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

| it hographi c apparatus and to a projection assenbly having an inproved
active danping. Description of the Related Art [0002] A lithographic
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 nmanufacture of integrated circuits (I1Cs).
In such LITEFGRAPEHU APPARA TEY HEVINGAN AGHVE DAMPINGSUBASSEMBI t 0 as
a mask or a reticle, maybe 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 pg@%EgﬁR Mg or several dies) on a
substrate (e.g. a silicon wafer). rans?er of the pattern is typically via
imagi ng onto a layer of radiation-sensitive material (resist) provided on
the substrate, .In general, a single substrate wll contain a network of
adjacentFFH?%%@w BY45U98s that are successively patterned. Conventional
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portion Is irradiated by exposing an entire pattern onto the target
portion ascroblydaviagdnsopoatd adiveclampies, in which each target portion is
irradi ated by scanning the pattern through a radiation beamin a given
direction (the "scanning"-direction) while synchronously scanning the

subst ratgemﬁﬁiohe,lft@glqamdd-mr allel to this direction. It is also possible
to transfer the pattern fromthe patterning device to the substrate by
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projection systemin curr en'[ enment ati ons nmay consi st of a carrying
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(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




el ements such as lens elenents, mrrors, etc. In operation, the projection
system may be subject to vibrations due to a plurality of causes. As an
exanpl e, novenents of parts in the |ithographic apparatus nay result in
vibrations of a franme to which the projection systemis attached, a
novenent of a stage such as the substrate stage or the reticle stage, or
accel erations/decel erations thereof, which may result in a gas stream
and/ or turbul ence and/or acoustic waves affecting the projection system
Such di straisadssesoptiay) drasmlrﬂor framei(inrcatd afiveflative bpiécspra) @pluiradity sﬁ/qﬁieah as a
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etc) andthgmrojggionst die nagemcan thasyhsgaet r uct ure to be danped or a part
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controller may be formed b ny type of controller and nay be inpl enmented
in the dampingsystem is to be un erstood as a damping system which includes a sensor to detect an

effect of a vibration (e.g. a position sensor, velocity sensor, acceleration sensor, etc) and an
actuator to act on the structure to be damped or a part thereof, the actuator being driven by e.g.
a controller in dependency of a signal provided by the sensor. By driving the actuator in
dependency of the signal provided by the sensor, an effect of vibrations on the projection
system and/or the interface damping mass connected therewith, may be reduced or cancelled to
a certain extent. An example of such an active damping system may be provided by a feedback
loop: the sensor to provide a position quantity, such as a position, speed, acceleration, jerk, etc
of the interface damping mass or a part thereof, the controller being provided with the position
quantity and generating a controller output signal to drive the actuator, the actuator in turn
acting on the interface damping mass or the part thereof so that a feedback loop is provided.
The controller may be formed by any type of controller and may be implemented in the

software to be executed by a microprocessor, microcontroller, or any other programmable




software to be executed by a m croprocessor, mcrocontroller, or any other
programmabl e 2 device, or may be inplenented by dedi cated hardware. [0005]
It is desirable to stabilize the feedback |oop, i.e. to achieve a frequency
behavi or of the feedback | oop wherein internal resonances are prevented.
At the same tinme, a high bandw dth of the active danping systemis
desired, as a high bandwi dth of the active danping systemwll allowto
suppress vibrations within such high bandwi dth. Due to the ever increasing
demands dwvicpeeadapbe infidehbittdby dpticateddppdwat.us, novenents in the

i thographic apparatus tend to_take plac t a hjgher speed and .
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with respec o the projecti syst em housi ng, wever, the fre ncy with
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position of the support and the projection system housing is not according
to the dessfeefingbeistdfdhe entire dampinp vestgm, and linmmitsrtbagddewsbleticrfognaricae of t he

servo sy cou{lgﬂ1| be . used to it.until, the projection system housing
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having a | ow danmping. As a result the overall throughput of the
| i t hogr ajsiiage 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.




apparatus is negatively influenced. 3 SUMVARY [0007] It is desirable to
provide a |ithographic apparatus in which the i mging accuracy and/or the
t hroughput is inproved. [0008] According to an enbodi nent of the invention,
there is provided a lithographic apparatus including an illum nation
system configured to condition a radiation beam a support constructed to
support a patterning device, the patterning device being capabl e of
inparting the radiation beamwith a pattern in its cross-section to forma
patterned radi ati on beam a substrategMMmakYe constructed to hold a
substrate; a projection systemconfigured to project the patterned

radi ati on beamonto a target portion of the substrate; and a danpi ng system
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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.
[0009] In another embodiment of the invention, there is provided a lithographic
apparatus including an illumination system configured to condition a radiation beam; a support
constructed to support a patterning device, the patterning device being capable of imparting the
radiation beam with a pattern in its cross-section to form a patterned radiation beam; a substrate
table constructed 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 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




interface danping mass, the interface danpi ng mass being connected to the
projection system and the active danpi nhg subsystem bei ng connected to the
i nterface danpi ng nass, the active 4 danping subsystemincluding a

conbi nati on of a sensor to neasure a position quantity of the interface
danpi ng mass and an actuator to exert forces on the interface danpi ng nmass
in dependency of signals provided by the sensor, the active danping
subsystemincluding a reaction mass for the actuator to exert a
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subsystem i ncluding a reaction nmass for the
[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.




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

i nterface danping mass. 5 BRI EF DESCRI PTI ON OF THE DRAW NGS [ 00012]

Enbodi nents of the invention will now be described, by way of exanple only,
with reference to the acconpanying schematic drawi ngs in which
correspondi ng reference synbols indicate corresponding parts, and in

whi ch: [00013] Figure 1 BMHPFOESGRIPTIONgIARPHEDRAPENGS according to an
enbodi mrent of the invention; [00014] Figure 2 shows a schematic view of a
danpi ng systemwi th a tuned nmass danper connected thereto according to an
enbodi ment of the invention; [00015] Figure 3 shows a schematic view of a
gui di ng B0PLZE ur e Ewmbodimenised dheiinyenias svilh how bieglgsasibed.wivt way espepleaply. he
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according to an e t the invention; and [00017] Figure 5 shows a
schenat i poviEwW of RigdanipdepirtsyBthegraphichpparktun ectortissto danptexdimanné diced
thereto according to an enbodi ment of the invention. DETAILED DESCRI PTI ON

[ 00018] ®mvguitad; 1 schematically depicts a |ithographi c apparatus according
to one @ODO4i nent Fighiretthdhoivauaechdanmatic vidve obpganping systene itiesuaed mbdsum nat i on

system (i |l um nator) I

IL configured to condition .a radiation beamB (e.g.
UV radi af4meper sponghied Shgselp ae%ﬂr@g%r%afr epbatimenof e iKefii98r t structure or

pattern Qyapgrt OrpighRAAhbwE § séhenfutitBaky sBPLRAInMrCINSUHMUGE RAclioh SHARATL a
patterning device (€.g. a mask) MA and connected to a first positioning

devi ce PRigewm wihiresgect tothadnterfatealapnppashaiseacarfisg pasn enmhedigenieafithe in
accordance with certain paraneters. The apparatus also includes a
substrat@t4% (e.g. a wafer table) W or "substrate support" constructed

to hol d @ogugst r at BighR 4khoRs b 8lchiatic aaivesl Mafiging siMane fe0Me efkbesh fn@ssaf
second 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) W'T 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




positioning device PWconfigured to accurately position the substrate in
accordance with certain paraneters. The apparatus further includes a
projection system(e.g. a refractive 6 projection |lens systen) PS
configured to project a pattern inparted to the radiati on beam B by
patterning device MA onto a target portion C (e.g. including one or nore
dies) of the substrate W [00019] The illum nation system may i ncl ude
various types of optical conponents, such as refractive, reflective,

nmagnet i Cprofdodi6i fonSBgRe) IS colfigatet 06 pﬁ)ﬁdcﬁa pittedt heparteyl pe theahdialpin am B by
conponents, aor any conbination thereof, for Ig;trectl ng,
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device i@q;a manner that depends on the orientation of the patterning
devi ce, the design of the lithographic apparatus, and other conditions,
such as [0901¥xanpl Ehawietirertion sysham ntammqhatetvarimilMQp@exf opical sothpdrenispsugh

vacuum environnent. The s or ruct C ani cal acuum
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The supp@irhpcHehtdCorish§ caﬁxmﬁﬁo@th%fe@momre@tmg alping, bPEoMAN®Y @diabhch may be
fixed or novabl e as required. The support structure may ensure that the
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interpreted as referring to any device that may be used to inpart a
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pattern 1 npar radi at1on am may not exact cor to the
desired ablel Rt exdnipletigicl amagbt ﬁ;xeal b movadfie asheqedds tihatseppdrostreraenlag |1 f t he
pattern inclu hase shiftin tures or o called assist features.
Gener al I‘?lsuﬁeﬁgatﬁ]é %"reﬁnilgw%%’ﬂ‘%ee‘ a‘t*bg SHE‘?P%?%{% ’Qﬂar?%aﬁa %TGSE‘??H %Spond to a
particul Ly RARIALAREbr 1R téﬂge‘Yéth?e”Qﬁ"‘ﬂﬁ 19%?4% helddfsil@eg et

porti on,ﬁéﬁ%ﬁ&ggs r%'q%aégrat ed circurt. [0 ; 22] Tﬁe Sgt teern?Ing devi ce may
be transsﬁnesjrme.lsomh&rblnwe gereeral Boranflagsmofg ctmtqeer ning devices include

I T NI AT TN ek ek

al t er natjcRQri R RSAyHRVICE that may be used to impart a radiation beam with a pattern in its
cross-section so as to create a pattern in a target portion of the substrate. It should be noted that
the pattern imparted to the radiation beam may not exactly correspond to the desired pattern in
the target portion of the substrate, for example if the pattern includes phase-shifting features or
so called assist features. 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.




and attenuated phase-shift, as well as various hybrid nmask types. An

exanpl e of a programmable mnor array enploys a matrix arrangenent of small
m nors, each of which can be individually tilted so as to reflect an
incomng radiation beamin different directions. The tilted mnors inpart
a pattern in a radiation beamwhich is reflected by the mnor matrix. 7

[ 00023] The term "projection system used herein should be broadly
interpreted as enconpassing any type of projection system including
refracti jpeo23lef | ecTheserm Cplodtiopsystetn” ussdbereinishoulelbe bt sadiypigeeprered and

el ectrostatic optical systens, or any conmhj natjon thereof, as . appropriate
for the Y%PBRAFEILAYLEE GHTYestiog syEer), mﬁﬂlgmgrre e, eHetiyP<CAGPUs t he use

of an i 4.0 Walbl ; :
ﬁg@{ﬁ%ﬂg,nésigétﬁgg et ank e cHTGatdd oticHIAGHERS, MR¥y %ﬁbafau&?ﬁe{eﬁﬁ%

"proj ect I'n may be considered as synonynous w e nore
gener al 4mpropriapr fof detdxposusysitiatibn biog 024 oror hibcefadopd sckds thehwe appar at us

is of a transm ssive type .0g. enmployin ransm.ssi ve nmask) .

ALt or nat ivarren puchs PG bEa dagR A B8 pBine L PR el S mrg P ng o
progr anmmapkRlefddak Snodkmdis Hth Mmd MR gdRerhBb®N r8idjcdbBorPRNg”. or enpl oying a
reflective mask). "~ [00025] The |ithographic apparatus may be of a type

havi ng t180024ual shabey depictrdribe apnabduyiapba traminessivy type (i erpl@ingppor t s"

Ctage: RSO LA R R B REE} Rk o G el Poy

or  prepgabatafinyabd @R EorHey bEa ek rak eferdeil to@Bowd)er BnplPing d rRibt@iSe diasBlUpPport s
whil e one or nore other tables or supports are being used for_ exposure.

[00026] [PAR2S]; t hoghhgdithesrapiparrraraivsayy By ¥q tyee Baving tWplughags) ar BeT9 east a
portion &Lstfﬁéabggggispa%gég@@@@r ?&gdg&%@o QYma'Jf‘e!111<fds‘K'thlg?6{" s V%E%&f AR Y

hi gh refractive 1n as to a space bet
pr oj ect i suoh Sysitpbe angtk”’ nivehsabicraddiondAnatil caxesspamntsimaybedisad in pabld, dve

applied to other spaces in the |ithographic par at us, r exanpl e, .between
the patRTePRiALY %‘é&?in&"’é’i{"e@?‘ﬁ?egr?&%% 0 He tﬁ?feg OB BYRPGHS %’é?g? ahy orlr‘;ﬁwg}ea n
techni quegicE AsuBBords£E blifg ubdiciopagRsthae numerical aperture of projection
systens. The term "I nmersiron” as used herein does not nean that a

struct ur[@002jch aslte lshdmephae epparmist minealsubhel alte wheteimatilehst ppertionwher
only n'egn '
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I L receiies il & pabcBdtwEeniBEfd¢ctibh dystéri dh@ih @GbsHA. A8 iPPerdbeligaanes and
the lithographi c apparatus may be separate entities, for
also be applied to other spaces in the lithographic apparatus, for example, between the
patterning device (e.g. mask) and the projection system. Immersion techniques can be used 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 liquid 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 including, 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




exanpl e when the source is an exciner laser. In such cases, the source is
not considered to formpart of the |ithographic apparatus and the

radi ati on beamis passed fromthe source SOto the illumnator IL with the
aid of a beamdelivery system BD including, for exanple, suitable

directing mrrors and/or a beam expander. In other cases the source may be
an integral part of the |ithographic apparatus, for exanple when the

source is a nercury |lanp. The source SO and the illumnator IL, together
Wi th thes hgamodeystsrary system BD if required, may be referred to as 8 a
radi ation system [00028] The_ illumnnator |L ma i ncl ude an_adj uster_ AD

confi gur®80%8) adj ubke lﬂlﬁ@ﬂzfﬁgj%array ipEpesA adjustr $¢7 rotierE to pdipHahs apgulii on
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r ef erred1 outer and I nner, respéctively e Intensit
distri buéx!tam (cdntimenlp wgfetredioan &-aftertdne ol-llrﬂwmasﬁéonlvdgwf theimeljsitg ﬁsthbuhnn
addition, the_illum nator |L may include _variqus other conponents, such as

an int eglﬂé‘tRS‘PI Iplang s the IBBW&@F@@?H bropdiied. iip pddition ts il nmjnatesdL paaydnelyde
condi ti an fheofmadiah Sﬁ&@n@%e& al h la?eygfa& rgﬁiﬂdr ebnb&li Epw ’rp{%mﬂﬂum&qﬂ@ ty

distribution 1n i1ts cross-section eralatlon eamB 1Is

i nci dentbeoused ttecqmdttioartm radiatien beam, (te haye,a deaséd uvrmityhind mtéersith disttibotion he
support structure g., mask table) MI, and is patterned by the patterning
devi ce. PAGICHYSTFY é‘r sed t he patterning device (e.g. mask) MA the

radi ati C’[@O@?ﬁm B PARS8SiatidbQUOB id RidBRQINaGE b&tfbn%}ighé‘ﬂbf . WikhMocuses
the beamonto a targ}gt portion C of the substrate W h™the aid of the

second pwkich lsdml(h@}l vhpm g (sasimadsktadend &y andds p@ttagneddw the patterning

interferpnetr |ce encqder r ca nsor e _substrate
table wiets Bavifg Vel hf BRlerghe BGEe Clp GRBDG, B AT tom BRSNS gor
por t i onshfeubh tHeliRofedlidh Sistehes, l’vﬂﬁblﬁfdc@sﬂ:s the He@onks a Birgat pafiion.C bh@ef i r st

posi tioning device PM and anot her p05| tion sensor (which is not _explicitly

depi ct edsubsirats YlaVEith heitholibe serend pesitiering davesoP Wowd prgton sraspraft(eenimg
device (; Ak o am B,
e.g. af t@?egfem H é(%(?a‘}l}/éaé %anégq%gf‘(r}%m% QCIHYE E?qtfrtt)l?%sutb?t?até ghn ng&g%gcan. I n
gener al ,moedeenttebf, efgheo Mtpposition tiif&ﬁetntltwga(t @ogionsasik the gith f th&/lfadmy)nbe
realized with the aid of a |ong-stroke rmdul e (coarse positioning) and a

shor t - stheards- malpdy: (the fest B%%ﬁl%ﬂ&ﬁﬁ%f)e PNipd WB%O&&PP Sgfsof (rdigh isgpt
posi ti ony gcﬂg\cﬂéﬁl&eﬁ) M Fzgﬁg re by uséﬁq}f%@ﬂéteﬁfpo%ﬁ%n%ﬂé%&t@ﬁﬁr?g JRRege WT Or

"subst rat I zed using
mask) MA with respect to the path of the rad1at10n beam B, e.g. after mechanical retrieval from

a mask library, or during a scan. In general, movement of the support structure (e.g. mask
table) MT may be realized with the aid of a long-stroke module (coarse positioning) and a
short-stroke module (fine positioning), which form part of the first positioning device PM.
Similarly, movement of the substrate table WT or "substrate support” may be realized using a
long-stroke module and a short-stroke module, which form part of the second positioner PW.
In the case of a stepper (as opposed to a scanner) the support structure (e.g. mask table) MT
may be connected to a short-stroke actuator only, or may be fixed. Patterning device (e.g.
mask) MA and substrate W may be aligned using mask alignment marks M1, M2 and substrate
alignment marks P1, P2. Although the substrate alignment marks as illustrated occupy
dedicated target portions, they may be located in spaces between target portions (these are
known as scribe-lane alignment marks). Similarly, in situations in which more than one die is

provided on the patterning device (e.g. mask) MA, the mask alignment marks may be located




| ong- stroke nodul e and a short-stroke nodul e, which formpart of the second
positioner PW F 1In the case of a stepper (as opposed to a scanner) the
support structure (e.g. mask table) MIr may be connected to a short-stroke
actuator only, or may be fixed. Patterning device (e.g. mask) MA and
substrate Wnmay be aligned using mask alignnment marks M, M and substrate
al i gnnment marks P1, P2. Although the substrate alignnent marks as
illustrated occupy dedicated target portions, they may be |l ocated in
spaces bedtweaithediqget portions (these are known as scribe-1lane alignnent

marks). Simlarly, in situations in which pore_than gge q%§ is provided on
the patt O3y devikedqpictel anparais comld beisedrimnsat leapt g 9é Hie TREP WIS FgACE e

| ocat ed bet i i | used in
at 1 east Fone. Branife fipn- A, €1F RN GIMTRE SRR TRRE iR

st r uct ur sbbteatg tabhea@H drdlibeirativFupport” amleptsaspamtinlly statiehatyh evhils absttrrapett¢rabl e

WI or "substrate support” are kept essentjall tationary, ile.an entire
bat ter ' IR {SHC FUTTRG bRt PROUTDRN T BB PPRen ScORE IS e e por t| on
C at onegtddBpbiur®). THe SILRYAE tabRl Wi f "QB@AE EportT Reh&INSddah thel BB OF

"substrate support™ is then shifted in the Xand/or Y direction so that a

di f f er endirdctipy et thpior difforenargshipdsbori gas belexpopeds Iregiemmods, thempaximeimmpinnosi ze
of the exposure field.limts t size of. t t ar get LOn i ed in a
o ngl o FERRRG AT hfits 4 4% e Al fatioh LickBhEfte S8R kel GuelBEcd Lo,
table) M or mReKkmSdERRY duppad striidhere (@F.bﬁaskamemmcﬁ "Msl@ﬁué{baﬂbsﬁdtaée
support" are scanned synchronously while a pattern inparte to the

h
radi at i ombpeaipfable Wriopresubstraissuppost” Ret erngdswasisanaasly while apatie aggthani c
Cehbetr apdiagEbOh ioprBRGe ShE R AR PP (U MM Bl Epllul he

det er m nefodity aht dir¢dnofdgrubitaaithita VENor Isobgate sppors'atlatichtarthemeskitsblecs  of

the projection systemPS. |n scan e, the maxipum size. of the exposure
field |iMilte "meek SHrger [may be ﬁ@te%‘ﬁgig}éﬁ}ﬁ(aﬁ')@?% W’Sﬁ)an‘gfmi‘g?ée‘t’%{? et

portion déh@ra%te?ﬂsﬁ"&l & tﬁé’;ﬁ%}[@cﬁoﬂ sysREPPS Uh Scan'iSEE AR hA8muRNGEdbihe ERsgEanni ng

noti on determnes the ght (in the scanning directi on) of the target
por t i on.fi@d litmits dimowith (imfeenontseenrsupeioectios} oiiihe target pertign imasigleatynehicMr or

e A M T R T I A
noved Ordil%%ﬁ&E)QﬂtMa}g%t forfightern inparted to the radiation beamis
3. In another mode, the support structure (e.g. mask table) MT or "mask support" is kept
essentially stationary holding a programmable patterning device, and the substrate table WT or
"substrate support" is moved or scanned while a pattern imparted to the radiation beam is
projected onto a target portion C. In this 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 patterning 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
different 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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projected onto a target portion C. In this node, generally a pul sed

radi ati on source is enployed and the programmable patterning device is
updated as required after each novenent of the substrate table W or
"substrate support™ or in between successive radiation pulses during a
scan. This node of operation may be readily applied to maskl ess |ithography
that utilizes programmable patterning device, such as a programmbl e
mrror array of a type as referred to above. [00031] Conbi nati ons and/ or
vari at i ongtrologly fienzbhg\way desbid deettesmede mcfhfdmgaen gld nehting layesitiédt eratihg, modes

f I I d 00032 t hi_ghl h ti
i ew of | SpRBREHICS A0y GEaNsPEIYh 115 ) SRS 4 DSt PN R BE e
i nventi OEEEn[n-g d Rfﬁb?%é&xﬂg%?/sﬁéﬁ g\azpéi WE%EG J%ﬂgfogbcﬁon HAdRPaoLeay if s ame by

any suitable device Iing arigid uhting,” a resilient
mount i ngyibratiog.of Are 1nt¢tfe¢ef @n@m@mpssri@MmEs@h Ivibiviitiaini affthenmserfane Haudeingmasobj ect

preferab mass nected.to.the.project.i. S st PS. A
D1 br at ol Fore R S SRR g SRS U Py gl ok e
i nt er f acgr WeARbAerIBS Sudhlla E@blﬁbn Wiehfaérhan séfsof, R&el ol g heatiReaRERST, RS S
IDMis sensed by a sensor SENS of an active danplng subsystem whi ch may

i ncl ude mwlerm@e meghurgmprizensen otk dgorctuasuckChet %ae@@tsvetdamplm&a%ﬁé@fem

sensor, g ﬁggghﬁ%k#F%§H¥§e accéﬁgigﬁﬁgﬁﬁsﬂﬁﬁﬁ ﬁﬁ{gﬁ@ggnﬁgﬁgﬁeggﬁgaﬁﬁensor

acts on gdmpettad Béthaeea eh’aammgam of M actine tldnnpmg @ﬂnﬁgls;taiﬁmhd thehiatepfatelat or i s
connected between a reaction pnass RM of the active danppi ng subsystem and
the i nt e$3RRIBS TESTAIM gLt Frenoted tbmanwthegr%s%WWéPC%f%FWPIP&WF FAMSody

such as, 01Ef HE h%gﬂgh% pﬁm?@?? E)th@ﬂ%feré}ﬁcce rnﬂl / f:{gg%%é@f&] hife RRBHT A xRt her

reference ma or the actuat to exert 1ts counterforces
upon. Thigs camhteafomes AQTn. ity actluatlouAETamyy Bmlttdalahp stitapke tge mﬁztcuatarr sucbueh as a
pi ezo electrlc actuator, a notor a preferred. enQ% use is

made of BEFLFIEFES aCHAPE, ZRQLor, S. Iﬂ?eﬁ“&%ﬁ‘e RBRAIMSH) 45& S0 A 3 ﬁ%{g}z be

provi ded,hirgh aéj@@l%b? thoﬁ%&lé'séjé‘chﬁa%r Iﬁay H@ﬁﬂa@ﬂ'e& i QRS REHUERS ot he
reaction nmass RMand the interface danping mass IDM as the Lorentz

act uat ormeghanjsabsonthet hedween thorpactian resss Fé\ﬂ@:n«ﬂ th@ nnteifade demppegonissdDaps e
connect to the . reac

oot b Popts R M LR i SRR TH T kb RaVE PR DebaRaR e

cont r ol | @hrdtidnm4LS I BN Gk ifkrface damping mass TDM respectively.
[00033] The actuator is to be driven (e.g. using a suitable controlier) in dependency of,
i.e. based on, 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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i.e. based on, 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 fromthe
actuator ACT to the sensor SENS, is dom nated by the interface danping
mass IDM It is desirable that the interface danping nass IDMforns a
rigid body mass, at least in a frequency band of the active danping system
which will result in the sensor SENS and actuator ACT to observe a transfer
f unct i onthestis®t SANSaint yhectuaes paiifli ng to a rigid body nass. Effectively, as
seen fromthe sensgr SE nd .actuator ACT, the re on%nt behavi or of .the
proj ect i 19933kt em P inier "s‘%é@%%/m???é%ﬁ{[ E@@h&éom’&f’teg HEhP RroagIqn &Y Png
mass | D%M@;;@égg&ﬁ c@ﬁﬁ&ﬁ&%‘éﬁéﬂd&%ﬁd‘&.?ré)ﬁﬁg, fRh WeERarh P&l @ﬁa%%e% gRnd

actuator A t he one 'he. proj ection system PS on the other
hand. Asinerfacedsmpingmess IRMpikesupl et with eprrosimetely 120tz todhe projestion kigstem

f il 1 .sh t havi th b [ f [

St abl o DERRUIE o CTS L Ree0 8 By By G AT DAL RE S OB oBENS
and the %ggeﬂapgb@@'g.pnm@&%] The interface danpi ng mass | DM maybe
connected to the projection systemPS via a resilient connection,

i ncl udi n083¢). a sPhe merfaseidampiag magnaiRMddnaspie Gognegpddp apy Frlgvanhpart phher f ace
o _ : I . b o _ _ P
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The interface danping nass, | DM may be connected to any relevant part of the
pr oj ect | Bareeds Insh pase of  redlegiivrrpication sysicandirvaEras Ginping mawdN gay be

proj ecti t | a t ; (1.e.
B ount . fpeYR R o o R an PR RO (RPRERSS TRy B BrEainpiEh

refl ectiP®apd 0§ emistitnting patsemy bdeffictivelyfdanped aspomgcnesthe ibvinmydabping
connected e.g.,to frane hol ding.one or. nore of the mrrors. .Thereby, the
o o] ot | Bissufiad Brets cBireitta b AR Fatming st o fyBaneit 3t ARTEr S anped,
as conneghi-RGrtdis 4 MLt PSE AR parli®e she( RORCHIENHSERY 6 cCRANEICHEAE, t he
active danping system to the | ens 'nount or franme na have effect on a

pl ur al i tmpirodrs,caon et itest ¢ongtiting slemients laee all i) toot qoone@ngt@ délhg leas grountas

el enent s P m'r[ﬁ;ars, etc, as these constituting elenents are all in turn
connect €FFPEHE M %ns mount or reference frane.

[00037] A mass of the interface damping mass IDM preferably is selected between
about 0,001 and 0,1 times a mass of the projection system PS, more preferably between about
0,001 and 0,01 times the mass of the projection system P8, as thereby the frequency of the
interface damping mass IDM may be provided in a frequency range being within a desired
bandwidth of the active damping system, thereby favoring a stable closed loop operation of the
active damping system.

[00038] The reaction mass RM may be connected to 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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[ 00037] A mass of the interface danping nmass IDM preferably is selected

bet ween about 0,001 and 0,1 tines a nass of the projection systemPS, nore
pref erably between about 0,001 and 0,01 tinmes the nass of the projection
system PS, as thereby the frequency of the interface danping nmass | DM may
be provided in a frequency range being wwthin a desired bandw dth of the
active danping system thereby favoring a stable closed | oop operation of
the active danping system [00038] The reaction mass RM may be connected
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coupled with zero stiffness (0 Hz) to the inteiface danping nass I%I\/I but
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actuator ACT to sensor SENS is no | onger disturbed by the interna
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[00040] The tuned mass damper shown in Figure 2 is tuned at the internal
cigenfrequency of the interface damping mass IDM. The minimum eigenfrequency of the
interface damping mass IDM lies typically in the range of about 10-20 kllz, in particular
around 15 kHz, depending on the mass of the IDM and the used material, which influences the
internal stiffness of the IDM.
[000641] 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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possi ble. Al so, vibrations of internal elenents in the projection systemPS
are reduced, and hence the inmaging performance of the projection systemPS
is further inproved. [000401 The tuned nmass danmper shown in Figure 2 is
tuned at the internal eigenfrequency of the interface danping nass | DM
The m ni num ei genfrequency of the interface danping mass IDMIies
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 intgsARmatéd dfftpe8smsihg bfReent PVithd ROR44dn dytewi SV of the rel ative large
mass of rojection systemPS, the mass used for the tuned nass danper

is relat mﬁ@ﬂ sl Thejgaction mase R oy Be eenpiid tp e intstfarerdsawingmpssig Mkh,

| DM An S to an
enbodln%% ?n§% %Qﬁﬁ %fsé?ﬁ1 y%ﬁg%%%plVeaaP%ﬁggéggﬁ&aﬁﬁggggi%?eferably
wei ghs mgmuahgwf apprbkifhatetp il & Hzhand) drctdfont! 'ama@rpml: bxposaibdd i wwbduwt 10% of
t he |nterface danmp mass | DM | for exa nterface anpln

mass | qrgmaws&w : B Jreaenglss: v B RIFss: shlbSleal S’ﬂ%‘ BYEt erabl y
wei ghs a@lﬁs{ eé:ln gﬁé}é bt v 1h9 alsb!BBGEash ?Qragl'ﬁ@ eehofRRS fﬁ:g {es (Y nﬁ'ﬁk‘ﬁ oRtHEuCh

hi gher | |gen requency. the intern resonances "of the
i nt er f aceadamphasy RiMsEhdsOModesare eﬁrﬁ‘emiyemuryl Idetre dnd wiweomng tigs Fregieacy

control l er handw dth and henc hj n fornanc of the
Gamot o Shu SR R o S o i it BT il SRR S s Ru
may be C&é@%&% tbcanbtln@r érﬁﬁcﬂhﬁéﬁ% efa@nweﬂgomehdm&hwsmm @y be ¥aided @ith heaf
spr|ngs (see Figure 3). However, such a spring construction has an

ei genfr e&qxbehaut}alb/f ﬁﬂ&pcpn o%e mﬁ@tlyssb@ang ingrisanstafienad figpaion; withwespashto the

C0 71 necu bt b Ber SR P RN A Blhon i) PECRRRGLES o WAURMRabs

decr easeyRatagiillé e F&IAHRMES HM@ﬂtlﬂﬁgpeeﬁto (ﬂﬁd ihterfroa®s)pind massdDM S8 ith ktag) nass
RM These nodes are currenth{@around 15 and_lowering this frequency

woul d s elash dheyregrdioparase Rivhan ﬁmtéqqu&tsﬁampmg ppsst M grampridedsyidh eprostey
overeorm o PEEHEATL ghal MON SRR Bl P IE B
cont act | @sarolnmbtnghminmrfacadmhiah £ anasd INN pecfedably umludes ndepet $ha1ped g1hiéing
o A oS b BT RS aSREE bl e PuBBRL 2, e
i nt er f acg, ARMBLA TR hPMe rictiBn LASSRM. Between the bottom and side walls of this
guiding structure and reaction mass the respective magnets MGN are provided.
[060043] 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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both the reaction nmass RM and the interface danping nmass | DM are provided
with oppositely directed magnets MaN. The magnets MAN may i ncl ude

per mmnent magnets and/ or el ectronmagnets. The interface danpi ng nass | DM
preferably includes a funnel shaped guiding structure delimting the
reacti on mass RM both downwards and si deways of the horizontal

transl ational direction for the reaction nmass RM Between the bottom and
side walls of this guiding structure and reaction nmass the respective
magnet s Mahbiag taly, @vpaaeculad H00E]differentags thefeolf[tke danpihp amterias beiRy may act
as a vertical pretension, and iis _sufficjent to keep the nover jnside the
gui di ng eafigeredrte denp mawemarts of Hedntgepssi dagOHLRaY BRAIZCHIGIUFREES WEEOL ot her

forms of {ﬂ%ﬁﬁ'@am | egs s%%fih@%:g 94hd d%ﬁ%ﬁ{% ﬁﬁterfapfnaﬁmhﬁple%i d\ds@-elastic

hydrostati c bearing or air bearing. ontactl ess bearing reduces the
| owest eingenhl €HME paivadd Hetveeh tws ppazeofahe midfacg dathpipgssdsh oM, end t he danpi ng

systemto perform.at even |ower frequencies. Jt LS not h this aspect
oF "t he STSSEIEH AP PO ERFan Of HEd DA G oS Wi BRSBTS s | <
benefi ci ghedfigualdy thirBsls of uses of such an active danping subsystemfor an

interface danping” mass, and may both be used in a danping systemwth or
wi t hout EM046it er f Aosteathofising awvingand deperhthie sunsd mese damperandasd bt er f ace

campi ng. e ] ©fCiig s Rk 2SS ib g ot B RUREE B o hedich B0 0a)

Besi des gfgnigabairiRmhSFGRAUNpRUINE FQURny@hhedtiol ntlybepadshdetion whttr cexanpl e
the interface danping mass may al so i nclude a danping naterial added to the
i nt er f aceefngd gaffpgspgndabadammngegnsireeiioarnight Mgk YiseP-¢lAKicangtons PrYVi¢iRg feof |

t he danpi ng . | ' £ s HAE kBlglfiace
darmi ng REUMEY PR e BT BB ok IRk i N ATR A e Moo b ch S

t he danpivii réfadetd ialonadyerbosf feecdompl Thbene offestmagbashthined fiatother degruEMt

provi ded between two. parts of the interfa ing mass | DM an

Bont | Gur BEPdo BRFVAINRGH B Ee O RGP O BT B8 SPATp AL P

the eigg éeed:f"fﬁ@ﬁé(m R&LERY Proh%@é@ikfefeﬂ?&ﬁﬁﬂn?ﬁeﬁ@ésrf& SRRt Béradrdanper,
ss da r may at so be

the tune npe connected to the interface danpi ng mass
usi ng anfresibler defined resilient connection and danping construction. For

L bS5 ARSI TR R S A B R i,

mat eri al plrehdedh B Yrdiection system of a lithographic apparatus, some embodiments of the
invention may be applied to any projection system, or even more generally to any structure
which is to be mechanically damped by an active damping system. Thus, embodiments of the
invention described in this document may be provided as lithographic apparatus including a
projection system and an active damping 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 (I.CDs), 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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danping of a few percent. Furthernore, the effect of the tuned mass danper
has been explained wth reference to one degree of freedom The sane

ef fect may be obtained for other degrees of freedom by providing a danping
devi ce bei ng capabl e of danping novenent in nore than one degree of
freedom and/ or by providing different danping devices for different degrees
of freedom [00047] Although in the above, enbodi nents of the invention
have been described with reference to a projection systemof a

| i t hogr afthiget mpRE " atcysectisENET lRhRdiapmbicsred fo Henen niagbe pidcessediefdreongfpri ed
to any projection system or_even nore generally tag/@ﬁc?f% structyre which is

to be mE@WRHITEHN S amBls Pk Anlogt il PiGaRpINRYcSY LT Tetitido d stsBae Bt s of
the i nV@é%io@FtP%%%B&éeB?&ﬂtﬂ a 11 A9 CAHTRAY 0P RY inbSecRE QW08 8L EE a%ﬂlfclaﬂg,rt‘ﬁgh' c
apparatus including a projection systemand an active danping system as a
pr oj ect i disclassehdybin maychaugiptied o suph ajdeahéronbssast porasiagdonladurther, thest em

and as a conbination of a_structure apd an activ anpi.ng system danpen
The ot r qePaEe M bo Raete Risub el Bt Mt o< ane b ider ey mE R Ihed T oet
to the ugpg: @ tdrintDBEFAPINE heRRPARAANS rdfél th ASubTALH B&taitetd Péonk4ass mikiphoul d

be understood that the |ithographi c apparatus described herein may have
ot her appbiessgdloyws. such as the manufacture of integrated optical systens,

gui dance det ection pattexns.f j o]V ri at - panel

i spl ay<900RIqei a A PReRRbTACR B PR e R bHORER E e dfenas ot c.
The ski | dgsbdantnts anthviimlenti®P BE b@itext b aftical Hithbhrapkw it it beodfppsietdied that
alternative applications, any use of the terns "wafer” or _  "die" herein may

be consieehasimenis al/ihieigpeptien Way e ped Ipeter guicatigns br samplggapEtt e or 15

"target Lan’ i SURs i netn.mmy be
pr ocesse@ﬁg%rlgﬁg’f gn %Fﬁﬁg%tq f(},‘ér goqli%(%%@t}gsé, I nﬁl'%ﬁéig t?ﬁrafeﬁfgm%@giéf I?:iarﬂ}t)%% t hat
t ypi cal |ythagpplisestopograyley inef pattesiiigg ddvecealefindssthe piteerancated eualsopsratdh@he
exposed resist), glﬂmetro_l_ogg t ool d/ or gn inﬁ ect)’(g)on. tool . Were

appl i cabPRograplly of dhepatisarirgdfdrcanay Wakrered HPpRISE" PoresisbPRet Biher
substr ats%b&?a{?@@fﬁéﬂe o 180 Sist £t DY aphlfig eRiRSIhE Ric RN attsh, RERGRESEM oFDr €
than once, for exanple In order to create a nulti-layer IC, so” that the
t er m substanaieatienaberbell Ehepatteyning deviceib aroved ont ofiibstasiat kavihae pafters dlif

contains jrul.tipl.e. processed | ayers. [00049] Although specific reference
may haveafi?ég’r?rgﬂgés g‘HS‘ge to the use of
[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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enbodi nents of the invention in the context of optical |ithography, it wll
be appreciated that enbodinments of the invention may be used in other
applications, for exanple inprint 1|ithography, and where the context
allows, is not limted to optical lithography. In inprint 1|ithography a
topography in a patterning device defines the pattern created on a
substrate. The topography of the patterning device nmay be pressed into a

| ayer of resist supplied to the substrate whereupon the resist is cured by
appl yi ng[oebs3]t r onmeOineddscriptads alidvenre ineated tphbesibustrati o, noiaiminir@j hhdis, rwitl
thereof. The p atternlnq geV|c iﬁ noved out of éhe reS| | eavi n a pattern
init alPﬁ @?Pafq‘i‘étor%’aelsgt dn thgagghat |?]@R%€??f10%‘é‘ai’ F e epoa F&’t"efi‘iﬁ@n "peant
used her RS g%% Rone i ation, |ncluding
uItravio E%&&'rad?e on-%@ﬁghg%ggﬁggﬁgaﬁhveleggﬁﬁﬂﬁf or about 365, 248,
193, 157 or 126 nn) and extrene ultra-violet (EUV) radiation (e.g. having a
wavel ength in the range of 5-20 nn), as well as particle beans, such as ion
beans or electron beans. [00051] The term "l ens", where the context

allows, may refer to any one or conbination of various types of optical
conmponents, including refractive, reflective, magnetic, electronmagnetic
and el ectrostatic optical conponents. [00052] Wi le specific enbodi nents of
the invention have been descri bed above, it will be appreciated that the
invention may be practiced otherw se than as descri bed. For exanple, the
invention may take the formof a conputer program containing one or nore
sequences of nmachi ne-readable instructions describing a nethod as

di scl osed above, or a data storage nedium (e.g. sen conductor nenory,
magneti c or optical disk) having such a conputer program stored therein.
16 [00053] The descriptions above are intended to be illustrative, not
limting. Thus, it will be apparent to one skilled in the art that

nodi fications may be made to the invention as described w thout departing
fromthe scope of the clains set out below. 17 WHAT IS CLAIMED IS: 1. A

| i t hographi c apparatus conpri sing:
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an illumnation systemconfigured to condition a radiati on beam a support
configured to support a patterning device, the patterning device being
capable of inparting the radiation beamwith a pattern in its cross-section
to forma patterned radiation beam a substrate table configured to hold a
substrate; a projection systemconfigured to project the patterned

radi ati on beamonto a target portion of the substrate; and a danpi ng
system configured to danpen a vibration of at |east part of the projection
system WIeATdRGIIAIMBIBIEmM conpri sing an interface danpi ng mass connect ed
to the projection system an active danpi ng subsystem configured to danpen
a vibration of at |east part of the interface danping nass, the active
danpi ng subsy§;en1gqﬁﬂﬁﬁﬁﬁgzﬁgwkﬂgCohgﬁgﬁ%ace danpi ng mass, the active
danpi ng subsystem conprising a sensor configured to neasure a position
quantity of the iatdufmasdionaygémgomessed mrrdnditiome radaaton beamf i gured to

t a f the interf i based i | ided b
The sensor and an® Py eae it B TRb AL PR GRS co hepatiAb R dsblep e~
danpi ng #meble o NEpHaRS the WaideHdnbcdRANPitlRa PRVEIBNs @bsstReidmboabin?e Paan®i N9

mass at an_ei genfrequency of the interface danping mass. 2. A [ithographic
appar at ugdiggleBbgig to claim 1, wherein the interface danping device is a

tuned nass danper,ag%ﬁt:;%eg%lé&%ﬁ%gg% fl&giléﬁsgﬁ%{ra@. the interface damping

mass. 3. A lithograp para accor 0 ¢laim?2, wherein a mass of
the tuned nmass danp@jection bsteneamfguftd tapebjért life Jaltemsad tdiationtbeahane ganpi ng
mass. 18 4. A I,ith?%aphi c apparatus according to claim2, wherein the
tuned meldEechaoRyER of fhe sEbidfcedd o0 the interface danping mass via a resilient

connection and a d@@@w&g £dd d30 dBmbkd NOBrARNIS 2AR UgqgRccordi ng
to claim?2, wherein the %%ﬁ%g‘?nag%ﬂaeanger b!lis couag@e(? tao ?ﬁ@gllttnt erface
danpi ng pragstiomsyatein, dlopudmgyng swwgen ofm@bmg  10- 20 kHz.

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 Tithographic apparatus according to claim 1, wherein the interface damping

device is a tuned mass damper, funed 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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6. A lithographic apparatus according to claim1l, wherein the interface
danping nmass is coupled to the projection systemin a frequency range of
about 1-2 kHz. 7. A lithographic apparatus according to claiml1, wherein
the interface danmping mnmass is coupled to the projection systemvia a
resilient connection. 8. A |lithographic apparatus according to claim1,
wherein the active danping subsystem conprises a reaction nmass for the
actuator to exert counterforces upon based on signals provided by the
sensor, whi ch4r eachildiivgidhic ippaaisplcestding té Hain D} whérginehscanpd ngssdsgperi n a
frequency range of about 10-20 Hz. 9, A l|ithographic apparatus conpri sing:
an i | | uniseavpleh tasths frpriacs demgingdeess Jiacgsaiient SAnRECHAy ?%ff § BFMPBERPEECUipor t
configured to support a patterning device, the patterning device being
capable of inparting the radiation beamwth a pattern in its cross-section
to form a pat$.erned lithcpthiphid appataeamccadmgls tlamm 8, vadtie teonhedmasdiampehol d a

substrate; a projection systemconfigured to projegct t rned

o at o cogelRy 06 et b ars oht rounes Bagt Sl FlkE i ng
system configured to danpen a vibration of at |east part of the projection
system the danping system conprising an interface danpi ng nmass connect ed
to the projection &yshamphioapparhdisancadingvecldiampbi weersiniibs wiehce dandpitgen a
vibration of. at |east, part of th interface i wuihe active

danpi no Bends reRE el bBfm ™ R B SRR g aebrn o e
active danpi ng subsystem conprising a sensor configured to neasure a
position quantity of the _interface danping nass; an actuator configured to
exert a force’on théithographicappagiinscerydingde slalsad sthepinghainggitace gasRinged by

the sensgles i0fufed G SORARSS IR vibAG Al Bhlechsh exert a counterforce
upon based on g signal " provid y the sensor,
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 lithographic apparatus comprising:

an illumination system configured to condition a radiation beam;

a support configured to support a patterning device, the patterning device being
capable of imparting the radiation beam with a pattern in its cross-section to form a patterned
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; and
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wherein the reaction nmass is guided with a substantially frictionless
bearing in a translational direction with respect to the interface danpi ng
mass. 10. A lithographic apparatus according to claim9, wherein the
substantially frictionless bearing is a nagnetic bearing. 11. A
| i t hographi c apparatus according to claim9, wherein the substantially
frictionless bearing is a hydrostatic bearing. 12. A |ithographi c apparatus
according to claim9, wherein the interface danping nmass conprises a
gui ding structure del i nddctige ddngpingabbysddn tedsnpdowwiaatits @hadlesdt gavayite of
the transl ational direction, between i ch guiding structure_aqg reaction
mass t helnkutsse dHPPIAL PYpss.ihe active A2ppiag SHSYFPRPeIng IRpRAtg the intertce
|'i t hogr aphi 6 . i j : erein the danping system
further coﬂ%??gggigﬁﬁﬁﬁgggﬁg@ggggk ?ﬁg%g@@?%gggonnected to the interface
danpi ng mass and confi gur ech teosatanmpiigmedirentasurefa fosgion mueartitpoéthdanpi ng
mass at an eigenfrequency of the interface danping mass. 14. A projection
system c‘BFFﬁ%F%&?‘\BPm T84 danpi ng system configured to danpen a vibration of
at |east part of the projeciiRfafyebSMBurdd @ SHaiRiftide oY SHeSMesRPPIdnSing an
i nterface danpi ng mass connected to the projection system and an active
danpi ng weabdpstdem a sigerd ppoided byithe sanbernast at | east part of the interface
danping mess, the active danplng3ybsysiei LoNnSSedod @ bligcdateriace
anping mass, the active danping sdbsystenlconpr|5|ng a sensor configured
t 0 nMeasWRBedoP@SighhlgRoddanty thy sefsof,he interface danping mass; and an
actuator configured to exert a force on the _interface danping . mass based
on a signal provi deerei thaygaiondwss isgwiled withi swpstartially Aponesg earpg in a

connect - i f i igured to da novenent s
of the ﬁngntg%flg%ag dgg&ng{nn@?%g@%tcntg%@%%ﬁ? %gaﬁgn%céf’g'of t he in{rgrface

danpi ng nass.
10. A lithographic apparatus according to claim 9, wherein the substantially

frictionless bearing is a magnetic bearing.

11. A lithographic apparatus according to claim 9, wherein the substantially

frictionless bearing is a hydrostatic bearing.

12. A lithographic apparatus according to claim 9, wherein the interface damping
mass comprises a guiding structure delimiting the reaction mass downwards and sideways of
the translational direction, between which guiding structure and reaction mass the substantially

friction free bearing is provided.
13. A lithographic apparatus according to claim 9, wherein the damping system
further comprises 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.

14. A projection system comprising:
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15. A projection systemconprising: a danping system configured to danpen a
vibration of at |least part of the projection system the danping system
conprising an interface danping nass connected to the projection system
and an active danping subsystem configured to danpen a vibration of at
| east part of the interface danpi ng mass, the active danpi ng subsystem
connected to the interface danping nmass, the active danpi ng subsystem
conprising a sensor configured to neasure a position quantity of the

i nterface danpi ng sdsapingRysah vatfpurelanidbapeed vibbatxeaiftt kast paaef tig t he

I nterface danpi ng naﬁs based on a signal provided by the sensor; and a
react i onPiRHEHOR gYStqipdhe,damping sysfen eIBRHSIAE count er f orce upon based on a
signal provided by the sge M%ﬁ?.. ' ] ' W th
substantially friction e?s ag%rl éﬁ ﬁm%hﬁ?ﬁans ??@%ﬁgﬁﬁﬁ??§%#?gﬁﬂ31th
respect to the interface atnmpdagpingebsys®dn to dampen a vibration of at least part of the

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

Q

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 movements of the interface damping mass at an eigenfrequency of the

interface damping mass.

15. 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 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;
an actuator configured to exert a force on the interface damping
mass based on a signal provided by the sensor; and
a reaction mass for the actuator to exert a counterforce upon
based on a signal provided by the sensor,
wherein the reaction mass is guided with a substantially friction less bearing in a

translational direction with respect to the interface damping mass.
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