LI THOGRAPHI C APPARATUS, PRQIECTI ON ASSEMBLY AND ACTI VE DAMPI NG BACKGROUND
Field of the Invention [0001] The present invention relates to a

| i t hographi ¢ apparatus, a projection assenbly and a conbination of a
structure and an active danping assenbly. Description of the Related Art
[0002] A lithographic apparatus is a nmachine that applies a desired pattern
onto a substrate, usually onto a target portion of the substrate. A

| i t hographi ¢ apparatus can be used, for exanple, in the manufacture of
integrated circuits (1Cs). In such a case, a patterning device, whichis
al t er nat i vel NIFTROGRABHIO AP ARATRS, PROJECTIONASSEMBRSY ANDIACGTIYENer ate a
circuit pattern to be forned on an _individual |ayer of the IC This
pattern can be transferred onto a taﬁ@ PIN;ﬁ)rtion (e.g. including part of,
one, or several dies) on a substrate (e.g. a silicon wafer). Transfer of
the pattern is typically via inmaging onto a |ayer of radiation-sensitive
material (resist) provided on t heBAUBSIRQYED | n general, a single
substrate will contain a network of adjacent target portions that are
successi vely patterned. Conventional |ithographic apparatus include

so- cal | edrig8 epped Favehflonthi ch each target portion is irradi ated by exposing
an entire pattern onto the target portion at once, and so-called scanners,
in which each [Q¥Hydhe pewsentsrvepgon relatesdiotliHogsgphie apnarates. & veoipetionassentbiy ough
a radiati [ ' ' jon (the ."scanning”-direction) while
synchr ongﬁ(g g&ggfanﬁﬁ?tﬁ%&i #@qugéﬁé@rc%q é:ﬁ;‘)féflglﬁpléjlg agsr%méjll ‘i-parallel to this
direction. It is also possible to transfer the pattern fromthe patterning
device to the _substrate by inprinting the pattern onto the substrate.

[ 0003] T%SWF@FP%%@HPM%&GYH gh resolution currently ained at in
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which 1s alternatively referred to as a mask or a reticle, may be used to generate a circuit pattern
to be formed on an individual layer of the IC. This pattern can be transferred onto a target
portion (e.g. including part of, one, or several dies} on a substrate (e.g. a silicon wafer).
Transfer of the pattern is typically via imaging onto a layer of radiation-sensitive material
(resist) provided on the substrate. In general, a single substrate will contain a network of
adjacent target portions that are successively patterned. Conventional lithographic 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 require
an accurate positioning of parts of the lithographic apparatus such as the reticle stage to hold
the 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 requirenments on the projection system The projection systemin
current inplenentations nmay consist of a carrying structure, such as a

| ens mount (in case of transm ssive optics) or a mrror frame (in case of
reflective optics) and a plurality of optical elenents such as |ens

el ements, mrrors, etc. In operation, the projection systemmay be subject
to vibrations due to a plurality of causes. As an exanple, novenents of
parts in it i g h i brat.i to
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thereof. By such vibrations, displacenents of |eris elenents or mrrors nay
be caus eaguralityoif causesy Aisan cxample.agenemednts cdpaitnmdhalithegrephic appagatusmagresdi i n

the projection. of th attern gn the substrate. F. [0004] Co nl a

daro ng. 35 CPEieRs obf BuPaltThSh B At Re R AERR audshed AR esRLPT Dittis B or
parts thek gefsubdthes @hg orahPrbsle st aRicBderaisisATBcEBMbE: eV, dethanay known
in many fornms, or a active danping system or a conbination of a passive

and a actesull in g gapstragmsaneias irbylgneaang/or geeiiptia tvavesrdlectipgihg drpipetinviicmg
system i i i ri.S nsor to
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danped or a part thereof, the actuator being driven by _e.g. a controller in
dependen&AYdR N reiuin AN PRIEIREIERThye-FRETOBHSBP ProjFtigp P@ﬁwgvaftﬁ@ Bdbfiat or in
dependency, @kt he signal provided by the sensor, an effect of the

vi bration on the projection systemor a part thereof, may be reduced or
cancel | ed to §0ud] Cammaenty,entamplug sysgnpis@rofidsitodaapen vibratmnpohdiesyst em may
be provided by a feedback. |loop;,the sensor to provide a positio uantity
(Subh’ s PEPIERn ST BT O pacrheroat dLP bR g Srtneieg: ReRBE raf et on
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quantity and generating a controller output signal to drive the actuator,
the act dampingiskstemyr n thistdopemernt, thi éerprastize damping yestemiscie benmdpatood pher eof
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sensor, velocity sensor, acceleration sensor, etc) and a 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 the vibration on the projection system or a part thereof, may be reduced
or cancelled to a certain extent. An example of such 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 projection system 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 projecting system or the part thereof so that a feedback loop 1s
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

device, or may be implemented by dedicated hardware.




the software to be executed by a m croprocessor, mcrocontroller, or any

ot her programmable device, or may be inplenented by dedi cated hardware. 2

[ 0005] A problem which now cones forward is stability of the feedback | oop,
i.e. to achieve a frequency behavi our of the feedback | oop wherein ringing
and/or oscillation is prevented. At the sane tine, a high bandw dth of the
active danping systemis required, as a high bandw dth of the active

danpi ng syste iJ.l, allowto suppress vibrations.wthin sugh i gh
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hi gher speed and consequently involving faster transients, which may
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starts, at a requency extrene, as arig y mass, ther

provi di ndreguencagss Thereform etdemandvbéroés foswaril hwveardes figheopodwidihaf theactave
frequency, as illustrated in fig. 2, where on a vertical axis a transfer
funct i on WICESIHPr ot ted (on a | ogarithnic scale), while in a horizontal

axi s a frequengooe]aSphdieBndt @b 8EnéRRteed @mkﬁmj@cﬁ&ﬁdg;@m argmmeare RBM
i ndi cates a frequency behaviour substantially correépon ing toarigid
0

body masduilt vp Gomeswriahcd prtepamptiying i inRESMigors aad/onaieronsical ¢lements,
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further es w I ncreasi ng ue y over al

resul ti ngoly ¢t Asicdoag@eide, 4 Requanag betlaviter of the pevjtdtRnshacmisre] ataow
Ef fectively, as fromthe resonance area theﬁgrojection syst em does not
behave adrequeicHgkEemnjasamahhobraasshbrehrProviding adraatenineiopwhigh {5 of
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| ower t hdunctioaihas gnpistted\bn e boghdtmic istal¢)eshile in a horizontal axis a frequency has
been plotted (on a logarithmic scale), and where RBM indicates a frequency behaviour
substantially corresponding to a rigid body mass. In a resonance frequency range RES, a
resonance of the projection system is observed, which may be followed by a plurality of further
resonance frequencies with increasing frequency, thereby overall resulting in an increase of the
magnitude of the transfer function. Effectively, as from the resonance area, the projection
system does not behave as a single object anymore, however instead shows a variety of
resonance phenomena each corresponding to resonance of an element of the projection system.
As aresult thereof, the higher the frequency, the lower the remaining mass which “contributes”
to the transfer function, which may be considered an explanation for the fact that the magnitude
of the transfer function increases with increasing frequency, in the frequency range above the
resonance frequency range. As will be understood by a skilled person, the frequency behaviour
of the projection system as outlined above, may result in stability problems when attempting to

achieve a bandwidth of the active damping system which reaches or exceeds the resonance of

the projection system. The transfer function may be expressed in terms of e.g. velocity of the




to the transfer function, which may be considered an explanation for the
fact that the nagnitude of the transfer function increases with increasing
frequency, in the frequency range above the resonance frequency range. As
wi |l be understood by a skilled person, the frequency behaviour of the
proj ection systemas outlined above, may result in stability problens when
attenpting to achieve a bandwi dth of the active danping system which

reaches or .exceeds the resonanece.of the pr.ojectiqn s r
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mul ti pl e resonance peaks) above the resonance frequency range. SUMVARY
[0007] | fespRandge BeakshRove 4 TeRqnaneslreiveRGiitB8S per at i ng range of the active
danping. [0008] According to an enbodi nent of the invention, there is
provided a lithographic apparatus conprising: an illum nation system
configured to condition a radiati onSHU¥IVARY support constructed 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 ation bepmo7RISYOSk B0 RPlaSe @é’tﬁﬁlﬁebﬁ@ﬁaﬁﬁlg t@pbof theacthulEinpate; and a
proj ection systemconfigured to project the patterned radiatjon beamonto a

target portioff0B] Acpadinglie en smbodinteet of thabyyrelisi. thespis araided 4 ithegraphic
compr . BB 18, 2at o cemen 2 v bret) on of ol Teast part
conbi nat k@ fllungihattonSYREA configied sucanditiopasiatiiabon besant i ty of the projection
system agcsiul%%ﬂac%%lsjt?&c?gd tggugﬁ(o?‘tré pg;teming 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; and

a projection system configured to project the patterned radiation beam onto a target portion of

the substrate;

the lithographic apparatus further comprising an active damping system to dampen a vibration

of at least part of the projection system, the active damping system comprising a combination

of a sensor to measure a position quantity of the projection system and an actuator to exert a

force on the projection system in dependency of a signal provided by the sensor;

the active damping system being connected to a damping mass, the damping mass being

connected to the projection system.

{0009] In another embodiment of the invention, there is provided a projection assembly
comprising:

- a projection system configured to project the patterned radiation beam onto a target portion of

the substrate;




force on the projection systemin dependency of a signal provided by the
sensor; the active danping system being connected to a danping nmass, the
danpi ng mass being connected to the projection system [0009] In another
enbodi nent of the invention, there is provided a projection assenbly
conprising: - a projection systemconfigured to project the patterned
radi ati on beamonto a target portion of the substrate; 4 - an active

danpi ng 248 g&metﬁggﬂg%e@gwsdgﬁ@% QVitticAlaraC ek é)%ﬂrqtfﬂ%;prg Eridhf gs{%ﬁf R
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the danphRE NBSSviEEl PPtheGeRgct ed to the projection system [0010]
According to a further enbodinent of the invention, there is provided a

conbi nat teractve dargpingsysigne being camneaied 4 & dempiaigmpisnghe janping mastbainen a
vi bration_of ta% lﬁ‘%St .(ﬁart Otf the structure, the active danping system
conpri si AYPECE MG RIVEH B Y ®ensor to neasure a position quantity of the

structure and[@oRpAtERERg t @ feer bmBodigfefifolOfe iRnSdd, ddreis®rovidedependency
of a signal provided by the sensor, the active danping system bein

connect egombinalieiagi shigicie and am an geivsidampingsystsel tglampenp sbratipniad ag lgast
truct = PTI g . i th
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t he accomeadiy¢ dgosoheqminticy cithystngsure Bnddm sdutortbegpoadomgofi deatratinee in
synbol s i ndi cate cor_respond_ig(? parts, and in which: [0012] - Figure 1
depi cts genepdensychprisagpydsd b thesewli-ch an enbodi ment of the invention

may be i RROLRRL @eﬁxﬁﬁilg system being connected to a damping mass, the damping mass being

connected to the structure.
BRIEF DESCRIPTION OF THE DRAWINGS

[0011] Embodiments of the invention will now be described, by way of example only,
with reference to the accompanying schematic drawings in which corresponding reference
symbols indicate corresponding parts, and in which:

[0012] - Figure 1 depicts a lithographic apparatus in which an embodiment of the
invention may be incorporated;

[0013] - Figure 2 depicts a frequency plot of a transfer function of a projection
system of the lithographic apparatus as described with reference to figure 1;

[0014] - Figure 3 depicts a highly schematic view of a projection system and an
active damping system according to an embodiment of the invention;

[0015] - Figure 4 depicts a frequency plot of a transfer function of a projection
system of the lithographic apparatus as described with reference to figure 1, as observed by the
active damping system according to figure 3; and

[0016] - Figure 5 depicts a projection system and an active damping system

according to another embodiment in the invention.




[0013] - Figure 2 depicts a frequency plot of a transfer function of a
projection systemof the lithographic apparatus as described with
reference to figure 1; [0014] - Figure 3 depicts a highly schematic view of
a projection systemand an active danping system according to an

enbodi nent of the invention; [0015] - Figure 4 depicts a frequency plot of
a transfer function of a projection systemof the |lithographic apparatus

as described with reference t $§fved by the active danping
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system according to figure 3; 5 depicts a projection
system and an active danpi ng system according to another enbodinment in the

i nvention. TAl LED | PTI 0017]..Figure 1 schematically depicts a
| i t hogr aphi c S Stayee 58“?’;}”&1 % Hﬁ%gh@ﬁ%@a]i‘lﬁéﬂlfarﬁﬁls prErqiRg OfiNon. The
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condition a radiation beamB (e radi ation or any ot her suitab
radi at i ondpfiguredtaskndtipporadiasion bcarmBe(e{geUéf radiatiersdr anglothey suibleoadiatiandtad to
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devi ce | mhagieMAdANCEnNYcid] 16 & FikdbbsiReHiAFBESESP M LORfi @RBR0ACHFaR] Hsitialiwies a
substrate table (e.g. a wafer table) or "substrate support™ constructed

to hol d Rattuse daviec inascepdancerval] esrtapopprabciaes Thy apnaaie %@nn@l@d@ca to a
d | h
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configured to project lt))attern inparted to the radiation beamB b
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various types of oOptica nents, ref
magneti ca patteentmpnmgm@thecradmt[cmdieamﬁ‘aypaitmnngdd:mce My\rmﬂ;o a)fargqi)pmtmh C(eg

o Bl A SRS A SE ety for dlrecting, shaping. o
bears the wei ghyspihe flfi‘lﬁluﬁ)ﬁfoh%g/ﬂérﬁ ﬂlay include various types of optical components, such
as refractive, reflective, magnetic, electromagnetic, electrostatic or other types of optical
components, or any combination thereof, for directing, shaping, or controlling radiation.
[0019] The mask support structure supports, i.c. bears the weight of, the patterning
device. It holds the patterning device in a manner that depends on the orientation of the
patterning device, the design of the lithographic apparatus, and other conditions, such as for
example whether or not the patterning device is held in a vacuum environment. The mask
support structure can use mechanical, vacuum, electrostatic or other clamping techniques to
hold the patterning device. The mask support structure may be a frame or a table, for example,
which may be fixed or movable as required. The mask support structure may ensure that the
patterning device is at a desired position, for example with respect to the projection system.
Any use of the terms “reticle” or “mask”™ herein may be considered synonymous with the more
general term “patterning device.”
[0020] The term “patterning device” used herein should be broadly interpreted as
referring to any device that can be used to impart a radiation beam with a pattern in its

cross-section o as to create a pattern in a target portion of the substrate. It should be noted that




device. It holds the patterning device in a manner that depends on the
orientation of the patterning device, the design of the |lithographic
apparatus, and other conditions, such as for exanple whether or not the
patterning device is held in a vacuum environnment. The mask support
structure can use nechanical, vacuum electrostatic or other clanping
techniques to hold the patterning device. The nmask support structure may
be a frane or table
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system Any use of the terns "reticle" or "nmask"” herein may be consi dered
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immersion liquid or the use of a vacuum. Any use of the term “projection lens” herein may be
considered as synonymous with the more general term “projection system”.
[0023] As here depicted, the apparatus is of a transmissive type (e.g. employing a
transmissive mask). Alternatively, the apparatus may be of a reflective type (e.g. employing a
programmable mirror array of a type as referred to above, or employing a reflective mask).
[0024] The lithographic apparatus may be of a type having two (dual stage) or more
substrate tables or "substrate supports” (and/or two or more mask tables or "mask supports"). In
such “multiple stage” machines the additional tables or supports may be used in parallel, or
preparatory steps may be carried out on one or more tables or supports while one or more other
tables or supports are being used for exposure.
[0025] The lithographic apparatus may also be of a type wherein at least a portion of
the substrate may be covered by a liquid having a relatively high refractive index, e.g. water, so
as to fill a space between the projection system and the substrate. An immersion liquid may

also be applied to other spaces in the lithographic apparatus, for example, between the mask




magnetic, electromagnetic and el ectrostatic optical systens, or any

conbi nation thereof, as appropriate for the exposure radi ati on being used,
or for other factors such as the use of an inmersion liquid or the use of
a vacuum Any use of the term"projection | ens" herein maybe considered as
synonynmous with the nore general term"projection systeni. [0023] As here
depicted, the apparatus is of a transm ssive type (e.g. enploying a
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In  such lgc%lt%dltﬁel%gensch ieclBE BsAes aﬁd@w%%ﬁ%ha%ln e3PdsGfe. OF supports may be
used in parallel, or réparatory steps may be cagrled out on one or nore

t abl es or sup[0926§ Reiférting anfégioe 1 ntbe dlwtinetor [I edobizss Dradstipp bedrs fimmea bei ng

used for exposure. [00 The |ifhogr.aphi ¢. apparat us al so be _.of .a type
wher el n atRaosieeT T owre e B L R s R B AR 4t o
havi ng a kghallWMRhYhddRibed i€k Bedit¥elabdt iR sucRetes, Wa DlirceSOnotddndi@erkd td a
space between the projection systemand the substrate. An imersion liquid

may al sdoiepapef the tithographivepparptus @sd the radiation hagos apised rapphe seuies SO &

exanpl e, ,between t 8BS 7 t he. projectio ste I rsion. .
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systens. dhbetidpehiftors MRsrS Kam EPattied dn bt ciked dRSoM@E niBdR dnliffegRl part of
structure, such as a substrate, nust be subnerged in |jiquid, but rather

only meaike lithegraphip ppparajus. §or exampiesthpdbarwrcarine MsFore Mo he jerent @Ae t he
substrat g, dyf, B SRR fer v&i&%éteﬁ?ga{‘fe}fgﬁﬁe& ébgf%@iﬂaij ltn@gbe [drdpngter 1L
n amfr | The

recei ves a radiatio oma radiati‘on source ource and the
| i t hogr aphbdiatd@paseirus may be separate entities, for exanple when the
is.not.co dered to

i i | .| h , .th i
form part of 19271 ThearaperLamemeiide a5 adupteeA P ers ettt avauk g
fromt heirﬁ%tﬁﬁl(iﬁﬁ%ﬁtﬂyp é)rflf!fe xjahilaff(gﬂ Qéatnp.rGénlkram:[ﬁ 1éRemndbePindoliaath f@hi very

system BD 1 nc exanp suitable “directing mrrors and/ or a beam

expander cxfent @bieronbasfsret] e asowute andy-itneerarspentiegy)alf thmintensity distribution
in a pupil plane of the illuminator can be adjusted. In addition, the illuminator IL may include
various other components, such as an integrator IN and a condenser CO. The illuminator may
be used to condition the radiation beam, to have a desired uniformity and intensity distribution
in its cross-section.

[0028] The radiation beam B is incident on the patteming device (e.g., mask MA),
which is held on the mask support structure (e.g., mask table MT), and is patterned by the
patterning device. Having traversed the mask MA, the radiation beam B passes through the
projection system PS, which focuses the beam onto a target portion C of the substrate W. With
the aid of the second positioning device PW and position sensor IF (e.g. an interferometric
device, linear encoder or capacitive sensor), the substrate table WT can be moved accurately,
¢.g. so as to position different target portions C in the path of the radiation beam B. Similarly,
the first positioning device PM and another position sensor (which is not explicitly depicted in
Figure 1) can be used to accurately position the mask MA with respect to the path of the

radiation beam B, e.g. after mechanical retrieval from a mask library, or during a scan. In




the |ithographi c apparatus, for exanple when the source is a nercury |anp.

The source SO and the illumnator IL, together with the beam delivery
systemBD if required, nmay be referred to as a radiation system [0027]
The illum nator IL may include an adjuster AD configured to adjust the

angular intensity distribution of the radiation beam GCenerally, at |east
the outer and/or inner radial extent (commmonly referred to as 6-outer and
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CO The ill um nator Bly/iﬁbe used to condition the rad atlon beam to have a
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which is ort structure and is
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interferométric  device, |lin€ar encoder or capacitive sensor)
subst r at élthabgletheFubsdmtdrignmeaidnarks as dlustrated oesupy dedicaied tacgeppeitionsithey

different t rtions in the path of.the radiatiaon Simlarly,
the 11 romaydeipiashiighias peyPriaBieBasnh Lyt ouf BRVE 3B Wi no
explici t nardgmistigey, if siticit@ds & which &ibrd thatl 986 dieGs /ifedlonltie paSE MAQthd he
mask MA with respect to the path of the radiation beamB, e.g. after

nmechani c atask aliginesphmaflesgreabaiesied bgivaeythegdiesduri ng a scan. In 8 general,

movement of ”g(fo &hgﬁ&%d %@fpaal%x Po%h %ﬁ%@ tWeﬁs?gﬁ?Sft?%%l% hfaags st r oke

nodul e (coarse I'ng VSt ok i ne positioning),
whi ch form pal[ﬂ(}3OI II he fd sftsﬁ mofi€3hd mask ﬂa@led&%océmm suBpaorit'l axdl thie substrgtaent  of

the substrate table WI or "substrate support"’ f realized using a
| ong- st r &Abde W1 "aubsRate SURMGT predtepbissegty Fationgy. d’th SGRRHE RATGR ‘F’ﬁg“ed

o One PPl MG SE Sk BoRMAR s OSSR
be fi xedexpasic). I%eanbbtmt&&bﬁeav & oW'substrate support” is then shifted in the X and/or Y
direction so that a different target portion C can be exposed. In step mode, the maximum size of
the exposure field limits the size of the target portion C imaged in a single static exposure.
[0031] 2. In scan mode, the mask table MT or "mask support" and the substrate
table WT or "substrate support" are scanned synchronously while a pattern imparted to the
radiation beam is projected onto a target portion C (i.e. a single dynamic exposure). The
velocity and direction of the substrate table WT or "substrate support" relative to the mask table
MT or "mask support" may be determined by the (de-)magnification and image reversal
characteristics of the projection system PS. In scan mode, the maximum size of the exposure
field limits the width (in the non-scanning direction) of the target portion in a single dynamic
exposure, whereas the length of the scanning motion determines the height (in the scanning
direction} of the target portion.
[0032] 3. In another mode, the mask table M T 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




may be aligned using mask alignnent marks ML, M2 and substrate alignnent
mar ks P1, P2. Although the substrate alignment marks as illustrated occupy
dedi cated target portions, they may be |ocated in spaces between target
portions (these are known as scribe-lane alignnent marks). Simlarly, in
situations in which nore than one die is provided on the mask MA, the nmask
al i gnnment marks nmay be | ocated between the dies. [0029] The depicted

apparatu i.p. at~| e i - - 1.
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of the ewgosunablé pattaningnictise tsheh & Zprogfantnimble auirgatarpyof b dype@sirefegeditd n a
single static exposure. [0031] 2. In scan node, the nmask table MI or "mask
support" *¥§ the substrate table WI or "substrate support" are scanned

synchronously [0@33{ EombRAtibeY dhdid¥RBfAtRRs bR tHeBovd ddbabddRoR8 dfhdeor RhRieBEt €d
onto a target portion C (i.e. a single dynam c exposure). The velocity and

di r ect i odiftsfent modsuipiSuseanay alsoheceryioynd. "substrat e support” relative to the
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syst em Pgankple B€ld i ABREoldeh ErafRONIFUR fFbeticH sybfet EXPAg UE Beldfih Gledndtiolddys t he
width (in the non-scanning direction) of the target portion in a single
dynani ¢ MEpodnraitaplp8ieans cigh eomphRiRsa HLidReUEBENHTSYiCRODPHINgetterdi nes t he
hei ght (] : F ne:.di ' f it .t el n
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of the coincide with a vibration of the damping mass and vice versa. A vibration of the projection
systemn PS hence results in a vibration of the damping mass DM, which will be sensed by the
sensor SENS. The same holds for a vibration of a part of the projection system (such as a lens
element, mirror, or any other part thereof), which may likewise result in a vibration of the
damping mass DM. Such vibration is sensed by a sensor SENS, which may comprise any type
of vibration sensor, such as a position measurement sensor, a velocity measurement sensor, an
acceleration measurement sensor, etc. An actuator ACT is provided which acts on the damping
mass DM. In this embodiment, the actuator is connected between a base frame BF of the
lithographic apparatus (however any other reaction body or other reference may be applied)
and the damping mass DM. The actuator may comprise any suitable type of actuator, such as a
piezo electric actuator, a motor, etc, in an embodiment use is made of a Lorentz actuator, as
thereby a contactless actuator may be provided which does not provide for a mechanical
contact between the base frame BF, other reaction body or reference, and the damping mass

DM, as the Lorentz actuator may provide for a contactless exertion with respective parts

connected to the base frame and the'damping mass respectively. As explained above, the
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substrate table WI' or "substrate support™ or in between successive

radi ati on pul ses during a scan. This node of operation can be readily
applied to maskl ess lithography that utilizes programuabl e patterning
device, such as a programable mrror array of a type as referred to
above. [0033] Conbi nati ons and/or variations on the above descri bed nodes
of use or entirely different nodes of use may al so be enpl oyed. [0034]

Figure 3 icts I (o} inthis
exanpl e ﬁ'gﬁ %Or Wag%ﬁg{l %?' r arreé ﬁ/ng\ﬁlth p(r%j(gnée‘oc1 g ollﬁl%(sé él}%g%c%yﬁét rr“'g%}ls age held in
the netr etdakd H‘yﬁh@yen@@blsm ttﬁé)élﬁpmmal ofEth@senG@rrSHN $thla@b§t phh@dhﬂg ﬁﬁ)l;tﬁbﬁlt ng,

a resilient nmounti ng_ etc. nm mass DM whi conpri

obj ect, Fwapljaithgcon ellere(saahsapen leﬁg1§ fherpelye dﬁ%lplrkgéﬁﬁeewélél (ﬁtél Wéakmg

pr oj ect i R ﬂ}{g H3BS 1od
danper Oﬁxﬁfe%g ?escy@@gﬁnﬁfnﬁg}agéw d@i@/@r]%%f?@? m)rr%g?m their

ef f ect s (fimyudney belmvidue df tharmdnjfenr fuhéteonnd] mhmurOJettlmmgysmm as sxampje phwhich has
vibration of th rojecti stem coincide with a vibration of the
danpi ng | deéﬂﬁ’e\%i BVG B 5e n?ﬁtﬁﬂﬂ% of the projection system PS hence
results in a @BP%Q&@Bto?ﬂ%vg%Hﬁ'd%%sé’@ﬁﬁt @MthHsﬁ&té’\bfithe E’cﬁlv%‘%lﬁﬁl Bthgby the
sensor SENS. he sane a vibration of a part of the proj ectl on

syst em ( syst¢m gEyde Ifmgrabér éémdt ThepensarSENGY atihe agthater HET are Q@eneqm to théhi ch

i k I h b
e sensehging Taih ool el e e LI R ety b o

sensor, aatﬁﬁngsnaes POS it Ui sTIRAGLECRINTE e (612566 syBtenEPD.Oh the ABas WhaRemble
sensor, an accel erati on measur enent sensor, etc. An actuator ACT . is

provi dedofaitensiaciugctinn afifes RIalepransysiemd?S mmbepndesprlzedavidysiomve to figige 2.
act uat or Ma?thn OLR:@ o h%ddag'%ﬁ?%ﬁgss%ﬂaﬁl% tlfabgng fuﬁEtl Ftﬁg Pro# échBﬁ’ gys?é?ltf' as
S ver any t

apparatu reaction er ence ney be

appl i ed) obstmebdtbyehenpirHENBas] daMatoTM”Bmtspmtmelynwl mnrpn'edsﬁn axgmidedfabl e
type of actuator, such as pi ezq el eg¢tric actuajor tor in an
enbodi mefteteEthedamping %?Ssé)hﬂ@ﬂéﬁ&k o SHnsHon, 25 0 sy %Se@é?ﬁéfﬁﬁ

act uat or lbgcqr Qe nggged\/yﬁ ﬂtt“gﬁreqpﬁ%ld%)é ﬁ@ﬁ'géﬂg(j' ol béﬁaU%ﬁP@ﬂhE %hnsf&om act

bet ween t ase fra reacti on y or reference, and

danpi ng ﬁmsson [Phgel msorrdspoidsrte titaz anddpiraedin frgye pras\bichhey tho lfreqummfamd ess

exerti Onvi\gnrgtlrgmr ?Sl%elgrgjl ettio s%/rsttem PS results in a corresponding vibration in the damping mass
DM, and vice versa. As of the frequency Fpu the sensor SENS and actuator ACT do not or
substantially not observe anymore the vibrations and resonances of the projection system PS,
or parts thereof, instead the frequency behaviour, as observed from the sensor SENS and the

" actuator ACT, is dominated by the damping mass DM. It may be useful to configure the system

so that the damping mass forms a rigid body mass, at least in a frequency band of the active
damping system, which may result in the sensor SENS and actuator ACT to observe a transfer
function substantially corresponding to a rigid body mass, as depicted in figure 4 by the
downwardly sloping transfer function as of the frequency Fpm. Effectively, as seen from the
sensor SENS and actuator ACT, as of the frequency Fpm, the resonant behaviour of the
projection systemn is masked by the presence of the damping mass which is effectively
interposed between the sensor and actuator on the one hand and the projection system PS on the

other hand. Therefore, as of the frequency Fpy_ figure 4 shows again a transfer function which

shows a downward slope with increasing frequency, thereby approaching a rigid body mass.
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connected to the base franme and the danpi ng mass respectively. As expl ai ned
above, the 10 actuator nmay be driven (e.g. by neans of suitable controller)
i n dependency of 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 fig. 3). The active danping systemw || (still not taking
account of any effect by the danping nass DM and t he danper DWMP) now be
faced wi q Vi.Qur . I | t

proj ect 1 oy et FEHELTEnSBIREL O hof AoV ERAREL ol DEREM pBL B

r ef er enc erdjectfongystemdehd R0 3STigilibedi masd) heessnha\part andraeninsesbfithaprofdeabn | i ty
aspects of the active danping system nmay be favourably altered. The sensor
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bei ng Coﬁﬂﬁ&g&&cg' e{@fatsé b!ftﬁe trh el HuRE R s O tﬂﬁégg%fyﬁﬁ%@m shdAMLHg mass DM

inturnis cdnnected to the projection system e above, an exanple
of a trawrsfigantbelmotidwthedeby hessiplpfaotiina syl buhRBinas tHeeetivadsupinged w t h

reference to figure 2. Mki se .0f the dapping nass t he .t.ransfer
functi on S&?telpr?@%apaflg&q B, ENSddhe iRy %gpfﬁ%e%sweféﬁr&é and
actuator fr%@erfc?e%%@ﬁhlﬁﬁinfé,ma\% DM BRiyalstighgin sh¥ exaamlcss. The@tesodbh®st of the
danpi ng mass DM on suc ransfer function, as observed by the sensor SENS

and act haweverAmTuld bs befemidanetifertiver hagdwidth of Belastiycedampeeg sistop. PoNRe a

behavi our, of .t he t sfer functjon . argel Qrres S0 .1 hat..as icted
b1 gur dapinigdyst DR by 0GB OBt SO TIRIRA S i ER

syst em Paudtaisdhbiisut My dasiBrcashietst inG prhdifcal inglethéntithe. enpiadigearess DM and
vice versa. As of the frequency FDMthe sensor SENS and actuator ACT do not
or substmplemgnialiondhe Bpaucneel ey €€ baw 47 Ui oragnipde ¢fdo8R M7 EBe of t he

b bbser SAEPHRIRT PM mud el Rk P e vBE} G5 1SRy SIRIEK BERRUAT.
danpi ng spiighvhatidurrdy thasfashodon wilcahidve arlew tvalme sty ficdraquasytraade t he

danpi n f igid bod t | t | b f. th
et ve" BafseRg. Bperenptng mkaPOD diihersth PORE SHOUNE SERS LAl chCge
ACT to Ota?ﬁ{e\a%%@e &Jnﬁﬂgé f}ﬁteﬁ{ N gagﬁq{aﬁy%am @hlch ERAFESAMNEbPGatich g thd i d

body nass, epl ct'e gure e~ downwardly sl oping transfer
f unct i onaetsveafantpivgg $ysequemdy aplDhtings hight loopsin ofthefessibal onp vhithe active

damping system at a lower frequency range.

[0036] In other words, high frequency resonance phenomena of the projection system
or part thereof may be decoupled from the active system, the active damping system being kept
stable by it being loaded by the damping mass DM.

[0037] The damping mass may be connected to the projection system PS via a resilient
connection, comprising e.g. a spring, such as a damped spring. Thereby, an effective
decoupling of the vibrations and resonances of parts of the projection system may be provided
in the frequency range as of Fpy By designing the roll-off frequency of the resilient connection
(i.e. the frequency above which a transfer of vibrations from the projection system PS to the
damping mass DM decreases), lower than a bandwidth of the active damping system, i.e. in
other words by providing a bandwidth of the active system which exceeds the frequency Fpm in
figure 4, advantage can be taken of the substantially resonance free behaviour in that frequency

band to promote a stable operation of the active damping system.
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sensor SENS and actuator ACT, as of the frequency FDM the resonant

behavi our of the projection systemis masked by the presence of the
danpi ng mass which is effectively interposed between the sensor and
actuator on the one hand and the projection systemPS on the other hand.
Therefore, as of the frequency FDM figure 4 shows again a transfer
function which shows a downward sl ope with increasing frequency, thereby
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mass DM gB¥nlaNeiR 8T dtmARds\GRmDl 18 Md lénd A¥ELt dr Rametifitha0f off&& oR%Oj ecti on
system such beéhaviour ny easily ‘be achieved in a practical
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range between in this exanple 1500 and 15000 Hz, thereby possibly enabling
a | oop t s ek themipisetionrsysien, meee pasiquasthaiwrang. Qsind i Qlgimesshe Babw thai t y
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syst em atamge beingwifhireqdairey barmingdth of M236fivd dangiibesyswart, dseredyi fgorinpegidie y
resonance, phenonena of %@ﬁ projection system or part thereof may be
decoupl e@lopsdioep REeralen olthe settveslpmpPiig SYE¥Mve danpi ng syst em bei ng kept
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system PS is shown which is held by the metrology frame MF. A damping mass DM and
damper DMP are provided similarly to that of figure 3. Also, a sensor SENS is provides which
may be similar to the embodiment as described with reference to figure 3. Also, an actuator
may be provided similar to or identical to the actuator in the embodiment described with
reference to figure 3. Instead of however connecting the actuator ACT between a reaction body
(such as a base frame BF) and the damping mass, the actuator ACT is connected between the
damping mass DM and a reaction mass RFM. The reaction mass RFM may be connected to the
damping mass DM via a damped spring. Above a resonance frequency of the spring, the
reaction mass RFM will substantially be stationary when actuating the actuator ACT.
Therefore, a need to connect the actuator ACT to stationary part such as a base frame BF, may
be omitted in the figure 5 embodiment, thereby possibly providing an additional degree of
freedom in a design of the active damping system, as a proximity of a stationary reaction body
may be omitted thereby.

[0041] Although in the above, the invention has been described with reference to a

projection system of a lithographic apparatus, the invention may be applied to any projection
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connection, conprising e.g. a spring, such as a danped spring. Thereby, an
effective decoupling of the vibrations and resonances of parts of the

proj ection systemnay be provided in the frequency range as of FDM By
designing the roll-off frequency of the resilient connection (i.e. the
frequency above which a transfer of vibrations fromthe projection system
PS to the danping mass DM decreases), lower than a bandw dth of the active

danpi ng s i £ active
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holdlng nore of the mrrors. Thereby, the projection systemand its
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0. 001 and 0.1 tines mass of the projection system nore partlcularly

between Giqpiterasial dpis(LADS), €He flmanagpeiie heads, mt% jTbeskidad aysermill as t her eby
e eougRN, L L 10 6 AR bt e o 10
stabl e ClieSaerelmapy bpermidend asfsymdmnmk with thiaumprengenenab teems “§ubOHOE” dn
e ST Tont 7 SRS, L L 82 e £ SHELL R Bl sl on
sensor SEQRTE oy HEUC RAACE té"—’”ﬂl%@“‘ﬁ]‘iﬁ%?ﬁ‘?%t%19%“2"*”%%*&5?%@’%%"%@@ o
descr i bedewildgs thedgossicresisip afmgmleg)BtoomrsiéQr aannspectiattoel. Where applicable, the

disclosure herein may be applied to such and other substrate processing tools. Further, the

substrate may 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.

[0043] 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

the invention may be used in other applications, for example imprint lithography, and where

the context allows, is not limited to optical Hthography. 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 whereupon the resist 1s

cured by applying clectromagnetic 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.

[0044] The terms “radiation” and “beam” used herein encompass all types of

electromagnetic radiation, including ultraviolet (UV) radiation (e.g. having a wavelength of or
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may be provided simlar to or identical to the actuator in the enbodi nent
described with reference to figure 3. Instead of however connecting the
actuat or ACT between a reaction body (such as a base frame BF) and the
danpi ng mass, the actuator ACT is connected between the danping nass DM
and a reaction mass RFM The reaction mass RFM nmay be connected to the
danpi ng nmass DM via a danped spring. Above a resonance frequency of the

spri ng, i 1 t i 3

0t unti g RHSOS RS, TR TEeth b SRR M Blope EOVTIARAEHREL B acr
t o stati en&elyng@hfid theustpeas SR0OAKYE af vallas Birticlegambauchrad ive Geiris dhdedtiogur e 5
enbodi nent, thereby possibly providing an additional degree of freedomin
a desi gn®#M%-he active danping system as a proxinmty of a stationary
reacti on body 14 1 ed j t he

i nvention has [%@KTQ%G%E{: %éeng v‘\f l{éﬁé@gél}%%%ga%vgﬁgéﬂ%?%}%e%ﬁ 65%%5355}? té\l‘rﬁnatcl)(%lha

| i t hogr aphivaricp pareablispticaheomponents) iocluding réfeachipp|reBettitve, ramgnepe,oj ection 13
system of .gven more q(;}glneral I];é togﬁ]ng structure which is to be nechanically
danped b{ S5homagnehiG anGelEE RIS PRTEACORRIEN: he | nvention as wel | as the
enbodi ments derie| Padle spediilt EmbORARARRY tHEBNRStiBH A AREn 88scABed ddoRQAf ®ANI C
apparatus conprising a projection systemand an active danping system as

a proj ecbt eprregigfedriay theonysntion ny de prasiieed otbervgsesthamasadrdcrabedcFonaxamplest em

and as a,conbination . gf tructure and an active. danmpi ng systemto danpen
the strUStOr@uop BHX&%“’A@? ﬁ"éﬁ‘g‘ﬁi&s‘:ﬁé‘&“ “'Fé’“’r%?%rc%télé“%yn@b"g TR ERCL et
to the uggchibelkdddhing ipitGonsaedibaigbmethol BS divplosddadbis @rafdalaGsoragd shoul d
be understood that the |ithographic apparatus described herein nay have

ot her appierit {egh semicopdiciy mEROTRRAEIEEE OF eptifal diskdyvingsychbpromante syst ens,
gui dance @Fl d t4Qn. patterns for magnetic domain nmenories, flat-panel

di spl ays?Iao I qg%%ﬁéig%g?al di splays (LCDs), thin-filmmagnetic heads, etc.
The skill ed afdZpmMhaddstriptiqapnbeterreintdnadtd ta be itlharatioatrex limitings dlas, it will
alternatjve applicati ,..any use of the ternms "wafer” qr . "die" herein may
be consi %am%msw#ﬂﬁ?sqg% fHaOGHEFRIOgE sy dF 1@@@&%31651{1156%199@%" or
targel poctibefyidfABRElLY fbi hd ROpE UPHL RS G106 bagw! 0 herein may be

processed, before or a
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exposure, in for exanple a track (a tool that typically applies a |ayer of
resist to a substrate and devel ops the exposed resist), a netrology tool
and/ or an inspection tool. \Were applicable, the disclosure herein may be
applied to such and other substrate processing tools. Further, the
substrate may be processed nore than once, for exanple in order to create a
multi-layer IC, so that the termsubstrate used herein may also refer to a
substrat%wﬁ?vIS%thﬁgqugntalns mul tiple processed |ayers. [0043] Although
specific reference nay have been nade above to the use of enbodi nents of
the invention in the context of optical lithography, it will be appreciated
that the invention may be used in. other applications, for exanple inprint

| i t hogr aphy, AdHROSIARIIS APRAFUUSHMEINNE| | ows, is not limted to optica
i t hogr aphyuntiRat Bk ddnhgaga@mﬁdﬁmhod%@l LaPiWedn) @ patterning device

defines the pattern’created”on a substrate. The topography of the
pat t er ni Agupreheivdonsirurbad tbsupp@@&mﬂtennn@dan¢ia§l@rpalitrmr®dey1ceémmglqapfd)ltt of t he

substrat e whereypon..t he resi st cure e ect ti.c

7l at | P eI BB Vi & Bt T rr R OTREn SRl BERE Ry ce
is novedp@ut: of the resist leaving a pattern in it after the resist is
cured. [0044] The terms "radiation" and "beant used herein enconpass all
types of aS‘éﬁﬁ@@ﬂ@hiﬁg@t@{fm@teﬂ&dh@ﬂlﬂ@hbsmaﬁeﬂmjl ng ultraviolet (UV) radiation

(e.g. hayin n sys??rg |°§’%‘fh%%fi/§% pr(é]gé"t tﬁbgzﬂ (1? % rad Zflgﬂ bélagn?’(bntt%gzar et %tgon ofn)

and ext r 8REIT aV|n a wave In the
range of t}fé-sa&stﬂfé; as well as particle beam; such as ion beam; or el ectron
beans. [0045 The term "l ens", where the context allows, refer to any

one or cHwbithpgranbic apprrais PEY colppEsingpn aﬁfve&émpéwémwampﬁ% P yHhrafipn
fract
Dot sl et KRl pEEH HEprIRAOR e, ¢ RN ARG oSl idion |
been descfad imsbretb mﬂasurie b positibn qirentigpeirtbe pagetion Isyettem laed ameeindtooto exery abe
racti ced otherwi se than as descri bhed. FEor. ex e invention may take
ot or rHsfe o B RO ASY o Ih OGOk Sishal BPvided BY Becbiees. of
machi ne- feadah! Binlfisd §34ednh B8R BGRGELDINYdanpRE Inds, 38 dingihoras ribye,

data storage
connected to the projection system.

2. The lithographic apparatus according to claim 1, wherein the damping mass is connected

to the projection system via a resilient connection.

3. The lithographic apparatus according to claim 2, wherein the resilient connection

comprises a spring, such as a damped spring.

4.  The lithographic apparatus according to claim 2, a roll-off frequency of the resilient

connection being lower than a bandwidth of the active damping system.

5. The lithographic apparatus according to claim 1, wherein the damping mass is connected

to a lens mount or lens flange of the projection system.
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medi um (e. g. sem conductor nenory, magnetic or optical disk) having such a
conputer programstored therein. [0047] The descriptions above are
intended to be illustrative, not Iimting. Thus, it will be apparent to
one skilled in the art that nodifications may be nade to the invention as
descri bed w t hout departi ng fromthe scope of the clains set out below 15

WHAT IS CLAI MED IS . A lithographic apparatus conprising: an illumnation
system confi ondi t S cpnst to
suppor t paﬁ‘tﬂ%r mo% R APy }ira a%‘coréﬁﬁtgie?‘orﬁgﬁb Pg‘%evﬁlr%@ br}efal%g%% heﬁslt,éﬁg:jﬁés%qs

i mpar t i NGefwien 0RO ahd 0N thﬁ@ramésmfahemtbjeeuidn dyBtell. s cross-section to forma
patterned radi ation beam a substrate table constructed to hold a

substrate; and a proj ection systemconfigured to project the patterned

radi ati op be gm%p%c?ai)gﬁlduﬁgﬁédrﬁﬂge cé}altrrh@ witaih 't Basslif Bettweb 090 A Eﬁﬂat i on

appar at us fu ng an acti anping systemto danpen a vi

of at |eésitl tpmfstth@ﬁlassmftbemomtwmsysw]mtem the active danping system
conprising a conbination of a sensor to neasure a position quantity of the
proj ection systemand an actuator to exert a force on the projection

system i g depeRgrRb&h ggfselﬁb@lcgﬂ@hsﬁéow ded by the sensor; the active danping
system bei ng connected to a danp mass, the danpi ng nass being connected

to the prajpayedtion swgnemﬁ@redrﬂo@rms‘ttrﬁmyaapmed rapgimndeas catootatiehpertion ef ai m
1, wherelhn tEﬁ garrpi ng mass is connected to the projection systemvia a
resi|i ent™CBRHELE on. 3. The Ii t hogr aphi ¢ apparatus according to claim 2,

wherein t Hﬁ?adftﬁ/%id'ah-ﬁﬁi o SORAAGIdafRen @@maaﬁioﬁefaﬁle&ﬂ@aﬂ@ft}ﬁd&&e@ﬁozﬁsy@@ﬁm@
spring. 4. The |ithographic apparatus according to claim2, a roll-off

f r equencyete dappingsyblemeempristigicombanation ohg senenele meawrea N9SIHEMIHAHILYPf t he
active d%@%r&}@ct?o\ﬁss&&% and an actuator to exert a force on the projection system in dependency of

a signal provided by the sensor,
the active damping system being connected to a damping mass, the damping mass being

connected to the projection system.

9.  The projection assembly according to claim 8, wherein the damping mass is connected to

the projection system via a resilient connection.

10. The projection assembly according to claim 9, wherein the resilient connection

comprises a spring, such as a damped spring.

11. The projection assembly according to claim 10, a roll-off frequency of the resilient

connection being lower than a bandwidth of the active damping system.

12.  The projection assembly according to claim 8, wherein the damping mass is connected to

a lens mount or lens flange of the projection system.

13. The projection assembly according to claim 8, wherein a mass of the damping mass is

between 0.001 and 0.1 times a mass of the projection system.
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5. The lithographic apparatus according to claim1, wherein the danping
mass is connected to a lens nount or lens flange of the projection system
16 6. The lithographic apparatus according to claim1l, wherein a mass of

t he danping mass is between 0.001 and 0.1 tines a nmass of the projection
system 7. The lithographic apparatus according to claim®6, wherein the
mass is between 0.001 and 0.01 tines the nass of the projection system 8.
A projection assenbly conprising: - a projection systemconfigured to
project the patterned radi ati on beamonto a target portion of the

substr at @4. - Taepagédiiva asemdingf dyist B whaciahpriassis betweah 0M01 ahd 8101l tmast

part of the projection system the active danping systemconprising a
combi nat itsmass of thegesriehsYs¥isure a position quantity of the projection
system and an actuator to exert a force on the projection systemin
dependency of a signal provided by the sensor, the active danping system
bei ng coﬂﬁec%e@mtdnaioda}f]aisngcmmd anhetidadgpimge swetsn wedangpen @ombreGeredf 4to t he

projection s roj.ectjon. assenbly accordin

Phe danpisis it e tesfiecbe t b8 v pRatS S P Bt rtS e anorida SF Bsrptly ©
connect i kasukda pbiifioR E;@Arﬁi@;t bOfe FPSRRR ladd ﬁﬁﬁ&ﬁﬂbﬂ% dxert GlfeicBof thaMi@kRi-Oirt he
resilient connecCtion onprises a spring, such as a danped spring. 11. The

proj ect i depeadeyisiiy Smbpr@msdbbthﬂsanw,lo a rol I - off frequency of the
resilien connecti.on b ndmn npi ng
Cystem e SHRCEEMRR RN 508 Kiine 100 B ARG & ahdBnBit Feifg e

danpi ng g®scied tethenaGéaet.to a |lens nount or |lens flange of the prOjectlon
system 13. The projection assenbly according to claim8, wherein a mass of
the danping mass is between 0.001 and 0.1 tines a nmass of the projection

system 1{  The combination according to claim 15, wherein the damping mass is connected to the

structure via a resilient connection.

17.  The combination according to claim 16, wherein the resilient connection comprises a

spring, such as a damped spring.

18. The combination according to claim 16, a roll-off frequency of the resilient connection

being lower than a bandwidth of the active damping system.

19. The combination according fo claim 15, wherein a mass of the damping mass is between

0.001 and 0.1 times a mass of the structure.

20. The combination according to claim 19, wherein the mass is between 0,001 and 0,01

times the mass of the structure.

21. A method of damping motion of a projection system of a lithographic apparatus, the
apparatus including an active damping system that is connected to the projection system, the
method comprising:

measuring a position quantity of at least part of the projection system; and
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14. The projection assenbly of claim 13 wherein the mass is between 0.001
and 0.01 tines the mass of the projection system 15. A conbination of a
structure and an active danping systemto danpen a vibration of at |east
part of the structure, the active danping system conprising a conbination
of a sensor to 'lI. measure a position quantity of the structure and an
actuator to exert a force on the structure in dependency of a signal

provi ded by t . a
o oo SHERERRET kO A6 RIS UL SBIR) A ATRRSHA%A °r,
conbi nat isgﬂemqﬁmanthggrame h@amtﬂém a\ﬁbtﬁﬂald& vittethd atgaiured pﬂﬂﬁﬁoﬂ quagtignected to
the structure via a resilient connection. 17. The conbi nation according to
claim 16, wherein the resilient connection conprises a spring, such as a
danped spring. 18. The conbi nati on according to claim 16, a roll-off
frequency of the resilient connection being |ower than a bandw dth of the
active danping system 19. The conbi nati on according to claim 15, wherein a
mass of the danping nass is between 0.001 and 0.1 tines a mass of the
structure. 20. The conbination according to claim 19, wherein the nmass is
bet ween 0,001 and 0,01 tinmes the mass of the structure. 21. A nmethod of
danpi ng notion of a projection systemof a |ithographic apparatus, the
apparatus including an active danping systemthat is connected to the
projection system the method conprising: neasuring a position quantity of
at | east part of the projection system and 18 operating an actuator of
the active danping systemto exert a force on the projection systemof the
| i t hographi ¢ apparatus in accordance with the neasured position quantity.
19
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