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

| i t hographi c apparatus and to a projection assenbly having an inproved
active danping. Description of the Related Art [0002] A |ithographic
apparatus is a machine that applies a desired pattern onto a substrate,
usually onto a target portion of the substrate. A |ithographic apparatus
can be used, for exanple, in the manufacture of integrated circuits (1GCs).
I'n such a W@MF@AWM?WS%AWN@QN' ACTVERMPRIY SU%WSVSVE%QBL‘Y as
a mask or a reticle, may be used to generate a circuit pattern to be forned
on an individual |layer of the IC. This pattern can be transferred onto a
target portion (e.g. including part Rl several dies) on a
substrate (e.g. a silicon wafer). %?§§§F§3ﬁ§¥ﬁthe pattern is typically via
i magi ng onto a Iayer of radiation-sensitive material (resist) provided on
the substrate. eneral, a single substrate will contain a network of

adj acent Fsﬂl@efﬂpd%wm@ that are successively patterned. Conventional
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by scanning the pattern through a radiation beamin a given direction (the
"scanning"-direction) while synchronously scanning the substrate parallel

or anti 'pﬁe%rlﬁion&thpk%laqéd§9f' on. It is also possible to transfer the
pattern fromthe patterning device to the substrate by inprinting the
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mount (i Np&@sA (@F. 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 may

require an accurate positioning of parts of the lithographic apparatus such as the reticle stage to
hold the patterning device (e.g. mask), the projection system and the substrate table to hold the
substrate, with respect to each other. Apart from the positioning of e.g. the reticle stage and the
substrate table, this also poses requirements on the projection system. The projection system in

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



transm ssive optics) or a mrror frame (in case of reflective optics) and a
plurality of optical elenments such as lens elenents, mrrors, etc. In
operation, the projection systemmay be subject to vibrations due to a
plurality of causes. As an exanple, novenents of parts in the |ithographic
apparatus may result in vibrations of a frane to which the projection
systemis attached, a novenent of a stage such as the substrate stage or
the reticle stage, or accel erations/decel erations thereof, which nmay result
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external forces, such as forces caused by mechanical vibrations, acoustics,
air flows, be excited at the eigenfrequencies of one or nore |ens el enents
arranged in the projection system housing. The resulting novenents of the
proj ection system housing will be taken jnto account in the servo control

| oop of the substrate and/or patterning:%evice support, which attenpts to
position the support with respect to the projection system housi ng.
However, the frequency with which the projection system housing vibrates
may be too high for the support to follow, hence inducing inmaging errors
because the relative position of the support and the projection system
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SUMMARY [0007]1t is desirable to provide a |ithographic apparatus in which
the i magi ng accuracy and/or the throughput is inproved. [0008] According to
an enbodi ment of the invention, there is provided a |lithographic apparatus
including an illumnation systemconfigured to condition a radiation beam
a support constructed to support a patterning device, the patterning device
bei ng capable of inparting the radiation beamwth a pattern inits
cross-section to forma patterned radiati on beam a substrate table

construct gevitd) of el bR implaichfiddy RJIRARH Baidware. Syst em configured to project
the patterned radi ati on beamonto a target portion of the substrate; and a
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of the proje I'ng system i nc ntertrace danpi ng
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or more lens elements arranged in the projection system housing. The resulting movements of
the projection system housing will be taken into account in the servo control loop of the
substrate and/or patterning device support, which attempts to position the support with respect
to the projection system housing. However, the frequency with which the projection system
housing vibrates may be too high for the support to follow, hence inducing imaging errors
because the relative position of the support and the projection system housing is not according
to the desired position. Alternatively, an increased settling time of the servo systems could be
used to wait until the projection system housing stops vibrating, which settling time would
have to be large since these lens elements are mounted in the projection system housing with a
mounting having a low damping. As a result the overall throughput of the lithographic

apparatus is negatively influenced.



danpi ng subsystem i ncl uding a conbi nation of a sensor to measure a position
quantity of the interface danping nmass and an actuator to exert forces on
the interface danpi ng mass i n dependency of signals provided by the sensor,
the active danpi ng subsystemincluding a reaction nass for the actuator to
exert a counterforce upon in dependency of signals provided by the sensor,
wherein the reaction nass is guided with a substantially friction free
bearing in a translational direction with respect to the interface danping
mass. [00010] According to a further guhgdiaent of the invention, there is
provi ded a projection systemincluding a danping systemto danpen a
vibration of at |east part of the projection system the danping system
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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



[ 00012] Enbodi nents of the invention will now be described, by way of
exanple only, with reference to the acconpanyi ng schematic drawi ngs in

whi ch correspondi ng reference synbol s indicate corresponding parts, and in
whi ch: [00013] Figure 1 depicts a |ithographic apparatus according to an
enbodi ment 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 mrent of the invention; [00015]Figure 3 shows a schematic view of a
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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.
[00010] According to a 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, wherein the damping system further includes an interface damping
device which is connected to the interface damping mass and which is configured to damp
movements of the interface damping mass at an eigenfrequency of the interface damping mass.
[00011] According to a still further embodiment of the invention, there is provided a
projection system including a damping system to dampen a vibration of at least part of the
projection system, the damping system including an interface damping mass and an active
damping subsystem to dampen a vibration of at least part of the interface damping mass,
the interface damping mass being connected to the projection system, and the active damping
subsystem being connected to the interface damping mass, the active damping subsystem
including a combination of a sensor to measure a position quantity of the interface damping
mass and an actuator to exert forces on the interface damping mass in dependency of signals
provided by the sensor, the active damping subsystem including a reaction mass for the
actuator to exert a counterforce upon in dependency of signals provided by the sensor,

wherein the reaction mass is guided with a substantially friction free bearing in a translational

direction with respect to the interface damping mass.



[ 00017] Figure 5 shows a schematic view of a danping systemw th a tuned
mass danper connected thereto according to an enbodi nent of the invention.
DETAI LED DESCRI PTI ON [ 00018] Figure 1 schematically depicts a |ithographic
apparatus according to one enbodi nent of the invention. The apparatus
includes an illum nation system (illum nator) IL configured to condition a
radi ati on beam B (e.g. UV radiation or any other suitable radiation), a
support structure or pattern support or support (e.g. a mask table) Mr

constructed to support a PRIBEDRSCRIEHONOFMHEDRAWERSEE MA and connect ed
to a first positioning device PMconfigured to accurately position the

patterni ng device in accordance with certain paraneters. The apparatus al so
i ncludes a substrate table (e.g. a wafer table) WI or "substrate support”
construct §@0042] hol dEmbsdinsintsaifehd mventica widlsiost bedatelbdpay sy of\examable only,
connect ed t,tg a_second_positioning device PWconfigured to accurately
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Figure 2 with respect to the interface damping mass according to an embodiment of the
invention;

[00016] Figure 4 shows a schematic view of a guiding structure for the reaction mass of
Figure 2 with respect to the interface damping mass according to an embodiment of the
invention; and

[00017] Figure 5 shows a schematic view of a damping system with a tuned mass

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

[00018] Figure 1 schematically depicts a lithographic apparatus according to one
embodiment of the invention. The apparatus includes an illumination system (illuminator) IL
configured to condition a radiation beam B (e.g. UV radiation or any other suitable radiation), a
support structure or pattern support or support (e.g. a mask table) MT constructed to support a
patterning device (e.g. a mask) MA and connected to a first positioning device PM configured
to accurately position the patterning device in accordance with certain parameters. The
apparatus also includes a substrate table (e.g. a wafer table) WT or "substrate support”
constructed to hold a substrate (e.g. a resist-coated wafer) W and connected to a second
positioning device PW configured to accurately position the substrate in accordance with

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



the orientation of the patterning device, the design of the |ithographic
appar atus, and other conditions, such as for exanple whether or not the
patterning device is held in a vacuum environnment. The support structure
can use nechani cal, vacuum electrostatic or other clanping techniques to
hol d the patterning device. The support structure may be a franme or a
table, for exanple, which nay be fixed or novable as required. The support
structure may ensure that the patterning device is at a desired position,
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t o creat e[@0pA] t er nThailantifdt@atsygemtcharinctdd Veeiosis bples af @ptichlt cosdpouéts, Bach
noted that the pattern_ inparted to the radiati on beam nay not %xactly

cor r esponds kedracthe: FRAlSrti v NsaRetes pleptrorpagmetiq lpstropaic prathgrtyrasof epteal 1 at e,
for exanp ] e t 1 = $hi,f &l f : . cal |l ed
assi st fegﬁﬁkggﬁgdg%%‘gﬁ yFbﬁﬁgﬂgg§¥£®ﬁa?%%%$1%%ﬂggﬂﬁﬁéﬂﬁg%ng?%ﬁl eam wi | |
corresponfPMd0fa par Thesipportistmcttireddds thapatering dedewincembmien hat degrhédsdon n

the target, portjan, ch as an jnteqrated circujt. [00022] The patterning
dovi o magpeieieriiiia pf B Podepiderioadbs usrenatifp liboeuphis pbuRRP R O cos

i ncl ude MBSEHoR! QPR ATTHR Rk SnpPleWiREhcRbf At he FREHRALIEASIRDLR ihGRabaRe! S-
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ol by ngE PRTGE BRI S T paigHot bRy by o Rossl cobrepangy oo b Bt i
enpl oyi NG tdrgét!pBflon\6T thBRMbAtrate, 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.



[ 00025] The |ithographi c apparatus nmay be of a type having two (dual stage)
or nore substrate tables or "substrate supports” (and/or two or nore mask
tabl es or "mask supports”). In such "nmultiple stage" machi nes the
additional tables or supports may be used in parallel, or preparatory steps
may be carried out on one or nore tables or supports while one or nore

ot her tables or supports are being used for exposure. [00026] The

| i t hographi c apparatus may al so be of a type wherein at |east a portion of
the subst [@jea3[ray bene¥areehixioa s!ygtaﬁv dsdaanetdrd sioul €bdbiow@lyntipd&ted as
refractive index, e.g. water, so aS fill a space between the projection
system an €neanepastibg rvatype ofiprojestien ssrstﬁm lihaheding r@gac@m oeﬂy@tvacp whiadi@ptrs, ot her

spaces in_the lithg hic a Q n rnlng
dovi e ( omisescs pRASHERNCHo ARPAE S Bc bl or AT RRRGRAL AT De
used to i appEpSRe fdi@hemﬁpasure aédlanﬁrﬁetﬁgalsea AR RBéri (Rlos bateaSthe Tieoftaar m
“imrersion” as used herein does not nean that a structure, such as a

subst r at eImmgsiondiuidertbe gearfiavacyeni Any Binofitbe ep "By jeetinp davs” herat may bequi d
is |locate te tg »during exposure.
[00027]Re?é£§§%€¥1\gle o§@ﬁaﬂ{ ?ﬁﬁvﬁ9n§¥f%ﬁ¥%§?%w~? Jgggél géﬁa radi ati on beam
froma ra@itéedpn sonsbereSepickidetheappaetuaiwbitateankmissvgtymhies. erppblyafgws may
be separate entities for exanpl e when the squrce i § an exciner ser. In

such caselran IR, ALerREivebo s HERESTEH FhagaHectiyp tyRedesg; ?fﬁ YR8 ¢
appar at us pajach 416 Afirat 4 b olm%é 5 1RRP3E% IR dnpiou RS rSHdckife ltnagk)
|IIumnator IL wth the aid of a beam delivery systemBD I ncl udi ng, for
exanpl e, H6i023pl e dThebthbggphicrapparstuantyde of ahgmrhasnganwdddual stagox drenoreases

exanp o RN RERLEGr caoF g sylipit Gharb o crim LB EDleE PRk Aubport. In
i |1 um nat @ichl“mulfife shieTmudHides tiCadiBRar@bleY 6f Suppyat Sy BPubdd ingarslleEdr nay

be referred to as a radiation system [00028] The illum nator 'L may

i ncl ude anrea@rjamy étppSA[mscmmng@d@a on@nad]* were tahles enfgnperts whilegnsior ynore other
di stributj nerally, at |east the outer and/or
i nner radtagres f%’ﬁ’?rt rebenr%u)?e rex Gc?imio as a-outer and a-inner,

respecti vEgog2ejof t hehd hthegaphiy aﬁpﬁhﬂhb Bialyiatso bedfa tppepivherpinan tasifa Iidit@on of
illumnator can be adjusted. In _ addition, the illumnator IL may include

various oth§spbstg covered by adiguighhaygagelatively hh&hdﬁ@acélvémér%&r‘”% SOThe
L Tum nat gy toffg a ﬁo%célﬁeecgveé&h%%?gg&%o%XE@& A3 AL IbPacl &pmﬁl&sib%\ﬁ?qu?d figyi red

uniformty tensity dis Its cross-sec
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



[ 00029] The radi ati on beam B is incident on the patterning device (e.qg.,
mask) MA, which is held on the support structure (e.g., mask table) MI, and
is patterned by the patterning device. Having traversed the patterning
device (e.g. mask) MA, the radiati on beam B passes through the projection
system PS, which focuses the beamonto a target portion C of the substrate
W Wth the aid of the second positioning device PWand position sensor |F
(e.g. an interferonetric device, linear encoder or capacitive sensor), the
subst r at e gtahhtonWste@n be noved accurately, e.g. so as to position

di fferent target portions Cin the path of the radiation beamB. Sinmlarly,
the first (928l i oni ke demindoPy mayinghde e pdjpgisi ADeanBgursdto f(dmttih:ansulnbt
explicitl i n u ositiaon

oar ter i nnefg) Alfhut Of fisSosor PO B8l SIARTHE BB HRAERIES o
beam B, eeﬂenﬁf:@tﬁﬁtoﬁl?&%ﬂ'e@% ad &blief¥al cl‘iﬁ&mrespa&%}%b?lo@t@mtengty @tsthbﬁ@ora
scan. In general, novenent of the support structure (e.g. mask table)

may be red#l 4 penl vaalt&pftthellhlndnawr @nlb@mg}tetedoln@ddﬁMl @e élétuame@r Homammtmdeg)

and a shorf - e nodul e posi.tioni e first
posi 11 oni 5B oL HRpot plshay BR Hbufbhpa {Rb e G0 G B ol
"subst r at Be §s63PO E(Bndﬂﬁﬁi)}/th@@dieﬂﬂ)hlbé@tﬂ !dﬁiaﬂgadeslu%ﬂ@nﬁbﬁﬂkﬁaﬂﬁlﬁt&hﬁt%@h@uﬂon
short-stroke nodul e, which forntpart of the second positioner PW In the
case of aﬂbt%ﬁﬁ¥§ﬁ695§lopposed to a scanner) the support structure (e.qg.
mask tabl may n may be
fixed. Pafﬁ 005@1 ng d?\?el &8&? 88%8&%??“%%% %ﬁ{eﬁggrpgrtgt&é&;c%e% lnYas |gnAéd

usi ng nmaswhihiigheiéoh thwsubport\/ktruoti&e g, siakistable) Mhlan@mrmttérneﬁbkshdﬁiaxteﬂmg

Al t hough the substrate a nment par ks, as |Iluitrate occupy . dedi cat ed
target pofi€¥ieh aV’tnﬁéS?Vﬁfé‘iA PRSRAIEHIeVice §5&BIKH M %ra@aaﬂ@@tbe%ﬁ PASHS
(these argubnmithe fdjcsabh ARURPS. @hich 1AL MBbEM ontDiaThledf ottioh  Giiheiat | ons
in which nore than one di'e I's provi on the patterning device (e.g. nmask)
MA, the naktrate VgnWiththawid kof theaycdnd ﬁowanmg detaee W¥éand pesitainessnsdr 0B 08Q]afhe

deplcted ap r at oul d be used.in at as f th oIIo des:

P n ot clPBtahein 8OUs, JOFr SN On FrapERE soriague auraplep v HalRe
5 upport” meded i&uﬁt@ﬁ el AkE a§ AP RitI0h RffereSUBSES SrBorsUD PG’ tpaﬁ‘lr(ﬁr t&Rkiation
essentially stationary, while an entire pattern inparted to the radiation
beam i s pb@freBt%ldnbﬂt/otha ﬁtrﬁrpgetlomogticme Ei\/handcamether p@smn sensqg (whivhlienedt at i ¢
exposure)X ﬁld% d1 tab# ?ubstr ﬁ ?Pt% gs t hen éh fted in
the X andl SR Pt Rigde s Fea bs Used Ftsiats a?%sé ThBF PREATBE SR &
exposed. maskjMeR withdespetiie tﬁ@@tmtrthe taaeaueﬁ b BS ¥ g0t endchalichl kétﬂb\'ﬁaﬂi friohe
size of the target portion Cinmaged in a single static exposure. 2. In
scan node? Meglelilanper during ascanr B geanerl, memenhpf thy sypoglstrugiisk (et skt " and
t he subst r Iy
w1 a parr oM Raged fealled SR8 e R bl BouR TANRRET Mtﬁﬁ B Qet
portion Ghpit- wokamdm@l(ﬁndymm:ﬁn@)xwhmhrfeﬂn pai‘hsft\he|ﬁ®£tlpb$‘1tlam¢lgdb1heeﬂ\/bn of
the substrate table WI or "supstrate su&port relative to the mask table MI

or "mask IfPREYmoyRmenb el thesubsiatriablsyV %Ué’étr?)tﬁﬁ'ﬁ?ﬂof‘i" &y herfealivgd usng e
reversal

B L S L T R R L L
di recti onin thé cashef & stepyedr (qmmposmi uorat saamen)ghesmarstmctameglmsk ) 84F t he

| engt h of th scanni ion detern nes the he t (in the scann

i r 2t orfpee FHBetsd it Tt ahas aCluglor PR atTRRGPe b, Pa et S ¢ 5
Struct ur @nfk) MIA FRESabsRRL O ndfl behligAERISISIrPURRR alignihntheRks l@ﬁsmtdnﬂlsh%trate
stationary holdlng a programmabl e pPatterni ng deVice, and the substrate
tabl e WI abigninsotysarkaPé, Rlpdthoush the snbsteate digngrahmerkswl illustrated atcupyn

i nparted .t i_atlon eantl 0 ted on t ortion C_In
thre moddctialt ARG, SRRl b 5hrREbfen B el g (B e
prOgran“ﬂ@b&mﬂ@%&ﬂkﬂhﬁ@@@@ﬁh&ﬁnk@b#nﬂﬁﬁ@ﬂyﬁﬁsﬂ@ﬁﬁhﬁﬁﬂwﬁkh@@x@ﬂﬁ@tﬂ@ﬂﬁﬂﬁnt
of the substrate table or "substrate support” or in between successive

radi at i orPrevifeden dgpetigrnimesiesice (78 mask dA ohe opsek aligrsmentaparsemnpyebellocgted
applied to maskl ess lithography that utilizes progranmabl e patterning

devi ce, such as a programmable mrror array of a type as referred to above.
[ 00031] Conbi nati ons and/or variations on the above descri bed nodes of use
or entirely different nodes of use may %;so be enpl oyed.




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

i n accordance with an enbodi nent of the invention. The projection system PS
may be held in a nmetrol ogy frane by any suitable devices, e.g. including

arigid nmunting, a resilient nmounting, etc. An interface danpi ng nmass | DM
whi ch may include any object, preferably a rigid mass, is connected to the

projecting systemPS. A vibration of the projection systemPS results in a

vibration of the interface danping mass IDM Such vibration of the

i nterfacepearph g dd&ss |DMis sensed by a sensor SENS of an active danping

subsystem which may include any type of vibration sensor, such as a

posi tion K930k enent’he denieied appagaspoequld berpsed i aifesst oseeistbe followiag Bwles: at i on

measur enepnt se . i Ve i temis
oy ovi ded i cniEapenBiEad¥loRbh AL ACL Bhl aRTRT P iRR RG-S iEHR. BT
t he act uatubstrate taldaMECHEdutizatwsappdt "raeakdpt essembdly sMondry] Wiileat énviee ghatepi ng

subsystem and the i ntéa,rtace danping nmass IDM It is noted that, any, o} her
reacti on BBRAFted ie fhedadiatiqn beagpigprosected ppfe @ targghporiign ¢ gbong iRe Gireapiingle

appar at us yafic Qi J3etre], §hE @GS Te WG Qepdady o ﬂd’ﬁ@ﬁleﬁgﬂi‘ﬂ@& ﬁ{tgﬁ‘%nhﬁ)r §X fe rt

its counterforces upon. The actuator ACIT nay | e any suitable type o
act uat or , dgentionas that pddfecenétaegrt potioa € cantbercxpaedndt step metde, the mazinpure fiee o£d

enbodi nent,, use is e .of a Lorentz actuator,.as thereby a contactless
actuator ey Bess BB R o HoBe Bt narien st 150 SO PO act
between the repfichRhodBSifie RpeRdtuhbiard Rl iHaFCRLRINPT BO" MRk SuppM" A8 thdhe
Lorentz actuator may provide for a contactless exertion wth respective

parts consibstrald tabde Whleor 'sulstiatersuppert” Rivseanded spmchioneudinivdild appitery imparted DM

respectively. [00033]The actuator is to be driven (e.g. using a suitabhle
Control | obyhe o R dy ARl ¥ud Fiat Ry BEoh ' ER st s AR RaGpamne
sensor SBENSecitynmd@iregtitn ofitigyabstette tabR WERS OdubSENSsUppeit ehYatiicay idinigk eible
i nput signal to the controller (not shown in Figure 2). [00034] The

f r equencyMJeprawiask supporto Hybesigtermanediydhe devaagpifisation andiipmage ssysesal SENS,

is dom na - - } : I I S: i t e
i nt erfaceé%g%cg%ﬁggsen%fstgé ?‘rﬂﬁﬁ%ﬁ §lrl a ??’g%% %hlg%rfadslésmaglt egigz? glkﬁleéagﬁésé%&uency
band of tfiddaeditsvie dadth(inghsysi-sanningidérbctidnl) bf the sarkét portidria asstmgedyBRNS and
actuator ACT to opserve transfer function substantially carresponding to
a rigid bOPpsHasEhereasithe iengld)of thesscanniag OB IpISEN GET G helghk B S5 oA or

ACT, the hiesepRNf RERAYH: Bbridf, the projection system PS is masked by the
presence o1 th@ﬂl5 nter?%cg la%nbi ng mass IDM which is effectively interposed

bet ween the semsmoth8ENSdarntbe suppustsonctAETe@nmintlietable Miod maslt stipgoririokentt i on
system PS on it he ot.her d. As a con uence, hase, of the trans
Funct 1 on sssetiplly tinTy By A RS BM P TETe e Shae it e ATl o ey
possi bly fsay@fatd\@hppodt B BBPMnAE] Rhilt BBatBih iniFarATD RGa8MEb LBl udi ng
t he sensor SENS and the actuator ACT.
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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[ 00035] The interface danping mass | DM may be connected to the projection
system PS via a resilient connection, including e.g. a spring, such as a
danped spring. Preferably the interface danping mass IDMis coupled with
approximately 1-2 kHz to the projection system PS. Thereby, an effective
decoupling of the vibrations and resonances of parts of the projection
system PS nay be provided. [00036] The interface danpi ng mass | DM may be
connected to any rel evant part of the projection systemPS, in a practical
i mpl ement ﬁie'tr@mg?fframetﬂy&ﬂwﬁmﬂe/@vwe@jes.ag:.tnil&ﬁuiﬁw tgi méliRing ARElign RSNy be
connected to a lens mount (i.e. a nount for a plurality of lens elenents

t her eof ) . etenAp fderdaps dagping mass [ladk Whish prayjiededeomy opisch preferblyiaigid masse is
danpi ng A0, . i of
the m rrorameh P IRY G aRRIRaLER S ASublof oL R ARGH DA BRlIRE 21 o
may be ef {bedtiovelf yhedatwepack daspingmasciDVgSidheribatier dahe irderfipe dgmpagsngsand
therefore_connecting the active danpi.ng system to the |ens noynt or franme
may have HP¥idgpenser By prepson NS ef?an@&ﬁg% flABRINA §UB5 K3 618, whw%?ﬁ@yrwﬁ}%mwe

system  e,fyibfaBBR s&ls6/8MhSas arﬂogirti‘alﬁ ?nea?&r@me@tsseﬁs*&?,saevegtg:ﬁ%?%éa'éﬁrjeﬂﬁnﬁéeﬁ@ PR

are all in turn connected to the lIens nmount or refe e frame. [00037]A

mass of t aeclemtonmameurdament segsorpgs ADMtyatef AC R thel sstizedaupieg sihsystemns about

0,001 and 0,1, ti a, mass of the projectio tem P re preferabl.

et ween aBBHIeE "TUT SHOIE ipTHE SR aTaLS 1B andubrapelEesh Hyfofres s
t hereby t bsnbéedivadeYn #leabfiéh mAssR BTSN A8mPRSSubIMePahdBe RitGYAcded i n
a frequency range being within a desired bandw dth of "the active danping

system t ¢rsmpiby Maay/BIVInk isnotedetbhieany|ofie eeacbaipbasiyeugh ps forskample, abeseeame
danpi ng sgfiﬁlg i an g%l)i)r%%u\rs/ ?)ggtixlergrgef{sgg%% §1§}r|\3/’: aﬂsggbeﬁﬁgg ?or%@ﬁecegc%gatéroAéJP 0 exert

i nterface danpin ve a resonance frequency

of the spitd agintdrivecds ap6H. I T abRsHr R TnkY icllitaan suitdble/type obidbdton audh asaen
actuating the actuator ACT, and hence all ows exerting a force on the

proj ect i oPieZy/eleir pEuateT, @ et efco i Hsierrad gprhoranem| e ismadapfiadlePfitEn zer o
ot el oghDs NS LR AR TSRS MRl ARG,
enbodi mentecfantdabeantucelnitiveen the evzetiqambis®Vand thesorefacadanping iess IDMras doe
?rggg 'ng rTlrilgrsentlz ac ua}otr1 ?x}aylpio&ige PO?% cght gt?gsls _ege Lljgr{] \(J:VIitﬁ ?res%];ctivgepa}tg E:gr{rfegt%g tcgi t%rgpl n9

reaction mass RM and the interface damping mass IDM respectively.

[00033] The actuator is to be driven (e.g. using a suitable controller) in dependency of,

1.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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| DM are danpened by connecting a passive interface danping device to the
interface danping mass IDM In the enbodi nent shown in Figure 2, this
passive interface danping device is formed by a tuned mass danper TWMD. The
tuned nass danper TMD is arranged externally of the interface danping nmass
IDM and includes a mass M which is connected via a spring S and a danper D
to the interface danping mass IDM The mass M the spring S and the danper
D are chosen such that novenent of the interface danping nass |DM at the
sel ect ed @ORAI SENENGY thSaghist &0t al | y danped. As a result, the frequency
transfer functions fromactuator ACT to sensor SENS is no | onger disturbed
by the i nf®038] resdhainteridce deupingynass IRMendyiv colthéateddtb thmmojebidorcgystemdtS er
t hat cal Cl\,}l at es..a tforceci.F of 1aét uat or ACT based o({;l a {l;ﬂsasur m%nt bl\/a}Lue from
sensor SENE 'S HEYSORGTigPlpding a8 SHEH SUGH A5 AR of N Iigs ApTrgbLy the

per f or manager@ifcetdagipi@\thase IDMERGBuplbd &ithAphioxhatelly ILHRHE IS @k fpasjectibangitem
mass | DM and thus al sg of the projection systemPS is nore stable and the

servo systenflgrehynan efigstive decouplingefithe wibmtions pre neganangeg ofipartscad thegroiestien
easily folJ asqﬁi ] f the projection systemPS, therew th making
smal ler i %}ésgél%\ig)ggrrl or s&rgﬁge(g hi gher throughput in the |ithographic

appar at us[(9036] bl e. Th¢ aerface dampingmsase IDMneY Batorglees® /i snyi relel gt part@jféled | on
system PS are reduced, _and hence{%gg i magi ng perforpmance of the projection

syst em PSPIOACCHGR PYRM PRpIARACtCa] IRRIGMITFRRO Qf RERNFRISSIVE RFBFLOB MRS the
Figure 2 | ; ' ' j u ' i ng
mas. + Ov L GRRHERESmal BE chcbleh S Sty G 2o Hor b Brih BF A 1R, 12,
t ypi cal | ythereofhn thange ofh reflestive fi0jR0ok bizssten, rthpatdrface Hanpiag oass IDM thdzbe

dependi ng on the nm ft | DM and t he ed .materj al,, i ch.influence

e e Shetd b Pismé PImBIue Of aistaat he Tty Shetehe Meraierien PERGY
p

nmass of thgapd g @&isii%n@?ﬁ&@ﬂh?ﬁe efBQRivEBARnYR8 tasl @hnd iR HINBRABS SarfiRAP "

is relatively small dueto the provision of the interface danpi ng mass | DM
Any mass Bass(and therdorgepnrecting thetagheeldarpping dystgre) todbelengiinoynttay frame may

wet ghs betds el IMEPLER: ERYuSneBRls s dbfesiib Dftateat JeRiskiienton) o
t he i nt er haessdad Rk dgsdresastitugl eleenfstiie 81X aMbeeorinB&ed ot tBE fcas enddabpt Ng mass

IDMis approximately 10 kg, then the tuned mass danper TMD preferably
wei ghs appfasassdias, 1 kg. Hence the tuned nass danper may have a nuch

hi gh i | el > A LNt
"niort acelQUSH] o' RS U ortl M gl 8 R Bl RO IO etk 86
contr ol | eabooa®dod aid0,anichds ameas af hoprejectampistegn PPanhdepiefoeblybetwésh abatpi ng

system fo e projectign syst PS.. [00042] The reaction ss RM be
coupl ed t@oéﬂ@qo (hgiaprﬂ&% eda%?ﬁpﬁgﬁ]e@é%ct}@my jefhP'S, fag thegsby e ?qt}e@ayggélﬁ ngs

(see Fig i i . i ency
O - appr ony ey SR Blass G In g, BEBPRIE 4TS BN o Bl PSR TEY
danpi ng shastlemdth of the evtiverdagqpangdystem, tiwnebryi fagpringe stdbild ¢losddoaqf openaionedthe
springs woul d.lower this frequency, but would al so decrease parasitic

r esonanc @ FIVeAUBROBESYSYR | t nodes) of the reaction mass RM These nodes are
current | yogo3§nd 15THe#8actRAGndse WA hidg beltbiindciat SRCHteMabs dhrdSiUS nflsy IDM
decrease the controllability of the danping system To overcone this,
accor di ngviz 8 dampedsenringnbbeveveresomsice frequenvye nf thempring) tha reastionanasyidd vl may
be gui ded_wi,th. ubst.antially friction free actl ess bearing.in

ranel at SRy BERRERRYD fitek abhatie B8 o RS REERSREABTRL s Bregur
4 shows afh tRePRELKHBALYMEPSI ThereRARBINYAs KA PRIfdrab1p eAtoupRed vt ees!sti fhegdiiode
the reaction mass RMwith respect to the interface danping mass IDM Wth
this, botitiatheipigepcaipmpingmpnd I, tuh én practegeradficguangyprngs afabeut I Gileis
provi ded Wi ab(?%)posi tely directed magnets MGN. The magnets MGN nmay i ncl ude
per manent gnet's and/or el ectromagnets. The interface danping nmass | DM
pr ef er abl[g0039¢] udesA@ofdimgielanehibpaingit blihe dnehfios sorhe paeiculad tekdigntdddn the
reaction nmass RM bqot h downwar ds and si deways of the harizontal

t r ans| at ilBRERCHAERG Bass ¥ that is éoysay; geniigguenrigs obthevpieHaed(aniRing Bresand
side walls of this guiding structure and reaction mass the respective
magnets MGN are provi ded.
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[ 00043] The mass of the reaction mass RM may act as a vertical pretension,
and is sufficient to keep the nover inside the guiding structure of the
interface danping nass IDM Alternatively, other forms of contactless
beari ngs could be used, for exanple, using a hydrostatic bearing or air
bearing. The contactl ess bearing reduces the | owest eigenfrequencies to
al nost zero, nmeking it possible for the danping systemto performat even
| ower frequencies. It is noted that this aspect of the substantially

friction fpge ax@%ﬁhip_@ﬁecf cotnh&tihg@%isﬁfb iAREHcd &anﬁﬁﬁ‘@@év%e&b tHeQﬁteﬁh&ed@rrﬂﬂﬁg of
uses of such an active danping subsystemfor an interface danping nmass, and
may bot h basuEdd. Inthe cabagimegt shpsmndmbigure 2 ohisiiashvuinteaface damspingdevigaispi ng
devi ce, i LS _GOon t i i i i

A T R A R S

ei genf r equenayrfoée dddgpihdin@ssS IO ald ifuludes ansss M FBRA 4 Bagedeabyik Agpring S and
enbodi nents shown nunerous variants are possible. For exanple the interface

danpi ng magamaenD & 4 infkeperrempingmpisID Mmthermass Mdbearring S #rd A dappeds
danpi ng ”E%.schoéelﬁ sﬂ?ﬁ {HaFH{g@%rgQ‘gto‘f"ﬁ%Qnt@foé@(ﬁa%%i?Q?ﬁgsslﬂl\b} Gl ﬁgfseleéxgﬁ’ danpi ng

mat eri al ing configure anp novenents 0 e interface danpi ng nass
at ei genf eponfecyuicrsy i hebsseaitially 0404&G] As achabn therfrdguenoydrabsfet fimctdanmsirory

material may for anpl e .visco-elastjc material VEM proyvided be en
two part s AghatprACT ip g?ma&@flaﬁﬁmﬁ@nﬁéwrbﬁﬁ bsa'fha intgipeh 15 G e SHhe

movement syois. The 10k R dontrBli & thACSl cHRIRIaTErEBSS dchiMor i 1hBastl 68AF | - equency
t hereof. [00046] I nstead of using a spring and danper, the tuned mass danper

may al so hwaswemendtvelietfiom saasorIBNS toclmvd apghey gamssd beiasgmaroyes thealampatg ned

resilient cannection, and .danpi ng constructi.on. For exanple, t resiqient
Connect | oRETERE & hE S PRRCA PO o ot R aRe st LB H e
danpi ng coRSbf th@tpkﬂectmn%%teﬂﬂ@siis‘{mﬁr@ StaBleant it S¥RIATYE@RN dITRY sublsifie SuiRIPI Ng
of a few percent. Furthernore, the effect of the tuned mass danper has been
expl ai nedang/erpattemingdryicemayonercdagite®llon the pedben offthe pragsiionsysen Phay be

T

provi di ngpeisfble ey, vitaagunl @f desthelegerh@its thi thé progattionl egar $Sake fedeadonnd

([jgggfr{)éldﬂ%%g he i;ngg}ngepe?f%?r\égﬂce%??h%dplrcrgggtgosn s()})cste}nhlgs Iisnf\lﬁret}rllérl i%grorl/%g.e been
[00040] The tuned mass damper shown in Figure 2 is tuned at the internal
eigenfrequency of the interface damping mass IDM. The minimum eigenfrequency of the
interface damping mass IDM lies typically in the range of about 10-20 kHz, in particular
around 15 kHz, depending on the mass of the IDM and the used material, which influences the
internal stiffness of the IDM.
[00041] In view of the relative large mass of the projection system PS, the mass used for
the tuned mass damper is relatively small due to the provision of the interface damping mass
IDM. Any mass suitable to serve as a tuned mass damper according to an embodiment of the
invention may be applied. The “tuned mass” preferably weighs between about 5-15%, more in
particular approximately about 10%, of the interface damping mass IDM. If, for example, the
interface damping mass IDM is approximately 10 kg, then the tuned mass damper TMD
preferably weighs approximately 1 kg. Hence the tuned mass damper may have a much higher

internal eigenfrequency. Thus, the internal resonances of the interface damping mass IDM are

efficiently damped, allowing higher controller bandwidth and hence a higher damping
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reference to a projection systemof a |ithographic apparatus, sone

enbodi nents of the invention nmay be applied to any projection system or
even nore generally to any structure which is to be nechanically danped by
an active danping system Thus, enbodi nents of the invention described in
this docunent may be provided as |ithographic apparatus including a
projection systemand an active danping system as a projection assenbly
including a projection systemand an active system and as a conbination of
a structu &f&ﬂiﬁn@@oﬂ% 'd)ﬁ%p pitad ot projé@iodapnen pshe structure.

[ 00048] Al hou h specific reference may bée nmade in this text to the use of

| i t hograp IH?Q94gbpar aflhe rqanthrrmaw&Mthh@rceumﬁd focthe interfagh damping anagh HelYisvidod
that the phi e C i

appl i cat 1 e IgRR s BB L MR P HoR RO IR R OBl

gui dance aigenfilejueady eppaiximatel 150z ma@,nﬁémﬂ)rd@mfamnbﬁmfosﬁsle td hatthpanel
di splays, |liquid-crystal displays | m magneti.c heaqg etc.
The ski | | SdMBESEEFMPY 1PWafb‘?Slt“§%‘i1%?t OYVﬁlaftlg theﬁtlffﬂeseémeésaf springsiopld lower

al ternati g gpcgleh%tb'up%uldaaﬁ% dégl%a% a}a'é?[lcll%gd?ﬁnce%’\ﬁé en0195r 1ltdrh§des S’F tﬁb n may
be consi dered as synonynous Wt dhor e gener a u bstra

"target pmat:ﬂmnihassrléMp@hese\rmddﬁs areroarrsutbs droabd 15 kHe;amldonrka freqnlargcybe
processed, before or after oS or exanp a track ool that
Pyoi cal &y gl eegely deipare F oRaiebiigoLhe uBbRare gh il HBvSF U the exposed
resist), FeddRIASIPHYHPL AhbSRHEA! of ML ihPSRRAL the Feab@6H maievienARl Jusdlahviith 4 he
di sclosure herein may be applied to such and ot her substrate proceSS|ng
tools. Fu suhs@ntlalﬂ)h@cggb itee a@réaqﬁws lmrlpg acegg@diatmaledltdmﬂn vith ecspedrto Eheanpl e

in order hg gwe? mul t i Iagﬁ termsu stratet ed. here
may al so P&F 6m81n§l%a§ﬁ T ﬁ% W%ﬁ“} %%59‘88’?1 RN RPN néagﬂi‘f)d%éesa?é‘é 15
layers. [ (4448wt frRuedttioR afakd RV with Rispat & thaintdiice dnepimchmde IO WatH dist he

use of enbodi ments of the invention in the context of optical I|thogre%by,
it will beothbgsastinarassiayl a@drﬁ@dnwéfﬁ@%dmplﬂm@asthar%mo d wath pppesit

ot her app e cont ext
all ows, i éfr%g%d rgggﬁetsf l\gxl‘gl%a ?ﬁbm%%ﬁ’%&% ?B@Hanef;i‘t:}g éﬂg %oé)?ap hy a

t opogr aphyleétronragpatst @ha im@faﬂe\dampm@eﬁasm HBMt;hefemm ﬁb]‘ﬂldé&l’ efinael shaped guiding
substrate. The topography of . the pattﬁinlng devi ce be prg@igd into a
| ayer of ytByfwed elersgmlgébe Fegetignamass Yl bathed appsyasdpyd aygef gzeipled by

I
?Egr Béin[‘ 9 %rf‘sﬁhoﬂé‘iacﬂ&‘éﬁbr?% Al AL RR-mAE RIM. E’Jtﬁr?é%’ﬁ% bB{toxﬁ ah@ g%ak- QAL %Pthls

: e patterning vice 1s noved out e resist leaving a pattern
init aftgn&mgeunasnshwuemmuneﬂwsﬂﬁ@@ﬁ@@ihenngmm@AGbaﬂe@hnmﬁﬁ and beam

TRt AN e S B,
193, 157 qrrridié 1B 'ﬂ:e;?-ﬁi@ nfovef ﬁl@?ﬁe Whd adink @!rﬁétu&'@{d\'ﬁe 15%@&1@& UAApihE nthss ML ng a

wavel ength in the range of 5-20 nn), as well as particle beans, such as ion
beans or Altemativaly,mhardgorms 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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[ 00051] The term "l ens"”, where the context allows, may refer to any one or
conbi nation of various types of optical conponents, including refractive,
reflective, magnetic, electromagnetic and el ectrostatic optical conponents.
[ 00052] Wi |l e specific enbodi ments of the invention have been descri bed
above, it will be appreciated that the invention may be practiced

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

i nstruct i dagpii@sdsh,ah PertRulie b&tOdemsifidene hA%AHeRHH IR dMpife MaleAalSieigage
medi um (e. g. . sem conduct or nenn%y, magnetic or optical disk) having such a
conput er [PHigUEeA tordsmpdne vrareafsol the mEHes Rarepias seass ph digandreatrngiss sheseof.

\ ded 4 . . [ : | X
ki 1o i A0S L POt G il s, R b LM shdy o honfifl BER OO bt e O
descri bed matdriabWEM] gpavitedigetiveanmwonrrts obthe intdrfhdeadapimngmassdDM,ndbel ow.

VWHAT 1S Clééll 1gu?edI t§:damp movemen’g's' of@he! ti“}ot][?a% i% err] .a(c:e 353&52%% f&\r}r[p art IthseI ng:
eigenfrequency thereof.
[00046] Instead of using a spring and damper, the tuned mass damper may also be
connected to the interface damping mass using any other defined resilient connection and
damping construction. For example, the resilient connection may be a connection with a certain
defined stiffness, and the damping construction might be a visco-elastic material providing a
damping of a few percent. Furthermore, the effect of the tuned mass damper has been explained
with reference to one degree of freedom. The same effect may be obtained for other degrees of
freedom by providing a damping device being capable of damping movement in more than one
degree of freedom and/or by providing different damping devices for different degrees of
freedom.
[00047] Although in the above, embodiments of the invention have been described with
reference to a projection 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 (LCDs), thin-film magnetic heads, etc. The skilled artisan will
appreciate that, in the context of such alternative applications, any use of the terms “wafer” or

“die” herein may be considered as synonymous with the more general terms “substrate” or
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an illumnation systemconfigured to condition a radiation beam

a support configured to support a patterning device, the patterning device
bei ng capable of inparting the radiation beamwith a pattern inits
cross-section to forma patterned radiati on beam a substrate table

configured to hold a substrate; a projection system configured
to project the patterned radi ati on beamonto a target portion of the
substrate; and a danpi ng system configured to danpen a

vi br at i on“gfgeRportiBAS tespadtiveBf Th&QubBI &k BFbir&Nto MY EhEihy b&rodesi®d, Befosd/Siiagiet
conprising an i nterface danpi ng mass connected to the projection system

and exposure, in for exagpleg fragke(aderhthal gyriesbe \poploen a lay e aiprsist B0 a/substEate erd of
0] east : : _ . ' ; .
2, henst BBl Bold! £LLASS SRR S RS Bl MR S SheT.

conpri si ndisalos@a defeircionf be upptitdite swehamd oehed s hiei ppocegtiagioolsy Fadthdr/the
I nterface danpi ng nass; an actuator confjgured to
exert a fSsEagAIARS pracsssaddperedbannnse fraeemple BPrdsr ta cesatpamuiirBysdEdsty

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

program stored therein.
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a reaction mass for the actuator to exert a counterforce upon based on a
signal provided by the sensor, wherein the reaction nass is
guided with a substantially frictionless bearing in a translational
direction with respect to the interface danpi ng mass. 2. A

| i t hographi c apparatus according to claim1l1l, wherein the substantially
frictionless bearing is a nagnetic bearing. 3. A lithographic
apparatus according to claim1l, wherein the substantially frictionless
beari ng i $00058)dr osTht deschipiadrisafove are intended 4o b1 lubtidneg) e i tigg PEHUBS it &l
according, to claim1l1l, wherein the interface danping nass conprises a

gui di ng sPf BRRARH e %lﬂlfqdr}a thepat thatmmedifisatiens anaydarnededs theiaveartvavsys of
the trans h@gcheaﬁévitﬂﬂt%@araﬂ FBE 8 SQ YUY Gl GHrdisB%ys hgpgture and_reaction
mass the substantially rrction free bearing 1's provided. 5. A

|'i t hographi c apparatus according to claim11, wherein the danping system
further conprises an interface danpi ng device connected to the interface
danpi ng mass and configured to danp novenents of the interface danpi ng nass
at an eigenfrequency of the interface danpi ng nass. 6. A projection
system conpri si ng:
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a danping system configured to danpen a vibration of at |east part of the
projection system the danping system conprising an interface danpi ng nass
connected to the projection system and an active danping
subsystem configured to danpen a vibration of at |east part of the

I nterface danping mass, the active danpi ng subsystem connected to the

I nterface danpi ng nass, the active danpi ng subsystem conprising a sensor
configured to neasure a position quantity of the interface danpi ng nass;

an act uat WHAGHSIGuasBdEDdSexert a force on the interface danpi ng 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 theg SenaOfithographic apparatu¥fihfiiding:N€ reaction mass is guided with
a substantially friction less bearing in a translational direction with
respect to the intephdbenidatimi systememafigured 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
an active damping subsystem to dampen a vibration of at least part of the
interface damping mass, the active damping subsystem being 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 frictionless bearing in a

translational direction with respect to the interface damping mass.

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

frictionless bearing is a magnetic bearing.

3. A lithographic apparatus according to claim 1, wherein the substantially

frictionless bearing is a hydrostatic bearing.
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4. A lithographic apparatus according to claim 1, 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.

5. A lithographic apparatus according to claim 1, 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.

6. 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 subststem 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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