LI THOGRAPHI C APPARATUS HAVI NG AN ACTI VE DAMPI NG SUBASSEMBLY BACKGROUND
Field of the Invention [0001] The present invention relates to a

| i t hographi c apparatus and to a projection assenbly having an inproved
active danping. Description of the Related Art [0002] A |ithographic
apparatus is a machine that applies a desired pattern onto a substrate,
usually onto a target portion of the substrate. A |ithographic apparatus
can be used, for exanple, in the manufacture of integrated circuit&EéICs).
' such a BXEHOGRARBIGAREARASUSHAVINCANACEIVE ARG, SYBASSEMPEY 45
a mask or a reticle, my be used to generate a circuit pattern to be forned
on an individual |layer of the IC. This pattern can be transferred onto a
target portion (e.g. including partBACKGRE/NDr several dies) on a
substrate (e.g. a silicon wafer). Transfer of the pattern is typically via
i magi ng onto a |layer of radiation-sensitive material (resist) provided on
the subst r@gbRoflthe BRREHGL: @ Single substrate will contain a network of

adj acent target portions that are successively patterned. Conventi onal
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portion is irradjated by expqsin n entire pattern onto the target portion
at once, a?ﬁ%?néngh%“i‘%ﬁll\é'g’é%‘%gragg%‘ﬁa%?%h each target portion is irradiated
by scanning the pattern through a radiation beamin a given direction (the

"scanning"-direction) while synchronously scanning the substrate parall el
or anti - pddeseription of thpiReladed Azt ion. It is also possible to transfer the

pattern fr, he pat,t i ‘F Vi t he rat.e by, i.nprinting.the
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pat t er ni n§OTFEFMEE. Ppdhemanageyre of degsptef eeeuit MGy In syrhaarase, reatupinedayiee,
bl o, i B SRk, 0 I SRR oA
poses requ befoemedomm indviguadlaget ofahe Ky sThispatlite car og eaisteored oysi €prden
(r:nl;L F"(._a nE i hg@%@g‘fgé%&%ﬁg ggg o?, %rrllg,l ogftseggral%ie(:s?grrl Xls%trsa’;[er(gg ellj gifibonsvldg er)(jsls alens
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 apparatus
include 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
irradiated by scanning the pattern through a radiation beam in a given direction (the
“scanning”-direction) while synchronously scanning the substrate parallel or anti-parallel to
this direction. It is also possible to transfer the pattern from the patterning device to the
substrate by imprinting the pattern onto the substrate.
[0003] The high accuracy and high resolution currently aimed at in lithography may
require an accurate positioning of parts of the lithographic apparatus such as the reticle stage to
hold the patterning device (e.g. mask), the projection system and the substrate table to hold the
substrate, with respect to each other. Apart from the positioning of e.g. the reticle stage and the

substrate table, this also poses requirements on the projection system. The projection system in

current implementations may consist of a carrying structure, such as a lens mount (in case of




transm ssive optics) or a mirror frame (in case of reflective optics) and a
plurality of optical elenments such as lens elenents, mrrors, etc. In
operation, the projection systemmay be subject to vibrations due to a
plurality of causes. As an exanple, novenents of parts in the |ithographic
apparatus may result in vibrations of a frane to which the projection
systemis attached, a novenent of a stage such as the substrate stage or
the reticle stage, or accelerations/decelerations thereof, which may result
in a gas stransaussyAGPBes) oLg it freelisase obnedlaeiivempiies) ead aplusdlity 9§ optial
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result in an imaging error, i.e. an error in the projection of the pattern
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frequency behayior of the feedhack | oop wherein ingernal resonances are
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external forces, such as forces caused by mechanical vibrations, acoustics,
air flows, be excited at the eigenfrequencies of one or nore |lens el enents
arranged in the projection system housing. The resulting novenents of the
proj ection system housing will be taken,into account in the servo control

| oop of the substrate and/or patterning device support;, which attenpts to
position the support with respect to the projection system housi ng.
However, the frequency with which the projection system housing vibrates
may be too high for the support to follow, hence inducing inmaging errors
because the relative position of the support and the projection system

poed
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used to wait until the projection system housing stops vibrating, which
settling time would have to be large since these'l ens el enents are nounted
in the projection system housing with a nounting having a | ow danping. As a
result the overall throughput of the |ithographic apparatus is negatively

i nfluenced. SUMVARY [0007]It is desirable to provide a |ithographic
apparatus in which the imgi ng accuracy and/or the throughput is inproved.

[ 0008] According to an enbodi ment of the invention, there is provided a

i t hogr aphdeicgppanait kesiniplementidrhy dediceiefl batdward- on syst em configured to
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system will allow to suppress vibrations within such high bandwidth. Due to the ever
increasing demands on speed of the lithographic apparatus, movements in the lithographic
apparatus tend to take place at a higher speed and consequently involving faster transients,
which may result in a generation of vibrations at increasingly higher frequencies. Therefore, a
demand comes forward towards a higher bandwidth of the active damping system. For the
damping system to work properly, the interface damping mass needs to behave like a rigid
body over a very large frequency range. However, the interface damping mass, for example a
solid block of steel or other material, already has internal dynamic behavior. If for example the
interface damping mass weighs 10 kg, then a minimum internal resonance frequency of the
interface damping mass may lie around 15 kHz. This resonance frequency is visible in the
transfer functions of the entire damping system, and limits the achievable performance.

[0006] The projection system housing may due to external forces, such as forces
caused by mechanical vibrations, acoustics, air flows, be excited at the eigenfrequencies of one
or more lens elements arranged in the projection system housing. The resulting movements of
the projection system housing will be taken into account in the servo control loop of the
substrate and/or patterning device support, which attempts to position the support with respect
to the projection system housing. However, the frequency with which the projection system
housing vibrates may be too high for the support to follow, hence inducing imaging errors
because the relative position of the support and the projection system housing is not according
to the desired position. Alternatively, an increased settling time of the servo systems could be
used to wait until the projection system housing stops vibrating, which settling time would
have to be large since these lens elements are mounted in the projection system housing with a
mounting having a low damping. As a result the overall throughput of the lithographic

apparatus is negatively influenced.




radi ati on beamonto a target portion of the substrate; and a danping system
to danpen a vibration of at |east part of the projection system the
danpi ng systemincluding an interface danpi ng mass and an active danpi ng
subsystem to danpen a vibration of at |east part of the interface danping
mass, the interface danping nmass being connected to the projection system
and the active danpi ng subsystem bei ng connected to the interface danpi ng
mass, the active danpi ng subsystemincluding a conbination of a sensor to
measure a position quantity of the i SUMMARY danpi ng mass and an actuat or
to exert forces on the interface danping mass in dependency of signals
provi ded by the sensor, wherein the danping system further includes an
interface @aogi ng davis@esiviBieb plovide@NRESE Ghid HHphRusin ivaich AEInAgHR 206 HRS S
and which 1s configured to danp novenents of the interface danping nmass at
an ei genf raag(ss Hegtheughpd iy immse¥edce danpi ng mass. [000911 n anot her
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projection system and'the active danpi ng subsystem being connected to the
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radiation beam onto a target portion of the substrate; and a damping system to dampen a
vibration of at least part of the projection system, the damping system including an interface
damping mass and an active damping subsystem to dampen a vibration of at least part of the
interface damping mass, the interface damping mass being connected to the projection system,

and the active damping subsystem being connected to the interface damping mass, the active




proj ection systemincluding a danping systemto danpen a vibration of at

| east part of the projection system the danping systemincluding an

i nterface danping mass and an active danpi ng subsystemto danpen a
vibration of at |east part of the interface danping nass, the interface
danpi ng mass being connected to the projection system and the active

danpi ng subsystem bei ng connected to the interface danpi ng mass, the active
danpi ng subsystem i ncl uding a conbi nati on of a sensor to nmeasure a position
quant ity afanipieg subsystenameludangpi cognbiesion afig sawmordto measwe atposidaequanfifr afgbe on

the interf, danpi n ind d f signal i.ded. by th ,
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wherein the reaction mass is guided with a substantially friction free
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synbol s indi cate corresponding parts, and in which: [00013]Figure 1 depicts
a | i t hogr dMM18] appareeerdingde alunthey embodimentefshe myvantions therrds pravidediaon:
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projection system, the damping system including an interface damping mass and an active

damping subsystem to dampen a vibration of at least part of the interface damping mass,
the interface damping mass being connected to the projection system, and the active damping
subsystem being connected to the interface damping mass, the active damping subsystem
including a combination of a sensor to measure a position quantity of the interface damping
mass and an actuator to exert forces on the interface damping mass in dependency of signals
provided by the sensor, wherein the damping system further includes an interface damping
device which is connected to the interface damping mass and which is configured to damp
movements of the interface damping mass at an eigenfrequency of the interface damping mass.
[00011] According to a still further embodiment of the invention, there is provided a
projection system including a damping system to dampen a vibration of at least part of the

| projection system, the damping system including an interface damping mass and an active
damping subsystem to dampen a vibration of at least part of the interface damping mass,
the interface damping mass being connected to the projection system, and the active damping
subsystem being connected to the interface damping mass, the active damping subsystem
including a combination of a sensor to measure a position quantity of the interface damping
mass and an actuator to exert forces on the interface damping mass in dependency of signals
provided by the sensor, the active damping subsystem including a reaction mass for the
actuator to exert a counterforce upon in dependency of signals provided by the sensor,
wherein the reaction mass is guided with a substantially friction free bearing in a translational

direction with respect to the interface damping mass.



[ 00015] Figure 3 shows a schematic view of a guiding structure for the
reaction nmass of Figure 2 wth respect to the interface danpi ng mass
according to an enbodi ment of the invention; [00016] Figure 4 shows a
schematic view of a guiding structure for the reaction mass of Figure 2
with respect to the interface danpi ng mass according to an enbodi nent of
the invention; and [00017] Figure 5 shows a schematic view of a danpi ng
systemwi th a tuned mass daqger connected thereto according to an

enbodi nent of the inventi BRIEDBFACRETIONSORITFIE DRAWOYGES] Fi gure 1
schematically depicts a |ithographic apparatus according to one enbodi nent
of the invention. The apparatus includes an illum nation system

i |l um nat L configured to.condition a radi ati on heam B . 0.
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devi ce PMsgaibbisgudiesde édrespondimt wirt, adsh tvhivh: t he patterning device in
accordance with certain paraneters. The apparatus al so includes a substrate

tabl e (e.d00O™3haf er Figut &ylepigts adithogmapbioapperatgppenrding toas embetimgnttad theol d a
substrate.(e.qg. a resist-coated wafer) Wand connected to a second

posi ti oni Héve&gﬁ}?’ce PW configured to accurately position the substrate in
accor dancd0Widh cer Figure Darairien whematihdew o a dampingisystemerith mienediagssa

projectio Qiaﬁ%éé c%mléc?edgther%tor e%]::&%?ntgi t§ %n embodiment of the invention;
[00015] Figure 3 shows a schematic view of a guiding structure for the reaction mass of
Figure 2 with respect to the interface damping mass according to an embodiment of the
invention;
[00016] Figure 4 shows a schematic view of a guiding structure for the reaction mass of
Figure 2 with respect to the interface damping mass according to an embodiment of the
invention; and
[00017] Figure 5 shows a schematic view of a damping system with a tuned mass

damper connected thereto according to an embodiment of the invention.
DETAILED DESCRIPTION

[00018] 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
support structure or pattern support or support (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 patterning device in accordance with certain parameters. The
apparatus also includes a substrate table (e.g. a wafer table) WT or "substrate support”
constructed to hold a substrate (e.g. a resist-coated wafer) W and connected to a second
positioning device PW configured to accurately position the substrate in accordance with

- certain parameters. The apparatus further includes a projection system (e.g. a refractive



projection |l ens system) PS configured to project a pattern inparted to the
radi ati on beam B by patterning device MA onto a target portion C (e.qg.

i ncluding one or nore dies) of the substrate W [00019] The il lum nati on
system may i nclude various types of optical conponents, such as
refractive, reflective, magnetic, el ectromagnetic, electrostatic or other
types of optical conponents, or any conbination thereof, for directing,
shaping, or controlling radiation. [00020] The support structure holds the
pat t er ni ngpreisviiandenssystemn R eonfigined Wapeinds: mHemhimpartdddnttla fadiation bedneB by
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hel d in a wacuum environnment. The support structure can use nechani cal,
vacuum electrostatic or other clanping techniques to hold the patterning
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Cenerally, the pattern inparted to the radiati on beam w correspond to a
parti cul atablafertekample, Whigh mayrbedixgd or oo valde agreguicet ckheisuppdresttmfugemay

portion, h n_integrated circuit. .[00022].The patternin vice may be
Fransm s R AR BF plf il 3686 ol EtedieapOTRER P BRlA TEE et R macks,
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known in |ithography, and include mask types such as binary, alternating

phase- shi fYnongngusayitle higaned epraaldemn| pagternang devide.’as vari ous hybrid nask
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tilted mrrors inmpart a pattern in a radiation beamwhich is reflected by
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be broadly, bﬁ'trté?ﬁ Hﬁﬁ{rf?eq t&'the radiation beam may not exactly correspond to the desired pattern in

the target portion of the substrate, for example if the pattern includes phase-shifting features or

so called assist features. Generally, the pattern imparted to the radiation beam will correspond
to a particular functional layer in a device being created in the target portion, such as an
integrated circuit.

[00022] The patterning device may be transmissive or reflective. Examples of patterning
devices include masks, programmable mirror arrays, and programmable LCD panels. Masks
are well known in lithography, and include mask types such as binary, alternating phase-shift,
and attenuated phase-shift, as well as various hybrid mask types. An example of a
programmable mirror array employs a matrix arrangement of small mirrors, each of which can
be individually tilted so as to reflect an incoming radiation beam in different directions. The

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



enconpassi ng any type of projection system including refractive,
reflective, catadioptric, magnetic, electromagnetic and electrostatic
optical systens, or any conbination thereof, as appropriate for the
exposure radi ation being used, or for other factors such as the use of an
imrersion liquid or the use of a vacuum Any use of the term "projection

| ens” herein may be considered as synonynous with the nore general term
"projection systent. [00024] As here depicted, the apparatus is of a
transm ssi 8023 pe (b feraviipreigetion sastemansad s showlbie broadly anterardtedisy, ¢ he
appar at us I LV . i Ng EOQr e mrror
T ay of AteypaRsfllaly bk oBiblct g tRfenl TndhasRE RIS BRSNS

[ 00025] Thenignetiq@iapbinagfip andélocrostyic bptie sytdmsper dmMdoftitaton titkiedf, £t age)
or nore substrate tables or "substrate supports” (and/or two or nore nmask
tabl es or apw@%a@éﬁrpfg? gxpogpure F%ﬁl%twrbmnaHSPE,mréorﬂﬂ&‘géw%émﬁhﬁééhqWé ofan

addi t i onaliloithlid1ifid SHAB AL Sf Pl M3Pted O cRARAN 1ibjccfibn RESPRUh Aoy vt ePS
may be carried out on one or nore tables or support White one or more

ot her t abloessidered appgynomsnausevithehe mons gehefab termX pagention syd&A26] The

| it hographj parat,ug may al so_be of a type wherei.n at | east ortion of
the subat LMARRy" s ditedeatr Sl 8 appaieia TR TS Eo Ur BPRVER, PghES
refracti verah@AR¥ve Rrall). XAERAiveBR tRSaphBrafuslhaydeRacoNR8L¥ERR (&.F._ee 18yifgh! ONn
system and the substrate. An imrersion liquird may al so be appli ed to ot her
spaces i nptdgathingble grigphircayaypayee assefefred teatmwpl oz emipbiyimeenraflectiyganask).ni ng
device (e sk) d..the pr.ojection syste I r.si on chni gues can be
ised to. i Aho2BES") | IRRHnberBhiRagn B i b SFb B TR k OEp PR e RE ol

"1 mer si oRubshateUsEE dFCiubkiate ARPpoRSt (ah®BFkwol it inote MmbskUGHIES 6 "1k Buportd). In
substrate, nust be subnerged in liquid, but rather only means that a liquid

i s | ocat edudheimiéple stage pnaghinss itheadditinmeliiablesion fwepertiyney be esedun parglldx@rosur e.

Troma rabiareb el esabisd O ohiobtOL A Ribsor REEETE B RLAM (el e)

be separ atsblesnk blippeits afedeingiasdioz exp@rd he source is an exciner laser. In
such cases, the source is not considered to formpart of the |ithographic
appar at us[09886k he r Zhe lithpgape apparatup Bsy alsobe gf# £PE vdwsirie at kot e@ortioa of
il'lum nat ' ' i e 2 i pel.udi [
exanpl e, g%is%lgsb%etrgﬁ%g%oi@%%dﬁg r 8?@%%%3 rrglgﬁ%%g?{w@égép%%g\é}? &%F%’%cé] %g%eg’%gs es
t he sour ces todlll bspaanbetweagihalprgedtionalysitinant ilidvabstapd) iAm appasioh liguidimdy
exanpl e en the squrce is a nercury lanp. The source SQ and the
i 11 uni namﬁo b¢ appligd &1 ofBer sppses I?H@lﬁé%wm ilRI@W“szufgteé?ﬁlﬂB betweaniher ed, nay
be referr : | gt : o d A
i ncl ude tgﬁ?ﬂ ?%vrl@eA(%%gg%% |) %ﬁ??y "gﬁg%‘f‘ggg%ﬂyg‘ﬁ%‘% ar lﬂﬂ&&rs ohirb8Tkd to
increase the numerical aperture of projection systems. The term “immersion” as used herein

does not mean that a structure, such as a substrate, must be submerged in liquid, but rather only
means that a liqﬁid is located between the projection system and the substrate during exposure.
[00027] Referring to Figure 1, the illuminator IL receives a radiation beam from a
radiation source SO. The source and the lithographic apparatus may be separate entities, for
example when the source is an excimer laser. In such cases, the source is not considered to
form part of the lithographic apparatus and the radiation beam is passed from the source SO to
the illuminator IL with the aid of a beam delivery system BD includiﬁg, for example, suitable
directing mirrors and/or a beam expander. In other cases the source may be an integral part of
the lithographic apparatus, for example when the source is a mercury lamp. The source SO and

the illuminator IL, together with the beam delivery system BD if required, may be referred to as




intensity distribution of the radiation beam GCenerally, at |east the outer
and/or inner radial extent (commonly referred to as a-outer and a-inner,
respectively) of the intensity distribution in a pupil plane of the

illum nator can be adjusted. In addition, the illumnator IL may include
vari ous other components, such as an integrator IN and a condenser CO. The
illum nator may be used to condition the radiation beam to have a desired
uniformty and intensity distribution in its cross-section. [00029] The

radi at i on dmadiati®n swstarmci dent on the patterning device (e.g., mask) MA

which is n the,s ort siructur e.g., ,m table), Ml,,..a IS

pa!t ter Inedr}ﬁ{}&ﬁe pa'?rfhglrillﬁ gatge %gy Hﬁﬁ\?‘% ﬁ@g‘ﬂJP%{%‘% gagfwgdptgtapwg&xﬁ'an%% ce
(e. 9. nmaskeMiy distEbhaii FihBdiRESbEND TEneRILY, M Rdshhd OB erdndidR GArep Padsy St €M

PS, which focuses the beamonto a target portion C of the substrate W Wth

the ai d ofextene(conwamdy psésicditoas mgutte snde-imer,aespegoshy) odthedetnesiy disrifuiog. an
interferonetric.,dgvic L.i near, encqder,. oy .capacitiv nsor the substrate
able wr dhpia! REve T e dlisiney e alsd BT bnFe MERRHP: BrAy T
portions Gajifud dtBerRBfpofdntd, Bechra3dh #tb@htoP B BhBa corldehde OO The NAhinktdt may
positioning device PMand anot her position sensor (which is not explicitly

depi ct ed iba usgdyigrcendifion te rashatipndigamotodiare p desited upidermitycnd titfensgiatdisributiog
devi ce (e..Ig. na sngcP{AnWi th respect to the path of the radiati on beam B,
e.g. af t et RRERERTEH retri eval froma mask i brary, or during a scan. In
general , pg0o29pnt ofTht helifionbeih BsisintGddnt 6n (R patteriigidetirb( &Y., MhskyayAbe
realized with the aid of a long-stroke nodul e (coarse positioning) and a
short - st r sibch feldonths WEPerdsirYTt Rl hg) maghiable) Mdr andigpatterned hptheipatieming
posi ti oni : ' Ll ar : : r

P aubst 1 at SoGE b e el By FRGIIE R Sk E MR b B pllec?
short - st r diteughnitie beyjectibh systdno P which fedustsithe bemontio paaigtti ponidon CUf tHen t he

case of a stepper (as oppqs to a scanner) the support structur e.g.
mask tabl @)bswmftgrwy&’aé%ﬁa@gﬁ@éemd@%lﬁepmg#ws% atd posision Sepspr ?pre-garap be
1 xed. PaidgrobMorlRule ilatnofBs o MAAIE sHOS! hELRIGERLIO S P LIRS

d
usi ng nas I gnment marks M, and strate’al 1 gnnent marks P1, P2.
Al t hough tioged adestatay.e.@lso gntogisitivarddferast tadgbtymirtiaisédindbe path of dai redibah

target poytionps,. t.hey may. be |l.acated i.n ces between. target riions
(these ar beath Buimibeiyc b st Pasiloming grient Vhaas fedhastioaegeor (HEh i8R ons
i n which éﬁﬂii%itfy'li%@ic%&qnqt‘igﬁlﬁé ¥) &h%‘g[é@l@@tooi&cﬁﬂafélypﬁéskﬁihﬂh@ﬁat%ﬁhg Bevife (ﬁ mask)

MA, the mask al’i gnnent marks may ocated between the dies. [000 The
depi ct ed mpgaMAvdthoesped th ¢hamgitof the rdidtion beano Bee.gf aftehmetlpiniahitmevabliers: 1.

In st de,. L t st g. bl " mask t"
and "t o Suett gt BEREie ht b pSetitowatet B aitbon spbluulEn mart )
stat i onarple)T RafBe RAlikdEwitRiHeSiMof AMALIsEILd Rolihle (darkePobiBbninPIMd 5

projected onto a target portion C at onetinme (i.e. a single static
exposur e)shoftrstroke hwdulgi(Bne postitionigz)owhich dorm part ef the fipsd pesitioning AencesMMit ed i n

the X and/f.or, Y direction.so that i rept .target rtion C can,be
exposed TRty RREGR? S i e kT o bR oo el Be iR Png e
size of tibgs-tR6ShodNE hdONsHorl-fRMe Gndduled whidhdoAn Padbf the@¥dAE WoSitioner FW. scan
node, the support structure (e.g. nmask table) MI or "mask support”™ and the

subst r at dnthease wia sieppes (assnpased te agomer) the apper saciursyaenhmeskoabicyMihi | e a
tt i t i at | ' j.ect . t tion C
PR Lo SRRkl D DRRL AP RRRPLD SRR G Mol R Bt o1

subst r at ends@PMA ¥d wbstrae Wb be aBaipdaising nigk aligitler takIBEMIESR ahdbhigtrME or
"mask support” may be determ ned by the (de-)magnification and i mage

reversal atigamgeiBaksPl.dy. Hthppgh &h@é}lbﬁltat%ﬂi@y@t@ﬁﬂksas Hiyssetadhooya®, t he
T et To S i SRS bt b S ML A BARROTBERR0 79,
| engt h oknbWa as saitie-lage afigniment shatks). rHiméarly,lie sineitighs in(winch hersthanohedie is

direction) of the target portion.
p%ovided on the patgerning device (e.g. mask) MA, the mask alignment marks may be located




3. In another node, the support structure (e.g. mask table) MI or "mask
support" is kept essentially stationary holding a progranmabl e patterning
device, and the substrate table WI or "substrate support"” is noved or
scanned while a pattern inparted to the radiation beamis projected onto a
target portion C. In this node, generally a pul sed radiation source is
enpl oyed and the progranmmabl e patterning device is updated as required
after each novenment of the substrate table WI or "substrate support” or in
bet ween surteessithedieadi ati on pul ses during a scan. This node of operation

b i ligd & Kl ¥ hy that utilj bl
payt orni nd OO EP! I deficltR SR O PEOGRY 195 ol dshé B RERR! ©
referred tio abauetepAR3hE GappbitiatiboRT e @NMAK tabiRY Mt droRmsIOSuphBR" aRDIE

described nodes of use or entirely different nodes of use may al so be
enpl oyed. bewtopiedut ar Bubdisteupdart irgkapy essertiabstationarpvitle aa epfits natteinon

system PS ;j ﬁ%ﬁ%r A0 { t he: i j e j.ection
system PS I}r?g?/ e ﬁ%@ﬁ%g&%ﬁ‘%@g@&ﬁ%ﬁ g%tﬁ gtﬁ(%/{%(g{ﬁdgg%e {g‘leg\/ell glé , €.(g.

i ncl udi ng staticiegpasured.iiteisniostrate tatds WT ersubsbratetsupghrt"as then diiftedinelid Aaad/dawpi ng
mass | DM whi ch may inclgrde any obj ect preferabl(y; arigid mass, is .
connect ed WSO dufereny tasgal periop§ can bgiepposed. dn stsp mOfe the BrEmumYizZEsfst em
PS resul t g4d i t ; ' . j 3 - : ibration
o the 1 n s FLog R e B P LR R R TR Sng BN PRI, e
danpi ng s@bsysiesganwiidenthersypportstructerednyg. tpgetable) Mhordmask sypostdand thech as
a position asuyr sensor, a velocity nmeasurenent sensor, an .

accel er at F%t?‘? fﬁ%ﬁ%‘ﬁ%ﬂ‘i _Sggﬁ’? S,UPE?‘T:.arﬁﬁé_la&B‘f %QPS]?IOKWIYQ‘VR&%%PW {reragtstpi ng
subsyst emd the PAdatiohaRamhi S0 Dn@ faliRt ?&‘ti@ﬁ 568, L300 BehaARE §)%A£Me),lﬂet hi's
enbodi nent, the actuator 1s connected between a reaction nass of "the
active daigipeiy andrlisgstianmmishasubsteats tablerW 8 oe"wbstpithgyppert'srelabivg tolthe ingsiniebled

t hat any wLeaction,.body such as, . .for | e.. a. base.frame of .the
li t hogr ap%ﬁgéé%srﬁgm}?ﬂorm%’%&?e‘ggepg*ngpgﬁglée @E’?H@g@g"% nﬁgér_nf‘%erref’?@alact uat or
ACT to exelidradtéristicOotnthe plopdcties syRam PS TG cALindas, Fhe MeXinfiBY sikd\6ff tHEl Bxfddre
suitable type of actuator, such as a piezo electric actuator, a notor, etc.

In a pref Belddianitshe widih fin theran-jogniiag diredtion) oithe target pextioatin p single dymameby a
tact | i .whi 0 Al . f .
rochani cor PosibEhbBRERRER SEMmE S0l SRRty F B4ETa P sBnmingyi ng

mass | DM diagtibhpoflthotaggt poichuat or may provide for a contactless exertion
Wi th respective parts connected to the reaction nmass RM and the interface

danpi ng mss | IBANPREHBEHS:jRe SHPPPI SRR saetkdable) M argmgak sHppeeh iykepy.
or ovi e By TRl sera s ol SRR Rlne do R R B BBl O o,

provi di ng'sabstiatepubpat'gsaloved of vansinitiitd 4 pattefmidhpasied vthe fadratipurtead)is

[ 00034] The frequency behavi or Ias observed fromthe actuator ACT to_the
sensor SENgected onto atarget portion C. Inthis mode, generally a pulsed radiation source is employed

and the programmable patterning device is updated as required after each movement of the

substrate table WT or "substrate support" or in between successive radiation pulses during a
scan. This mode of operation may be readily applied to maskless lithography that utilizes
programmable pattenﬁng device, such as a programmable mirror array of a type as referred to
above.

[00031] Combinations and/or variations on the above described modes of use or entirely
vdifferent modes of use may also be employed.

[00032] Figure 2 depicts a highly schematic view of a projection system PS in

accordance with an embodiment of the invention. The projection system PS may be held in a
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is dom nated by the interface danping nmass IDM It is desirable that the
interface danping mass IDMfornms a rigid body nass, at |east in a frequency
band of the active danping system which will result in the sensor SENS and
actuator ACT to observe a transfer function substantially corresponding to
arigid body mass. Effectively, as seen fromthe sensor SENS and act uat or
ACT, the resonant behavior of the projection systemPS is masked by the
presence of the interface danping mass IDMwhich is effectively interposed
bet ween t hBek@pghiramehpannitgele daviess, agTinelndinge rigikmpantigantesiligat mewjtwet i on

S ) f 4 fer.
Flncti on aoe i TitpE Lot macSiphe GRLSPRERu. BURBTRT liruil s iR RsfL iy

possi bl y fawaedteitoahspaidcindpela BS. H¥ibtdiwnat ticyojdetal sygemyrs @Bulisiglhudi ng

t he sensor SENS qag t he actuator ACT. J00035]The interface danpi ng nmass | DM
may be confi@tieyot Beinerface drmpingsnass {R_Ve rginvibraon of beinterdine dapRHERISN,

i ncl udi ng ; fil dane (o e : | ce
danpi ng o o T ool S it R D e Wy o Rle R dholfas B
syst em PS.of Viteatedmsensom, sch ecd positichenenspleinegt @hsdrhevatodityahéasmemanikensor, an
resonances of parts of the projection systemPS nmay be provided. [00Q36] The
| nter f ace AEHFARR MESBrH My ECcARATEHEHALS P Tlbe ARG SISy Mihe

pr oj ect i o0&} 8dERMiBRacts Bn ThdlhRFhECHIMPiNP eI BMMH s SfhbadifdeR) Y RAlaME js
projection system the danping mass may be connected to a lens nount (1.e.
a nount f eenzecipdibetvéenya redction maseRMhefiths actherdemping sbbsystem asighe tifterface

flecti jecti t he interf d i nmass | DM be
connect ed danpeiaass TONEES Rl IndCary bG8 G R SR St S5 cxpwplorh R Spme e
proj ecti Ol@fﬂhéﬂﬁlﬂigrf%i@d}fdpafaws oF Ofhet tdfdrbhdedn HARIShdmEd b 18 {ecdibrvaly Wansed,
as connecting the interface danping mass (and therefore connecting the

active daipragtefareesypopol hepstyatos AGHmay ieluderanirsuitabje tyao of adtiaser, sesh g a

plurality i i S0 roj ecti.on syste . ens

Bl ement s, Pave SR bitblol BECL S 1 | BRABHR G BRal 8t Sheds a8
connect edaégtoatbf) @s thersbymusatactiéss bahgoemas be pesvided vaREBddeén vide férhe

i nterface danpi, n? mass. | DM preferably is selected between about 0,001 and

0,1 ti mesmechanical gantagh ketyicsn hetsastionpassdiVipgd thegpterfaeedaaning rassdDbes thebout
0, 001 d h s f I .| . h
frequeﬁgng¥ﬁ%ﬁ% |nté&$§ge ggggFﬁ%nﬁg%%g%%ﬁ#%%gmgéa%ggbgiggg?%ﬁga%gg%%%ngy
range bei regctiort ihass RiViched ithecidtebfaoclivingliihg ofasd IMaedpestdrelanpi ng system

t hereby f {ng a stable closed | pop operation _of the active danpi ng

system [ ﬁ’éggd] The ﬁ%%fttﬁwé?r i3tpsle qaeRd§ S tiable opgoliggkin; @@Ea%oﬁ

danpi Ng MBS adddMn, a signal provided by the sensor SENS, the output signal of the sensor SENS
thereby providing an input signal to the controller (not shown in Figure 2).

[00034] The frequency behavior, as observed from the actuator ACT to the sensor SENS,

is dominated by the interface damping mass IDM. It is desirable that the interface damping
mass IDM forms a rigid body mass, at least in a frequency band of the active damping system,
which will result in the sensor SENS and actuator ACT to observe a transfer function
substantially corresponding to a rigid body mass. Effectively, as seen from the sensor SENS
and actuator ACT, the resonant behavior of the projection system PS is masked by the presence
of the interface damping mass IDM which is effectively interposed between the sensor SENS
and actuator ACT on the one hand and the projection system PS on the other hand. As a
consequence, a phase of the transfer function as of the frequency will show a more constant

behavior, thereby possibly favoring a stable behavior of the active damping system including
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via a danped spring. Above a resonance frequency of the spring, the
reaction nmass RMw || substantially be stationary when actuating the
actuat or ACT, and hence allows exerting a force on the projection system
PS. The reaction mass RM preferably is coupled with zero stiffness (0 Hz)
to the interface danping mass IDM but in practice a frequency range of
about 10-20 Hz is acceptable. [00039] According to an enbodi nent of the

i nvention, soma%ﬁp 'g&qar resonances in the interface danpi ng mass | DM
that is toh§s§ps %’é‘&# heeia9r 8L i he interface danping nass IDM are
danpened bjgogsinect iMg iReRESHa¥Bird W%n%ﬁi;@)d ' [ rface
danpi ng mapsos 3I;yl?)l\/l I n tﬁeeemog?ﬁﬁé#?ﬁ%%vm I ié)ﬂg% }b%ﬁ%ﬂg&gé@%s&;&é&&ﬁ?

i nt er f ace danapésitgntieonneaionsintldingd. Hy spring) vedh avastngpedpmingl Mferdble tidined

mass danper, T, IS arran xternally. of the inter ed i ng mass | DM
and inc rﬁdggert%/(? R Wﬁ%?%l\gés C@Bﬂﬁgé‘%{@&pﬁoéméatgﬁrlr‘;nEﬁétoa W%QJ%‘&‘HﬁéYStWt 0
the i nt er frs; ghelRBPiaR SRR debMplifH6r HBSBrdond BRI e RIaRds Of R JE iR &?gjt o D

are chosen such that novenment of the interface danping nmass | DM
sel ect ed evgfemibSaneebeyrovisiedubst antial |y danped. As a result, the frequency

transfer f fons m uator. ACT t nsor SENS is. no | onger distyrbed
by the i nt[gdr%r?g resgﬁgﬁ%gr%cre ?&ng%ﬁs ?‘Pﬁgmf‘bﬁﬁ comegteifq ngteﬁaéﬁ Q%P%gﬁel er
that cal cyrgt@Rnaydteh®S, b DprasidalimhislemedtidTRAArPBmAsIE PEHERIOR BY st e from
sensor SENS to have a higher gain and hence inproves the danping _
per f or mand@MEMEIRSS ay beconnisirddo adens mpyat Gieonmennt feea phwality atlensielaminty
mass | DM I DL QJ .| ] i.S.nor.e sta and .t he
Servo systan ol i iR R0 s R BRb O R oReks B fec? R B el iy gt
eas: : y folcbmectetie.gotusd frhmg hOFd;]ﬁgfm]_ 2 ek ?jr?e&‘bﬁ tﬁﬂnﬁix&‘;&ﬂsﬁ?ﬂ;\d?&iy, Eﬂﬁq&@}é&tihdﬁ SyBdinng

r rror n I r n r
RENR: TR RS e ST A M T
vat om pare i R AR AR OR S0 b TALE PR R B DR P O
Fi gure 2 hsveaffeetorsa plutadity of e@msttutieg petsfdf teqprejecorodystehs eighlens Elemenganpi ng
ypi cal |y FROETHC S BTS00 CEP % 6 HaErot] G baBURNID Ty,
dependi ngr@&rerdeSrammss of the DM and the used material, which influences

the internal stiffness of the IDM [000411ln view of the relative |arge
mass of t [(903Floj ect Aomass p§thermtBSacetdampirgsmassIBY preferatlfiés delmveed betvecendanper

is relatiyvel | | . to the vision.of the interface d ing mass | DM
py vas Lot ORPEat 6t B s B SheoRBiE sybtbiube bors Petwgbly omyieh about
enbodi meng,00f add®oi fiitﬁ@@iHeQ/ﬁas%YtHé%r@@cﬂiJn%%teﬁh%, ad Hﬁ%y@ﬁéﬁéqu@ﬁc? &bl Y

wei ghs between about 5-15% nore in“particul ar approximatel y about 10% of
t he i nt erincaceidamping measEDVIInY be provided meafrpluencyt taege being fwitbm adespedig nass

| DM i s appr.Qxi 0 k t hen the,.,tuned mass d er, T r ef er.abl
wer ghe anBPERIdTEb B adfe iR b et G DS oS eetoT P Ricpetonat e
hi gher i Mceiv®admsihgepitgrequency. Thus, the internal resonances of the

interface danping nass |DM are efficiently danped, allow ng higher
control | dPOBBhdwi diTheaprrtionmass BMhinglibe cornepied do the interface damping mass IDM

via a damped spring. Above a resonance frequency of the spring, the reaction mass RM will

substantially be stationary when actuating the actuator ACT, and hence allows exerting a force
on the projection system PS. The reaction mass RM preferably is coupled with zero stiffness (0
Hz) to the interface damping mass IDM, but in practice a frequency range of about 10-20 Hz is
acceptable.

[00039] According to an embodiment of the invention, some particular resonances in the

interface damping mass IDM, that is to say eigenfrequencies of the interface damping mass
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performance of the danping systemfor the projection systemPS. [00042] The
reaction nmass RM may be coupled to the interface danping nass IDMw th, for
exanpl e, leaf springs (see Figure 3). However, such a spring construction
has an ei genfrequency of approximately 15 Hz, and, therefore, it may not be
possi ble to use the danpi ng systemfor |ow frequencies. Lowering the
stiffness of the |leaf springs would | ower this frequency, but would al so
decrease parasitic respnance frequencies (tilt nodes) of the reaction nass

RM These Hfese dampepsd biesanpgetingspassivesnieHiace dampingqyiceqthefnterfsce dampingy
ld se . i Liby . ' - T

over cone. (g DAEH B SALbARAP Holtin Tt i patsf Ve HAMRLOReiF Ece 0

reacti on nfagsedRiy atayedopagyuiachpdr WMIDh The tmiad stassdangiek TMD iscirtanped éx@@nally of

contactless beaging in a tr | ational , directjon wth respect to the
interface tﬁ%’ﬁgﬂr 66%6&@@@@&%3&3@@@%;&%%% 5 GRARSC dryiaa spaagiSand
magnet i ¢ QefkpeODItS tHeSALrh& %@ﬁ% 4h& Imeﬁﬂe%sm%h&\gn‘ffgtﬂnﬂ%@@&ﬁrgffr gbhte he

i nterface danpi ng nass | DM hi's, both the reaction nass RMa
i nt er f ace agaghosengsuaia et mbDNemens of theniniddacodantpingapesiIDM vt the sedetted nagnet s

MGN. The maagn MGN i ncl,ude r yranent ets and/or. electro nets.
The inter feé\% gﬁé@‘ﬁ%?ynlé gﬁéﬂ%@tlﬁwwgﬁe@mr?u}t@? g‘&@‘éen&y TaRHEn ﬂﬁ’ﬁég%ghi di ng
st ruct ur e aBRhioFATTTY séRer STENS i M loREs Aistivb dadlyth e Ritea rEonate el (e s tef
the horizontal translational direction for the reaction mass RM Between

the bot t oAP¥hdhisiallewael consplierihas calgnldien g ferce Hof aewatandCldweed @ra mass t he
respecti Ve, JRGAGLSE VWAL REPLEE o have a higher gain and hence improves the damping

performance of the device. Hence, the position of the interface damping mass IDM and thus
also of the projection system PS is more stable and the servo system of the substrate support
and/or patterning device may more easily follow the position of the projection system PS,
therewith making smaller imaging errors and a higher throughput in the lithographic apparatus
possible. Also, vibrations of internal elements in the projection system PS are reduced, and
hence the imaging performance of the projection system PS is further improved.

[00040] The tuned mass damper shown in Figure 2 is tuned at the internal
eigenfrequency of the interface damping mass IDM. The minimum eigenfrequency of the
interface damping mass IDM lies typically in the range of about 10-20 kHz, in particular
around 15 kHz, depending on the mass of the IDM and the used material, which influences the
internal stiffness of the IDM.

[00041] In view of the relative large mass of the projection system PS, the mass used for
the tuned mass damper is relatively small due to the provision of the interface damping mass
IDM. Any mass suitable to serve as a tuned mass damper according to an embodiment of the
invention may be applied. The “tuned mass” preferably weighs between about 5-15%, more in
particular approximately about 10%, of the interface damping mass IDM. If, for example, the
interface damping mass IDM is approximately 10 kg, then the tuned mass damper TMD
preferably weighs approximately 1 kg. Hence the tuned mass damper may have a much higher
internal eigenfrequency. Thus, the internal resonances of the interface damping mass IDM are

efficiently damped, allowing higher controller bandwidth and hence a higher damping
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[ 00043] The nmass of the reaction mass RM may act as a vertical pretension,
and is sufficient to keep the nover inside the guiding structure of the
interface danping mass IDM Alternatively, other fornms of contactless
beari ngs could be used, for exanple, using a hydrostatic bearing or air
bearing. The contactl ess bearing reduces the | owest eigenfrequencies to

al nost zero, nmeking it possible for the danping systemto performat even
| ower frequencies. It is noted that this aspect of the substantially
friction fpeslormaweiohthefdempingsystemdor i progecsion systam@8i ci al for all kinds of

f ti d ' st,em f qr I nterface danpin ss, and
may bot h- B00EL T o e PSR (et Bl St B Rt ng
devi ce, Whofkanle; CANGHIRH (de0 Figige 3N HRHAGEsR AR RS ERSEuaI habheh s
configured to danp novenents of the interface danping mass at an
ei genf r equidgrafregienehel apprasimately IlAniond thersiore, ftonogant Be ppsrde tese the f

nbodi t ] J: r I nterface
danpi g mmtgh Sy PHTE QU LREhAR, ToRLhERB SRS ofRe | IR dalfloPit
danpi ng nakis frefumenp@rbut eolidraldoatcorase mésftMﬁm?mLﬂ@uéﬁmSgﬁft,m%&g of @i ng
terial bei fl d to da novenent s of the interface, danpi ng nass
2t o1 gonf PEON G P ShessmodeD o AB RS HENH | K. guf doveer gl dEANRY
meterial  nRyId QveRladRldasdife BoMicithiliR) @ﬁp%gﬁﬂ@}ﬁg Syt VM LM ﬁgpbet el

two parts of the interface danpli ng ness igured to da
movenent s aofording tat anotheaemboditent eftlee idesmpibnghemadtionbhvhsaRM ey bie geidtd withancy

my also BEPHEBHREEIEE fge etediieShilue Mo T ORI ey bt e
defined r ?xﬁéﬂf&c@ﬂhmﬁfﬂ@%%&.g@@:réﬂ@hm éﬁgoo‘aﬁﬁe;r& WWhekdiPRpaskRE x@@&m% 198

) ari
resilient connection nmay be a connection wth a certain defined stiffness,

and the dusqditaguidetsireaction onsyRihvitlbeespect/foshwintsirfast damping massDMrWith thing a
danpi ng of ew per.cent ur t her.nor he.ef fec t he t.yngd. nmass nper
has been é?(tglt 5 18RS ?@5 8?%&@@?‘5%%%“@3@%‘3@85319% f@@&%ﬂge‘ﬁ’ﬁg@%g@f ect
may be obiRed@tn@ietsVIGN. THE @ia8ts MGNR8dasu ey pdaié:d nignés dadypd ng devi ce
bei ng capabl e of da%ng movenent in nore than one degree of freedom and/ or
by provi dFlegramagnetseibe dierficn damping swss FBY peeferablydneludrsgrivesel diaped gddiom
([jgggfr]bél d gt\%%#%@ délﬂnittigg t}%brgxgionemrq)sg mgtﬁxsdownv&;[ap(ﬁ and \éledrelgvla}gsnofk}ﬁf\:/ ﬁorpz%%&l
translational direction for the reaction mass RM. Between the bottom and side walls of this

guiding structure and reaction mass the respective magnets MGN are provided.

[00043] The mass of the reaction mass RM may act as a vertical pretension, and is
sufficient to keep the mover inside the guiding structure of the interface damping mass IDM.
Alternatively, other forms of contactless bearings could be used, for example, using a
hydrostatic bearing or air bearing. The contactless bearing reduces the lowest eigenfrequencies
to almost zero, making it possible for the damping system to perform at even lower frequencies.
It is noted that this aspect of the substantially friction free bearing for the reaction mass is
beneficial for all kinds of uses of such an active damping subsystem for an interface damping
mass, and may both be used in a damping system with or without an interface damping device,
which is connected to the interface damping mass and which is configured to damp movements
of the interface damping mass at an eigenfrequency of the interface damping mass.

[00044] Besides the embodiments shown numerous variants are possible. For example

the interface damping mass may also include a damping material added to the interface
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reference to a projection systemof a |ithographic apparatus, sone

enbodi nents of the invention nmay be applied to any projection system or
even nore generally to any structure which is to be nechanically danped by
an active danping system Thus, enbodi nents of the invention described in
this docunent may be provided as |ithographic apparatus including a
projection systemand an active danping system as a projection assenbly
including a projection systemand an active system and as a conbi nati on of

a st ruct urdanmeg massaistiagieutia hpivegn differahpats tb@m?feﬂletdlampstgrm@tmalé)elng
00048] Al t t t ot f
I[ it hog]r ap h‘iQ)c g%ﬁ%gr it U 1%06(%{1 %éseﬁﬁ%ﬁ ggg‘@ﬁ Sg 458 aqlel‘%e H%ﬁﬂfng g‘%ﬁé’ gt god

that the |[006usyr aphiss shpwa idFigareds ses dabpehgheiterial n[@éfoh@éé&;ﬂé ek visco-elastic
applications, such as the manufacture of integrated opti ca:g I\a/stems

gui dance dRdedRld RsAvided beiaen worpars 9f theitatedaseulamprmeBass fapét panel
di spl t
The sl 11 Sqnapea i denty **“’ﬂ";‘)‘ﬁe?‘ef‘?@t‘%”tg@%“‘“.Ee%’a?%‘f‘d"l‘ﬁ?@?ﬁ‘jfﬁsaﬂc oo

al t er nat i wigeafipfucoey thoresf. any use of the terns "wafer' or "die" herei n may
be consid S synon wth the eral terns "substr

"t ar get pflf’f‘% i%*b%gt%?%%asw wsempE e Ui has dpB PRy Sﬁ&’a@ be
processed ’coﬁ?écc%% EHe iRbiRYe BN nSss dsthgfaly o@%ABIHRA Pesiiicd KorlRedidiPdndt hat

typically applies a layer of resist to a substrate and devel ops the exposed
resist), aampingsbugpctianFongrample, the renkiqné connectianondy, be\M@maecapplmtimﬁeﬁamt he

di scl osur nay a i.ed to ,such a t her s bstrate .proce

tool s Fudeiet e PRER wof Pheet ah Ml Bas G Fore bRl meed P R Ranpl o
in or der Hampin@dF £fedv paidnt. ﬂuanaﬁndr&thesafet:t&tthéthﬁeérﬁa@dghheéﬁﬁaalbeed@mu{éer ein
may al so refer to a substrate that already contains multiple processed

| ayers. [ Gobgoferneniongs degrse pf frecdoat. dhe pamee #ﬁn,et may be pefainedfoteotly dogreesoft he

o5 o < RRRLATRY bl b AEAL R S50 Bpu AR b IBH 7B

ot her applégad bifacedothandex B?fpfcﬁndlﬂ?ﬂiff&enk tiél’ﬁplﬁg dp¥iyes fondiffb@it dedrb& ofont ext
allows, ig not limted to optical lithography. In inprint |ithography a
topograph?’e??df‘i’na pat t er ni ng devi ce defines the pattern created on a

subst rate t opo

| ayer of e5| supjq tﬁ&%‘tl hajgg‘s/%%é{b?g’?ﬂe%% o 182%1{?@2 hl?l?e Qée%%%?cglbgg&/%
appl yi ng eff@etdeaoragrgtdtion spstemtof ahithdpeaihic appe@ajsr @nwerﬁbcﬁimbmafthen

t hereof . The patterning device is npved out of the resist leaving a pattern
in it af tBVORYNR Mbeaplisd A ProJEEIRISOT P OF @icpEnore geneaalloiq-any stucteean

d h
i travi of SPCR B aRnRicallyBfboly Bh B AIRIA HEihe Ihel iod RIS RY, o
193, 157 iaveriid8 desdribad th mlstdoenmenﬂ ma;aba/pmt/xdbd éﬁhﬁl))gmphic appammé ectpditgai ng a

wavel ength in.the ran of 8 , as well as gartlcle beans, such as ion
beans or @p@&tgws@ an actlve amplng system, as a projection assembly including a

projection system and an active system, and as a combination of a structure and an active

damping system to dampen the structure.

[00048] Although specific reference may be made in this text to the use of lithographic
apparatus in the manufacture of ICs, it should be understood that the lithographic apparatus
described herein may have other applications, such as the manufacture of integrated optical
systems, guidance and detection patterns for magnetic domain memories, flat-panel displays,
liquid-crystal displays (LCDs), thin-film magnetic heads, etc. The skilled artisan will
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
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[ 00051] The term "l ens"”, where the context allows, may refer to any one or
conbi nation of various types of optical conponents, including refractive,
reflective, magnetic, electromagnetic and el ectrostatic optical conponents.
[ 00052] Wi |l e specific enbodi ments of the invention have been descri bed
above, it will be appreciated that the invention may be practiced

ot herwi se than as descri bed. For exanple, the invention may take the form
of a conputer program containing one or nore sequences of nachi ne-readabl e

i nstruct i o SHP9EFq; ragpestivobt Abeisubstrefe sefprsrde hensneay karpracegendabaefprsios glier

medi um (e. B -] [ 1S | h a
Comput er - oBoREEE RESUEHAL o BRODoq TRAAGH 1y AppIRR LIER of S o d WMoY

i nt ended tdeveleps thk espased fewigt), axattrélogy toohgnd/oklat snspedtionitdd]. Waherppalieible, the one

skilled in.the art that npodifjcations be nade to the invention as
descri bed GFAIsYiR hera By PR GPRled i Sl aﬁ@r Sbsirgfe PracsssiAg teels Fthep dheow,

VHAT | S Clfibdvai Ih%’ be processed more than once, for example in order to create a multi-layer IC, so
| that the term substrate used herein may also refer to a substrate that already contains multiple

processed layers.
[00049] Although specific reference may have been made above to the use of
embodiments of the invention in the context of optical lithography, it will be appreciated that
embodiments of the invention may be used in other applications, for example imprint
lithography, and where the context allows, is not limited to optical lithography. In imprint
lithography a topography in a patterning device defines the pattern created on a substrate. The
topography of the patterning device may be pressed into a layer of resist supplied to the
substrate wheréupon the resist is cured by applying electromagnetic radiation, heat, pressure or
a combination thereof. The patterning device is moved out of the resist leaving a pattern in it
after the resist is cured.
[00050] The terms “radiation” and “beam” used herein encompass all types of
electromagnetic radiation, including ultraviolet (UV) radiation (e.g. having a wavelength of or
about 365, 248, 193, 157 or 126 nm) and extreme ultra-violet (EUV) radiation (e.g. having a
wavelength in the range of 5-20 nm), as well as particle beams, such as ion beams or electron
beams.
[00051] The term “lens”, where the context allows, may refer to any one or combination
of various types of optical components, including refractive, reflective, magnetic,
electromagnetic and electrostatic optical components.
[00052] While specific embodiments of the invention have been described above, it will
be appreciated that the invention may be practiced otherwise than as described. For example,
the invention may take the form of a computer program containing one or more sequences of
machine-readable instructions describing a method as disclosed above, or a data storage .
medium (e.g. semiconductor memory, magnetic or optical disk) having such a computer

program stored therein.
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1. Alithographic apparatus conprising: an illum nation system configured
to condition a radiati on beam a support configured to support
a patterning device, the patterning device being capable of inparting the
radi ation beamw th a pattern in its cross-section to forma patterned

radi ati on beam a substrate table configured to hold a substrate;

a projection systemconfigured to project t he patterned radi ati on beam onto
a target portlon of the substrate; an nPLn system,

confi gur ed¥0&Hanpen’hs d@t%‘ﬂ’ﬁ?@%‘?"tﬁ arstnttréi&é to ‘?Fallutmt@ﬂ"?: bm%}r@c thibgh 1eyidk em
e, damp! " YRR GAURENE! Athfl il ALEAERIAR TR MIRES, RANGAEAAL 0 L e
projection s act1ve danpi ng subsystem confi gured
t o danpen desaribed atithont depaiing lfieasthe penp’e otﬁthetdimms netewf bedewdanpi ng mass, the
active danpi ng subsystem connected to the interface danpi ng nass, the
active danpi ng subsystem conprising a sensor configured to neasure a
position quantity of the interface danpi ng nmass; and
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an actuator configured to exert a force on the interface danping mass based
on a signal provided by the sensor; and an interface
danpi ng devi ce connected to the interface danpi ng mass and configured to
danp a novenent of the interface danping mass at an ei genfrequency of the

I nterface danpi ng nmass. 2. A lithographic apparatus according to
claim1, wherein the interface danping device is a tuned mass danper, tuned
on the eigenfi-equency of the interface danpi ng mass. 3. A

| it hogr apWHAIABWIAASERdsording to claim?2, wherein a nass of the tuned
mass danper is between 0,05 and 0,15 tinmes the interface danpi ng nass.
4. A lithographic apparatus according to claim2, wherein the tuned nass

danmper is couphked t%H%gﬁgﬁ&hg5&&§§u£?ﬁﬁ@ﬂ%%$gss via a resilient connection

and a danpi ng conne phi c apparatus according to
claim 2, wherein then illmadatimasystdamnpefigired cocpdéitbntaratiiaton béaat;f ace danpi ng

mass in a frequency range of _about 10-20 kHz. . . 6. A lithographic.
appar atus accor di ng?ftp Féioﬁﬁ&?reaffbﬁ’“@%“ fRattsrAing device tB%HﬁF%ngﬁ%‘gcq Reing
coupl ed t @afabR dHiRb&%hE A AYRESTHEIh Rith 2SAHEAGY its RIS sQkioR RO Wrmls Fattéhied

radiation beam;

a substrate table configured to hold a substrate;
a projection system configured to project the patterned radiation beam onto a
target portion of the substrate; and
a damping system configured to dampen a vibration of at least part of the
projection system, the damping system comprising
an interface damping mass connected to the projection system;
an active damping subsystem configured to dampen a vibration of at
least part of the interface damping mass, the active damping subsystem connected to the
interface damping mass, the active damping subsystem comprising
a sensor configured to measure a position quantity of the
interface damping mass; and
an actuator configured to exert a force on the interface damping
mass based on a signal provided by the sensor; and
an interface damping device connected to the interface damping mass
and configured to damp a movement of the interface damping mass at an eigenfrequency of the

interface damping mass.

2. A lithographic apparatus according to claim 1, wherein the interface damping

device is a tuned mass damper, tuned on the eigenfrequency of the interface damping mass.

3. A lithographic apparatus according to claim 2, wherein a mass of the tuned

mass damper is between 0,05 and 0,15 times the interface damping mass.
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7. A lithographic apparatus according to claim1, wherein the interface
danping nmass is coupled to the projection systemvia a resilient
connecti on. 8. A lithographic apparatus according to claiml
wherein the active danpi ng subsystem conprises a reaction nmass for the
actuator to exert counterforces upon based on signals provided by the
sensor, which reaction mass is coupled to the interface danping nmass in a
frequency range of about 10-20 Hz. 9. A projection system conprising:
a danpi ng syst ém conflitjugraphit apsiaapeaccardindroadlaion, fhesdin ﬂ?&ﬁﬁedgﬁﬁis dampthe
rojection system the danping system conprising an_ interface danping. nass
(F:) 0 an ect ed % ‘ES%‘/‘P’&?Q to s lé@ff?%daé%?%wssa‘ﬁ%l a ge%lhent Sonnection and agmping CANgEiAR ng
subsystem to danpen a vibration of at |east part of the interface danping
mass, the active danpi ng subsystem connected to the interface danpi ng nass,
t he active danping ﬁdltthyg‘aplﬁc appapatisacegrdingendam 2 ovifergu tieduta measiampen

iti t f erface danp mass; an
P et unt o Bbler o e atriat it ReSTRE ThRurny Thadiitehey WaRKHE mass based
on a signal provided by the sensor, and

6. A lithographic apparatus according to claim 1, wherein the interface damping

mass is coupled to the projection system in a frequency range of about 1-2 kHz.

7. A lithographic apparatus according to claim 1, wherein the interface damping

mass is coupled to the projection system via a resilient connection.

8. A lithographic apparatus according to claim 1, wherein the active damping
subsystem comprises a reaction mass for the actuator to exert counterforces upon based on
signals provided by the sensor, which reaction mass is coupled to the interface damping mass

in a frequency range of about 10-20 Hz.

9. A projection system comprising:
a damping system configured to dampen a vibration of at least part of the
projection system, the damping system comprising
an interface damping mass connected to the projection system; and
an active damping subsystem to dampen a vibration of at least part of the
interface damping mass, the active damping subsystem connected to the interface damping
mass, the éctive damping subsystem comprising
a sensor configured to measure a position quantity of the
interface damping mass; and
an actuator configured to exert a force on the interface damping

mass based on a signal provided by the sensor, and
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an interface danping device connected to the interface danping nass and
configured to danp novenents of the interface danping mass at an
ei genfrequency of the interface danpi ng nass.

an interface damping device connected to the interface damping mass
and configured to damp movements of the interface damping mass at an eigenfrequency of the

interface damping mass.
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