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 conbinati on of a
structure and an active danping assenbly. Description of the Related Art
[0002] A lithographic apparatus is a machine that applies a desired pattern
onto a substrate, usually onto a target portion of the substrate. A

| i t hographi ¢ apparatus can be used, for exanple, in the manufacture of
integrated circuits (ICs). In such a case, a patterning device, which is

alternatively.r [ &6 nerate a
circuit patteﬂ%@%@rﬁmmbﬁﬁ;& @{%ﬁﬁ&ﬁ%ﬁgﬁ%ﬁl@? ﬁ%ﬁ%éﬁ% pattern
can be transferred onto a target porpAMPING Q. 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 | ayer of radiation-sensitive
material (resist) provided on the gukRsteéebenD n general, a single substrate
will contain a network of adjacent target portions that are successively
patterned. Conventional |ithographic apparatus include so-called steppers,

in which eﬁ'ﬁﬁ‘d{)ﬁﬁg? Vea%ﬁi on is irradiated by exposing an entire pattern
onto the target portion at once, and so-called scanners, in which each

target portion [0801}Tirgiratednveytimoalates g lithegrpeti¢ guparatulraqughctanassinhly on

beamin a giyven di.rectipn (the "scanning'-directi whi | e synchronously
scanni ng t A¥% ?%P@og%§t§1°7uéqmaﬁn§ﬁq‘fe- gﬁgﬁ‘gﬁemgg)-t his direction. It is

al so possible to transfer the pattern fromthe patterning device to the
substrate by inprinting the pattern onto the substrate. [ 0003] The

hi gh accur Hevrmﬁdﬂlﬁfgl@%ieé@eﬁléﬁ on currently aimed at in |ithography require

an accurate posubiAl ifeBboRehSul il DRalHAG'BANLS RERILHUR aRHGN 25 The

reticle stage t e projection stem and the substrate
tabl e to haibstrithesealliysnioa tesgetwiottionrof Sweubstiate. Adidhpgoaphisrappatgns tanfbeamd; he

positioning of 51in thl Sanfadtte ot Bt idutd oS YR S dhAlctse! ARABmidd evicB! SO
which is alternatively referred to as a mask or a reticle, may be used to generate a circuit pattern
{o 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, 2 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
patiern 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 fransfer the pattern from the pattérning 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 may consist of a carrying structure, such as a |ens
nmount (in case of transm ssive optics) or a mirror 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 the lithographic apparatus may result in vibrations of a frane to
whi ch the B?%T%ﬁ?ﬁ@#mgﬁﬁﬁ@ﬁﬂﬂ§maﬁﬂﬁ@ﬁbé?eEQWﬁ#éﬁ%ﬁ@nHﬂmaﬁgﬂﬁgbﬂ§méﬁxﬁs t he

substrate §,2986nsRf g@ﬁﬁ [ A4Ea "i':'?d?zg Qgﬁ{ngﬁ j

t hereof, whi gh maymﬁ esu tgssﬁﬁcgurg’tgs stsragéanr% an ﬁ(gééa{str u enggbgwgﬁwgcousti C
waves af f esitrergramedinmasy afe¢fleotivepticsd and Spivtalityi foptidabelcmsntssuchrekod t i n

vi brations _,of the.projection stem whol e or.of - parts.thereof. By such
i brat i oneS et bR 6F 1 bR R Re e S000 Rl pERORIL eetBhE o s o
may in tur pluraisidicaises. ABan éagiplegmeveitents of pats ithe Bhbgephitappanp hijyeshiton of
the pattern on the supstrate. . [ 0004] Commmonly, a danping systemis
provi ded t B A Otsﬁ R ﬁoa‘ﬁ@h&h&mﬂ@cl}ﬂn&m& ?%@twvﬁmeﬁ%fﬁmgﬁ%@éof .
Thereto, agiASSibYiPatlATARIOR theIURACR BN aBR1PARMY AR AR IRMELA RhibRAMy f OF TS,

or a active danping system or a conbination of a passive and a ac¥| ve
danpi ng syEf@Ehin ajgas siepr agdeiinienca 4nd/or agonstiecvaveealtheiing the pjestiemsyssm o be
under st ood reTane) I : %;g\j;'- : t..an effect
of a vibr a%ll?cgr?%{g . Q. sgﬁ’a ﬁé@gtﬁ%m%gﬁékor, é%’%@?op 33;5232%%3% ?Vﬁ(ggglg(#fgﬁaéﬁsi on
sensor, etibyreafh 8y anchottraions, displaaatentanfiding ekinents brmerdrombe béleagpedwhicha par t

t hereof, the actuat oh.bei.n driven, b)c/l e.g.. ﬂ@contr.ol lftlilfbi n degﬁndency of a
si gnal pr AFHEIHBYHE & nge%gf'h‘?“i@ﬁﬁ%‘? PLYPHR OF B RAFEINEENCY of t he
si gnal proybgdegs by the sensor, an effect of the vibration on the projection
systemor a part thereof, may be reduced or cancelled to a certain extent.

An exanpl e of UM Sempalygnesnieg syysmndnprRtidedio dsmpen vbatiens of theeedback

| oop: the ' Lil0 I hid Qn, speed,
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controller, output signhal. to driv he actuator, the actuatory in.turn acting
on the. pr drERiTErEy a0 his eumhe BaloeRbedBTPLs SR Sdo POLUBRREDBp |
provi ded. dER@ingQpdtEmR whith coByrisesa kakeras dtyct an¥ffécy Ba Bbrafi®ntels0k b&sitignd may be
inplenmented in the software to_be executed by a m croprocessor,
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t he f eedbaigkal ppoypdedivetle sansor. Byidniging i aotuatws ol depatdermy of shepigmabmbaded At t he
same time,, a high b LAt h,of. the.active danping s emi.s required, as a
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on speed of_ the |ithographic apparatus, nmovenents 1n the |i1thographic

appar at us atfesshacgkdoqps g sesarcte PEavids aogiier quagtiydsush as eperiiiused.y i nvol vi ng
faster tr [ e ' i ' %g[§?%

i ncr easi ng%léﬁ%ﬂ’é?w?érﬁgggen liojeegié gﬂrelgfog? g@?ﬁ%ﬂ&ﬁ%ﬁ%@%&%@%{g rd towards
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that is encountered is that the projection s emijs uil.t up from
 var | oty MEPIRLR RER adrmh s i Sag i obBe BT HERY GRS IO TSkt 1 co

el ement s, ptoRited Mhdrbhthgisr AR OforAdI B/ anfogpailof Beifrolléer 200 Uil BE ifflehéifed in
projection systemsuch as a | ens body, et¢c. As a consequence, a frequency

behavi our thsmoftiare i by @seutelpyamicopracesies gucragoniolicsr ppypetheroeranmpldee, as a
rigid bod)ie‘q@esgrmg)hg- )én%ﬁ@&hﬁ'ﬁ&ﬁa?edtﬂaﬁim 2r function which is inversely
proportional fo afrequency, as illustrated in fig. 2, where on a verti cal
axis a transfer function has been plotted (on a logarithmc scale), while
in a horizontal axis a frequency has been plotted (on a logarithm c scal e),
and where RBM i ndicates a frequency behavi our substantially correspondi ng
to a rigid body mass. In a resonance frequency range RES, a resonance of
the projection systemis observed, whic¢ch nay be followed by a plurality of
further resonance frequencies with inc?easing frequency, thereby overal
resulting in an increase of the magnitude of the transfer function.

Ef fectively, as fromthe resonance area, the projection system does not
behave as a single object anynore, however instead shows a variety of
resonance phenonmena each corresponding to resonance of an el ement of the
projection system As a result thereof, the higher the frequency, the |ower
~ the remaining mass which "contributes” to the transfeéer function, which may

. r - r  a g, o Y .




SUMVARY [0007] It is desirable to increase a stable operating range of
the active danping. [0008] According to an enbodi nent of the invention,
there is provided a |ithographic apparatus conprising: an illum nation
system configured to condition a radiation beam a support constructed to
support a patterning device, the patterning device being capable of

I nparting the radiation beamw th a pattern in its cross-section to forma
patterned radi ati on beam a substrate table constructed to hold a
substrate; and §O9SPAPedbieanwhigh hewncamed foguard s stabilify of the feedtack lvapticrteed

‘radiation beamonto a target portion. of, the substrate; ' aphic
appar at us YA %W%é%ﬁ@“gﬁ{%%fﬁe@bécﬁkﬁﬁﬁi‘ ew&%%gggﬁggﬁgg{svi bration
of at | eastyrfidfded.oft thd 8mb KigieSCkiE0 Barfiwdth oF tht heivadirping catom Byeqyed, am
conprising a conbi nation of a sensor to n aiyre a position quantity of the
a

proj ect i on highhaadwidhrf e agivasdempmerysterarll 2oy O sLRPIEs A F SBEHOh system
bei ng. conma o B R e e P neeted 1o the
proj ect i on nsovstnents in the lithographic apparatus tend to take place at a higher speed and consequently
involving faster transients, which may result in a generation of vibrations at increasingly higher
frequencies. Therefore, 2 demand comes forward towards a higher bandwidth of the active
damping system.

[0006] A phenomenon that is encountered is that the projection system is commonly
built up from a variety of parts, comprising e.g. lenses, mirrors and/or other optical elements,
lens mountings and/or mirror mountings, a housing of the projection system such as a lens
body, etc. As a consequence, a frequency behaviour of the projection system starts, at a low
frequency extreme, as a rigid body mass, thereby providing a transfer function which is
inversely proportional to a frequency, as illustrated in fig. 2, where on a vertical axis a fransfer
function has been plotted (on a logarithmic scale), while 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 a result thereof, the higher the frequency, the lowef 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
achicve a bandwidth of the active damping system which reaches or cxceeds the resonance of

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



[ 0009] In another enbodi nent of the invention, there is provided a
projection assenbly conprising: - a projection systemconfigured to project -
the patterned radiati on beamonto a target portion of the substrate; - an ‘!
active danping systemto danpen a vibration of at |east part of the
projection system the active danping system conprising a conbination of a
sensor to neasure a position quantity of the projection systemand an
actuator to exert a force on the projection systemin dependency of a ‘
si gnal pr auoideitbnisystetes s Bmsidom oftatferce on theerajestiph sigteny Stiemtebihpighciomatsct ed to

a danpi ng | | ect | system
[0010] AcciRaRAg 437 iRl gt SR FIPGERES), i b RoBloRIGEELLAD |
provi ded grejectiinigdtemas ofesalt oft fotee bn bojetion systeanlathiticre, dbapirageystem t o
danpen a vibration of at. |east t. of the structure, .t ctiye danping
system co*ﬁﬁ?@?%@rﬁ)ﬁ‘e&r@ﬂﬁr 18R Q"gllrl S}é?wsthL?g %Fq"[eﬁ}c}f’r‘ﬂ;?ﬁ?@ng?%g’ e %%ﬁ quantity
of the st righbtic@ fRGekndPradsd sdlaAlindréhs€¥ahs tramsfed ABBHANshd¥nSiatiMigleur € i n
dependency of a signal provided by the sensor, the active danpi nhg system

bei ng conrfewpanteperks) anpiha sespranee frequengygmifiecng mass bei ng connected to the
structure. BRI EF DESCRI PTI ON OF THE DRAW NGS

SUMMARY

[0007] It is desirable o increase a stable operating range of the active damping.
[0008] According to an embodiment of the invention, there is provided a lithographic
apparatus comprising:
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; 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;



[0011] 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: [0012] -Figure 1 depicts a |lithographic apparatus in which an

enbodi ment of the invention may be incorporated; [00131 -Figure 2 depicts a
frequency plot of a transfer function of a projection systemof the

| i t hographi c apparatus as described with reference to figure 1; [0014]

-Figure 3 deppeie danmn@wrsgﬁns@wlémw gvitpaliqp ¢ffat feag payt ek the am%cy%% yeam ean
active d an’g&tﬂg d§1¥1§1‘h§ s?éfr?w ta%oﬁ?in@tmﬁ%‘i*' br Bimdalife 4 ﬂdéﬁfbh'qﬁﬂmt)[ §0135]
-Figure 4 depicts' a equen ot of a transfer function of a projection
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,
[0010] According to a further embodiment of the invention, there is provided a

combination of a structure and an an active damping system to dampen a vibration of at least
part of the structure, the active damping system comprising a combination of a sensor fo
measure a position quantity of the structure and an actuator to exert a force on the structure 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 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

[o016] - Figure 5 depicts a projection system and an active damping system

according to another embodiment in the invention.



system of the |ithographic apparatus as described with reference to figure
1, as observed by the active danping systemaccording to figure 3; and
[0016] -Figure 5 depicts a projection systemand an active danpi hg system
according to anot her enmbodinent in the invention. DETAILED DESCRI PTI ON
100171 Figure 1 schematically depicts a |ithographic apparatus according to
one enbodi nent of the invention. The apparatus includes an illum nation
system (illumnator) IL configured to condition a radiation beamB (e.g. W
radiation or any other suitabl PEFAHE PERCRIBIIRNSK support structure (e.g.
a mask table) MI constructed to support a patterning device (e.g. a nask)
MA and connected to a first positioning device PMconfigured to accurately
posi tion the pd@dg} Rignrg ldwheénuaticilly depistsradbnggaphiciappagns acordipgtaoet ers. The
appar at us al,sQ. I e tr | . a_waf t .
"substrat & ?‘%’E’Q‘bﬂ 5 rg f&f‘{@%ﬁﬁﬂrﬁﬁg’?@l d a%a?%%ﬁaigdgdég% g%urng[?ée%? gg.;sgtfn?@h?&é%%p fﬁc(foat ed
waf er) W andfipoaite comlitidng radisttondean Bdgs gt U nidivgion endng ethEMhitaié tadiatie), 4 o
accurately sition the substrate i ccordance with certajn paraneters.
The appar K SHRPTAEONTR (A EeSG ALY CORHe Sy BrsirRorie Patteriing dicele s

proj ecti OﬂndsEjMA%h&Eﬁﬂ%ctaﬁoﬁ%iﬂpgﬁﬁ&ﬁh%\%vﬁé PMRDhfigurfPth aSdufhtdPaiddadnd 0 the
radi ati on beam B by patterning device onto a target portion C (e.qg.

i ncl udi ng Patienige denipcingpesdanes witthecrtaippgrametess. (Rhe apparatys@lye &clufgsa

il lumnati J WG i i.cal , such
as refractsﬁl\g}"g,a %r?%)?%? ?\‘}Jea,fbﬁr?ggﬁetl CIJ, e E%‘?%??S‘Sn%%%@@ﬁ%@‘?%g atﬂ %1% or

ot her typésgafrengicoatad wefernp¥nedtaneded tampgeamadpostidningrievioe P Wodonfifwed to

di recting, shaping.... trolli di at | ) 0019] Th t
St uot ur & oECH Y P 06 ekl malbriiet Rith Sftain eyt PR PrrpR VR |
hol ds t he ifudidess plop@tistessises: (k8. éﬂt‘eﬁ@dﬂiﬁ@ﬁmﬁd&ﬁén REPsses) PO cdifigulf kefropid on of

the patterni ng device, the design of the |ithographi c apparatus, and ot her

condi t | ond paitgie Annasted fortheadiatigndeam & tyartigning GevieeMAPRI ARIBERGTARG G& i s
hel d in a;yaak n@'&i’hﬂ'bfém@s bt thd AfpstiRSYy support structure can use
e

mechani cal , vacuum ectrostatic or other clanping techniques to hold the
patt er ni ng dev[08&8] Thed!lwaimkticuspgan may inchde vaoustypede optidat eomeponents stdbl e,

for exanple ich . be fixed or novabl e.as regquired. The .mask,support
St ot ur &R e R e e B oo B o B PR b os Lt on,
f or exanplkémpérictits, & apEEdmbitatioh thefto) f@rGlirebtinps Sabi@R) or AotrollsR refiatidne t er ns
"reticle" or "mask" herein may be considered syngnynpus wi.th the nore
general term " wgﬁ]élflﬁmp@k H¥RPpPit structure supports, 1.¢. 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
exarnple 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 so as to create a pattern in a farget portion of the substrate. It should be noted that



[ 0020] The term "patterning device" used herein should be broadly
Interpreted as referring to any device that can be used to inpart a

radi ati on beamwith a pattern in its cross-section so as to create a
pattern in a target portion of the substrate. It should be noted that the
pattern inparted to the radi ati on beam may not exactly correspond to the
desired pattern in the target portion of the substrate, for exanple if the
pattern includes phase-shifting features or so called assist features.
Gener al | y, tlieyattpatimparted tntharatiation iseatoheay reud kxectlp eortesgond v Hie desired pafpesnin t o a

Porti on, s i raren B elle dpf Gmple i e PR e phosiuds e, oo
ey be trapspilRd ayest %mfdaf(baﬁiauy&he@tﬁﬂnh@arcaitopl&trwaﬁmr@mdwn casesporall ude
masks, programmabl e mrror arrays, .and.progr ble LCD panels. Masks are

wel | knownta spartigulas msetienal laé{?fdﬂfiﬁﬁ‘rlef‘o@l%%rﬁat‘i g ROLOn;

alternati n%t%&é{?m%itft and attenuated phase- Shl ft, as well as various
hybrid mas pes. An exanple of a progranmable mrror array enploys a
matrix arr angenﬁhﬂﬂl]oTheyﬂhaﬂnmugrdﬂVlfmmybea‘@mn@ﬁSlWﬂf taileetiv. Bremptea p{patigaing,

tilted so stor flect nco ctions.
The tilted ?ﬁ‘?er*eﬁci Je%‘fs Pfgg“a%‘ W‘ejfr%%m?rﬁpgg?&a’ | g? i{%%%rg%gﬁ% %ﬁ%ﬁ&lﬁ sg/iraé | ect ed
b% tlhg lrjﬂ r%@rwdmdl bwnmllthograph&maﬂchﬁ&enask types mmbjaehinirp,mlifslymhwhas%émﬁ,her ein
shou e broadly interprete enconpassi,ng any type o ection
Sotem i neKL e Raa, 6 WL eEor el At PEe ApexplBREd e

el ect r omagpRL bl Birle ﬁr'i'%ﬁiﬂdy@ a%ftﬁ;@ﬂangaiﬁéxﬁaﬁsmagrrmaaﬁs éa@mbfm't:h edh
t hereof, as appropriate for the exposure radiation being used, or for other

factors subhindeidually tikel sofas meﬂm wroningirligtion Hpam Wéilfﬁaf@lt&freamacﬁ‘aﬁn Any
use of the r | nynous
ot he iy & el B Bk adidfi b oie ARNS BEREGIRG: MUY

depi cted, the appM]althesenns ‘pofiection syatesTiused heeit yfpmld(lm.bguadb’rmlenwtﬁbasa

transm ssive nask?. Al ternatiyvel t he agB rat trray Be of a, aef%‘n ctive’
type (e.g. CEAPPEY nﬁ@%%?&ﬁ?‘ RN ﬁgfei'?c 5F 5SS ARUORFS red t o
above, or {EPlLY] ddirBmb@leliefid JRirRgtc)optical systerﬁ@@&ﬂa]y ca'ﬂﬂbmhﬂldd'tﬁ@m@l’pkﬁ c
apparatus nay be of a type having two (dual a%e) or liubstrate t abl es

or "subst rm@%ﬁﬁ@?@@ex}f(o&ﬁﬁﬁéﬁtlmbel% uspdy @ F“‘-%F%%‘C ps thgysqof an
SUPDOTLS" ) hlt S llid IHALLR o SHANST ATDSUL B8 e ARk QB st 12

supports nay be uséd In para eparatory steps may be carried out
on one or dsansﬂet_tsdlaﬂ;mommpphnhmmlgb@rdm@nﬁ?pmjmwnSIstSt%T”-tabl es or
supports are be[JOB%}lfASs%%refdo 1cteeér% eapparatus 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



[ 0025] The |ithographic apparatus nmay al so be of a type wherein at |east a
portion of the substrate naybe 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 imrersion liquid may al so be applied to other
spaces in the |ithographi c apparatus, for exanple, between the mask and
the projection system | mrersion techniques can be used to increase t he
nuneri cal aperture of projection systens. The term"imersion" as used

her ei n doe8nhibie Praigetion Figtema Inymengion tacbniques ean besused ripgeasa ths numgeeal he -
subnerged |, <TRa bet ween
the proj ect]ls‘lsclj’irllﬂ‘és](il/{1 g%ﬁq&g}r‘]d‘}% su gn%a Pi‘%tuggdpl%és%#g&s n§t1£%q‘(t5%g6

Ref erring stoudhirgysneh a a sybistrate, Idmshbermbmergbdmrhqmé; boésither orddinadrischat bbmd fsr om a
radi ati on squ SO. The source and e lithographi c apparatus nmay be

separ at e efﬂ Ftﬁ%E%twe?%tPe Ja’ﬁtﬂ)cfnesy%ﬁ‘e‘ﬁn{lﬂjgs l%?ﬁf?f% %'E‘gl mer laser. In such
cases, the sourmzs]swmng:mrﬁguﬁbelrﬁmnmfn@tbmm%dive@a ridigdioh bedno gomphi C

appar at us and the radjation beam.is passed fromthe source SOto the

i || um nat ofedjationsqugceSEh The gousge and Hhed HiQpmtisRpRardYS R DEISPRAE CHMISEOT f or
exanpl e, Sékahﬂ#é whél theSlut RS :m &xblep Iaaadmeﬁcwcapeam SOLPRNEREL- coﬁsrue%dher cases

the source may be an integral part of the Iithographic apparatus, for

exanpl e whinmipag of the lithegiaphig apparaturrapd ﬂmmhatmnémwmesed;@omue soese SO to
illumnato h h e |_i d, may
be referre etﬂ(&:)u nalé&%eﬂr[“a’? {htp/: %’ﬁ g § &mvggr Sy&%’b%fi{aﬁ%g %i’rl Nilith lg’%ortatﬁ?_ may
11 ncl qu and;aaipmm&rormémmafbmgm rg:qﬂn&a Iadgtheﬁt:aséé'tbe mulgmlrmy herahern@ﬂ)part of /
istributi e radi ati gn bea ra at | east e outer an or
Mner  r aci OF HEioEBARS SRSy SRR Vi aomet s < RAgviEY e e OHiTE SO B
respecti vedhmuu%n&ftaqmagmww tHdibedrh BEel/APsté BB Ipféﬁﬁﬁedpxlnéf'l?e eferrttd'® as
illum nator can be adj usted. In addition, the illumnator 1L may incl ude
various othediaighP6ieEnt s, such as an int egrator IN and a condenser CO The
iIl'um nat or Mayig tyl t Q. sired
uni form ty and P LARE b el @ TE Ly bl ARG AR REG o RS a0

The radi atintensityahstifiiitios of the ralitivn bearnt. Nkngm]ﬂ}t, et laasnthedater erel/dqrénigr radishsk MA)

which is heId n t he upport structure ( sk tabl.e MI, and is
pat t er ned BY° YéF%FF@tO&évr%léer 9111?113&{?83‘??3?/%1@09 HpFemivRE dbuting

radi ation lhegﬁyﬁg ASS13fe AIRGHIR chl¥e RRIE DL BGSY Bl il 6l hoguses the
beam ont o t portion C of the substrate W he aid of the second
posi ti oni nglndmthe cmwimdtsmgh 45 agrintsgraoo N i a(tem@pnsarCG! rthe ilfusrinatertmayc
device, linear.enco acitive .sensor bst.r ate.ta can be
roved accUPIrE § A §riRRRTbeh! fRiRE ek biRrR Rk BRlhetla 72" e
path of tHheitsafksdecivh. beam B. Simlarly, the first positioning device PM
and anot her posjtion sensor (which is not exp |ICIt|X depicted in Figure 1)

can be used tol%éhm@wn%@an%ﬁ ingidenpemsiae pRtefingdevise fegt mek MAd pat h of
the radi atypg, aﬁamoﬁme%nak s@ﬂﬂoﬁrstrﬁaﬁgi@% %Lskrtg&lémy%dﬁsrmaﬁea@ﬂﬁ "br ary,

or during a scan. general, novenen the mask table
realized matthnmgéeam;l H@fﬂnatramd sharodsk Mrbdm edl(at:@abm li)p@sqsnhnughg)le and a

short-straoke n Lo

oo 11 oni e skent b AbRLILARL A ol kel MPEEH NSt Plig PL Wl
"substrat eheam ﬁf)ﬂhb secmypdaﬁmmaglde\zieansmm go@udn@e@osm(e}geam%&bﬁnﬁﬁd a
short-streé dul e, |chfo m part _of tpe secaqn ositioner PW |n the
case of a w@%’E@ ar(easo Gaeamffes%{lsgrbéhﬁ% 5trafeﬁébl can s MO vRAragrEsHche
connect ed ¢ s@asStB 96§mc§nt Jnﬁl‘r@nt%&éf%ﬁfon@@ |n¥ the Phth 'TRhe ?&hzftioﬁ %Qam Mokl M‘P{) and
substrate be al i gned using mask alignirtent marks , and substrate

al i gnnment ﬂmﬁﬂ%@‘JF‘«llhomﬁg devidetPMb emhenotier pasiiion senser (which nsmat pxmnlk@elasted in

o T TS S R 5

Simlarl y,radlamoﬂlbmeL Qpsftenmdhiagibal vetrieval fram aqnsk dbery, 6r @rrmgladeail @m the nmask
MA, the mask alignnment marks may be | ocated between the dies.




[ 0029] The depicted apparatus could be used in at | east one of the
fol |l ow ng nodes: [0030] 1.In step node, the nask table MI or "nask
support” and the substrate table WI or "substrate support” are kept
essentially stationary, while an entire pattern inparted to the radiation
beamis projected onto a target portion C at one tine (i.e. a single static
exposure). The substrate table WI or "substrate support” is then shifted in

the X and/or Y direction so that a different target portion C can be
exposed. | rgeseralpmaysaeent afifee meskitahleddimay bemrealiped ‘él)%p@§ aidofpl@gstrkamedile he

size of th i [ ' ' i : tG

[0031] 2. 1 ReleEieRERiitd sl ol AL bR T B Bt ol KRATHA B e fir

subst rat e tpakitieniVfdevice P8 ISehitatyemougpment 0 thasubststambiedV's pnthbstnesepperthhi | e a
patternirrparzbed .0 the radiati on beam | I Qj cfﬁeed nto.a.target %tionc
(1o & si TV EHAA Brg e oiaciioRe ™A ot &Ry R o e ST GnfoBy il the
substrate tsadohepd¥ltidder FWURShE @k€oSd el (s sppbaidity 8 séa@ndrithe askiabRMAE MI Or
"mask support” may be_ determ ned b e (de-)magni ficatjon and | mage

h
reversal cHRecereded g Hertshekese o erlpror iy OF fxeks Mask Mé grd st Vhe
maxi mm si %xga]y%t: afigifed G%igg&%&n@hﬁbﬂ nhalrifH N1, n{qﬁ; s%d@u%&te( AliEninlf PR BCANNI Ng

di rection) the“targ portion in a sing ynam c exposure, whereas the
| engt h of withoughdhewubsirataaligomenianasksdsnldestratndodrupyybadiqated targes podionnihey
direction) of .the target rtion, 0 ln t her nmode, th tabl e
MI or " masR¥d 5&08 m?sg a&&gg?twgesnstgr rée ?%ﬁ%sg??teia%gg? ‘y”%r?%r“’%ﬁ’ﬁéa“é’ agl og?lgrrmabl e
pat t er ni ngnAeks). Sémil@lydintsheatoubmiwidéiembreithad o dielis provildsd orathe nmsipMay; the | S

nmoved or scanned while a pattern arted to the radiati on beami s
mask alignment marks nan be locatedrg%tween the d(l)es.

[0029] The depicted apparatus could be used in at least one of the following modes:

[0030F 1. In step mode, the mask table MT or "mask support” and the substrate
table WT or "substrate support” are kept essentially stationary, while an entire pattern imparted
to the radiation beam is projected onto a target portion C at one time (i.e; a single static
exposure). The substrate table WT or "substrate support" is then shifted in the X and/or Y
direction so that a different target poition 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 fo 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.

[06032] 3. In another mode, the mask table MT or "mask support" is kept
essentially stationary holding a programmable patterning device, and the substrate table WT or

"substrate support" is moved or scanned while a pattern imparted to the radiation beam is



projected onto a target portion C. In this node, generally a pul sed

radi ati on source is enployed and the progi ammabl e patterning device is
updated as required after each novenent of the substrate table WI or
"substrate support™ or in between successive radiation pulses during a
scan. This node of operation can be readily applied to maskl ess |ithography
that utilizes progranmabl e patterning device such as a programmable mrror

array of a type as referred to above 033]. Conbi nati ons @d/é)
vari at i ongraFFiedmtonguast RSEe ¢ B@Hﬂ%@@sgeﬁraugépwﬁedéﬁ%@%lswmLﬁﬁep #fd modes
- Of use may, ARGy c%?alﬁﬂﬁglé)gﬁgmm device qug‘aﬁéd L@ﬁ?ﬂ&d%ﬁ&%@é}ﬁh&ﬁwﬁi Sithy
schematic view of  a proj ctlon system PS, his exanple held in a
met r ol ogy stlstrate taie WA qur'sjbeicate suppeyserdmbebeonespcdsesiveandiation pulses dsingsl ogy M-
by any sui_t ab ris ent
nmount i ng, ‘éatncjn%i\n}?gnéf gmﬁﬁ%s dﬂé %pp&hed k%%%%i@%&’hgghaggﬁﬁe%ncl udi ng,
for exanplpfograinthalde phtiehisg devive mndn&oi;ﬁdgrmmnhlbienﬁnrmj amay bhglypy st referbtcby
means of a danper DMP. The danpi ng nass DM and danper DWP will be descri-bed
in more déPEEl bel ow. For the noment, their effects may be onitted, and for
the noment it [(Ry3) b@oxﬁﬁﬁm%ﬂmtvaﬁaﬁéh@dﬁhb S5bvO HeskiMed PAoALESub O eBibifelyem May
coincide with a vi bratl on of danpi ng mass and vice versa. A vibration
of the prd}f‘é@mﬂfmﬁd@)@wwlﬁebﬁ@m@@él ts in a vibration of the danping
mass DM whi ch | or a
vi bration of a‘“‘;%‘?]tﬁgﬁﬁ ?%&gga%ye%l ){%nalg@?{emgsﬁcﬂg%@ng ngge glrlréent
mrror, okxaplchdldara mardlogylfmnmdﬂf Awpndjedtionsysten Remay be habdmlthe mﬂmiogy

i brati the da Such . vi br at d..
SENS. it M BSOS Seeriris cpBRRE &7t BoRbir e e SRR RS e R D0 1 on
neasur enegimsiag ks DM VIRbIOfhT YorifRs M@g@t , fScRIHS, for @andlE Qkigidahhse/is

measur enment sensor, etc. An actuator ACT _is provided which acts_on the

danpi ng meennegd tothe nrpjeetingspeem Be Ry meansef adamper BMF. Shedammingrasss DM aden a
base fra ct| on
body. or - obmiber By Bl bd SelcR AltnreRRAR LRI GV REn ANy BFRIMAARS

act uat or omttedpamdrforstee auomnestut ma;blbceassqp}m tiodft aayihiratmnef the pogértian systepi @2:0
electric actu odi_nent e,.ls de of a Lorent z

act uat or, &%@F@B?‘bgq‘é’ﬁﬁfg‘gfifﬂgg@g (’ﬂ*cer’fﬁ?a lfbw EHOT B FRICH Hoes not

provide f@;vsteﬁl PEEARD tRalts Jﬁ@mtﬂﬁionbyﬂhéﬁﬁtﬂ i enaReDeL, fzvhﬁmﬂBEe sefitdady theeactl on
body or reference, and the danpi ngr as the Lorentz actuat may

provi de f swmser SEHY: Zhe samesholdsder 4 v aV\ﬁ’Q‘I’f anaE Ok BeippoieqHan FSteaSPds 8 E=I’tso t he
base fra Pk B NG6kAR N She t hE

act uat or ”Qleﬁll@% ﬁlgﬂll Ve%%%eﬁﬁgéh%e&gﬁ?gh\%uﬁkgﬁ&g%om roll gr) I n dependency
of a si gndﬂtmnnngmmtdﬂvlb&udﬂvd)rmsmenQENSp serser Sﬁm%mmmrgayadomﬁsquﬂf@nsor

SENS t here oVi n na to the con r not. sho |n fig.

The. agt MBI IRiRee S iR e rorient S forr bl iR AL oo
by the daaa&-ﬁa@uaﬁﬁ@aswnen@behm eﬁbaﬁﬁaémMCDMrmdd‘daﬂﬁﬂl a¢istoh thefambingquency
behavi our of the transfer function of theé‘ﬁéﬁb"’ ection syste tnthexa npl e of

whi ch hasmsadMdladbis erbedinsaly le aFtiaorig ponn etgeeniady ¢ [0035]
The inven EY=ToR I ahe g ng aehlieds danpi ng
system ma%%% @%"ﬁ% 3ﬁ %ag(t er enﬁweﬁgaggﬁgggy%ENS grfgr eﬁ?e Jg?teuﬁé oer ?ACT are
connect edartdthe drenmegupassdpMeRs abivhior mey eaprisé alysiiiepleioppeiscatodisediasiay t o

the projecti st PS. The dampin in t Sesonne to the
proj ect i oﬂl““’%(&/eg?caﬁ E‘mqr’r? PREE §holPd™ e&k@?ﬁ%qs‘éls ad§ F? HSPEF gt}Er)llc Yon of
the proj eﬂl‘éiﬁ@ﬁa%Mﬁé(ﬁB@s'ﬁ&th@ﬁm@?B@pxd%ﬂé‘d Wwhiell dods tnbt previde Eﬂcmeblﬁmfmlgur e 2.

Maki ng use of the danmpi ng the transfer function of the projection
system asoniasklstyess tb%/bqsﬁga@éﬁgol" h&ﬂao%i/cqrﬁ%'{e’@fmeﬁ\@ﬁn the.dagaing Waisy  wi | |

be alterefys A A@gﬁwgﬂ ﬁ&fm ﬂlagglfo%fdte £z doRBARRI RIS WS patich transfer
function, "as observe nsor SENS and actuator A IS deplcted in
figure 4.chetwded ta ﬂierhasmﬁmgarﬁm deanptiseg vaass oespectively.His axplainsd eboveuthet i on

| argely corresponds to that as depicted in figure 2, as bel ow the frequency
FDm a vibration of the projection systemPS results in a corresponding
vibration in the danping mass DM and vice versa. As of the frequency FDm
the sensor SENS and actuator ACT do not or substantially not observe
anynore the vibrations and resonances W the proj ection systemPS, or parts
thereof; instead the frequency behaviour, as observed fromthe sensor SENS
and the actuator ACT, is dom nated by the danping mass DM It may be usefu
to configure the systemso that the danping mass forms a rigid body mass,

at least in a frequency band of the active danping system which may resul t
in the sensor SENS and actuator ACT to observe a transfer function
substantlally correspondlng to a rlgld body nmass, as deplcted |n flgure 4

Y _.: "



[0036] In other words, high frequency resonance phenonena of the projection
systemor part thereof may be decoupled fromthe active system the active
danpi ng system bei ng kept stable by it being | oaded by the danpi ng nass DM
[ 00371 The danping mass nay be connected to the projection systemPS via a
resilient connection, conprising e.g. a spring, such as a danped spring.
Thereby, an effective decoupling of the vibrations and resonances of parts
of the projection system be provided in t frequency range as of Fru.
By desi gni AEUEiHETH qé@??@g@éjwwfé‘f“ﬁgﬁe@% quleﬂﬁpeeewﬁée{ia% %ﬁf_w? i.e. the
frequency ahRwRdwYHEReol SBOS R ouBiut Ykl 81 the Béhsbr SHRY A&l RbAGInL AR inpUst €M
PS to the danpi n‘gn mass DM decreases), | ower than a bandwi'dth of "the active
e

danpi ng sy sigashto thegontralieptnheshowp irulis. By The ectiv¢idampingsysramwdl @tibhottdngct i ve

syst em whi Hﬁpﬁ Mo (V73 , VAR aos t aken
of the subg%%ﬁgﬁ%eﬁ%@%ﬂgﬁge %‘é’%@“&@? %t}%‘&la%p %rr%@g)flr%%uen%% Eam °to
pronot e a $tqizhey lmbeviadriod thedfantfirdumtibn vEthelprofrction syytsinean example of whioBB&] The
danpi ng mags %e onnec, e% to a%né rel.evant part of the projection
system in ?fn% Fd OVFW#‘é HERtSE? BTG a transni ssive projection system
t he danpi ng Mas@o3s]yTHRENRARASELERbW Qevikell GRS stABIliftasidets®f the abehambiy a
plurality of lens elenents thereof). In the case of a reflective projection

system t h&yStENPRHRY fesablpajtersd. Thsspnset RN agg the ertuptar Adearenmaediesl tofle or
nore of th I: r ' ' - MUt i ng

o sy AP TN B JrREnREALESH SRRy B BN SeEAIR hY |

t her ef or e dmuiiing whsp [ mm o isegnnetted todhe prejcdtivrpiynigmdits indhy atioye tanexérepls nount

or frame wiJ)l, have.effect..on a pluralit f ,constituti arts. of th
o of ect  onelsd SR el R drBiot iBlem K5 o pPaRbdtd WA RRELR il e, ng
[egggg]ntz anekiak bisd or”]fﬂhadtlampﬁz@nﬂ@_ € DB thctrdnber ﬁiﬁamrmﬂﬂiatd pr@jéctfoﬁgﬁ%%n%cag 1; r Smi

ss of, the damping mass may be sel ected phetween 0. an :
times a mederRypd RHBe s fig%ﬁﬁ@ﬁ&ﬁ%@%&fﬂﬁ%ﬁga&?efﬁdbé%ﬁé@m@f@m and
0.01 ti ”eseffeﬁﬁofﬂi?é&nﬁﬁngtd?ﬁs PAPOESIcH BihsRY $iiRHbn, 35 oksBREEBYhE DasSrstaseay Firm
in figure 4 can be provided in a frequency range being wthin a desired
bandw dt h astuaton ACHG i depicted ipfigye 4 yBalewn frefpeaneplod, abehaviayr of the tiséercl osed
| oop operat .| Y i . ternative
enbodi nen?ﬁl%l és?{%ag%fgécl?goﬁ %ﬁéqﬂ%oﬂtf%ﬁg?%\;\ﬁécf% a?%iasabcplgr’vg%éﬁeﬂ%@%%gm PSis
shown whi clibiaSorhefithe frgjettiva spwem 08 egyltd harserrdpondingleibfatioginthsdardifiganaks danper

DVP are provided simlarl 0.t hat figure 3. sQ, a sensor SENS is
provi des vm%wdﬁﬁiﬁ‘f?@asﬁﬁgﬁ%? freqgenqy; Wﬁ%%ﬁ?%%ﬁ@@@éwrb%@o%’?ﬁ Feference
to figure sﬁbstﬁiﬁ%ﬂ%n&%b%@é@@ﬂbrerfﬁé’vi%ﬁ%%ﬂg@s@na?ﬂcég df e préle@ionlsfiedh pSal to
the actuator in the enbodi nent described with reference to figure 3

| nst ead ofor penctheneof; dnstrad therfipqueney hehaioun s plservsd fiwaehe sensos SENS@nd Bisdy
ead ¢ : .
Cone o AR EACT ol RS ol A ST R I R oy b0 Bkl 1 LBl e

mass REM mayhabthecaimpmgneds foami ndgid dogy masspadaasiiviavfrequancylbanded tigeiivey. Above
a resonancge frequency qf the spring, the ction mass W | |

Subet ant | AT SR B R AT SENE Rad ST AP AT B o, a
need 10 CIG6HE stRRn@AlytdkBpoRtids HQ ridd@bddyNAdsY, B akficisdlTiga® Poaee frane

BF, may be omtted in the flgkt;re 5 enbodi nent, thereby possi blé provi di ng
an addi t i daehwerdlyrdepinyg trgnsiseivetdngs af the Siegveney Fon Effgeftvelyeasdgrmpirerg they st em

PURSISSN | ' j by.
Fo0a1] " Al CHBRERETS ARl of SR LR o TR BB R R Y
r ef er ence ptjectiopsysieac isintuskeiintibaprodence dfithdwbyipdipg hass ahichria¢festivdlpe i nvention

may be applied an rojection "
y P ri)ntcrposeE:l getw n 1?16 sensor am? actuator on the one hand and the projection system PS on the

other hand. Therefore, as of the frequency Fpym, 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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system or even nore generally to any structure which is to be nechanically
danped by an active danping system Thus, the invention as well as the
enbodi ments described in this docunent may be provided as as |ithographic
apparatus conprising a projection systemand an active danping system as a
proj ection assenbly conprising a projection systemand a active system and
as a conbination of a structure and an active danping systemto danpen the

structure. 0042 t hough specific reference ma e hLn this text
Co the uscTloe FEho gt B e o ¢ I e TR R e 08, ' Choul G

be under stggctdhalstbh Beldvid R ipRIYIS nARPAFAbME heisad thethnbsoehe prayctibay e

ot her appl’ications, such_ as the manufacture of integrated I@gﬁi cal systens,

gui dance aydfemetnslagpiam rigid body mmass bpingRigyided by thedampingBes IM s § | at - panel
di spl ays, Jghﬁ’éithékc&ra)%taf’é of MR @¥StuhltfohS) of th be%dehmdman%ﬁ&v@ahﬁ@s, etc.
ed artisan I nt

The skil | appreciate that, | e context of such
al t er nat i vensipylbeleayiduo iieretarppssitd e fayburingen stablehshavier of thegetivediampinger ei n may
be considere

d as synonynous WM t nor e ! te" or
oy oot ooty aomb R Rter Y J tnd B AR, B peb ol or YRRAIRA' = OF
pr ocessed, frdyRémies, e danfing massM wiag itséiNadair showaephances. Thae kes¢mantesol  t hat
FL0SE) Y cherrioney oF BTSSP HBT B b 6t b
di scl osur %t‘a.ﬁ'%:ir%irﬁ'as@)(/[ B8y BRBL Wehi églg%&ﬁpleﬁﬂﬂoﬂmﬁin tBAtBShE BicfecREPSeRAL NT

tools. Fur the substrate nmay be processed nore than once, for exanple
in order tsuckbabavieurmyredsily b¢ aghisved ig 2 psestic] amplementpiionainamadticdlt e used herein
may al so r.efer tpo..a t th | _r i t 194 ggessed

| ayers. 1mp?efr86%§?n,iﬁ1ﬁeg&§t¥§g%i§1fa¥?.g. ]r%gﬁ )éétr! g%(@:;e&lrra a&e&flrgg@n nmade above to
t he use ofdasphpdhaeDMemey thefeby behesdsiaaigid bodyhe te df kExtDugfto tiix dopaiwardly

l'ithography, .it will be a eci ated that. the invention_.may be used in other
appl i cat c#f%?,m& a‘@%ﬁﬁ? B'Erf;#ﬁ?'i“ﬁ?ori W’ﬁ'ﬁ?&a&%ﬁp“}m&?‘” Vé‘ﬁfﬁ Wl\ﬁg [‘frgq%ﬁgy @8Rt ext

al I ows, i §eflen i tiste@fngi1915U0thE 85000 HzNRBEBPRHsiblyRnbIRE b Rop Lddfadiiby a
topography in a patterning device defines the pattern created gn a

subst r at e.of heactivpdsenoingisysten tq drep below apity gain, adighdevony sdlespestieniofitht o a
| f j . i t i 3 db
ayer of r %@éﬁfé%@g}%t?@, ‘&%&ﬁ Jgﬁmﬁﬂg 2 &fggtl@)pggﬁrcﬁﬂ%%edbﬁ'& IB%S&iftﬁe dciivEur ed by

applying e I on essure or a conbination
t her eof . Tamppeisyeemiangloderiramency ramgeed out of the resist |leaving a pattern

init after th (st is cured. .[0044] The terns "radiation",.and "bean!
used herein eni@?ﬁﬁb&"ﬂ&?l‘voﬁfjpﬁgh ’g{squgp (SRR OIIL- (0] rﬁ’é?qoglefl%&!tﬁ? PRI ng
ul travi ol ek phithfkrebislhpbd dBodpRedFront Y hdtife Sysway Heabipelambingbystabbeitg kb, 248,

d
193, 157 or 126 nm and extrenme ultra-violet (BUV) radiation (e.g. having a
wavel engt Istable yriebeingigeded by thealgmpipg maggsDNe| | as particle beans, such as ion

beams or el ect r[m7p%ﬁ‘é@amping mass may be connected to the projection system PS via a resilient
connection, comprising €.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 bandwidih of the active damping system, i.e. in
other words by providing a bandwidth of the active system which exceeds the frequency Fpum 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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[ 00451 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.
[ 0046] Wil e specific enbodiments of the invention have been descri bed
above, it will be appreciated that the invention nmay be practiced ot herw se
than as descri bed. For exanple the invention nay take the formof a

conput er progra ai one or re sequences  of machi ne-readabl e

i nstructions demggh‘f‘g‘p ‘WE?EI“’% BPYREYEE bRy anigRrtf herroietigh age

medi um (e. Gyst&RITh & PRiGE fhipl SR on o!f@ﬁ'&%}d]é?m@ _Frcﬁ’&hbl?%lste‘fﬂ %daﬂ?}ﬂ oRghssuch a
conmput er program stored therein. hé descri ptions above are

i nt ended t Gndydejcpangsted kx4 lges mewt (il ﬁrillollﬁgfor Hmiurghtwa lenp Elemppets tsrsaf)elntthe 0 one
killed n n.a
"SRRG R B ST o oL DY 7S,

descri bed wthout departin
VHAT | S CLAbNIEIR dnSpr mare oAtHelnmhoqr ‘e, thp prjatiorssysenpantd $ts eonstiaming parts

const ot edY B SURBAT JamAh Pt B e EPinE e ot LERARG IS bei ng
capabl e of coifpatidg thdactiheddndfinSdvkem) REBEenb fburit oP Bhrh& Wil hd’ireleffﬁct‘éﬁ @ss-section
to forma patterned radjati on beam
plurality of constituting parts of the projection system, e.g. lens elements, mirrors, etc, as these
constituting elements are all in turn connected to the lens mount or reference frame.

[0039] A mass of the damping mass may be selected between 0.001 and 0.1 times a
mass of the projection system, more particularly between (.001 and 0.01 times the mass of the
projection system, as thereby the frequency Fpy in figure 4 can be provided in a frequency
range being within a desired bandwidth of the active damping system, thereby favoring a stable
closed loop operation of the active damping system.,

[0040] An alternative embodiment is depicted in figure 5, where again a projection
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 omifted 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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a substrate table constructed to hold a substrate; and a projection system
configured to project the patterned radi ati on beamonto a target portion of
the substrate; the lithographic apparatus further conprising an active
danpi ng systemto danpen a vibration of at |east part of the projection
system the active danping system conprising a conbination of a sensor to
measure a position quantity of the projection systemand an actuator to

exert a force on the projection systemin,d ndency _of i ovi ded
byt he- seri¥ar PHYSAEPT ARG Sy B R Ponaersa Sudefby B Do Togs
the' danpi ng+ @&l H8tcMOTRRGHENS thvetidn'se well @j e embodisyst depcribed in Fie -

| i t hographi ¢ apparatus according to ¢Jaim1l, wherein the danpin mass i's
connect ed dasumprt myyde gravidsa asipd hig 2pparatyy qOMPREINE B ATOKCHY .Steg’§.n Fhe

ot e AR 3 O s R e
system, and as a combination of a structure and an active damping system to dampen the
structure.

[0042] 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
“target portion", respectively. The substrate referred to herein may be processed, before or after
exposure, in for example a track (a tool that typically applies a layer of resist to a substrate and
develops the exposed resist), a metrology tool and/or an inspection tool. Where applicable, the
disclosure herein may be applied 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 subsirate 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 linited to optical lithography. In imprint lithography a topography in
a patterning device defines the pattern created on a substrate. The topo graphy of the pafterning
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.

[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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4. The lithographic apparatus according to claim2, a roll-off frequency of
the resilient connection being 1ower than a bandw dth of the active danping
system 5. The lithographic apparatus according to claiml, wherein the
danmping mass is connected to a lens nount or lens flange of the projection
system 6. The lithographic apparatus according to claim1l, wherein a nass
of the danping mass is between 0.001 and 0.1 tines a nass of the projection
system 7. The lithographic apparatus according to claim®6, wherein the
mass i s beab@ersN)208)19H1E7 0r 06 dn)mas extreenerndiss viofet (H1EV pmdipdet (e griasingtaem 8.

A projection assenbly conprising: - a._projection system. cqnfigured to
o 6] o6t t hBATERI &b AR oL ET A U SO R BE ROt 1D PP Qe
substrate; paapn active danping systemto danpen a vibration of at |east

part of the proéﬂecti on system the active danping system conprising a
combi nati on of 043 e ternglens’a siliene the qnisktallows.qupiteter p apy onaqs coypbipdian; on

St B L T oy BRSRICAE RL RlgR o1
electromagnetic and electrostatic optical components.

[0046] 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.

[0047] The descriptions above are intended to be illustrative, not limiting. Thus, it will

be apparent to one skilled in the art that modifications may be made to the invention as

described without departing from the scope of the claims set out below.

15



the active danping system bei ng connected to a danpi ng mass, the danping
mass being connected to the projection system 9. The projection assenbly
according to claim8, wherein the danping nmass is connected to the
projection systemvia a resilient connection. 10. The projection assenbly
according to claim9, wherein the resilient connection conprises a spring,
such as a danped spring. 11. The projection assenbly according to claim
10, aroll-off frequency of the resilient connection being | ower than a
bandwi dt h oWHAE I5EL Kpi ng system 12. The projection assenbly
according to claim8, wherein the danping nmass is connected to a | ens nount
or lens flange of the projection system 13. The projection assenbly
accordi ng tn clAlifddraphhedp@hins cdBpsis@: t he danping mass is between 0.001
and 0.1 tines_a nass of the projection system, . 14. The projection
assenbl y ofarblilammailsnw%%icmﬁ%edw@@n%wﬁétr%&@tw@%m and 0.01 times the

mass of the, gr0h8elh@Rcd 36 §lPport 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; 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.

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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15. A conmbination of a structure and an active danping systemto danpen a
vibration of at |least part of the structure, the active danping system
conprising a conbination of a sensor to neasure a position quantity of the
structure and an actuator to exert a force on the structure in dependency
of a signal provided by the sensor, the active danping system bei ng
connected to a danpi ng nmass, the danpi ng mass being connected to the
structure. 16. The conbi nation according to claim 15, wherein the danping
mass is corfectidd lithrgraphisanparatusrascariingo elebn ILi whereiashnassof g damping mass is
conmbi natio cordi c/)- al ' - | | i ent connection

conpri ses }eﬁﬁFﬁﬁgﬁﬁgﬂgﬁjdéﬁgp%é%%% §%§#ﬁ6ﬁ&??§&%#he conbi nati on accordi ng
to claim16, a roll-off frequency of the resilient connection being | ower

than a bandw dth of the_active danping system 9.. The conbj nati on
accordi ng tle clTaehhograniiraaneriatus agerdingfo tlgen Gl rﬁ'ﬁtﬁ‘é@ésﬁ@bﬁ@f%grﬁ)%.a@@)l

and 0.1 tinEs @niBh nﬁgséﬂﬁeéﬁd‘é&‘%ﬂ% em.20. The conbination according to

claim 19, wherein the nmass | etweeh 0,001 and 0,01 tinmes the nmass of the
structure. 21. A nmethod of danping notion of a projection systemof a

| i t hographic apparatus, the aratus including an active danping system
that is coﬁnectpte?fqeﬁt‘?%%ssﬁqlhﬁ/pé}g’mpgﬁm%st em the method conpri sing:

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

the substrate; _
- 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.

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 roli-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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measuring a position quantity of at |east part of the projection system

and

operating an actuator of the active danping systemto exert a

force on the projection systemof the |ithographic apparatus in accordance
with the nmeasured position quantity.

14. The projection assembly of claim 13 wherein the mass is between 0.001 and 0.01 times

the mass of the projection system.

15. A combination of a structure and an active damping system to dampen a vibration of at
least part of the structure, the active damping system comprising a combination of a sensor to

measure a position quantity of the structure and an actuator to exert a force on the structure 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 straciure.

16. The combination according to claim 15, wherein the damping mass is connected to the

structure via a resilient connectior.

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 to claim 15, wherein a mass of the damping mass is between

(.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 sfructure.

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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operating an actuator of the active damping system io exert a force on the projection

system of the lithographic apparatus in accordance with the measured position quantity.
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