1 A METHOD FOR DAMPI NG AN OBJECT, AN ACTI VE DAVPI NG SYSTEM AND A

LI THOGRAPHI C APPARATUS FI ELD [ 0001] The present invention relates to a
met hod for danping an object, an active danping systemand a |ithographic
apparatus. BACKGROUND [0002] A lithogfaphic apparatus is a nmachine that
applies a desired pattern onto a substrate, usually onto a target portion
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device, which is alternatA WSTHOGRAPIHC APPARATHS®SKk or a reticle, may be
used to generate a circuit pattern to be fornmed on an individual |ayer of
the I1C. This pattern can be transferred onto a target portion (e.g.

i ncluding part of, one, or several dies) on a substrate (e.g. a silicon
wafer). Transfer of the pattern is typically via imging onto a | ayer of
radi at idELEensitive materi al (re5|st) provi ded on the substrate. In
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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] In the known lithographic apparatus, a so-called metrology frame or metro
frame is provided. This metrology frame is often used as a reference frame for movements of
the patterning device supported on the patterning device support and the substrate supported on
the substrate support. Furthermore, this metrology frame is used to support the projection
system of the lithographic apparatus so that the projection system is held at a substantially
stationary position with respect fo the metro frame.

{0004] The metro frame is in the known lithographic apparatus supported by a base
frame which is configured to be placed on an underground, for instance a floor. In order to

avoid or at least decrease vibrations in the base frame, for instance originating from the floor or



avoid or at |east decrease vibrations in the base frame, for instance
originating fromthe floor or 2 when an actuator of the patterning device
support or the substrate support, is propagated to the netro frane, the
metro frame is supported by an active danping system The active danpi ng
systemtypically includes three air nounts between the base frane and the
metro franme, each. including. 9 ik 1 todh
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an absolute fashion, i.e. with respect to the fixed |
matrix T is provided to transform the control signals to actuator signals F'1, F2, ¥3, for the

respective actuators of the active air mount AM1, AM2, AM3.

[0007] In this way an active damping is created that allows damping of metroframe
motion in at least the three indicated directions. An active damping system may also be
configured to control a different number of degrees of freedom. For instance, by measuring a
velocity in two directions in each air mount the projection system movements may be actively
damped in six degrees of freedom, Usually, the damping is performed with respect to logical
coordinates having the center of gravity of the metro frame in combination with the objects
supported by the metro frame as coordinate system origin. Other origin locations are also
possible. When the velocity is measured in an absolute fashion, i.e. with respect to the fixed
world, as opposed to measuring it with respect to the base frame, this damping is also referred
to as skyhook damping.

[0008] The skyhook dainping performance is determined by its bandwidth. The
bandwidth is limited by metro frame resonances. For example, lowest resonance frequency of a

metrology frame of a known lithographic apparatus is as low as 150 Hz, as a result from limited
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worl d, as opposed to neasuring it with respect to the base frane, this
danping is also referred to as skyhook danpi ng. [0008] The skyhook danpi ng
performance is determned by its bandwi dth. The bandwidth is [imted by
metro franme resonances. For exanple, |3west resonance frequency of a

metrol ogy franme of a known |ithographic apparatus is as low as 150 Hz, as a
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I n which danping performance, in particular the bandw dth of the danping
control system nay be inproved. [0011] According to an enbodi ment of the

I nvent SOIMMARYe is provided a nethod for danping an object in two or nore
degrees of freedom including providing a multivariable control system

I ncl uding a position quantity neasurenent systemto neasure a position
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different dynamic modes of the object, and a controller unit for each dynamic mode, the control

signal for the two or more actuators being based on output signals of the controller units of each
dynamic mode of at least one degree of freedom, measuring a position quantity at each of the
two or more measurement locations; extracting from the measured position quantities a
measurement signal for each dynamic mode, feeding the measurement signal of a dynamic
mode to a controller unit of the controller device associated with the respective dynamic mode,
the controller unit providing for each dynamic mode an output signal on the basis of the
respective measurement signal, providing a control signal to the two or more actuators, the
control signal being based on output signals of one or more controller units.

[0012] According to an embodiment of the invention, there is provided an active
damping system to damp an object in two or more degrees of freedom, including: two or more
actuators connected to the object; a position quantity measurement system to measure at two or

" more measurement locations a position quantity of the object; and a multivariable control
system, including a controller device configured to provide a control signal to the two or more

actuators on the basis of the measured position quantity, wherein the controller device includes:



control signal being based on output signals of one or nore controller
units. [0012] According to an enbodi nent of the invention, there is
provided an active danping systemto danp an object in two or nore degrees
of freedom including: two or nore actdators connected to the object; a
position quantity neasurenment systemto neasure at two or nore measurement
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dynamic mode of at least one degree of freedom.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] 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:

[0015] Figure 1 depicts a prior art active damping system configured to damp a metro
frame of a lithographic apparatus; '

[0016] Figure 2 depicts a lithographic apparatus incorporating an active dampmg
‘system according to an embodiment of the invention;

[0017] Figure 3 depicts an active damping system according fo an embodiment of the

invention;



[0014] Enbodi nents of the invention will now be described, by way of
exanple only, wth reference to the acconpanying schematic drawings in

whi ch correspondi ng reference synbols indicate corresponding parts, and in
whi ch: [0015] Figure 1 depicts a priorsart active danpi ng system configured
to danp a netro franme of a |lithographic apparatus; [0016] Figure 2 depicts
alit hograpﬁlom@ipﬁ 1R Heri A€ @ HRAEPS S tHE nffrodFdrhd/ € danmpi ng system according
to an enbodi nent” of the i'nvention; [0017] Figure 3 depicts an active
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schene whtrbi ghe@e 68Figane6d;0023] Figure 7 depicts extraction matrix D
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DESCRI RTLEN chg%éhf%@a.%ngchenat ically depicts a |lithographic apparatus
according to one enbodi mént of the invention. The apparatus includes an
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beam B (e.g. WV radiation or any other suitaple radiation), a atterning
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suppor tpadespat t erning device (e.g. a mask) MA and connected to a first

positioning device PMconfigured to accurately position the patterning
device in accordance with certain paraneters. The apparatus al so includes

a substﬁﬁglﬁﬁgﬁmﬂémvafer table) WI or "substrate support”

[0024] Figure 2 schematically depicts a lithographic apparatus according to one
embodiment of the invention. The apparatus includes an illumination system (illﬁminator) IL
configured to condition a radiation beam B (e.g. UV radiation or any other suitable radiation), a
patterning device support or support structure (e.g. a mask table) MT constructed to support a
patterning device (e.g. a mask) MA and connected to a first positioning device PM configured
to accurately position the patterning device in accordance with certain parameters. The
apparatus also includes a substrate table (e.g. a wafer table) WT or "substrate support"
constructed to hold a substrate (e.g. a resist-coated wafer) W and connected to a second
positioning device PW configured to accurately position the substrate in accordance with
certain parameters. The apparatus further includes a projection system (e.g. a refractive
projection lens system) PS configured to project a pattern imparted to the radiation beam B by
patterning device MA onto a target portion C (e.g. including one or more dies) of the substrate
Ww.

[0025] The illumination system may include various types of optical components, such
as refractive, reflective, magnetic, electromagnetic, electrostatic or other types of optical
components, or any combination thereof, to direct, shape, or control radiation.

[0026] The patterning device support holds the patterning device in a manner that
depends on the orientation of the patterning device, the design of the lithographic apparatus,



constructed to hold a substrate (e.g. a resist-coated wafer) Wand
connected to a second positioning device PWconfigured to accurately
position the substrate in accordance with certain paraneters. The -
apparatus further includes a projectiongsystem (e.g. a refractive _
projection |l ens system) PS configured to project a pattern inparted to the
radi ation ;b A ' | H ig- 0.
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phase- shif 'd@&jﬁﬁﬁjres or so called assist features. CGenerally, the
pattern i1nparted to the radiation beamw ||l correspond to a particular
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phase- s raridtattenuated phase-shift, as well as various hybrid mask types. An example o

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.

[0029] The term “projection system™ used herein should be broadly interpreted as
encompassing any type of projection system, including refractive, reflective, catadioptric,
magnetic, electromagnetic and electrostatic optical systems, or any combination thereof, as
appropriate for the exposure radiation being used, or for other factors such as the use of an
immersion liquid or the use of a vacuum. Any use of the term “projection lens” herein may be
considered as synonymous with the more general term “projection system”.

[0030] As here depicted, the apparatus is of a transmissive type (e.g. employing a
transmissive mask). Alternatively, the apparatus may be of a reflective type (e.g. employing a

| iarogrammable mirror array of a type as referred to above, or employing a reflective mask).
[0031] The lithographic appatatus 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



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

exanpl e of a progranmmable mrror array enploys a matrix arrangenent of
small mnors, each of which can be individually tilted so as to reflect an
i ncom ng radiation beamin different directions. The tilted mrrors inpart
a pattern in a radiation beamwhich is reflected by the mrror matrix.
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a radiation system. ’

[0034] The illuminator IL. may include an adjuster AD configured to adjust the angular

intensity distribution of the radiation beam. Generally, at least the outer and/or inner radial
extent (commonly referred to as c-outer and c-inner, respectively) of the intensity distribution
in a pupil plane of the illuminator can be adjusted. In addition, the illuminator IL. may include
various other components, such as an integrator IN and a condenser CO. The illuminator may
be used to condition the radiation beam, to have a desired uniformity and intensity distribution
in its cross-section.

[0035] The radiation beam B is incident on the patterning device (e.g., mask} MA,
which is held on the patterning device support (e.g., mask table) MT, and is patterned by the
patterning device. Having traversed the patterning device (e.g. mask) MA, the radiation beam
B passes through the projection system PS, which focuses the beam onto a target portion C of
the substrate W. With the aid of the second positioning device PW and position sensor IF (e.g.

an interferometric device, linear encoder or capacitive sensor), the substrate table WT can be



formpart of the |ithographic apparatus and the radi ati on beamis passed
fromthe source SOto the illumnator IL with the aid of a beam delivery
system BD i ncluding, for exanple, suitable directing mrrors and/or a beam ’
expander. In other cases, the source mag be an integral part of the

|'i t hographi c apparatus, for exanple when the source is a nmercury |anp. The

source Sgoddihacchiely, d.¢!¥b Bgidposttlen diffaehitareetbériiohdle ubﬁﬁrpaﬂ%ﬁtﬁ@famaimﬁt em

BDif required, may be referred to as, a radiation system [0034]
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form pante gksthe first positioning device PM Sinmilarly, novenent of the
substrate table WI or "substrate support" may be realized using a
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"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 portion C can be exposed. In step mode, the
maximum size of the exposure field limits the size of the target portion C imaged in a single
static exposure.

{0038} 2. In scan mode, the patterning device support (e.g. mask table) MT or
"mask support” and the substrate table WT or "substrate support" are scanned synchronously
while a pattern imparted to the radiation beam is projected onto a target portion C (i.e. a single
dynamic exposure). The velocity and direction of the substrate table WT or "substrate support"
relative to the patterning device support (e.g. 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



MI' may be connected to a short-stroke actuator only, or may be fixed.
Patterning device (e.g. mask) MA and substrate Wmay be aligned using
patterning device alignment marks M, M2 and substrate alignnment marks Pl,
P2. Although the substrate alignnment rmarks as illustrated occupy dedicated
target portions, they may be |ocated in spaces between target portions
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is supported on the base frame BF with an active damping system including three air mounts

AM. Each air mount AM includes an air mount sensor AMS configured to measure a position
quantity of the metro frame, for instance a position, velocity or acceleration, and an air mount
actuator AMA, configured to exert a force between the metro frame MF and the base frame BF
to compensate for forces or vibrations coming from the base frame BF.

[0042] An air mount controller AMCD is provided to provide actuator signals to each
of the actuators AMA on the basis of the measured position quantities of the air mount sensors
AMS.

[0043] As discussed with respect to Figure 1, the air mount controller AMCD may be a
multivariable controller including a transformation device to transform a measured position
quantity in a measurement direction to a degree of freedom in logical coordinates. For each
degree of freedom a controller unit is provided which provides a control signal on the basis of

the measured position quantity. To transform the control signal for the respective degree of



after each novenent of the substrate table WI or "substrate support™ or in
bet ween successive radiation pulses during a scan. This node of operation
can be readily applied to maskless |ithography that utilizes programable
patterning device, such as a programmablge mrror array of a type as '
referred to above. [0040] Conbi nations and/or variations on the above
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| nst ead Of US| ng e conv 'ona rdinates (z, Rx, Ry)
[0046] According to an embodiment of the invention, for each degree of freedom,

measurement signals representing one of these dynamic modes may be extracted from the
measured position quantities. By providing a controller unit for each of these measurement
signals representing a specific dynamic mode, and dedicating this controller unit to the
dynamic mode it controls, movements or vibrations can be controlled more accurately.

[0047)] In Figures 4-7 the extraction of two measurement signals from the measured
position quéntities will be explained, in particular the rigid body mode and the bending mode
associated with the rotation about the x-axis Rx. In a similar way, measurement signals may be
extracted and controlled for other degrees of freedom of the object supported by the active
damping system.

| [0048] Figure 4 shows a schematic side view of a model of the metro frame MF. Two
body parts (1, 2) are connected through a rotational spring with stiffness cr and a very large
vertical stiffness cz. Mass m2 represents the mass of the main body MFMB, in this example
1500 kg. m1 represents a mass of a metro frame arm, of for instance 500 kg. Actuating a torque

on this structure by using actuators 1 and 2 generating an equal force in opposite direction (F1



extracted fromthe measurements of the three air nount sensors AMS, nore
than three neasurenent signals are extracted fromthe position quantity
measurenents, each neasurenent signal representing a specific dynam c node
of the metro frame, for instance a rifigid body node or a bendi ng node, as
wi |l be explained. [0045] Figure 3 shows a control systemor controller
according to such enbodi ment of the invention. I@, Fegure 3, iffﬁbg‘gg_be seen
that tFeFapwilbfesalhin anw@mp@@chawdﬂwn%thﬁawﬁ hg igang HeR VFA.
The arns MFA are not infinitely stiff coupled to the 2r?etroframs mai n body
MFIVB, ! o817 i A Berddifld HRHE thsBRML bHsNES, ifBthis The
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this controller unit To the dynamc node it controls, novenents or
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[0048] Fi gun LirebASidlfVR O, IBR46parAt coftfolRRLAR frame
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opposite direction ( result in.a Rx notion, which is

det er mcassRpylhcontrolisignal Tpy is seaido thetrastrmption IOwhich calculates the forces

Fz1 and Fz2 to be actuated by the air mount actuators AMA in order to damp the movement in

the Rx degree of freedom. It is noted that the controller may provide further actuation signals to
dampen movements of the metro frame MF in other degrees of freedom (as shown in Figure 3).
[0051] The extraction device or extractor D providing the measurement signals Rx1

and Rx2, can be constructed by using combinations of z1 and z2, as shown in Figure 7. The
rigid-body mode can for example be extracted by using rx, = az, - (1-a)z,. The factor o is
based on the model parameters; for the embodiment of the metro frame MF shown in Figure 3,
o=0.35717271071802. Effectively, the rigid-body rotation around a specific point is used, such
that the bending mode is ‘invisible’. It is remarked that if m1=m2, «=0.5.

[0052] One way to find « is the following. The equations of motion of the system,
describing the relation between the torque on the system (F1-F2) with the measurement
rx, = ez, — (1 — )z, can be determined mathematically. This transfer function has poles of

which the position coincides with the modes of the system. Typically, since a position

measurement is considered, a constant torque will lead to a constant acceleration of Rx. Thus



(11 +12) fromtorque to Rx position is shown in Figure 5. A bendi ng node
resonance i s observed, in this exanple, around 250 Hz. In practice, the

phase behavi or around this resonance frequency will be such that x
cl osed-l1oop stability at this point isendangered. This may be caused by
phase behavi or of conponents in the control |oop, |ike anplifier and
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of the controller in a digital conputer. [0049] Now as shown i'n Figure 6a,
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degrees of freedom (as shovvn e 3). [0051] The ‘extraction device or
extract amtlﬁ)rqspw tcdmﬁgThmmtatmampélMIS hmgmclr 80RkE samechnixi2pernsia on il

constructed usi ng .conhi nati ons of and z2,_as shqgqwn . in Figure 7,
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The f bt Q&Rﬁoﬂeﬁn whR 3esndiet %aﬁ%plﬁ@&%taql her b tlﬂ%fnq gppnt of the

metro frane own in Figure 3, a=0. 35717271 7180 ectively, the
rigid- bmwSMMt(ﬁmoa:rmmj:leatlap%détoah@opmmdnmluwcefcﬁ"%&ch t hat the bendi ng
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function has [ﬂﬁﬁfdstw agaihirefbrrinigdo Pigsire 3.digwoBrsbodes contrdl systemmodfgured ta he
system Ie%r?ove};len% o?‘a me%rcj3 198' : L/ﬂ‘n in three degrees of freedom, z, Rx, Ry, wherein, for

each degree of freedom, measurement signals for the rigid body mode and the bending mode

are extracted from the measured position quantities.

[0056] Thus, in the controller of Figure 3, two sets of measurement signals are used, the
first set, z_rig, Rx_rig, Ry rig, representing the rigid-body mode of the respective degree of
freedom, and the second set z_res, Rx_res, Ry res, representing the bending mode. The
measurement signals , z rig, Rx_rig, Ry rig, z res, Rx res, Ry res, are obtained by an
extraction device D configured to extract these measurement signals from the measured
position quantities z1, z2, and z3.

[0057] For each of these measurement signals, z_rig, Rx_rig, Ry rig, z res, Rx_res,

Ry _res, a separate controller unit Cz_rig, Crx_rig, Cry rig, Cz res, Crx_res, Cry_res is
provided. Each controller unit controls the respective dynamic mode of the respective degree

of freedom. Each controller unit Cz_rig, Crx_rig, Cry_rig, Cz_res, Crx_res, Cry_res provides

on the basis of the respective measurement signal z rig, Rx_rig, Ry rig, z res,Rx _res, Ry_res,



measurenent is considered, a constant torque wll lead to a constant
acceleration of Rx. Thus 12 there will be 2 poles are at the origin, and
two poles are at the resonance frequency as shown in Figure 5. Further,
the transfer function has zeros of whiigh the position is dependent on a.
Now, a value of a is selected such that the [ocation of the zeros matches
that Ofantdﬁ?ptﬁgigﬁél. fif tht BRIboBRAMN ey fif BIGHRS the oliihit skaMIs dffie AgiHDBIgancel

t he pol es, an ence the resonance behaviour is no longer present. This
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that is.d t del t Ik oo .tia [
St 11 neue ey oL 1o S0 orRA R e oS P B RRERL
by usi g, FrvetrgeflesdMesRE of Freaddhm 22Rx/Ry. = 18i, + (i - /3)z2 . The factor
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of freedom 2z, Rx, Ry, wherein, for each degree of freedom neasurenent
si gnal slafuping dystem lyis detrodgscribetbtosigpenn a nsiedtane eiribthographissapparafisdAfr om

t he neasure asition quant.itie | T 1Nk |l Fi gure
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Ry_ri g,supgditifs end damepibdendth@djdredy node of the respective degree of
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res, ar | Al | ' t hese
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[ 0057] ektactimaieviet it doafigured as prosidentesignenssigral forgwoRr mdrg dyiymicimpdey 1 es,
Rx res,

in each controlled degree of freedom. In alternative embodiments, it may however be possible

to extract measurement signals for different dynamic modes for only a part of the controlled

. degrees of freedom. For instance, if a certain undesired resonance is mainly present in one
degree of freedom, this degree of freedom may be controlled by controlling different dynamic
modes of the respective object, while other degrees of freedom are only controlled by a single
controller. In another embodiment, more than two dynamic modes for one degree of freedom
may be determined in order to enhance control accuracy.

[0061] Hereinabove the damping of movements of a projection system supported by
active mounts was described. Embodiments of the invention are however not limited to objects
supported by active mounts. An embodiment of the invention can also be applied with sensors
and actuators arranged at any suitable location on the object. The actuators may damp
movements of the object by exerting forces on the object on the basis of the position quantities
measured by the sensors.

[0062] 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



Ry res, a separate controller unit Cz rig, Cx_rig, Gy rig, Cz_res, Cx
res, Cry-Yes is provided. Each controller unit controls the respectlve
dynam ¢ node of the respective degree of freedom Each controller unit Cz
rig, &xrig, Cyrig, Czres, Cx res,q4Cry_res provides on the basis of"-
t he respective neasurenent signal z_ rig, Rx_rig, Ry rig, z res, Rx_res,
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enhance control ?chrac
cured by applying electromagnetic radiation, heat, pressure or a combination thereof. The

ver be

patterning device is moved out of the resist leaving a pattern in it after the resist is cured.

[0064] 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 jon beams or electron
beams.

[0065] 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.

[0066] 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



[ 0061] Herei nabove the danping of novenents of a projection system
supported by active nounts was described. Enbodi nents of the invention are
however not limted to objects supported by active nounts. An enbodi nent
of the invention can also be applied wsth sensors and actuators arranged
at any suitable location on the object. The actuators may danp novenents of
the objg&diuiYe 8X&nlicOdubr R, hihepRlo? SptiG d sﬂ?hﬁﬁﬁ%ﬁlcﬂfaﬁo ups! tion
guantities neasured by the sensors. |[0062 t hough specific reterence nmay
be maderogramistered hereino t he use of |ithographic apparatus in the

manuf act ur e it should be underst that the lithagraphic a rat us
T oscrt od o6l B debgrtingy S Emes mirsmied Bopd ifiteed oo iR e AR 1 e
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magneti c domain nmenories, flat-panel displays, [|iquid-crystal displays

( LCDs) ,desdribed pyithenhdepasinediora dlepsscope ef thetedaimigiset aadbelowt san wil |  appreci ate
that, in the context of such alternative applications, any use of the terns
"wafer" or "die" herein nay be considered as synonynous with the nore
general ternms "substrate” or "target portion", respectively. The substrate
referred to herein may be processed, before or after exposure, in for
exanple a track (a tool that typically applies a layer of resist to a
substrate and devel ops the exposed resist), a netrology tool and/or an

i nspection tool. Wiere applicable, the disclosure herein may be applied to
such and ot her substrate processing tools. Further, the substrate nmay be
processed nore than once, for exanple in order to create a multi-layer IC,
so that the termsubstrate used herein may also refer to a substrate that
al ready contains nmultiple processed |layers. [0063] Although specific
reference may have been nmade above to the use of enbodinents of the
invention in the context of optical lithography, it wll be appreciated
that the invention may be used in other applications, for exanple inprint

| i thography, and where the context allows, is not limted to optical
l'ithography. In inprint |ithography 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 el ectronmagnetic
radi ati on, heat, pressure or a conbination thereof. The patterning device
is nmoved out of the resist leaving a pattern in it after the resist is
cured. [0064] The terns "radi ati on” and "bean used herei n enconpass al
types of



el ectromagnetic radiation, including ultraviolet (UV) radiation (e.qg.

havi ng a wavel ength of or about 365, 248, 193, 157 or 126 nn) and extrene
ultra-violet (EUV) radiation (e.g. having a wavelength in the range of
5-20 rim, as well as particle beans, sgch as ion beans or electron beans.
[ 0065] The term "l ens", where the context allows, nay refer to any one or

conbi natmfr% CYT%WI ypes of optical conponents, including refractive,
reflective, magne el'ectronmagnetic and el ectrostatic optical

conponents. [0066] While specific enbodinents of the invention have been
descri bed above, jt will be apprecjated that the inventio be .
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to the invention as described w thout departing fromthe scope of the

clai ms swtasutemené lasationssthewppTolies capprisimpan sxtraptor Kopgwred i eyiragiiepatleast

notion of an object in r . : i

1 var et st 1% e B0 BOHERT ooyt AP E S Arimeasuroment
posi ti onjogatiik bnyeasuremeny stpranfor $w6 differan dihghicabdes ofithebjcet, ang e sortiodler
quantity of the object at two or npre ?ea urement ‘|l ocations;, a.controller
conf i gur@t fop egshglynamicmeds thegonirob signal for 16 5ve T MgFeaCUAIPLS ’G‘g?ﬂ?ﬁaﬂﬁ’t ed to. -
the obje - ‘ i |l ! T fedfodiDr e
measur en‘g%[?ﬁ{;%g‘ﬁiog??&t eu%:llc}%ltdrgg)??ée{{h O%ﬂ@?ggog%{%ﬁ%%?éggé confei gured to
extract themetliod wagtisingne degree of freedom fromthe neasured position

tity at the t locat] baritpgnal f
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dynami ¢ node, o8t e0Mbh Phe Bbsiald folftioh yBakthp atdacHBf thedwb BRIRESMBSuREndmased

on output signals of the controller units of each dynam c node of at | east
one degrleeatwins & measiramentt signaharieach daprie giodg;:
supplying the measurement signal of a dynamic mode to a éontroller unit of the
controller associated with the respective dynamic mode, the controller unit providing for each
dynamic mode an output signal on the basis of the respective measurement signal; and

providing the control signal to the two or more actuators, the control signal being based

on output signals of one or more controller units.

2. The method of claim 1, wherein a first dynamic mode is a rigid body mode and a second

dynamic mode is a bending mode of the object.
3. The method of claim 1, wherein providing the control signal to the two or more
actuators comprises transforming control signals directed in a controlled direction into one or

more actuation signals directed in actuation directions of the actuators.

4. The method of claim 1, wherein the object is a part of a lithographic apparatus.



measuring the position quantity at each of the two or nore measurenent

| ocations; extracting fromthe nmeasured position quantity at each of the
two or nore neasurenent |ocations a neasurenent signal for each dynam c
node; supplying the neasurenent signalt7of a dynamic nobde to a controller
unit of the controller associated with the respective dynam c node, the
controls. er Uhetmghedofilaign f.oxheeaiathe nyhivatisblaudetreter gucqiigusidgo provade a he
basi s oI( tq%%éir espective neasurenent signal; and providing the control

si gnal SKyh AR %r nore actuators, the control signal being based on
out put signals of one or nore controller units. 2. The method of claiml,
wherein a first dynamc node is a rigid body node and a second dynam c
nmode i $.a bdhgimeihorbofeclaiin t.hehentipdiat object isTsuppared byl twé oemgranctive wesnts; n
providing the control signal tq.the t or _nore or 1.SeS
transf&?ﬂ? FEVE U FOPTISIng & POSTHN daaptiry, sepsor Gopfi gﬁ'l% Eélggtﬁffera %’({g?gﬁgllhﬁﬁo one or
nor e aghkality Opth! k 8t @b hRGEBEMER 106dtiea lana An Atfel conbguwéd foheaalfufieor s.
4. The method of claim1, wherein the object is a part of a |ithographic
appar atonghe ghjects. The met hod of claim 1, wherein the nultivariable
controller is configured to provide a skyhook danping. 6. The nethod of
claim1, wherein the object is supported by two or nore active nounts,
each active nount conprising a position quantity sensor configured to
measure a position uantity of the object at the rgeasure | ocation and

nt
an act Uat or hsmeeibes frlaim bherein theypxiractop is qanbiegisdde extract fqnfache hod of
claim i J } ;
cont 1 of Pl HSlegrdeof AEEAGRTIRS tlcIn Rl PIEDN YAy hPEL ORI RE) at the two
or nor eneasmasinidneationk acadaswement siews forawerdiffeiegh dyndnsic madss df thieabiast.
dynam c nodes of the object. 8. An active danping systemconfigured to danp
notion of an object in two or nore degrees of freedom the active danping
system conprising: two or nore actuators connected to the object; a
posi tion quantity measurenment system configured to neasure at two or nore
neasur rent Amassive dampmgsystem eonfigursd t¢ dgmpmation ofjgp ebiect igriwopr more

mul ti e abl e £OntE Ol SVl E LSRR bAoAy o | er configured to provide

two or more actuators connected to the object;
a position quantity measurement system configured to measure at two or more
measurement locations a position quantity of the object; and
a multivariable control system comprising a controller configured to provide a control
signal to the two or more actuators on the basis of the measured position quantity at the two or
more measurement locations, wherein the controller comprises
an extractor configured to extract, for at least one degree of freedom, from the
measured position quantity at the two or more measurement locations a
measurement signal for two different dynamic modes of the object, and
a controller unit for each dynamic mode and for each degree of freedom,
the control signal for at least one of the two or more actuators being based on
output signals provided by controller units of each dynamic mode of at least one

degree of freedom.

9. The damping system of claim 8, wherein a first dynamic mode is a rigid body mode and

a second dynamic mode is a bending mode of the object.



signal to the two or nore actuators on the basis of the neasured position
quantity at the two or nore neasurenent |ocations, wherein the controller
conprises an extractor configured to extract, for at |east one degree of
freedom fromthe neasured position quantity at the two or nore _
measur enent | ocations a neasurenent signal for two different dynam c nodes

of the ofj.ect ThéadnFing Sy¥drObf Qhint8) wherélh tRAR BRI Re P arisMmBAGH

degree of freedom the ‘control signal for at |east one of the two or nore
act uat ordevirs eogiigursd do tansfonm eantrod signals dirpeted indeepninplied direasion dnto wofuationf

each dynam f .east one ree of freedom 9. The danpi ng system
of cl ai mﬁélfaﬁ%ﬂig%%@ng%ﬁ%?aﬁfﬁgﬁ? 8pﬁgggtufatgrsa rigid body node and a second
dynam c node is a bendi ng node of the object. 18 10. The danpi ng system of

claim8, wherein the control system conprjses a transformation device
confi gurbld t oThe dananing ystesmef elpim Bgwhersinghe abieelds pypparted hy Fwe PO acki¥e | on

i nt ct i I i k i i i tors.
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or nor e quhtiyeandrmuetuator eanfiguredint exearbickionghaokjesti ti on quantity sensor

configured to neasure a position quantity and an actuator configured to
exert a force on the object. 12. The danping systemof claim@8, wherein the

extractipn de?'ilec&’ar%%g% ggggéng Uf Qink 8, WidrERGhe ettPlctiGR 8EViEOR bR hEed ﬂﬁcﬁ(ﬁ%@t of

freedomfromthe position quantities a nmeasurenent ~signhal for two
di f f er enfor dachanentrollestidegrast oftfreedarbjfea theliBeasiited pdsitipn quardifies e measuremeantm 8,
wherei n the B9 itidgt? glg&a tity is a Vﬁ oci)t of the object. 14. A

i thograsmaé 0538& FE e lgfnr?éi.es PPPSHy nat i on system configured to
condition a radiati on beam a support constructed to support a patterning
device, the patterning device being capable of inparting the radiation
beam wi t}$-a pHiadampingsystesn ef ¢Jaism §.ovharein thopdsition quaptitytie p ivelgcity afithat i on
beam a guhgtrate table constructed to hold a substrate; a projection
system configured to project the patterned radiati on beamonto a target

14. 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;

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

an active damping system to damp an object in two or more degrees of freedom,
comprising

two or more actuators connected to the object;
a position quantity measurement system to measure at two or more
measurement locations a position quantity of the object; and
a multivariable control system, comprising a controller configured to provide a
control signal to the two or more actuators on the basis of the measured position quantity,
wherein the controller comprise
an extractor configured to extract, for at least one degree of freedom,

from the measured position quantity at the two or more measurement



portion of the substrate, and an active danping systemto danp an object in
two or nore degrees of freedom conprising two or nore actuators connected
to the object; a position quantity neasurenment systemto neasure at two or
nore measurenent |ocations a positiomgguantity of the object; and a

mul tivariable control system conprising a controller configured to provide
a control signal to el ShedlBioteRf libith PoniuiffnPaRiie mddigorpsur ed
position quantity, wherein the contro r conprise an extractor configured
to extract, for at | easljedymnddegree of freedom fromthe nmeasured position

gquantity at the two or nore.neasurenent. 19 .locatio a sur egent, si gnal
for two different dyndheiRUSCtblor por dygpmismodsnsl Br Easiieror of HEromf or

each dynam ¢ node and #@tompslRighaDfR 8t Rbstlon @¢EHB twoldisnéi Abfudlorshegial for
at least one of the two or nore actuators being based on output signals

provi ded by control | erbased e outpuesiginlsiproaided byreodeolddr uaits b€eash dynamttegr ee
of freedom 15. The lithoegraphic, a ratu f .claim 14, wherein the object
is a netrology frane %8%%?%}%’8t ?‘gepcge%%ooiﬁqeﬂgmpr oj ection system 16. The
| i t hographi c apparatus of claim 14, wherein a first dynamic node is a rigid
body npde and a second dynami c_node is a bending node of the object.

15.  'The lithographic apparatus of claim 14, wherein the object is a metrology frame

configured to support the projection system.

16.  The lithographic apparatus of claim 14, wherein a first dynamic mode is a rigid body

mode and a second dynamic mode is a bending mode of the object.



