Niaske arenueliaove imptiegianby. BESNGlife ANastdyRan skch as

binary, alternating phase-shift, and attenuated phase-shift, as well as various hybrid mask types. An

example $08% RAS IiGRIRR PRI 2 RAEENOFhg Svesiraies i shavidde nated rat
which capbeinstividiapuitedsmhas ieiafirbrainreminacagisdnadaam 1o diteiestdigstians ifhe

tilted mirrors impart a pattern in a radiation beam which is reflected by the mirror matrix. [0020]

The termtSrEjE8BbAYSR A 18R REVEIF s YIS HB MIRSARR RiTd IDFHES 2R RARSSINHINHE AW AT of

projectioR §yeiifen, dacide AN REaCHEn cPAIRE VR ﬁﬁﬁﬂﬁﬁgﬁtdﬁﬁ@%%@dﬁpﬁéﬁﬁﬁ%ﬁ%%gpond
electrostatic optical systems, or an)(ﬁcombination thereof, as appropriate for the exposure radiation
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use of thenteginieroigeim lens” herein may be considered as synonymous with the more general term
"projection system".

[0019] The patterning device may be transmissive or reflecExamples of patterning
devices include masks, programmable mirror arragd, programmable LCD panels. Masks
are well known in lithography, and include maskeysuch as binary, alternating phase-shift,
and attenuated phase-shift, as well as variousidybmask types. An example of a
programmable mirror array employs a matrix arrang@nof small mirrors, each of which can
be individually tilted so as to reflect an incomirggliation beam in different directions. The
tilted mirrors impart a pattern in a radiation beafich is reflected by the mirror matrix.

[0020] The term “projection system” used herein shouldbbeadly interpreted as

encompassing any type of projection system, inolgidiefractive, reflective, catadioptric,



[0021] As here depicted, the apparatus is of a transmissive type (e.g. employing a transmissive mask).
Alternatively, the apparatus may be of a reflective type (e.g. employing a programmable mirror array of
a type as referred to above, or employing a reflective mask). [0022] The lithographic apparatus
may be of a type having two (dual stage) or more substrate tables or "substrate supports" (and/or two
or more mask tables or "mask supports”). In such "multiple stage" machines the additional tables or
supports megnieticisele oty panadsktsr prebalactigstasiosoptgaiernarri@dany oarobinatienoteergiot sosr
supports yhj al=Yelr - St r ! r o, . 023LT
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lithograp atus may e of a type wherein at t a portion of the substrate may be
covered Byradicaitd figuilngoa vesauiselpiragramfiantifandefetigrwapspiectian e i depricemayvasen
the prOJeEBﬂEiE&?&%E‘%%Q@ﬁeHBﬁ@%ﬁ Hé'ﬂ%?ésg%’ﬁé%'gﬁl%%ﬁﬁéﬁ’ {@Rplied to other spaces in

the lithographic apparatus, xample, between the patter evice (e.g. mask) and the projection

system. Immerdi@8XHchRid\ase clapistedsdbeodnparatiesttie alindrvasmEsnec(ofprejasioyirgdems.

The term,. i ion.' in: t S e
submerg e e B D B e B R B
the substP&RgQIRRGRIBEIRS. arrayOU I Refesirrfed ealire L otrrmileyingter Rflrsidieenasiadiation
beam from a ragiiion $AUI G SPaphie SPPSRARD S, WRogF %Pf%ﬁ@%ﬂ%}’(ﬁﬂéﬁ%%é?%‘?rﬁ%re

entities, for example when the source is an excimer laser. In such cases, the source Is not considered

to form pavbstrgie igbesaphruURsSHARIEURIRT G Aad@RsWsEa sk iabies Ponmaskssinpersd hithe
illuminatqy i with fipiaidigha-DeARhHRIYERE SYFHRTBRIP (e Ao SPfCRIIE, SRS SHISAEN %

mirrors and/or a beam expander. In other cases the source may be an intégral part of the lithographic
apparatuBl¢HREXRRYHERH ERAtH B S 6aFHE Hs04 hRer 8NS PakAPleherssiRpersOVAia aneimmaegstner

together Y&%@Sl@ﬂ?ﬁ‘ﬁé’f@“ﬁ&bﬂﬁ@ﬁk@@fﬁF%ﬁ%ggré’!‘ay be referred to as a radiation system.

[0025] The illuminator IL may include an adjuster AD configured to adjust the angular intensity

distribution of th®Padlation HbQerapBiccrRIRAratYSIBRY AlsatEe Loty PRIGIT i 2k enP REBAThnly
referred H‘P\é‘%l%gﬂiﬁéf?’ﬁgﬁfmeF_@éﬁft‘;ﬁﬁ‘{ﬁﬁi}oolflQﬂﬁﬁﬁﬁ%m’iﬁ’ﬁrﬁgﬁﬁ‘&ﬂ\j@ AANRIPRRE0E thso

illuminator can be adjusted. In addition, the illuminator [L may include various other components, such
as an intégriRol | N SRACC RN RR TSR rIIRCHIRMAYRISFHRE BbsEaiR oD HAIISHIIRS i sRdeam,
to have ayfigsiRd HREREMIG apmh M eRIBEEISHIRHECR b drariRpareeGiOfor exdiRse] Hiavrdrtier
beam B is incident on the patterning device (e.g., mask) MA, which is held on the patterning device
support (Baterluk 48yIe% NErd afRekhane R gie e SaeRs-Img @Esies IpEviigrea e diptHeed to
patterninghggadce (Rd nideicil A sBR A Bl RAUGHERSRSASREPHORIBRERL I GYSEEAR R

which focuses the beam onto a target portion C of the substrate W. With the aid of the second

positionifiPEENEEPRRRHPHBSHISI BERSIHIR S ¢ SbFTaRheRUBTRIEeRY) liakid dvtsathesonly
capacitive,saRgaRathelieiisiEISiRkIe Y¥Tvern SRR RS SBRARIR PRSitigRifaienRt

target portions C in the path of the radiation beam B. Similarly, the first positioning device PM and
another positior! @#HIR BTG SIA T igkEchy HEpiLRINRIBG ke 'EFslaRE tisde o RRIY I8N Fosition
the pattergigifyiseuied-IasihMéonitie reaRaseitiisy [PA e safiadi ok heasarBiee chtiéa! for

mechanical retrieval from a mask library, or during a scan. In general, movement of the patternin

device sIHE YNRANCaBRYRATIMAY KX GEARYL EAPRAtH INEP&RFolA8 STRYL&H ol MAbEQISIEBER 0
positioning)rasha shet SHREe-apiisphinaresHitn iR@ihiBBdem PR dhrikshrasdipaing deyvice

PM. Similarly, movement of the substrate table WT or "substrate support" may be realized u_singhg

Iong-stroﬂ%emmilﬁaé%% WY e gk Phaderar i AR BYFIYRBS tHELdishd P serasmlersy tabife

case of agHiepney (AFrepY aprroioAHERNNSH) Hirl BAtIAroiRE S MEesHPEE @y b dnasknrpiRl Mdriary
be connected to a short-stroke actuator only, or may be fixed. Patterning deviceﬁ]e.g. mask) MA and

substratdVe HRO95RRNIG ARG RIS KA G RIB IR B IR RFRIS A THRIS YWY, IRBRNENEURRER ARkt
marks PhBAifvineush thergebssiaiatplinamentiriicaRe s BB a5eHEY JRdicBterbiarast ROHIONS,

they may be lgcated in spaces between target portions (these are known as scribe-lane alignment
marks). SHAAAYOM $YRISHNs in which more than one die is provided on the patterning device (e.g.

mask) MA, the petsnmeedifvieralionmenhyniadis deanheljoctse A bedwriadie dipss{082 dhghrar

depicted apparatus.could be used in at Jeast ope of the fgllowing modes:
P in[i)gnsityudistn ut!%nuof gwée racha%on eam. Ga%rrvgt 9east tﬁe outer and/or inner radial
extent (commonly referred to asouter ando-inner, respectively) of the intensity distribution

in a pupil plane of the illuminator can be adjustedaddition, the illuminator IL may include



1.In step mode, the patterning device support (e.g. mask table) MT or "mask support” and the
substrate table WT or "substrate support" are kept essentially stationary, while an entire pattern
imparted to the radiation beam is projected onto a target portion C at one time (i.e. a single static
exposure). The substrate table WT or "substrate support” is then shifted in the X and/or Y direction so
that a different target portion C can be exposed. In step mode, the maximum size of the exposure field
limits thewirious tiibeacmnpornisC sueiyad andriieg/lateniiNaaqistnecrZC (. Idmihusieatios may

patterning dlguice t@“@&ﬁé‘t(&&tk&é‘?ﬁ&i%@%’}é‘ n?rﬁf‘?ﬂ.ﬁ@’é’é’?fﬁf@ﬂﬂifg%ﬁg]*?ﬁfr%?\ﬁéﬁm%ﬂﬂtﬂfn

"substrate support™ are scanned synchronously while a pattern imparte n beam is
projectedrpRfoCaasScRaGIGion C (i.e. a single dynamic exposure). The velocity and direction of the

bstrate tabl : " ralali tern i (e. rable)
T or mack supoZaL [ e R s

of the projédtionsshetdrarPthe matamingdie tiee maratnesizekorable eposaind fielpaiiaiandwite (in
the non- i irection) of the t Qo i : iC , I of
he scan e e IR, el pedin
another rRdeRS3AS [:GELEY ﬁbﬂém@@@ﬁp@rﬁ@?@ Hﬁaﬁﬂ”‘i@m@'ﬁl‘ﬂ‘lﬁd}emﬂﬂ% pperoas reiioasSedtially
stationaryRolehing: a fy Q9 YA ‘i‘ﬁ@d?@%‘?%‘@%Qﬁh%p@@ﬁ%@%ﬁ%@ﬁﬁ@%@bbﬁgﬁ% Rrsshasitiipite.

support” 1Is moved or scanned while a pattern imparted to the radiation beam is projected onto a g’:irget

portion_carmimmfgf@a@tgér@wgealmgé@még%@roﬂrmsgrﬁﬁaom%rhastﬁﬁq)tagigma@ﬂ@ be
patterning, dexiee, i3 (RAskF da5, 's9 ke _%%%Tt%??ﬁiﬁé@&?d@?ﬂbﬂfdh% _@Jl?ﬁg?éepf'a%f%"af\’éﬁ% %éﬁéﬁlﬁﬁr ate

support” or in between successive radiation pulses during a scan. This mode of operation can be
readily ajpsi@sa ﬁ)_rﬁt@llﬁe’ﬁé ﬁhﬂ)@f&bﬁﬁlﬁwmﬁ@mﬂﬁrﬁﬁ@l@?faﬁ@ﬁlﬁ@ eURe| éubwassanét
programiagbieifyERL &Y ff RijRe a5 Blf AU Rately [F9S8bG M BAHANH RNEL g lpns
on the above deScribed modes of use or entirely different modes of use may also be employed.

[0029] THBaSHjAAMIEY EReREPSadte PrileATEBEIFeintRany Bree s afiss merhanical sabie vele s,
which in WifSieNBRAYCS i Aifig e An A SRR IR sMALDYRMANG B SYBR YL SBAGw Rton

is shown with reference to Figuré 2. 0030] Figure 2 depicts schematically a portion of the

lithograp i@l FPIRLYIdF BRI Re TR BB eV Etdenaie & rIlBE e keith aduerisoarsR RO HeRNCA ek first
frame 1F&&H@ﬁt@@@@i%‘oﬂtﬁg@(ﬂnﬁ‘%ééiﬂ@_ﬁfﬁ&)?r\%i%rﬂﬁ%@@fttﬁéeﬁ%-p-ﬂ%ﬁi@ﬁﬁfﬂ%mm.the

ground, but may also be a base frame that is spring-supported by the ground, but which due to its

relatively FigHAYsE BTSRRI RYDSHR tABEY | ARIcE S URDGFEIMAYdRHE iz esl S1SRg 2
lithograp g grRpiedUR SHRRCESY RYsHMptharskEaMRiule, whech part of the second positioner PW.

In the case of a stepper (as opposed to a scahegratterning device support (e.g. mask table)
MT may be connected to a short-stroke actuator,@mlynay be fixed. Patterning device (e.g.
mask) MA and substrate W may be aligned using paittg device alignment marks M1, M2
and substrate alignment marks P1, P2. Althoughstistrate alignment marks as illustrated
occupy dedicated target portions, they may be éatat spaces between target portions (these
are known as scribe-lane alignment marks). Sinyilaml situations in which more than one die
is provided on the patterning device (e.g. mask), M@ patterning device alignment marks
may be located between the dies.

[0027] The depicted apparatus could be used in at leasbitine following modes:
1. In step mode, the patterning device support (eagk table) MT or "mask support” and
the substrate table WT or "substrate support" ap kssentially stationary, while an entire
pattern imparted to the radiation beam is projectei a target portion C at one time (i.e. a
single static exposure). The substrate table W'Bwbstrate support” is then shifted in the X

and/or Y direction so that a different target pmmtiC can be exposed. In step mode, the



[0031] The support frame SF is spring-supported by the base BA, which may be alternatively referred
to as resiliently mounted or spring-mounted to the base. In an embodiment, the support frame is
low-frequency supported by the base via a vibration isolation system. The spring-support is
schematically indicated through spring K2, but in practice can be any structural element having a
resilient or spring-like behavior. The low-frequency behavior of the support frame relative to the base is
the resulnudmpmaliséfteofiibesprngsigesthiatd imtsribie sittheitargatRaiviely Righagess iof aheinglpport
frame. ta{gg%ﬁéggﬁrgrst frame 1F of the projection system PS is spring-supported by the support
frame SFS, as schematically indicated by spring K1 , and will in practice usually have a resonance
frequency.at leakit 6parordedabthe: padessngadew ¢rgupnoyt dpemk dapteiriradie. masCogg|Fgure 2

depicts the first {r 8.d 5 'n@g@' ituation i ich irst f the
support f%g]rgema%eggﬁyﬁcgg%a %fé; mogang}é ?lrl?vgﬂzg% ﬁée% ion.%m&%rﬁﬁgﬁg ﬁig?t’ﬁgépﬁarf(}:}%g@g
underlyingpyigdeiatitieceadiatiomdepplidsl prageteddntaigeltiprtiuyediof fractiopiesitlyagsnic.
[0034] T jectio i iti lemngat i iGi S . her
determin%zq?ég?r% 'gplrn%gé;esr[%??ﬁa%ﬁg g?%?? H)iitahog rapfﬁgggéﬁﬁp if gggi%b e ﬁ%@&%@&%n
system b® $nBjpatterninmieviae HURIDHHE:s. MaskdAHERUIPORKSHURDORE A38hbeAStERINRIDY

disturbanges may-ealiibgRICIssHIm Ay aV¥iadher=HBRRE BAME BRYQE QAsenRPE MAKEXAte

resonance modes. Inan embodiment, the lithographic apparatus comprises an active damping system
or dampénesienifimPexieuR sirsapcteisxaanysmealsklimbsevitkht(T the nes-feanaing difeg8snrhe

active daH?QH@téYabé?’B&%}Pﬂ?%Ssﬂw Nt SANSMSERIIR RS RIS Tl SLaRRRRY Awlhbh

representative of absolute movement of the first frame, a first actuator system arranged to apply a

force betRiGhNHRES SherArighrintHe kaspslinwatiie cHdahe darariiRgEtam or controller CS to provide a
drive sigrgl to thg gFﬁStﬁ%WzﬂéYﬁ@’Baﬁﬁ‘e?ﬁﬂﬁéﬂ@Wc@%hﬁ%P ¥ole) MAOFOIHRENSupport”

embodiment, the first sensor system is formed by a first sensor SE'. This first sensor SE1 is able to

detect mévkpRbSsEHiaHvstRERRaEhAldRoR dFesioMERRERE0InES ViFs, ik BisRIRatGIhERAle
represe”W‘i*’S&%ﬁB’sﬂ‘été%U?%bﬁ"]@ 8L 88N5108 ARSI M i 1 SIAEFRAIERYE beam

[0037] The first sensor output Si is input to the control system CS which performs operations on the

first sensi§r BIRJAGLEH LD @RPJAHIaLPREINYKal i ipretegeasiallyf a futsethipHBE9 16 P G phied
between fhagifiksktiamg ardgnsapRoabiEmeRHryeendpasny s ’RYulita Sitheremhnsiaiaehthe

first sensor system may comprise a plutalit%/ of sensors. _ o
of the substrate table WT or "substrate supportindoetween successive radiation pulses
during a scan. This mode of operation can be reagiplied to maskless lithography that
utilizes programmable patterning device, such asogrammable mirror array of a type as
referred to above.

[0028] Combinations and/or variations on the above desdnbodes of use or entirely
different modes of use may also be employed.

[0029] The projection system PS is in the embodiment glfé 1 supported by a
support frame SF, which in turn is supported byaselBA. A more detailed schematic view of
the support configuration is shown with refererc&igure 2.

[0030] Figure 2 depicts schematically a portion of thedgraphic apparatus of Figure
1 in more detail in accordance with an embodim&ftown are a first frame 1F of the
projection system, the support frame SF and the Bas The base BA may be the ground, but
may also be a base frame that is spring-suppoytéiaeaground, but which due to its relatively
high mass and low-frequency support by the grouctd as ground for the parts of the
lithographic apparatus supported by the base frame.

[0031] The support frame SF is spring-supported by thee lid&, which may be

alternatively referred to as resiliently mounted spring-mounted to the base. In an



[0038] The first actuator system is formed in this embodiment by a first actuator AC1 configured to
apply a force Fl in dependency of a drive signal DI. The drive signal D1 is thus applied to the first
actuator ACL1 in order to close the feedback loop formed by the first sensor system, the control system
and the first actuator system. In a further embodiment the first actuator system may comprise a
plurality of actuators [0039] It is noted here that according to the invention, the movement of the
first framerzbodinsengdhehsuppely fiahie iheYoifceqyenaarzp\bihih érsasetviatarslyatonisalabited

ative 1 e whi ) . , _ £
ot actver e e D B B Kon i praqe Seh BN
transmis$ibilistiecthigheldraguenhalds dsebeasdient onispiikedeayaibidolenatie gusiecyupphesied,

X . ; rerm inah . i .
bl T T o, SR RaVE Sl poRanciree =
blocked BpaBinatfagvithsioigaietdatighanassigbéhe supdoamEAnother benefit is that the

low-frequency e [v ' ing t bodli f jnyention
has improved cﬁgﬂtﬁé ﬁ]gghcﬁﬁg%gfpmwﬁg@%ﬁvﬁﬁﬂ%Ev%ﬁ%%%%ggggey %eggg utely
and the fHEPRY taﬂmﬁiéoaa@@aregtic@ﬂmmWwéeam&mwm@, Fyﬁﬁé@ﬁ) ustiallphavegaency
vibration Qidbe SIHRAPERMS, (QCRAENGHE RIS NI HOALE AE BPIHES 6 Phanide

forces on the first frame, which would need to pass through spring K1 to decrease the movement of
the support frant@033] Higoue] ArfigsiftoriBEb Erstfifinae bantas epphying AmerconretHinTREsRMAe 1F in

an absolyfg, UG FARAMREHLE U Iane Hd Wi Hahwald YiFlepavRe SPGBy febase

or a separate, preferably free-moving reaction mass, m'aélot be practical as the base may hot be
nearby. Fuflieeti@Refardte heazBprerae R4S ROPIES pradeexine IhesiveNHeBded BiseeRgively

heavy a%a%—g%g%%wwwqﬂdﬂim@ (S‘éﬂrgé@le%@&ﬁdﬁﬁddg use result in large movements of the

reaction mass thus requiring a lot of space.”By applying the force in a relative manner, no structural

connection to th®@He T Rf pieEiRIh HeleMSTadsiredlitical hemsnbrflifoD tRIMIGLRRRIAINS 8N8n
apparatug Aecerting e AR A RTRRO R SR iFgf E‘é’ﬁﬁﬂﬂBnﬁmﬁ%%&ﬁﬁﬁéraéﬁéﬁaﬁﬁguaﬁ tythe

lithographic apparatus of Figure 1. [0044] Figure 3 shows a projection system PS, which has an

optical eldffdimble ghat [ RNeieeitn Y StRE iejsehirrigaikimat diskiiganassdedodirssning
from a pafigiaing daVigeRRtiANEYML IR RHBAHALS (MREFBRY Blofei AR USRI RNMHESSpport

spring-supported tc)jy a first frame IF of the projection system PS, as schematically indicated by spring
K7, and frame and/or the base, and may excite resonancesndd an embodiment, the lithographic

apparatus comprises an active damping system opetata minimize the disturbances by
damping the movement of the first frame.

[0035] The active damping system comprises a first sesgstem configured to
provide a first sensor output representative obklbs movement of the first frame, a first
actuator system arranged to apply a force betweefirst frame and the support frame, and a
control system or controller CS to provide a disignal to the first actuator system based on
the first sensor output.

[0036] In this embodiment, the first sensor system is &y a first sensor SE1. This
first sensor SE1 is able to detect movement ofitkieframe 1F in the Z-direction and provides
a first sensor signal S1 that is representativi®imovement. The first sensor signal S1 thus
forms the first sensor output.

[0037] The first sensor output S1 is input to the consydtem CS which performs
operations on the first sensor output S1 and ositpulrive signal D1 representative of a force
that needs to be applied between the first frandelam support frame to dampen the movement.

In a further embodiment the first sensor system owegprise a plurality of sensors.



can be positioned in Z-direction by an actuator system, here embodied in the form of a seventh
actuator AC7, which is configured to apply a force F7 between the first frame 1F and the optical
element LE. The position of the optical element LE is detected by a sensor system, here embodied in
the form of a seventh sensor SE7. The seventh sensor SE7 provides an output which is representative
of the position of the optical element LE relative to a second frame 2F of the projection system PS.
The first and sef@aBfrahe 5, actuatoinsiesientinthrfnech indbis hdrehiiny-sjipbaeitiaipaAGaport

frame SF.asds, ind] h | I ' 3 : t e SF
i turm is O AR St A e TR e o D T Wl SR D i
schematierpiaeh KnekgshagtbatpaAGL on Ditekioibldsw ferditaiknlegptéarmed byodusfiratithensor
embodi igyre fl eg e f@m% es of
freedom, an%lg %a%s?ﬁ%ng%é%%ﬁ?gg&ﬁ%nﬁ%%% E%jﬁeﬁwﬁﬁ'lékis ISt gﬁrﬁ%@g@%ﬁ@rﬁo
springs aRetusEer syBeaMBaY RIS e Blvaksaspensitn. In practice, the resonance modes of the

frst and seconq fiagne ey IR A9RRRAROIL A o8 b AYRRRINSIaRe AR es.

may easily excite the'modes of the other frame via the support frame. In practice, each component in

Figure 3 inayenausashabegheielyontrdedbmiomenecae! aydsislirse Rptsint e o vt dmionlisrirRlatya, the
number qhdgaress R REHRIM(ERIEdURS WP IHDBRIAARINE BortorraRAE The apparatus

comprises an active damping system configured to dampen movement of the first frame and in this

embodiment ald®@46l énhamedit M@%d@h{ﬂﬁmﬁmm é%ﬁi/ﬁ!&iﬁﬁ]@ﬂ@@@tém @@Wiﬁé@lr& atgheensor
system g medmtieiaRFRIL e S EBRTIEIDING Tt KiNee e ERiSGESEERYBISM CAPRIRSS MLy

sensors SE1, 5E2 each measuring movement of the Tirst frame in Z-direction, thereby also obtaining
informatidiP EB RN EHIPP SER SFHHPSIEt IOErRsibpig SYstINdywaich ! iefent

together defiae & {e3f RG95089 4RHRE 1ordY 8 SRRREERASIFA E‘?ﬁ’ﬁ‘?ﬁ&ﬂf@ﬂ‘é@(ﬁ%éﬁﬂﬁﬁﬂ‘%ﬁ%‘%”ﬂ

frame 1F. [0047] The active damping system further comprises a sécond sensor sys

comprisitgawb s O5He SPRYMITRING AR hiegked By csleshn2 Siore instprdsob 9, Susiegsectively
from sensor 5Eg®(§ﬁf' HEnsirislipeRACFONthE R Wb AHIRIUEREG SSERIIBE evasaea @iitismgcond

frame 2F. [0048] The active damﬁgg system also comprisés a support frame sensor system
comprisify Hedsaaserdisg 3G SMPACINER Msthesyealar MBieredr GimRRiesh I 8neapdiEively

from Senﬁﬁﬁﬁﬁé’%@éﬁ’r‘ﬁ\%ﬁ% e RRSFE RN SPREE HMulis RPERRETHBIGR Y IQY&sahpiRidhe

support frame S [0049] The active damping system comprises a first actuator system comprising

two actuXese /el AP RRICRAREY 1 3sIg MBIk SRR, reaeRsde M Brating: afhe 1F
and the syppeskitARR LEERMRPAIMARHY)YS MSESRERI BIpHME it feesaiolimapbsidngwe 2

in which the movement is measured absolutely, and the damping forces are applied relatively.
[0050] THESAJfRE8aMIBIRY %Wié&@@ﬁﬁﬂf@#%ﬁﬂl&é% deetRPacRABINAREACBhIPAsing
two actuaighpdreRames which are able to apply a respective force F3, F4 between the second frame

2F and the support frame. This embodiment thus also applies the principle of _Fi%ure 2 to the second
frame of the prdj@efidnAfyaditional benefit may be that applying a foteahe first frame 1F in an

absolute manner, so between the first frame antixée world, which may be formed by the
base or a separate, preferably free-moving reant@ss, may not be practical as the base may
not be nearby. Further, a separate reaction magals@not be practical as it usually needs to
be relatively heavy and low-frequency coupled t® finst frame which may in use result in
large movements of the reaction mass thus requirilag of space. By applying the force in a
relative manner, no structural connection to theeb@or a reaction mass is required.

[0043] Figure 3 depicts a portion of an apparatus accgrttiranother embodiment of
the invention, in which the apparatus is similatite lithographic apparatus of Figure 1.

[0044] Figure 3 shows a projection system PS, which hagp#aoal element, e.g. e lens
element, LE. The projection system is arrangedrdasfer a patterning from a patterning
device (not shown) onto a substrate (not showng. dptical element LE is spring-supported

by a first frame 1F of the projection system PSsasematically indicated by spring K7, and



[0051] In addition to the first and the second actuator systems, the active damping system comprises a
support frame actuator system comprising two actuators AC5, AC6 which are able to apply a
respective force F5, F6 between the support frame and the base. As an alternative, the forces F5, F6
may be applied between the support frame and a separate reaction mass, for example a free-moving
reaction mass. [0052] The sensor signals SI-S6 are provided to a control system CS of the active
damping caRteenp ERiticiragliviy-cheesiios theascheinatideyahect@mshlindieddn the fespadtveaeanibrs
and the y 0omitte Wi ' i cted.tg the
coqials: ﬁt&?"t FRieMY %A‘f@dl&? wﬂﬁbﬁzﬁagzdf&%é T;}éﬁf]{gg%ﬁmﬁbWé‘?fr@fB@%”T% i

respective input Sn of the control systém, where odiment, the control system is
configuregpticaeelementhdfirdie postiasugitnelopieaorent bhssranigniechpyl arresappeysteimdsedisor
output, . sor siqnal L fi - the
cupport B e b e el o o R D e

interactiHg@?&&ﬁ@ﬁrﬁaméétim@@ﬂmw%tmblyﬁpmﬂﬁﬁ@& hlémgf@tiv@ﬁ@rmse@ﬁmﬁe‘r@éngcﬂF _
signals aif,'?ﬁ%‘@%%ﬁiérﬂ%&%?@rﬁ@@ﬁéhﬁr&r Snd s%&?é’&lfﬁo%ﬁ‘&@fiﬁb%ﬁéﬁég?{w%@féﬁ SIX

signals which represent the’six resonance modes of the system. Transformation operato

rTiis
obtained Qiiﬁﬁﬁcﬁﬁ_ﬂ Wﬂi_@ﬁ@bm@l%ﬁﬁmﬂoﬁgf@ﬁs §Erf6ﬁ_ﬂ$@t§ﬁ tﬁ@\@@@ﬂﬁ_ﬁﬂé i?iﬁ()dl_émﬁﬁﬁve
controlle( ¢ppsisting:f-sh iedividuiahcoauplers 270 ShainG PRI RIFda,nedaRuEoL T2

Subsequently, the controlled resonance modes need to be transformed into drive signals

representgi@nTalicad)moglitaiad oy Pgs &i Kife AbeddRheOBICH Bngsekbdfe ciay bBetnatbef

systems.O'Fqgrﬁqaglﬂgyg}%}p&géiws%t@Mansformation operator T2, which again is obtained by
modal decoupling. Output of the control system are six drive signals DI-D6. For simplicity reasons, the

schematic connE&fdofthiee emkodigiens &f thisliiespediocliast faaoner SBRoRe T BYPSrAndingehe
drive Sig@@cﬁ#g%nt‘ EQ&%WQW@F%QW@&EW}%%%&%%WQ-@ﬁé@@éfﬁ@ﬁ&% RitHifHrSt

and secon me.  [0054] The same principle of modal control can also be applied as an extension
to the eniBodlifiEgttisTFigits 2swiérdiaseuppoit frameSPENgsr apadnpel dramdgedao pisate: the

SuPport nf RESBLAUIAN [SAIRRANBT6.P L e mAKemgh BTG SLBRET Lo SEaABchptaln he

control systen IS configured to decou rst sensor output and the support fr _
output inte e ttese daenchthtfirstSeathat IFQueineEsE o ériine SF, Al RASYVRIE tedihee

sianal Digdue HrshechiRTRINETAGE baRed AniRasRARccmeder e T Fafie gy the

support frame SF-. 0055] When using mo an embo lke Figure 27as described in
the abovePedagjraproicesaRbiperdtn tdenargs e irtciatdts syshatina whFigprevisietha force

between ﬁhu%'ﬂé?‘?ﬂr&g gsaélﬁgggd@ﬁqsqgrﬁi@&qgqwmﬁmm@rﬁ@etween the first frame and the

support frame.  [0056] Figure 4 depicts a portion of an apparatus according to another embodiment
of the invention [Ol4éleli eh @ RPaLa A SCRMBATIBES tG fh@Htiveg FHaIA R g (SSIETBATER) e dampen

Schematigally the,egiAdimerk ahRIGHE AR 2IRbBUFAENBIRVER IS Bmbedimest PfEigwerferor

a description of the projection system PS including first and second frame 1F, 2F, and the first and

second sRREE? SRTRING RYRIRICORANSES & FRILFEBOESHHOSTERREI S ARRIMUFG MO BFMeaith ofites
two interigee MaAsSEFHE Hirdr L HAUE R R RPEGPTPRUALRAD 1S FES SR O] (RSWRRIH {f RTBE cPheR®

schematically indicated by springs K8, K9. The portion SFa of the support frame SF is
spring-supfgbediistyreraeisé-girestiondibereby pisoaigio & Mfemsnation about thi-direction. Each

sensor SE1, SE2 outputs a sensor signal S1,S2 wagether define a first sensor output of the
first sensor system representative for movemethefirst frame 1F.

[0047] The active damping system further comprises a skecggnsor system
comprising two sensors SE3, SE4 similar to the Bensor system. Sensor signals S3,54
respectively from sensor SE3, SE4 thus define amngksensor output representative for
movement of the second frame 2F.

[0048] The active damping system also comprises a sugparie sensor system
comprising two sensors SE5,SE6 similar to the Bestsor system. Sensor signals S5, S6
respectively from sensors SE5,SEG6 thus define patiframe sensor output representative of
movement of the support frame SF.

10



[0058] Provided is a support frame sensor system comprising two sensors SE5, 5E6 which each
provide a respective sensor signal S5, S6 representative of the absolute movement of the respective
interface masses IF1,IF2. The interface masses including springs K8, K9 provide a dynamical filter in a
mechanical way between the support frame sensor system and the rest of the support frame SFa. This
has the benefit that vibrations, e.g. internal resonances, in the rest of the support frame SFa having a
frequency abovEOMSLTheffactideciaypnthe wBanySKBpKSeare finsinacteatsiamtiterefuisi Mg dess

i“f'“encea%‘?u@t%&c}i@t%'@gisﬂx%?éﬁ% AR ANTR U PUREELR G PPRY HAME AT MR Ar VR

comprising two actuators A
1F and the support frame. This embodiment thusthgesame principle as the embodiment of

Figure 2 in which the movement is measured abdgluted the damping forces are applied
relatively.

[0050] The active damping system of Figure 3 further casasra second actuator
system comprising two actuators AC3, AC4 whichalrke to apply a respective force F3, F4
between the second frame 2F and the support frime.embodiment thus also applies the
principle of Figure 2 to the second frame of thejgction system.

[0051] In addition to the first and the second actuat®teays, the active damping
system comprises a support frame actuator systemprésing two actuators AC5, AC6 which
are able to apply a respective force F5, F6 betvikersupport frame and the base. As an
alternative, the forces F5, F6 may be applied betvtke support frame and a separate reaction
mass, for example a free-moving reaction mass.

[0052] The sensor signals S1-S6 are provided to a coaysiem CS of the active
damping system. For simplicity reasons, the schientainnections between the respective
sensors and the control system are omitted. It vgllunderstood that a sensor signal Sn is
connected to the respective input Sn of the corgystem, where n = 1,2,...,6. In this
embodiment, the control system is configured toodpte the first sensor output, the second
sensor output, and the support frame sensor outpuihe sensor signals S1-S6 into resonance
modes of the first frame, the second frame andstigport frame. The resonance modes
referred to in this embodiment, are rigid body nmeodé the interacting system of frames.
Decoupling is done by performing a transformatidnoh the sensor signals as is known to a
person skilled in the art.

[0053] The output of the transformation T1 are six signalsch represent the six
resonance modes of the system. Transformation twpéra is obtained by modal decoupling.
Control operations are performed on the resonaramemby a controller C consisting of six
individual controllers, each relating one outputTdf to one input of T2. Subsequently, the
controlled resonance modes need to be transformedrive signals representative for the
individual forces F1-F6 of the actuators AC1-AC6tlé respective actuator systems. This
transformation is done by a transformation operd®@y which again is obtained by modal
decoupling. Output of the control system are sixedsignals D1-D6. For simplicity reasons,

the schematic connections of the drive signalsh&r trespective actuator are omitted. By
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ACG6 which each provide a respective force F5, F6 between the interface masses IF1, IF2 and the
base or a separate reaction mass. A benefit of this configuration is that disturbances in the forces F5,
F6 having a frequency above the cut-off frequency of the springs K8, K9 are attenuated and therefore
have less influence on the rest of the support frame SFa. [0060] The stiffness of the springs K8,
K9 and the masses of the interface masses IF1, IF2 can be chosen to set the cut-off frequency at a
predeterpingdliegdhenciive pigoais €t ; B toutheffafetiepidhgydaopoya s yiiemtigitathle disdabaymntes on

the activ -Qﬁtéﬁtﬂf@ ﬂ@/&ﬁ&ig&@gﬁ_ﬁ%@nsferred to the support frame are minimal. In an

embodiment, the interface masses ar requency coupled to the rest of the support frame SFa,

wherein high-frd§0efkcy neesmime piéegiplecpfabodalicont Pecaarajsaihdiaghas e rasdasionte firet
frame, th&%ﬁﬁﬂ(‘]ﬂéfﬁ”&? ﬁ%FBGZSLWHQFHﬁag‘& dheiA %ﬁ%%.% rﬁﬁl&@ﬁ%@ﬁ?&ﬁd@%me

to be considered parasitic, that do not nee e dampe t'negatively influence the active
damping SlyBeatt. frameosensamhewphirotByesentatieE (efrébpesnenthet sindlsurpPeié temeiSTysamd CS
of Figure i j ix dri ' ix differen
actuato rs%%goﬁy?ﬁé)bﬁﬁg %?g%@%?%%gvﬂﬁiﬁfﬁ p%} (ﬁ?\?e )r/g Fegpsrré%sgﬂ?ﬁ}\% to? ?égjeiﬁgrggé pl%f F6
to be apgliedeypenseupptinfiatte estnaoesyrasias PhibeHasierifarod thestimockiiarealefmands

mattrices HER AiE QRIARCS MO FabdREHEN RS DHRRGT ACANSICERBIPhE'BRLLbRAP AGHES 3

6x6 elements, and transformation matrix T2 is in this Case a matrix having a size of 2x6 elements. All
six resontéiechratdss i ihanarterrtpearh§ aaeuidted by full matrix Ti, are damped by the controller

C, however, majdRg=pRlyHF RGiAGIHAIAL ASmarane éﬁ%mbo%ﬁ%él%] |Tl¢éeﬁﬁaﬁb8§iaé%féh3t96iw§é does

not allow full madal control as only two actuators are used to dampen six résonance modes. This
means thRRRYSIRARG 3 b nelsrdRSHHYat e EriBérimee By HRMaUBAdBALErBraMigasIa

decoupling Nt HRIHIRe WA (IAhACHNE HRMPAIS SRR FERRARNTR D94 &Y FREFELH QRS IS

are no problem, so that still sufficient damping may be achieved by the active damping system.
[0063] THEaPhaieloe $sIRBAH:EAER@ masses to communicate with the support frame can be used in

other situations, 6e8 e GeA0iBEIt O LFIBHIE B of BNV Sa IHIRENEBRERIMAREE embotREH: of

Although specific reference may be made in this text to the use of lithographic apparatus in the
manufacii® BVRIEIaNsYRIale UiricrBRya it thel MHaeplteedpReuIRRAG BB OhdridH Al have

other apElicRERNGIHS) BretheiPaRMRIE EiIRIARLOBVALINRIEM Hvith N epnioidedpetion
patterns for magnetic domain memories, flat-panel displays, liquid-crystal displays (LCDs), thin-film
magneticri@digs3 ekorpndesianslemrfdAsuarolection sysies including first and second frame 1F, 2F,

and the first and second sensor systems, referemeade to Figure 3.

[0057] The support frame SF comprises two interface mabBskslIF2, which are
spring-mounted to the rest SFa of the support fr@fmeas schematically indicated by springs
K8, K9. The portion SFa of the support frame SKpsing-supported by the base BA as
indicated by springs K5, K6.

[0058] Provided is a support frame sensor system compgriswo sensors SE5, SE6
which each provide a respective sensor signal 65e@esentative of the absolute movement
of the respective interface masses IF1,IF2. Therfexte masses including springs K8, K9
provide a dynamical filter in a mechanical way betw the support frame sensor system and
the rest of the support frame SFa. This has thefli¢hat vibrations, e.g. internal resonances,
in the rest of the support frame SFa having a #equ above the cut-off frequency of the
springs K8, K9 are attenuated and therefore hasseitgluence on the active damping system.

[0059] Also provided is a support frame actuator systemprgsing two actuators AC5,
AC6 which each provide a respective force F5, R@véen the interface masses IF1, IF2 and

the base or a separate reaction mass. A benefitsodonfiguration is that disturbances in the
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appreciate that, in the context of such alternative applications, any use of the terms "wafer" or "die"
herein may be considered as synonymous with the more general terms "substrate” or "target portion",
respectively. The substrate referred to herein may be processed, before or after exposure, in for
example a track (a tool that typically applies a layer of resist to a substrate and develops the exposed
resist), a metrology tool and/or an inspection tool. Where applicable, the disclosure herein may be
applied téosoed & Sthdrastiibgtattgroessyirapasistiruenbgiibe st sif dteenapyibgpie8ess@ dargore

ihan one o SXBBISIRINAGI0 SECRAIHIINA! KRR AEUGIBHR Rubslgediscd herein may

also refer to a substrate that already contains multiple processe Ithough specific
reference may Ha0edhSderatitiecssovicthe wierings b8 iKBattioh&nesroasiélsavarartacs mresseatdxt of

optical iflontap/i-TLHULOR APOLeARISS (g e IMRAR AR AUEAE R RS ARRIISANA e

example imprint lithography, an re the ws, IS not limited to optical lithography. In

imprint lithdigpdipfigauespagrasinpien paaeriiah tevivetueimen tHepatiom JARRRIDRASQIRARIOThe
topograpfjy, r%@é‘&%ﬁﬁé? 6C?onlﬂﬁ¥ Qﬁfg&ﬁsﬁ%‘é‘) A" (f GrishmtRBlechio the RiBRLRLEe

whereupon the resist is cured by applying electromagnetic radiation, heat, pressure or a combination
thereof. Thass&ge@ifg kieideeuRnoEd enitiethdeedRe Ie8dhph pareantinfiaafer fareyidierctiured.

[0066] Thedrims, [aHEinRaAah PEGITR: _‘é?;eé’oﬂ%eiﬂéeﬂfﬁﬁ‘aéﬂéﬁih%(ﬂ?@é Moges MRS frame

radiation, including ultraviolet (UV) radiation (e.g. having a wavelength of or about 365, 248, 193, 157
or 126 niteasrrexddmegpadibiesenpoitisaneoae. belfavme e weleaganie o easdear Feto

nm), 25 Wl BRIILE PRRIBRISUS ARHIPHPRBIRBHASHBRP S ReqauVENGIIIRIETTY e

where the context allows, may refer to any one or combination of variols types of optical components,
includingdefatiigsyiefattive, magnetic, electromagnetic and electrostatic optical components.

[0068] While sprgifa eriRogimaRIsSL aIb1anaRaYe RRaloiesrriRsdebavhdl wiharpresiated

that the invention may be practiced otherwise than as described. For example, the invention may take

the form bfoi E® S8 B rdlprathecBARSFRRG s of Mare Swalisiec sk s ivR aiinalte il ie difterablions
describing & RO @SHISERSES RGN ASTHB S RIS BGSHET £fyTepRBYE ARHNE ¥ TSk

magnetic or optical disk) having such a computer program stored therein. [0069] The descriptions

above arEmtehdedanpliriiXtiie siRmaniiRMEnRGURIIEBe Bhe drantieroiatiarilddandne2tathat
modificatipng SRRk e AMR AR IANSNHRE BBERRIRSH WAL SIRRAD KIS FAER the acaBeRitba

claims set out below. WHAT IS CLAIMED IS:
matrix T1 has a size of 6x6 elements, and transdtan matrix T2 is in this case a matrix
having a size of 2x6 elements. All six resonancdesm®f the three frames as calculated by full
matrix T1, are damped by the controller C, howewsaking only use of actuators AC5 and
ACS6.

[0062] The embodiment of Figure 4 does not allow full mociantrol as only two
actuators are used to dampen six resonance mobssnieans that cross terms from one
modal input to another modal output are no longego and full decoupling is not possible.
However, for active damping of the resonance matiesg cross terms are no problem, so that
still sufficient damping may be achieved by thevaecttamping system.

[0063] The principle of using interface masses to commatriwith the support frame
can be used in other situations, e.g. the embodiroérFigure 3, as well to improve
performance.

[0064] Although specific reference may be made in this texhe use of lithographic
apparatus in the manufacture of ICs, it should haetstood that the lithographic apparatus
described herein may have other applications, sgcthe manufacture of integrated optical
systems, guidance and detection patterns for magh@inain memories, flat-panel displays,

liquid-crystal displays (LCDs), thin-film magnetibeads, etc. The skilled artisan will
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1. A lithographic apparatus comprising: a support frame supported by a base via a vibration isolation
system; a projection system arranged to transfer a pattern from a patterning device onto a substrate,
wherein said projection system comprises a first frame which is spring-supported by the support frame;
and an active damping system configured to damp movement of the first frame, the active damping
system comprising: a first sensor system configured to provide a first sensor output representative of
an absol@tepnesiaie dnioinHbdicomitamafsiakt atanaapelisaiiongranyatseoaiphs/ tatvsanafareen the

first frame . rt tral lgur i V& Si Y 163
ctuator el ML e e GLFIaE BE A SR SR SR e R e e
wherein tliergetipedampireseostrelyutherschsipatscesagapsoainamy benyocegsramhriofigaraftey

id f ' - Pt
provide 3&%888%,rW&W&%ﬁ%ﬁf@%&?ﬁﬁ&f%@&ﬁ%ﬁw e SURPRSTAME AR an

wherein the control system Is ignal to the first actuator system based on

the first sé@glopatihe axposRIsigsit faneirelomoraniapa inspection tool. Where applicable, the

disclosure herein may be applied to such and &thbstrate processing tools. Further, the
substrate may be processed more than once, forpda@morder to create a multi-layer IC, so
that the term substrate used herein may also t@fisubstrate that already contains multiple
processed layers.

[0065] Although specific reference may have been made ealiov the use of
embodiments of the invention in the context of cgdtiithography, it will be appreciated that
the invention may be used in other applicationseb@mple imprint lithography, and where
the context allows, is not limited to optical ligraphy. In imprint lithography a topography in
a patterning device defines the pattern createa satbstrate. The topography of the patterning
device may be pressed into a layer of resist segb the substrate whereupon the resist is
cured by applying electromagnetic radiation, h@agssure or a combination thereof. The
patterning device is moved out of the resist legnarpattern in it after the resist is cured.

[0066] The terms “radiation” and “beam” used herein encasspall types of
electromagnetic radiation, including ultraviolet\()Jradiation (e.g. having a wavelength of or
about 365, 248, 193, 157 or 126 nm) and extrenra-uiblet (EUV) radiation (e.g. having a
wavelength in the range of 5-20 nm), as well asi@arbeams, such as ion beams or electron
beams.

[0067] The term “lens”, where the context allows, may rédeany one or combination
of various types of optical components, includingfractive, reflective, magnetic,
electromagnetic and electrostatic optical compaent

[0068] While specific embodiments of the invention haverbdescribed above, it will
be appreciated that the invention may be practitedrwise than as described. For example,
the invention may take the form of a computer paogicontaining one or more sequences of
machine-readable instructions describing a methodlisclosed above, or a data storage
medium (e.g. semiconductor memory, magnetic orcaptilisk) having such a computer

program stored therein.
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3. The lithographic apparatus according to claim 2, wherein the control system is configured to
decouple the first sensor output and the support frame sensor output into resonance modes of the first
frame and the support frame, and to provide a drive signal to the first actuator system based on the
decoupled modes of the first frame and the support frame. 4. The lithographic apparatus according to
claim 2, wherein the first actuator system is configured to apply a force between the support frame and
the base or a sdp@fsieTreactaseiipiions BDMe AitogiepHrddodzealustaatordmying cldim, itwidrein the
active dafppi %)Fé?‘?t’%”é‘i’?&rﬂmq; BT SRR AL G AaL S 8“?@8&:%89&%%9%%?% fgLce
between the support frame and the base or a separate reaction mass, and wherein said controller is
configurederepbeddeithauiveesigrisngdnor e seaieanidammaer systw@iohased on the first sensor
output and the support frame sensor output. 6. The lithographic apparatus according to claim 1,
comprising a second frame which is spring-supported by the support frame in parallel to the first frame,
and wherein the active damping system further comprises: a second sensor system configured to
provide a second sensor output representative of absolute movement of the second frame, a second
actuator system arranged to apply a force between the second frame and the support frame, and
wherein the controller is configured to provide a respective drive signal to the first and second actuator
system based on the first sensor output and the second sensor output.
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7. The lithographic apparatus according to claim 2 or 6, wherein the respective drive signals are based
on the first sensor output, the second sensor output, and the support frame sensor output. 8. The
lithographic apparatus according to claim 2 or 6, wherein the controller is configured to decouple the
first sensor output, the second sensor output, and the support frame sensor output into resonance
modes of the first frame, the second frame, and the support frame, and wherein the controller is
configured/ tbdr dGid8-thidiieBplsctive drive signals to the first and second actuator system based on
said decoupled modes. 9. The lithographic apparatus according to claim 4, comprising a second
frame which is spring-supported by the support frame in parallel to the first frame, and wherein the
active datping &E{@Pm R HPREALIS SO TR BA%s ensor system configured to provide a second
sensor output representative of absolute movement of the second frame, and wherein the controller is
configured to prow r} I i .SV, : the first sensor output and the
second sensor (?L\J%QE{?O ﬁoﬁlg}ﬁe@ |%ﬁ%%?§§rﬂés ?@%ﬁ%@@c@éﬁﬂfﬁgﬁﬁc aﬂ% ?8%6, wherein the active
damping system further comprises a support frame actuator system arranged to apply a force between
the support frame giofihihaspsesra raaghigadnassanderheeafiend Lquitasyinte deis condigared to
provide a respectiye drive signal to the support frame actuator system, the first factuator Eﬁi‘tem’ and
the second act AR S FermMARE or A HREPEHIST GOXSlTind QERIRF Serlsof oLt Al e
support frame sgpgayuippbriéd.ohhgdtsogpaphicaampaiatis according to claim 5 or 10, wherein the
support frame has an interface mass which is high-frequency coupled to the rest of the support frame,
and wherein the support frame sensor output is representative of movement of the interface mass, and
wherein the suppoRGHaie &l ARDES SYpitsmGaienigdrtal dampplQy esHethpdtise Siahe. ifterpstdenass
and the base Orc%ﬁﬁﬁﬁba%%@'ﬁti%}ﬁ'ﬁ%ﬁ\g;z- The lithographic apparatus according to claim 4,
wherein the support frame has an interface mass which is high-frequency coupled to the rest of the
support frame, and wherein the support frame sensor output is representative of movement of the
interface mass, and whefiest sbadustgsterm coayigiamadsaprdigdeca festgplywfotce hreveeeative of
interface mass and the base or a separate reacﬁi%n ass. 13. A method for damping movement of a
first frame of a Iithograﬁﬂig‘l&%ﬂg\‘%tﬂ%\(ﬁ%%‘no éic? rﬁl@?? A€ is spring-supported by a support frame
which in turn is supported by a base via a vibration isolation system, said method comprising:

a first actuator system arranged to apply a foeteveen the first frame and the

support frame, and

a controller configured to provide a drive signalthe first actuator system

based on the first sensor output.

2. The lithographic apparatus according to claimviierein the active damping system
further comprises a support frame sensor systeriigcwad to provide a support frame sensor
output representative of a movement of the sugdpame, and wherein the control system is
configured to provide a drive signal to the firstumtor system based on the first sensor output

and the support frame sensor output.

3. The lithographic apparatus according to claimwhkerein the control system is
configured to decouple the first sensor output #me support frame sensor output into
resonance modes of the first frame and the su@one, and to provide a drive signal to the

first actuator system based on the decoupled mafdée first frame and the support frame.
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a) measuring the absolute movement of the first frame; b) applying a force between the first frame
and the support frame based on the measured movement of the first frame. 14. A method according
to claim 13, comprising: measuring the movement of the support frame; decoupling the measured
movements of the first frame and the support frame into resonance modes of the first frame and the
support frame, wherein b) is replaced by applying a force between the first frame and the support
frame baded on The digdvouisiptienappsrefuseafica mlingd@uethinyBenepo thiedirgs. acgiatansysiem is

O S R L S S s S S e M
frame.
5. The lithographic apparatus according to claimvBerein the active damping system
further comprises a support frame actuator systeanged to apply a force between the
support frame and the base or a separate reactass,nand wherein said controller is
configured to provide a drive signal to the supgmitne actuator system based on the first
sensor output and the support frame sensor output.

6. The lithographic apparatus according to claimamprising a second frame which is
spring-supported by the support frame in paratiethie first frame, and wherein the active

damping system further comprises:

a second sensor system configured to provide andesensor output representative of

absolute movement of the second frame,

a second actuator system arranged to apply a bmtveeen the second frame and the

support frame, and

wherein the controller is configured to providesapective drive signal to the first and

second actuator system based on the first senfoutcaand the second sensor output.

7. The lithographic apparatus according to clairar®, wherein the respective drive
signals are based on the first sensor output,ébensl sensor output, and the support frame

sensor output.

8. The lithographic apparatus according to clainor26, wherein the controller is
configured to decouple the first sensor outputsé@nd sensor output, and the support frame
sensor output into resonance modes of the firstdrahe second frame, and the support frame,
and wherein the controller is configured to prouide respective drive signals to the first and

second actuator system based on said decoupledsmode

9. The lithographic apparatus according to claimaemmprising a second frame which is

spring-supported by the support frame in paratiethie first frame, and wherein the active
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damping system further comprises a second senstemnsyconfigured to provide a second
sensor output representative of absolute movemetiteosecond frame, and wherein the
controller is configured to provide a drive sigt@khe first actuator system based on the first

sensor output and the second sensor output.

10. The lithographic apparatus according to clairar 2, wherein the active damping
system further comprises a support frame actugisies) arranged to apply a force between
the support frame and the base or a reaction naasb,wherein said control system is
configured to provide a respective drive signath® support frame actuator system, the first
actuator system, and the second actuator systeed loasthe first sensor output, the second

sensor output, and the support frame sensor output.

11.  The lithographic apparatus according to claon 50, wherein the support frame has an
interface mass which is high-frequency couplechtorest of the support frame, and wherein
the support frame sensor output is representativeavement of the interface mass, and
wherein the support frame actuator system is cardidjto apply a force between the interface

mass and the base or a separate reaction mass.

12.  The lithographic apparatus according to clainwHerein the support frame has an
interface mass which is high-frequency couplechtorest of the support frame, and wherein
the support frame sensor output is representativeavement of the interface mass, and
wherein the first actuator system is configuredyply a force between the interface mass and

the base or a separate reaction mass.

13. A method for damping movement of a first fraofe lithographic apparatus, wherein
said first frame is spring-supported by a suppartie which in turn is supported by a base via
a vibration isolation system, said method compgsin

a) measuring the absolute movement of the first frame;

b) applying a force between the first frame and sheport frame based on the

measured movement of the first frame.
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14. A method according to claim 13, comprising:

measuring the movement of the support frame;

decoupling the measured movements of the first éramd the support frame into

resonance modes of the first frame and the supgorte, wherein b) is replaced by

applying a force between the first frame and thmpsu frame based on the decoupled

modes of the first frame and the support frame.
15. A method according to claim 13, wherein b@aced by applying a force between the

support frame and the base or a separate reactss bbased on the decoupled modes of the

first frame and the support frame.
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