WD 2010/ 066515PCT/ EP2009/ 064605 ACTUATOR SYSTEM LI THOGRAPHI C APPARATUS,
METHOD OF CONTROLLI NG THE PCSI TI ON OF A COVPONENT AND DEVI CE MANUFACTURI NG
VETHOD BACHKGROWNES1FI el d [ 0001] Enbodi nent s of the presentPCrmpreewioessos el at e
to an actuator system a |lithographic apparatus, a nmethod of controlling
the position of a conponent and a nmethod for manufacturing a device.
Background [0002] A |ithographic apparatus is a nmachine that applies a
desired pattern onto a substrate, usually onto a target portion of the
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radi ati on-sensitive material (resist) provided on the substrate. In
general , a %ﬂple substrate will contain a network of adjacent target

portions t are successively patterned. Known |ithographic apparatus
i nclude so-called steppers, in which each target portion is irradiated by

exposi n entife ttern.onto the.target rtion at one time,.and .

so- cal YIS ¢ anndiBooqie oL Mhecmgen GO isTT e acippbaiabg iJogenhii ng
the patter rhgbhuramsgfa mhefhddi @t cOMryBAMthd pdsitibN & 81 dofoheit tdd@ method for
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or anti - parBdudctursng hieyighirection. It is also possible to transfer the
pattern fromthe patterning device to the substrate by inprinting the
pattern onto the substrate.

Background

[0002] A lithographic apparatus is a machine that applies a desired pattern onto a
substrate, usually onto a target portion of the substrate. A lithographic apparatus can be
used, for example, in the manufacture of integrated circuits (ICs). In that instance, a
patterning device, which is alternatively referred to as a mask or a reticle, may be used to
generate a circuit pattern to be formed on an individual layer of the IC. This pattern can
be transferred onto a target portion (e.g. including part of, one, or several dies) on a
substrate (e.g. a silicon wafer). Transfer of the pattern is typically via imaging onto a
layer of radiation-sensitive material (resist) provided on the substrate. In general, a single
substrate will contain a network of adjacent target portions that are successively
patterned. Known lithographic apparatus include so-called steppers, in which each target
portion is irradiated by exposing an entire pattern onto the target portion at one time, and
so-called scanners, in which each target portion is irradiated by scanning the pattern
through a radiation beam in a given direction (the “scanning”-direction) while
synchronously scanning the substrate parallel or anti-parallel to this direction. It is also
possible to transfer the pattern from the patterning device to the substrate by imprinting
the pattern onto the substrate.

[0003] The requirements for any component to be used within a lithographic apparatus
are very strict. In particular, it is often necessary for the component to operate in a precise

manner, namely with high accuracy. It is also typically necessary for the component to be



[ 0003] The requirements for any conponent to be used within a |ithographic
apparatus are very strict. In particular, it is often necessary for the
conmponentwbaompessase in a preci se nanner, namely w th hipgh/ERe@gnesys It is
al so typically necessary for the conponent to be WO
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for their use within a lithographic apparatus may include speed of response.

[0005] Piezoelectric actuators have previously been used as actuators with lithographic
apparatus. However, known piezoelectric actuators may be relatively expensive. In
addition, known piezoelectric actuator systems typically require a relatively complex
control system and many connecting wires to control them, both further increasing the

costs, in particular in relation to their use in a vacuum chamber.

SUMMARY

[0006] It is desirable to provide an actuator system that may have advantages that cannot
be provided by presently known actuator systems.

[0007] According to an aspect of the invention there is provided an actuator system
configured to move a component relative to a base of the actuator system, wherein the
component is set apart from the base in a first direction; the actuator system includes first
and second actuating elements, each having a first end connected to the base and a second
end connected to the component, wherein the first actuating element includes first and
second sections of material that are joined to each other and both sections extend from the
first end to the second end of the actuating element, the second actuating element includes

third and fourth sections of material that are joined to each other and both extend from the



[0006] It is desirable to provide an actuator systemthat nmay have

advant ages that cannot be provided by presently known actuator systens.
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data, and a processor, configured to determine a desired temperature of an actuating
element above the nominal working temperature of the actuating element for a desired

extent of actuation using the calibration data. Alternatively the actuator system comprises



WO 2010/ 066515PCT/ EP2009/ 064605 - 4 - a tenperature sensor system
configured to nonitor the tenperature of at |east a part of the actuating
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[ 0010] Accorwlhdgiginttiee edmpEReciowis thbepticul elRtdcat) arhhgideoicenpslali¢ gedtien afthbod
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direction, and such that the force applied by the first actuating el enent
when its tenperature increases is in an opposite direction to the force
applied by the second actuating el enent when its tenperature increases; and
t he net hod includes providing heat to the first and second actuating

el enents in order to actuate the actuator system wherein the heat nay be
provided to the first actuating el enment independently fromthe heat
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[ 0011] According to an aspect of the invention, there is provided a nethod
of manufacturing a device, including conditioning a beam of radiation using
a radi at iwo 2baesaondi ti oni ng system patterni ng the comdirtEpesremedsenm of
radi ati on; and projecting the patternegd-beam of radiation onto a substrate
using a projection system wherein the nmethod further includes controlling
the position of at |east one optical conponent of the radiation beam
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first actuating element independently from the heat provided to the second actuating
element.

[0011] According to an aspect of the invention, there is provided a method of
manufacturing a device, including conditioning a beam of radiation using a radiation
beam conditioning system; patterning the conditioned beam of radiation; and projecting
the patterned beam of radiation onto a substrate using a projection system, wherein the
method further includes controlling the position of at least one optical component of the
radiation beam conditioning system or the projection system using the method above.

[0012] According to an aspect of the invention, there is provided an actuator system

configured to move a component relative to a base of the actuator system, wherein the



configured to nove a conponent relative to a base of the actuator system
wherein the conponent is set apart fromthe base in a first direction; the
act uat or WP0EM6s316| udes an actuating el enent, havi ng aPCirEPRoeO460DNNect ed
to the base and a second end connectedsto the conponent; the actuating
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actuating element, having a first end connected to the base and a second end connected to
the component; the actuating element includes first and second sections of material that
are joined to each other and both sections extend from the first end to the second end of
the actuating element; the coefficient of thermal expansion of the first section of material
is different from that of the second section material; the actuating element is configured
such that, if the temperature of the actuating element increases from a nominal working
temperature, the actuating element applies a force to the component to be actuated that is
parallel to a second direction, perpendicular to the first direction; and the actuating
clement is configured such that the cross-sectional area of at least one of the first and
second sections of material decreases from the first end to the second end.

[0014] According to an aspect of the invention, there is provided an actuator system
configured to move a component relative to a base of the actuator system, wherein the
component is set apart from the base in a first direction; the actuator system includes an
actuating element, having a first end connected to the base and a second end connected to
the component; the actuating element includes first and second sections of material that
are joined to each other and both sections extend from the first end to the second end of

the actuating element; the coefficient of thermal expansion of the first section of material



i nvention. [0018] Figures 2a, 2b and 2c depict the arrangenent of an
actuator system according to an enbodi nent of the present invention.

[ 0019] Fi gmioeoB/@eqsct s an optional arrangenent of a feaPaT&EPedoIARMGATL uat or
system according to an enbodi ment of ihe present invention. [0020] Figure 4
depicts an alternative arrangenent of an optional feature of an actuator

system accaor di ng to an enbadi ment of the present invention. [0021]Fi gure 5
depi cts an dPtfEeHIro tha @d iiccond aeorleatmﬂt%méar thg gedating elsmeat istcopfigured
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an enbodi meatpahturdehpaasamg demantpples a force to the component to be actuated that is
parallel to a second direction, perpendicular to the first direction; and the actuator system
further includes an electrically conducting loop, connected to the actuating element such
that the electrically conducting loop and the actuating element together form an electric
circuit; and a system for inducing an electric current in the electric circuit.

[0015] Further features and advantages of the invention, as well as the structure and
operation of various embodiments of the invention, are described in detail below with
reference to the accompanying drawings. It is noted that the invention is not limited to
the specific embodiments described herein. Such embodiments are presented herein for

illustrative purposes only. Additional embodiments will be apparent to persons skilled in

the relevant art(s) based on the teachings contained herein.

BRIEF DESCRIPTION OF THE DRAWINGS/FIGURES

[0016] The accompanying drawings, which are incorporated herein and form part of the
specification, illustrate the present invention and, together with the description, further
serve to explain the principles of the invention and to enable a person skilled in the

relevant art(s) to make and use the invention.

[0017] Figure 1 depicts a lithographic apparatus according to an embodiment of the
invention.
[0018] Figures 2a, 2b and 2c¢ depict the arrangement of an actuator system according to

an embodiment of the present invention.

[0019] Figure 3 depicts an optional arrangement of a feature of an actuator system
according to an embodiment of the present invention.

[0020] Figure 4 depicts an alternative arrangement of an optional feature of an actuator
system according to an embodiment of the present invention.

[0021] Figure 5 depicts an optional arrangement of a feature of an actuator system
according to an embodiment of the present invention.

[0022] Figure 6 depicts an arrangement of an optional feature of an actuator feature

according to an embodiment of the present invention.



WO 2010/ 066515PCT/ EP2009/ 064605 - 8 - [0023]Figures 7a to 7e depict a
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according to an embodiment of the present invention.

[0024] Figure 8 depicts an arrangement of an illumination system that may use an
actuator system according to an embodiment of the present invention.

[0025] Figure 9 depicts an actuator system according to an embodiment of the present
invention.

[0026] Figure 10 depicts an actuator system according to a further embodiment of the
present invention.

[0027] The features and advantages of the present invention will become more apparent
from the detailed description set forth below when taken in conjunction with the
drawings, in which like reference characters identify corresponding elements throughout.
In the drawings, like reference numbers generally indicate identical, functionally similar,

and/or structurally similar elements.

DETAILED DESCRIPTION

[0028] The embodiment(s) described, and references in the specification to "one
embodiment”, "an embodiment”, "an example embodiment”, etc., indicate that the
embodiment(s) described may include a particular feature, structure, or characteristic, but
every embodiment may not necessarily include the particular feature, structure, or
characteristic. Morecover, such phrases are not necessarily referring to the same
embodiment. Further, when a particular feature, structure, or characteristic is described in
connection with an embodiment, it is understood that it is within the knowledge of one
skilled in the art to effect such feature, structure, or characteristic in connection with other
embodiments whether or not explicitly described.

[0029] Figure 1 schematically depicts a lithographic apparatus according to one
embodiment of the invention. The apparatus includes:

[0030] - an illumination system (illuminator) IL configured to condition a radiation
beam B (e.g. UV radiation or EUV radiation).

[0031] - a support structure (e.g. a mask table) MT constructed to support a
patterning device (e.g. a mask) MA and connected to a first positioner PM configured to

accurately position the patterning device in accordance with certain parameters;
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patterni ng lidds the phticrat@alettrde awhirhet giat dépenpaoa et @ichtation of the patterning
device, the design of the lithographic apparatus, and other conditions, such as for example
whether or not the patterning device is held in a vacuum environment. The support
structure can use mechanical, vacuum, electrostatic or other clamping techniques to hold
the patterning device. The support structure may be a frame or a table, for example,
which may be fixed or movable as required. The 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.”

[0036] 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 such as to create a pattern in a target portion of the substrate. It should be
noted that the pattern imparted to the radiation beam may not exactly correspond to the
desired pattern in the target portion of the substrate, for example if the pattern includes
phase-shifting features or so called assist features. Generally, the pattern imparted to the
radiation beam will correspond to a particular functional layer in a device being created in
the target portion, such as an integrated circuit.

[0037] The patterning device may be transmissive or reflective. Examples of patterning
devices include masks, programmable mirror arrays, and programmable LCD panels.
Masks are well known in lithography, and include mask types such as binary, alternating

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

of a programmable mirror array employs a matrix arrangement of small mirrors, each of



WO 2010/ 066515PCT/ EP2009/ 064605 9 - [0032]-a substrate table (e.g. a wafer
table) WI constructed to hold a substrate (e.g. a resist-coated wafer) W
and connewbeditwerssecond positioner PWconfigured to a®CuER@pes05iti on
the substrate in accordance with certgpn paranmeters; and [0033] - a
projection system(e.g. a refractive projection |lens systenm) PS configured
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[0041] 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 and the projection system. Immersion techniques are well known in the art for
increasing the numerical aperture of projection systems. The term “immersion” as used
herein does not mean that a structure, such as a substrate, must be submerged in liquid,
but rather only means that liquid is located between the projection system and the
substrate during exposure.

[0042] Referring to figure 1, illuminator IL receives a radiation beam from a radiation
source SO. The source and the lithographic apparatus may be separate entities, for
example when the source is an excimer laser. In such cases, the source is not considered
to form part of the lithographic apparatus and the radiation beam is passed from source
SO to illuminator IL with the aid of a beam delivery system including, for example,
suitable directing mirrors and/or a beam expander. In other cases the source may be an

integral part of the lithographic apparatus, for example when the source is a mercury
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device. Having traversed mask MA, radiation beam B passes through projection system
PS, which focuses the beam onto a target portion C of substrate W. With the aid of
second positioner PW and position sensor IF2 (e.g. an interferometric device, linear
encoder or capacitive sensor), substrate table WT can be moved accurately, ¢.g. so as to
position different target portions C in the path of the radiation beam B. Similarly, first
positioner PM and another position sensor IF1 can be used to accurately position mask
MA with respect to the path of the radiation beam B, ¢.g. after mechanical retrieval from
a mask library, or during a scan. In general, movement of mask table MT may be realized
with the aid of a long-stroke module (coarse positioning) and a short-stroke module (fine
positioning), which form part of first positioner PM. Similarly, movement of substrate
table WT may be realized using a long-stroke module and a short-stroke module, which
form part of second positioner PW. In the case of a stepper (as opposed to a scanner)
mask table MT may be connected to a short-stroke actuator only, or may be fixed. Mask
MA and substrate W may be aligned using mask alignment marks M1, M2 and substrate
alignment marks P1, P2. Although the substrate alignment marks as illustrated occupy
dedicated target portions, they may be located in spaces between target portions (these are
known as scribe-lane alignment marks). Similarly, in situations in which more than one
die is provided on mask MA, the mask alignment marks may be located between the dies.
[0045] The depicted apparatus could be used in at least one of the following modes:
[0046] 1. In step mode, mask table MT and substrate table WT are kept essentially

stationary, while an entire pattern imparted to the radiation beam is projected onto a target
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generally a pulsed radiation source is employed and the programmable patterning device
is updated as required after each movement of substrate table WT or in between
successive radiation pulses during a scan. This mode of operation can be readily applied
to maskless lithography that utilizes programmable patterning device, such as a
programmable mirror array of a type as referred to above.

[0049] Combinations and/or variations on the above described modes of use or entirely
different modes of use may also be employed.

[0050] Figures 2a, 2b and 2¢ depict an actuator system 10 according to an embodiment of
the present invention. The actuator system is configured to actuate a component 11
relative to a base 12. Actuator system 10 includes two actuating elements 15,16 that
extend from base 12 to component 11.

[0051] As shown, actuating elements 15,16 may support component 11 relative to base
12. Alternatively or additionally, component 11 may be supported by an appropriate
support structure that enables component 11 to be actuated by actuating elements 15,16.
Furthermore, it should be appreciated that component 11 that is actuated by actuating

system 10 may be a particular component within a system that is to be actuated.
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the two actuating elements 15,16 may be set to be the same. However, this need not be

the case in all embodiments.

[0055] By heating one of actuating elements 15,16, raising its temperature above its
nominal working temperature, the sections of material of that actuating element undergo
thermal expansion. However, because the two sections of material have different
coefficients of thermal expansion, bending is induced in the actuating element. This
bending is used as the means of actuating component 11. In particular, the induced
bending of the actuating element may apply a force to component 11 in a direction that is
primarily perpendicular to the length of the actuating element, namely perpendicular to a

direction of separation of component 11 from base 12.



progranmmabl e patterning device, and substrate table WI i s noved or scanned
while a pattern inparted to the radiation beamis projected onto a target
porti on GvOlniwdssaSnode, generally a pul sed radi ati on s®aTEP2009/0e46p$ oyed
and the progranmabl e patterning devicg4i-s updated as required after each
novenent of substrate table WI' or in between successive radiation pul ses
duri ngpa scan. This node of operation can be readily applied to naskless

i t hod®%3fy t hat TR 136 %@V%?%&O@W&Wé%&k haring i feiont e@effgca%rﬁs 8§ thermal
pr ogr anmabl & Ri&Pin dé/iﬁ%/ Jo(?ﬁedato HR& s%%h'i Wl{eg(ﬂeﬁtg %bb%}{%g és 1ndHced is well-

[0049]Cbnb|n tirons an vari atl ons on ove escr es of use or
entirely dikdoamehidr emdqﬂeufbmwalmmptrqjssthamaghplu@@tbm tepPREAYfel gus@ssaday 2b
and 2c depict. an act uat or é%ﬁ 0 according to an enbodi nent of the

present i nvevtsisn: BPRE VaELLBE erg;lfgf MiBsSUCHrith ﬁﬁ?%f@%ltéét%aﬁcéu%t%&%%nent

11 rel ati vertiRd@nmbasss 4R- pré‘%h“ﬁ%@ﬂitlo?ﬁ’@tﬂ%m Afhoupl bHE S yIURe Bl {dafbA%ure of
el emrents 15,16 that extend from base t o conponent i’ [ 0051] shown,

actuating ehetentssctiensie mager@mp@ehvelwmddeﬁw aﬂprlYlegasttlfﬁmenbh@a@@ tozhe

Alternativel di t,i ona ._conponen be su orted

oo opet t andtaBist ARE R o RTRE I ok TR R G RS 19 45 B ePloo Riup the by
actuating ehapeik $o e, ukbendadr HBR! MRisEs bbdauSO eHel GriEn AR SChatRE sédfiﬁins of
conmponent 11 that is actuated by actuating system 10 nay be a particul ar

conmponent vingtsrigl ankyretes g e prbangdepstaie onae diky hano returned to the nominal

2010/ 06651 5{5% répgﬁggtla{q@ll qp g SI% %ca&tl?ln&%é H@%EM‘? ode cf?e%gp %e[ﬂ{lef ga%erpw reﬁlu N her

nmount or suppor configure nnect e 0O a par
conmponent Widrhiarheated siteetm o duatinklsworinetemptaaire chan it is to decrease the time taken

to increase the temperature from a nominal working temperature to an elevated
temperature.

[0057] However, the actuator system of embodiments of the present invention includes
two actuating elements, each having two sections of material having different coefficients
of thermal expansion. Accordingly, one of the actuating elements, for example actuating
element 15, may be arranged such that when its temperature increases it actuates
component 11 in a first direction, and the second actuating element, for example actuating
element 16, may be arranged such that when its temperature increases it actuates
component 11 in the opposite direction. Accordingly, it is possible to actuate component
11 in either direction rapidly by applying sufficient heat to one or other of actuating
elements 15,16.

[0058] Furthermore, if component 11 has been actuated in a first direction by heating one
of the actuating elements, component 11 may be actuated back towards the second
direction rapidly by heating the second actuating element. In particular, it may be
sufficiently heated that the bending induced by the second actuating element overcomes
the bending induced by the first actuating element, at least to some extent. Therefore, the
component 11 may be returned part-way to the unactuated position. Alternatively, it may
be returned entirely to the unactuated position, namely to the position depicted in Figure
2a. Alternatively it may be actuated in the second direction. In each of these cases, the
actuation is provided merely by heating the second actuating element. It is therefore not

dependent on the rate of cooling of the first actuating element.



[ 0052] Both of actuating elenments 15,16 include two sections of material
that are joined together. First actuating elenent 15 includes first and
second sewOi20m6aifiSmat eri al 15a, 15b and second act uat i n@Ce/EPR@9064665
includes third and fourth sections of jgaterial 16a, 16b. [0053] The two
sections of material that include each of actuating elenents 15,16 nmay be
selected _to have different coefficients of thermal expansion. In other

wor ds, [003Plan entdew srestt actuprsyeem £9 ey it henepasied bxpuheirsHygretyated in
sectl on of a;@h?dn[é @i eét%ﬁs !ir?alghfllfit?ﬁt_@@ asfh{gﬁﬁmTBEQS%ngJsé ?(L@@Eo 8{1 %ﬁfcﬁ?&!ed to
expansi on o second section material 1hb. LI kew se, the coe ¥i'cient of

t her mal expanshoalyoinctduse theseatpecatuaf ofntht éwo aktubGag ickendirft. ex@otdihglymittibe
coefficient,thermal e nsion of fourth section of terial 16b. For. .
conveni encelSSIHYC Q&%g‘gtgiarc@%ﬁg RT3 th [HRPILRES § Veé_ﬁ%ﬂélmna% ROTFng st
and second @Rg{HUALH RGeS IREBbE dQudifng bRiRStEORATbWRLs the thohfin@MWv¥rking
necessary to provide two different types of material. Furthernore, first
and second tamperatiragAetxaianediniborkaiaralbadper bt epiraprate oostiiatodmhe ermdingof
However, it,shquld be appreciated.that is need not be th ase for.all
enbod ment oA RRRY 3 PSS oo B PEERe PRteBR o biEr IRT i B e

act uat or sysztiRfingQldnSertORid GHEIRA thel aBmihdtyvoiRiAakiteE pE@Yr®e/iteRt ERGlging the

i ndependently to each of first and second actuating el enents 15, 1%.

Accor di ngl yactuatien stetepdithe aateatestsyslemuzemn gicairehestens of sctugioray be control | ed.
Figur e[oﬁéor]dep' Ctﬁ%gﬁpe‘% fncér'r‘cf‘%"ileﬁyﬁfu%'f?a‘{‘é‘ﬁ{% fr?&@e%{en%%tf‘é%h{a@& SIS 142 16
are at a respective nom nal “Worki hg tenperature, namely at a tenperature at
whi ch the aukti@aiamon Blgareld, Sirar &ctunagtaahead. 151k heatkd sieh tppiteingiceduichat
the nom nal working tenperature of the two actuatjng elenments, 15,16 mag be
set to be taRev&Hwaomiptleraskingtemecrpuisd romlingdn berdinmellitshacyating ssspintdat s
[ 0055] By heat;i ' : aiLsinNg. b8 re
Sbove i 15 maRar O oRr B L EEIPE DL Secth PR M Ak 16 1) ROPL e
act uati ng ehansrtmperdergs abber the noepd mairking tddopeestere, rdseltimgse bedtkng efthe
sections of material. haye different coefficients of thermal. expansion

bendi ng | < FHAGEA A G GBI TREOEPEHEI T SCHEIRETAG AecIBHAS Phe
means of acdRbider ARMRANRHN shdwnl iR Mgkl Buhaw i1l bO8ppREMERhRendisAgwRfin t he
actuating elenment may apply a force to conB_onent 11in a direction that is
primrily pdgpeadboudaic, thy adieatioartchthef of hest and setond gceiating ntemananty.y6

perpendi cul ar to a.direction of.separati.gn of c onent 11 fraom base 12.
00 5010/ ooeausisef b AeroEibs HERRNPr BuBlofEMRER SPomety, ASRAEIE &7
mat eri al  havhtgakifsterenthe GeRfating ictsthent9fshbingr vbu fExRaANSi cPaxtRNd peemnGhe
j oi ned together such that when heated a bending is induced is well-known,
for exanpl elafernmitigptodithe ecteatimgndempnitcanpgd hethgaleriastuaging stearant dcigams an

safety sw tqu%d,%%‘%ﬁ@fgﬁﬁ- a problemfor using such an arrangenent as an
actuator as in enpodi ment's of the present invention is that, although one

may r g0eel]t he t eparradtyr ef afatthield wayseetuserstoofomattaeisalctioalsadf weltyrial
qui ckly by apﬁlégi ng sufficient heatin o the materials, thereby rapidly

1 [
i nduci ng t headeBilpadoh et sgnstityte; %CtF%ansle tst d5r16t Upn 2R nembrdiwenta) et o

the unbended,SLAL G T;'éiséle'bt%d‘?cﬁﬁﬁv&glug% BBiNAth OkaRp1d B dARuGRSELANS Of
material only returKs to the unbended state once they have returnéd to the
nom nal wortkibeguscd mpigriatauhitho glaphic sappaghisf uscen ELYW raghiatiodi Fhitharhiord, ghdéwoease

(he Lime taken Lo SLurd (ramyagheated Slate, Lo o ortngl MLknE e

t enper at ur anJiMcathBOdTFRRNcAObK RN HRITBEEMAERIR $OtRMAA! SYahash,t REPERALKT €.
maximum actuation of the actuating element for a given change in temperature. Likewise,
the materials may be selected in order to ensure, as described above, adequate elasticity
when the other actuating element is actuated. Furthermore, the materials may be selected
for their specific heat capacity and/or their heat conductivity in order to ensure that the

actuating element can be cooled sufficiently quickly, when required. Particular materials



[ 0057] However, the actuator system of enbodi nents of the present invention
i ncludes two actuating el enents, each having two sections of nateri al

havi ng diwbensrisesisef fi ci ents of thermal expansi on. AccecaiErgéog/oswne of the
actuating elenents, for exanple actuatigng el enent 15, nay be arranged such
that when its tenperature increases it actuates conponent 11 in a first
direction, and the second actuating el enment, for exanpl e actuating el epent

16, may be B¥mEHGRCNSERrAHaE uskHRHId: resapBlcand mathont Hegatan. staindes sieeks
conponent ]i&vdr"(nmglf%pm{yt (ﬁl’é?(h{ji&gt}ﬂ ?é}-aﬁﬁ%%ﬁ Flg%bﬂﬁ) P‘etalnh.s%pqu 3*!?&1?1155%

actuat e conponent In ert ection rapl y applying s I ci ent
heat to oneveoy lot hecffeicnaof ubhtrnmad ceparnond,saliitjiibn, (dPPES]sHucrt ke ldygrainuind,
conmponent i

11 has been actuated in a first directiop hy heating gne of the
actuating €8 m,ﬁoeo%wﬁghfunﬂteﬁavé BRCRRE f“_i%’sb effeﬁtbsmw&ggteﬁéﬁééé)&?ﬁd
direction raptdily Yy REA! bd%LohliBerEC ANdhaltd Ul BY BHERTBRALG tiad tRArdchkhar .
it may be sufficiently heated that the bendi ng i nduced by the second

actuating ellanens [ovemponaso trisbidberdditiogali seduersd fhyatehd. The edditienal atétrogs

el enent, at | east t one extent. .Therefor.e e _conponent 11 may be
Feturned Pt oy BriRe e ObL iR S i of BF PRI ey be
returnedegntirelys &liined whaet datoRdh PRSAdH 065 syRRAESY crthBodiRRnBFithd MRsent
depicted in Figure 2a. Alternatively it nmay be actuated in the second

di recti on. Ipyendigamayfberasiecdda seber (glﬁ’étl%bt pebruiekly rahpetaalyiver @1 spobps
heating the [ 1.S: r o) t he
fate of codlragiif ARhiAs 091 TR ated dorhdink PR BBy RAR I RBLes Oy
2010/ 066515PCHOIERRAOAL OBARAL 15, Kat-ap pioPH Ak Hoves Ve brdeaal teairn thedy ot @ovd.frdsay
not be repeatedly and rapidly actuated in alternate directions in an_.
unlinited ftBsRPERIalPHrKinEdcHpeige of actypfingelementibll @ TnOser e feditafniay. | y

| ncrease t gy LEBEIAINLEI 06 G bE WRAGHYBY NGBS BRObSmoRRAL BhROhe oht 1S
desi rabl e once th actuating elenments are at a tenperature above the

nom nal wordecimagyetheapenlat mae bt enahtaowd ot apeopabicigatdiektamscratorcanl may

towards the nom nal .workjn enperature. As . explained in nore detail pel ow,
b o op e e EP el g bE D e e R b S o e py oS et B
possi bl e t Qe&ﬁ&latu:r]@gfﬁgTab't%ﬁtiiﬂ'ggell@rh@rﬁ%%_tasdédﬂ&d hm8int!easte @& Ao tiRenRctiHRt i Ng

el enents has reached the nom nal working tenperaturé wthout changing the
act uati on svidheutofighiecanthyuafifoetiny shetonipanivac déshe ddaexingnnamkapti thauit on.
[ 0060] Fi gur es .2b and_.2c. he illustrate t arrange t of actuator system
1o, h par crevifartY AeRabE S B Bl i EFIR s s FL heat ed such

t hat i[pge3jenper atigii 3 GecpadrO¥ HobdillcRiihPerthe Tl Higt §i8KDE fiadt Wi bd @2dlih kg 1N
bendi ng of first actuating elenent 15 and actuation of conmponent 11. In
Fi gure 2c, asBlegndysiemnud:dcherdalsetesnempdiner o theopressahinvepiion. {1 paréapler. 46 ur e

. b : . : : . o
socond act (3Pl oh Sk ltad STRERANLICEncC B34 Bhitin BebBRLARRL iliiEns o,
that is thelxQppasth ehaf ift diehaacdctiddtirgnelshosnm 1501 ¢iigudter impdrhtusk ldbobe the

appreciated that, as_shown in Figures 2b and 2c, .the actuatiqn of either of
first and dewprdtuepfbgat ﬁl@keﬁoeg@%ﬂ%tr%%%%ﬁa;heﬁté% %O-rﬁ&card&éfbrl}?at $18f 20 f

A

def or A064in of tAeslmetnybtitsgkellemenbe orlsked abpart hEbokHErof dlot ardwdtogsysicenent

being at ari:ue heel\’/n?'gr%fjhéa?glgﬁ 58%Jaryeihclude a temperature control system 21 that is arranged to
maintain a substantially constant heat sink temperature within heat sink 20. For example,
temperature control system 21 may include a cooling system that removes heat from heat
sink 20 if the temperature of heat sink 20 rises above a given level above the intended
heat sink temperature, although it will be appreciated that the variations of the

temperature of heat sink 20 may be very much smaller than the variations of the

temperature of actuating elements 15,16. In one example, a cooling system may be



[ 0061] A variety of materials may be used to formthe sections of materi al
15a, 15b, 16a, 16b that constitute actuating elenents 15,16. In an enbodi nent,
t he mat erwal2e1mysibe sel ected to be vacuum conpati bl e | PCTEPROON6HEPS €, t he
actuator systemis to be used wthin_g7lithographi c apparatus using EW
radi ati on. Furthernore, the two sections of material used to form each
actuating elenent may be selected in order to nmaximze the differences

bet ween t he’'ewdéd by canigire hepesiph 20 R prghedeorpndpibs dhiougly whithnh gpatng fluid

actuation qﬁ@;g@ 1%%1%?’1‘.“ ng el ement for a given change in tenperature.
Li kew se, t ma‘?erl als may be selected in order to ensure, as described

above,[086fquat e Adtasdi systgm WheaccbhiBn@tchembadieatsiohgheperantinventiac,t may bd.
Furthernore, the materials.may be selected for their specific heat capacity
and/ or 1 heisehant V@&ﬁ%&@@l?ﬁ_?re_e% CW%%I_@PS-?% PERGHeE %Waiorﬁﬁ%eraﬁpwsﬁ begised

el ement can, RRinGORIHS ra?HTJ z@a%ﬁi.%oq‘ékﬁﬂﬁg)@, iﬂ‘@@i@hd%%%i&%ﬁparﬁﬁfsts%h'h@{hat
materials WO 2010/ 066515PCT/ EP2009/ 064605 - 16 - that nmay be consi dered
for use i nclesdebed aboexamptatmmdasint handitibhimigt tsiamm foseaiditiesingst bedm off nvar

| Il oy of . for. | i mate] y. 64% F d 36,Ni., which h
S very 1 ow anfbn e Thi EREPRE oL TRk Ui hn b HeOpRS Liket e n "o
gol d, pl atigyjectiehE@IdHTor profttinkial RiticHBd BdROSt @RiadBd oatdeEuttehal may beys.

It will be appreciated that other materials may al so be considered. |t
shoul d al sdrbeldagphnedither exsteat varetyadtapaichngprepaests e psovidedriipt apdorm
i ncl ude addi,t.i I Lal. . id i i abl e
further optTHeOStstogh of RarSh TahE b ah of FRaAE S BL R hoRP S YDy ac
expl ai ned abqguies paiddioudjhstintvataet thair posisipat aoecrtingih adivawntsgstom tthaapbesent
invention may be actuated in eiither direction relatively quickly w thout
relyi ng on WA sytst ths posilien AfthepesripRaents. 16, for repeated actuating of
the a or sy I HnS; §ﬁ§%ﬁ I t
approﬁ??gge tingé%g?egréggngﬁﬁret %ﬁ% %ﬁ??%“ﬁﬁi?gﬁg?ﬁz%ﬁﬁgﬁﬁgﬁ?ha g[‘i?\%fgking
t enper at ur eanoficdatlyatdjavgnetocomnindtbed haylmqordeositmnfabcohirbhtle thiti sase, a
actuating elenents. 15, 16 be ther. connected to one or. nore heat
i hke The GHEVBD ChicBisEa T Fiies PRy B R HeGLetirt BBRBHP] S fa
si nk tenpergy Hiesida BHnfoaRs@17 Slath ¥atiYulhAhgs M8Rta CARAGH h¥at SH&hnk Nt
the heat necessary to reduce the tenperature of "the actuating elenment by a
desired anvemiregay domnderatempcnatoret dpatriobanit il nar hdat Kimdit20s Sgeh fn erangement
affecting the t erature, of the heat sink, nanely without significantly
affecting A CENRERESUPIeRirs oh Ea PR3l LR Torte o R boal o o
Figure 3 deptts sastp@ssi bl e arrangenment of a heat sink 20 that nmay be used
in an actuator ?r/_stem 10 according to an enbodi nent of the present
i nventl8¢7] | n pdtigied dapictaan efpspgiveargneggnent jpé eatsinkk opan pefugtapsysant 0
connected t I4f St i . t . S a i it her
ot uating iR aRBaRIh: 8F HIAL0m B SRR B iaRy S i ol ofbiy
si nk 20, heammen heansilercaedof acthaaig slemknR0L5, AChay didgsgtotivelirat siak 2§, 220 may
be used to cogl first and secong actuating elenents 15,16 quickly and .
ef fici ent | y2UChoEHPEpRCRHBRNDC Aenslicdd] FRCDIHC e 2pBIIVARY (TRIPATHE C SAFRESHN base
12 of the agl.uatQL aéﬁﬁ%{iﬁg‘ele’:rﬁgntt ﬁroﬁpﬁﬁectn%aﬁenﬁie%u?eocl{% ed REANARL & of the

m 21 that range

tenperature control syst Is ar to maintdain a substantially
const ant hea&tuasinp klenempe Astshoenwi Figune Hedtseisirate h2ax sitor2 e3¢amplpeovided, one

tenperature contr syste may .i ncl ude,a.cooling systemthat renoves
homr T rom HESOTS PRSI b Dat e mEPUIHE SHeE e RE (SBPFLES ABBULTE
gi ven | evelygove §06idedieRdRethil 8RttedbOb k- EIPIRALHKE25,2¢ hodGhbclile Whsiked be
appreci ated that the variations of the tenperature of heat sink 20 nay be

very much dhal $igk tondpgratehe vari ati ons of the tenperature of actuating
el eneqhﬁ681]5’ 16. \k’ﬂer%%gpaerét% rirlgalltesink% 2%,%%' drd 8r0§7}/(iseh,ebr8tﬁran}ﬁy%ee maintained at the same
heat sink temperature. Alternatively, however, the heat sinks may be maintained at

different heat sink temperatures.



WO 2010/ 066515PCT/ EP2009/ 064605 - 17 - provided by configuring heat sink 20
to include conduits, through which a cooling fluid may be provi ded.

[ 0065] Actwatoro/wsyasem 10, accordi ng to enbodi ments of tIRETMPRER064605
invention, may be used in a variety ofjgdifferent circunstances. In
particul ar, actuator system 10 may be used within a |ithographi c apparatus.
For examﬁhe, in _a lithographic apparatus such as that descri bed above, a

radi atlPB¥’lbeam cWhather BhnEG coppembedrsitloAdifer it Apd acwadrmcsratingdlemeyh
before 11 15 RAST REfIEKDY e RES(EIA RO AIRK &R IR KRSidY @ik Padire W de. 2
proj ection system projecting a pattérne beamo radi ati on onto a
substrat e maychs tie omhohetwotkingidniperatsyesifehg acuatarg dtyerab. gweweal this need

conponents are provided that performvarious functions in respect of .the
beam of  adl4tIeoHS cgéﬁemomteﬂﬁ@el%e@ﬁspiﬁ@ﬁf@%y thedi@ns akgep GApLactuating

adj ust ment s19hedth85N6ROALAdNABNt ACGHREhPShMire BRTLEL QoS alERL 2R nERYs Pe1gsed
to control the position of those conponents. [0066]1In sone enbodi nents

usi ng act uandrhegtysinle ) 00 2526b wwhath the hoit is derpo tremsferrehatccardinglymiddirate of y
adj acent to _one another. may require positional cantrol. In that case, a
a1ty orolBe A e S reDRRL b PR e A P L Rerm By BRus BT urd
plurality dfiffeehb@béivecd dctiBinSiRiRnE IGOMTRIY RAas Sink20a4tR5, 26 ThRFdfbielUhddt ,
may share a comon heat sink and, if required, a common tenperature contro

unit 21 forsitletgmpsiated) maghetsehst aleralifers heloyathicmeaued workingdappesaury of
actuator sy . r,<reduce the cost of providing the actuator
Oogtﬁﬁ?uéﬁgee@@%& 1518

system [O epicts an alternative arrangenent of heat sinks of
an act[oargjr systlemnlémbediokai, agcdrdingy,ehd acnireitwa@kinghempeasasiofiaotatihgon.
In particular, as shown, instead of a commobn heat sink, each of actuating
el ements 15198cRES T3 10 23BELY Ve hampewtme dvhEch apfugting dpmsatehrdO Hay be

benef i ci al (AGCAUSE, by BBY:(RE BY il BIRTAALHERACARRIER L B AN Rent Hybich

actuating elenents fromaffecting tenperature changes in the- ot of the
actuating ectumot systAs 19hewn beruskd,gurdeheht sirfk 2@ pardt 26 hegtbesmalnsaidbd 26aar e

rovi ded, one or both of heat.sinks 25, 26, may. be provi ded with a respective
P emmer o ur JOBTERET RS SURET AR 36 S5 dat Y bR RS Te RGeSt arG. of
heat sinks #ﬁc@@ctﬁ&toﬁ?fsﬁ‘e%w@lsi YD I8&d. 16 e en%d@l'ﬁn&rﬁ!‘l?e%ﬁﬁg W8t bd &g@@]eg\her €

t
separate heat sinks 25,26 are provided, both nay be maintained at the sane

heat sink taonpientdy tor actugiingealeraenty dbyl 6 imovisy ¢0 matti@ntibatenyicnksrend)achating
mai ntai ned e%mgliltfsfa%rogg t[haqeo?'tthes Lgak[ stn?knBS ro?"tig ,Eé over and above any heating that is
provided to actuating elements 15,16 in order to provide actuation. However, as explained
above, such an arrangement may increase the rate of cooling of the actuating elements.
[0071] Alternatively or additionally, the heat sink temperature(s) of heat sink 20 or 25,26
may be set to be cooler than the ambient temperature of the system in which actuator 10
is to be used. Again, in this case, heating must be provided constantly to actuating
elements 15,16 over and above that used to actuate actuating elements 15,16 in order to
maintain the temperature of actuating elements 15,16 above the temperature of heat sink
20 or 25,26. Such an arrangement may be undesirable, however, because it may affect the
temperature of other components within the system within which actuator system 10 is to
be used.
[0072] It should further be appreciated that, although some embodiments in which the
temperature of a heat sink may be set below the nominal working temperature of
actuating elements 15,16 in order to improve the cooling rate of the actuating elements

may be particularly beneficial for an actuator system having two actuating elements 15,16



WD 2010/ 066515PCT/ EP2009/ 064605 - 18 - [0069] Whet her using a conmon heat
sink 20 for first and second actuating el enents 15,16 or using respective
heat si nkw02B102B¢515he desired heat siffl( tenperature nRETHEP2000864585E as
t he nom nal working tenperature of thegoactuating el enents. However, this
need not be the case in all enbodinents. In particular, the tinme taken to

cool actuating elenents 15,16 is dependent on the tenperature difference of
actuating dh@rRisrae 150nrPsEp dcHentvhen fieyxue deatod (sradapictathinc higures Aedb apd to

be transf eric?,dthes%c&%x%%@ght}é miy! Els{% %e?eﬁéﬁfigpn%dg[% %Ir“é"ﬁﬁf %&?Iein{‘ ﬂas%% TedhSe

15,16 may be’increase I ncreas erence Between
act uati ng elcamtng sldbernt 6 Fandxdreplk, $i nk &0uaor 2Bt@6. halVingr ed acaating aensdntk

tenperature(s) ,may be set at. a |l eve] that is bel ow.the nopinal workin

t enper at ur ég%@’dlgétt‘d&tsia%méloép r%%?réa\i fﬁ%tlf@.ve diberet ke }91%}%8? hiyght! cxpansion,
accor di ngl yyrobilifinP b NalinVer Kitbgpdi8Re babW @icAondfiiu@bikig RGBSR Jothd6.
nanmely the tenperature at which actuating el enents 15,16 are unact uat ed,

may be set actuabeg hlcgiser maharcan et ainbieattudte pencaditactionfasttheactyatingraldmenphi ch

actuator system 10 is.to pe.use and, heat sink 20 .or 26 may pe

i ni o ned QbRa st aryBiatuPerihaRe (BT IOdRmBH Mg R 38 e Pumprent

t enper at ur eH@fevchet SHoalEpe WhdeRitdodMhbClhe A6lubRdE Oyst&i SWorla kil bSfabRr Reoptead. 10
such an enbodi nent, heating nust be BrOVIded constantly to actuating

el enment s 15n18e idiregiatep! p@ustinneaaisefl pridicatdns dicatainasingfclepenidhimd ©lianbat s
above that gof t.he Si or. 25, 2 r. apov i IS
provi ded too%gtoz%l{l}ag?%gl{o& 8%%%3)3'1%0,0%3% Emgl)r{e ’e}ﬂa oChplgg\?lﬁlggH%% EZ{}?Q%F&%Q
However, ascl@ngitainae beadvavigureduaich ahatah¢aanggievitedreyntimonsdase thheactatiag of
cooling of the actuating el enents. 0071] Alternatively or additionally,

the heat siTDEHEAPRTISE IrBLEHRIHE ah@aﬂlggmk“@@kiag topmpepgUitay be set to be |
cool erpppfign the st 'Iﬁlﬂgﬁr%rffaﬁﬁgtu‘afortsﬁ)ﬁeﬁyﬁf&%f&hﬁ"@eﬁhﬁﬁﬁéd{&%ﬁ oyfltf[ﬂg I's

to be used. Again, In this“casé, heating nust be pro const an
act uati ng giressehiryeldfhorltapverludmah aivoater tdaitollas 86, wbichas varifeguaed toatamgpl

elements 15,16 in order. to maintain the tenperature of actuating el enents
15, 16 above°tH rt%%%‘ﬁé?t i]’r?’é1 FROqLRE Nt poipat O&Ffog%f 33)6@33& r0} PegMPRSIRBRE Nt

may be undeghfiRPlEfirshOMEYRbnd REEAHSEe b cABY 5afdf @TrddrE chempahatdmeralirot her
conponents within the systemw t hi n which actuator system 10 is to be Used.

[0072] 1t st thefaforchthe dnguatppr edithe edtuabiag clanettoulph ag snmbodithoti agtne®ri n
Cerper at ur ¢ OBToUg TR BraR@ 8oL T 1H To i O s iR B AR alB 5™
rate of theoagodaitiing el ements
[0074] As shown schematically in Figure 5, first and second actuating elements 15,16
may include first and second heaters 35,36, respectively, for heating actuating elements
15,16 under the control of actuator controller 30. Heaters 35,36 may, as schematically
depicted in Figure 5, be discrete heating elements that are provided in or thermally
connected to actuating clements 15,16. However, actuating elements 15,16 may
themselves be used as the used as heaters 35,36. In particular, actuating elements 15,16
may be configured such that an electric current can be made to flow within one or both of
the sections of material that include actuating elements 15,16, the electric current
providing a heating effect.
[0075] In one embodiment of an actuator system 10, actuator controller 30 may
determine, for a desired extent of actuation of component 11, the required temperature of
one of actuating elements 15,16 above the nominal working temperature, in order to

provide the desired extent of actuation. In doing so, actuator controller 30 may take into



may be particularly beneficial for an actuator system having two actuating
el ements 15,16 WO 2010/ 066515PCT/ EP2009/ 064605 - 19 - that operate in
opposi t e wonsmewd1ién t hey are heated (as depicted in Fi gurEP2@a/,064b5 and
2c), these arrangenents may al so be begeficial for an actuator system

havi ng a single actuating elenment. For exanple, in an actuator system

havi ng an actuating el enent including two sections of nmaterial that have

g
di fferent CGERYH dhendermPSPiursof teg olieparsiaEhg cleapt dimgthar meads. sif ke gtheg
terper at ur &, REkAY i Ak Reldy R K ki d SIRSEATE AP wRHHE L AR EhATeNt
may nean that 1t may actuate I'n one direction, as the actuating el enent
cool s, at acsuatdricongalldry3(f sy dewtminchtht térygeratotauatcost thy Sretmadtmtihp teldnomti t s
desired purIPeose. However, it shoul d be_.understood that the actuator system

woul d sti | I1CHESS#YLP @rovids hpdrsited ot AEACEH4LIon: PGHoBRING R RIEFHH NEATEREOBy

heating the,aat yaet AQule®iHMedthan it is in the opposite direction, caused
by cooling. "Further, in such an enbodi nent, the actuating el enent may be

confi d0f&d such Intadertealeterminpy theiddsidedctomperateedbya rautited catmuaf ietgatednenent
in order to maintain it t he nom nal wor ki t erature. [[0073 hown
B gure ScteY pholty Mgy dnISR ABientBh g W' SHRERHU Ron b ga R0
present i NVRRirEPEERY of NhAHIA t& HeREIaAtRipetAiMes BF 1helacB@iin®Elembnis Sbove the
configured to control actuator system 10. In an enbodi nent, actuator

control | er WmipghywebHe temperdurpr d\etudtencastrollend mpytdsq inchrdeanprosesond?2
actuating A6 r 0 [ fore
fhe act uat 1 bt TRtk LR MRl Ll SR L BIRELAE Ry RRflcEE &
control | er r3guiralyexedntdf adtuaiohLUAhOprosysdemuyl Oe tenfiyuead tdan@rpdest badetedah of
actuation of conponent 11. [0074] As shown schematically in Figure 5, first
and second RettyRIVilgderidie Hecalibiatign daf9. i ncl ude first and second heaters

35, 36, ghpRPECct i vigl, iag{uaf%@%ﬁm c%ﬁﬁ%%%ﬂgth% &Hﬁi‘étr?%&ﬁﬁﬁg ok yEs 19fs pQpt r ol

of actuator contro aters 3 may, as schenmat depicted in
Fi gure 5, besodbespoetded natit temperiensertsors 31a18 tatprowalei adedtarrcootroll dredOnwith y
connected to actuatin | enents 15, 16, . However, .actuating el enents, 15, 16
oyt hems el Teear i oar e TPRECLEa okt s Lpat o Tt heriSs AR phglement
actuating elseygents 15,16 may be configured such that an electric current
can be nmade fo flow within one or both of the sections of material that

i ncl ud@0A}t uat i Nkpreperatine scbersld/, 38 heyeiceadditienad emperatyse ovisdir ggmapoheds i ng

effect. [0Q75]|,n,one .enbodi nent, of an uat.or syst.em 10,,.act yat or )
Comtrol 1 o Mg DG B R b Rlen B L8 T R BT F Byt ai R Festingnent
11, the requémeststisNMEehamdERco®magne wkd as thetdnii@ralf®nksrs Ln ghtighay.ant he

nom nal working tenperature, in order to provide the desired extent of
act uati on. dleptiaesl ryissance ot peivatng odanenivl 1.6 NRY varywith kanpasgtarendecordingly,

2010/ 066515&1%%'21/‘[&:1]3 5%191%%{ 1% ﬁ1§195oe configured to measure the electrical resistance of actuating
elements 15,16 and actuator controller 30 may, for example by means of appropriate
calibration, determine the temperature of the actuating elements from the measured
electrical resistance.

[0079] Accordingly, actuator controller 30 may control the heating of the actuating
element to provide the desired increase in temperature above the nominal working
temperature of the actuating element that it has determined is necessary for a required
extent of actuation.

[0080] In an embodiment of an actuator system 10, the actuator controller may, in
particular, be configured to raise the temperature of one of actuating elements 15,16
above the nominal working temperature by initially providing heat to the actuating

element 15,16 at a relatively high rate, in order to raise the temperature of the actuating



- 20 - account the tenperature of the other actuating elenent. In other
words, if the other actuating elenent is already at a tenperature above its
nom nal wokbrigebERper at ure, actuator controller 30 mayPdeEPRIMONEIGOHE
tenperature rise of the first actuating-el enent necessary to provide the
desired extent of actuation, overcom ng the preexisting actuation by the

ot her actuating elenent. [0076]1n order to determ ne the desired ]

t enper at ur 1§ment gehvrly QEiEkbx Y 203IVelt PR ohtimacnestte tEorataIc g ri5en may

i ncl ude a ’E?gfﬁ't%itafébrn byt M Edsfad LREALrARIARER tﬁét‘ﬂafte £t‘%lxlﬁh?ﬁea‘??s§{o€ﬂled

extents of t'o necessary tenperatures of e actuating enent s
above t he nonhanadtuatoigkdlegertenpethat be ecduded bataotuatorbnodlleer3030 antayvealeyol.

i nclude a ocessoy 32 that uses . the calibration data i.n the nenory to
det er mi ne t IP‘é(ah(eP’%loFOE’ré’ amhémﬁatrt%at lﬁé%ﬂwrﬁ‘@ao SR{ngap t@ﬁ SRR SR The

processor ngy| &t QR@fﬂeQé&rseﬁg ie?rgie GlePRIrafhe %ﬁhﬂ‘&?%xféﬁi acR@lift. STRsOMk Q¢
within the calibration data. [0077] 1 n an actuator system 10 configured in

t hi s mannerprowdingdiciniy th¢ estuating cidndad 1ody eirsspands pr heiraledt which heatmsdosat ur e
sensors 37,38 that provide actuator controlle O.w t.h nmeasure ts of the
enper at ur drp 1y eBabYe SRR B nEPRL kDU hek Stk (Eer R SRR To2hsg

[ 0078] Tenpeinisht @nSiesriRins oBhe3Gstbmyivibten adskint 4canddr sy QBRENDal U, sensor
conponents installed within actuating elenments 15,16. Alternatively or

addi til80&1]] y, acthedishigtetidrieridsgimatte achehBe cleawnihs, 16 aaydedixed. hwhich
tenperature } f I | St f in
el onont s 18 SERagisy schfroft 18 ElAls bt IREE bRl AR ARER B0 OER | 0
may be confbygeomebliing maguiraeiohlhd teheat wihidl thedaisstaan o hedt iaprordteddefore

el ements 15,16 and actuator controller 30 may, for exanple by nmeans of
appr opr i at ectutrseatplder S0gwtitshgs thethe wecandpisrofinie wdve heaktogctupaing sépment

el ements f ram d.N&c Wr gﬁloaﬁlﬁl%:iﬁt eeirﬁ%.géﬂl@ﬁ'tctﬁ?cu%%g%%]ae& %Q{ugioli] g{)ﬁ[troller

act uat or controﬁ er 3 ting o actuating elenent to
provi de the(desy cedrol Herleas®e dctuatiegplementl £1@woweproided entho &ilrst wate kintilgthe

{emerature of e St uRLLng elerent LIl 1L Do deter e |3, BRsesSary
system 10, fh@iAsbRAAT attRNdcohd Rlfc. MBY, N

[0082] However, actuator controller 30 may be configured to determine a rate at which
heat should be provided to actuating element 15,16 during the process of rating the
temperature of actuating element 15,16. In other words, actuator controller 30 may
determine the first rate of providing heat to actuating element 15,16. This may be
beneficial because providing heat to actuating element 15,16 at a lower rate may facilitate
accurate control of the temperature of actuating element 15,16, especially for relatively
small required temperature rises, but providing heat to actuating element 15,16 at a higher
rate results in faster temperature rises and, therefore, shorter actuation times which may
be particularly desirable for relatively large required temperature rises.

[0083] In an embodiment of an actuator system 10, memory 31 of actuator controller 30
may include calibration data that relates the desired extent of actuation to one or more of
the first rate for providing heat to actuating element 15,16, the second rate for providing
heat to the actuating element and the duration of time for which the first rate should be
used before switching to the second rate. Accordingly, processor 32 of actuator controller
30 may, for any desired extent of actuation, be able to determine the requisite heating

conditions necessary to provide that desired extent of actuation.



particular, be configured to raise the tenperature of one of actuating

el enents 15,16 above the nom nal working tenperature by initially providing
heat to twe amrueilsng el ement 15,16 at a rel atively hi girCratreqooioss6os der to
raise the tenperature of the actuating2W0 2010/ 066515PCT/ EP2009/ 064605 - 21
- element relatively quickly. After a given period of tine, once the
tenperature has risen approE;iately to provide the desired extent of.

act uatlPB8#l t he ragteatar cofrelier FOapay Be pblsvip defgraadate hstvigon dita pRynts epwided may
then be redygad nﬁ&nﬁ%??@%ﬁlgltl&%%,%Hu%{orggnﬁgﬂé?jo% bd ﬁaéﬁiagur%t%_de find evel

corresponds to the IS required to maintalr'n t ctuat’i ng el erfrent
15,16 at t hHeomebesslaytibeper atmeaofwyB 1] the heetjug ceddigionhe mecasbtyafoi atuatdhi s
rate of providing heatﬂ@o t he actuatin%.elenent.15q16.corres nds to

0 fhe
rate at whi¥HHUR1YSI 1B4Q 2 APEHT Xt TRm iy s WY hick dris alrady Rerfiglly pe

heat sink, JcfuaRiOVAdESHor 8o AMert 0 1§ RRL ST dSNYA LRAMRRhAS thhDRoA¥RIEM
wi thin which actuator system 10 is uSed. [0081] The first rate of

provi di ng hdgsicalbbdeyisatf thy @itertentystes), 16ingeapphepriatx edibrationdte hudetbat it
actuator contrpoll er controls,. the t erature that. actuating el ement
e Peachal BlSine R PRIkl futolfp bF MR Rt R ORin RRER Hehoff FEF b4, o
of heat is tprRyidesihedenentdctorticnt@nt mal belcofig®ed k€ B&Srhideteh&e exmnd
rate of providing heat to actuating elenment 15,16. Accordingly, for

exanpl e, i rshonkd e pepvadaretet thgisstussioadements in gedarde arovigatar distied c3Gngy
control thecﬁsﬁgnto actuating elenent 15,16 to be provided at the first
rate until Thé Reasured tenperature reaches a given |l evel and, thereafter,
heat i[90§8]Jovi dedntaaldithen,acgdtdicsngl elcesomfiguadtidnhef segnodcdsmtaler 30, actuator

[ 0082] However, actuator control|ler 30 may be configured to determ ne a rate
at whi ch hefnteHei{max bspsanaetisucy thetiarse ianﬂ@wé%%ﬁgh%twfsl,s emplithghs Hest

process of a&f’%ltée%ntdha?ctﬁlﬁﬂﬁgr&&hﬁ%ﬁt@if%ﬁ%%}é 'Bgtt?'faﬁﬁ%‘tthééqﬁo inlaf v%%‘?ﬁ
words, actuator controller-30 nmay determne the first rate of provi m%
heat to acttaapémgres, enmgrite allowta.to Tholsumabpnbef bemefingelamebsc hudé padwes ds ng

heat to actuat.i el ement 15,16 at a lower rate may_.facilitate accurate
Control of MOUUIIQHBER R R Ga ar HamEnE g8 o o e atiearpy s -
rel atijggge] smel | Ak §@nf2d of SARGLALEE RN $68ccoPihg BY 8YEHbATmMRRA thOpresent
actuating elenent 15,616 at a higher rate results in faster tenperature

ri ses and, inhentwhdreeingsdnosatestonemnizdlicn0 as describied chovamapdcphattthe attanioy

desirable for, relatively |ar equi red tenperature rises. .£0083]1n a
enbod ment SrehnmaEplSipE el mer Bt TS bRy tEp b AR AEERE T pfafa
may i ncl udeogabl $thé h@atbatcE compbndrell at BSatthil et FefometoFattuefing@lbmadkts on
to one or nore of the first rate for providing heat to actuating el enent
15, 16, t he Kekomdy basefffcaentiyreonpigicattheeaufficenljacaweigaiontigl ef apasitign@ft he

duration Ofcohip%'ﬁ?lgtolrl L{W%; BQP}OQFdediV&iﬁ{OHE ﬁ‘fo‘ﬁitgxglgé”d% p%@]ttlldﬁ%? cgﬁ%&ge%t %‘I(V' i g&%ng

to the second rate. Accordingly, processor of ‘actuator controller

may, for ary ggstceiettdekbenteQfthadf tied $yonem bangdsegriaduddey even timet fiamay be

requi site heating conditions necessar 3{) to provide that desired_ ext ené of

act uat i on. nhecessary periodically to perform calibration tests in order to update calibration data
stored in memory 31 within actuator controller 30.

[0087] Alternatively or additionally, as depicted in Figure 6, a position sensor 40 may be

provided to monitor the response of actuator system 10 to the heating of actuating
element 15,16 by heaters 35,36. Accordingly, a processor 32 within actuator controller 30
may use the position measurement provided by measurement system 40 in order to
control the heating of the actuating elements or to adjust the control of the heating
provided by heaters 35,36. In one embodiment, position measurement system 40 may not
be used in operation of actuator system 10 but may only be used periodically in order to

perform calibration measurements. Position measurement system 40 may, as depicted in



WO 2010/ 066515PCT/ EP2009/ 064605 - 22 - [0084] Actuator controller 30 may be
able to interpol ate between data points provided within nenory 31.

Fur t her nowe,20aatee@sor controller 30 may be configured t @CuaPeeoionss)s f rom
the calibration data in nenory 31, thesheating conditions necessary to
actuate actuator system 10 to a required extent froma position in which it
IS alreadyﬁpartlally actuated. Actuator contrqgller 30 may be provided with

an al gori t HigwRat bhoaeregedne @ﬁ%lrf‘céhe PRHERN 6f camppﬁféltalclt Rdgtee 9ybeseni2:
using appr t r ted
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act uat i ng elfeosempbsent Chmslequretotdngthict parayf the sgaomivgtine ovhiah adatagrrrsystemt llfeis heat
t hat should E? gQPV|ded to the actuating elenments in order to provide a
desired ext®Rf U84 act uation. [0085]1n addition, regardless of the
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according to an enbodi ment of the present invention having an actuator
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ponse  of
actuating elvereritimd perléd. nﬁ;gubsﬂesdéﬂwtsnlwéﬂtyntcmbs aetheufrtn dhadtusoif sfyswnemOI y
accurate control of the position of conponent may be provided w thout

moni t or i ng BehEesHgsiiist BHlYarctuassdnsttion Any at Whlc\mthff figsé a‘éﬁﬁtﬂ%’c‘?l@i‘l@‘& 1S Agfiigear |
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perl odi cal | Yy to perrorm ca ration tests In order to u ate ‘cal il bration
dat a st or ecciuatioe Hmeytt leauwhﬂuh theactoat artuatiogtetahdngd 6 30actjHDEBHG]th¢ exmatmvel y

or additionall icted re 6,.a position sensor 40 may be
provi ded toeXFﬁS’% h(ag t‘(“ﬁgr SryéEGBb]n(g’é tggéﬁzm%ﬂdﬁr system 10 to the heating of
act uatjppgpel emenig %wﬂtﬁm%gﬂ%@wf&h?éa%@wr@&%Cimg iMtial®y RQAESRWardhe

wi thin actuator controller 30 may use the position neasurenent provided by

measur eme ntﬁISty@mmum extnnfo Ageordingly,dhe teviprdtarcrafdirb ey twitingleéenett Uatis nga

el enents or, t ontrol of .t he, heati aters 3

T o enndarlaag iRl b te £ Rh R} SRt sh BRI PN aN St dleify Hignat: °
oper ation of6 igat lt@h@ﬁmﬁd’%ﬂfﬁlé%nﬁ}j&atﬁﬁwzgnAy shevilSedrdeetd prbivel thy rdguired der
to performcalibration nmeasurenents. Position neasurenent system 40 nmay, as

depi ct ed i rfempgatnaso hes6s PSPEIRdEP20ob AgBatgRselement 15 at a relatively low rate Piy

and no heating is provided to second actuating element 16. It will be appreciated,
however, that if actuator system 10 were configured according to the options discussed
above in which actuating elements 15,16 had a nominal working temperature above the
temperature of the heat sink(s), the rate of providing heat to both actuating elements
would be increased by an amount equivalent to the heating necessary to maintain the
temperature of actuating elements 15,16 above the temperature of the heat sink(s).

[0090] At time ti, it is desired to change the extent of actuation of actuation system 10
towards the second fully actuated extent. Accordingly, the heating provided to the second
actuating element is increased at time t; to a relatively high level Py in order to rapidly
increase the temperature T, of second actuating element 16 to a temperature Tog that is

sufficient to overcome the actuation of first actuating element 15 whilst it is at its existing



- 23 - Figure 6, be arranged to neasure the position of conponent 11
relative to base 12. Alternatively, position neasurenent system 40 may be
depi ct ed WO 20886518 t he position of conponent 11 rel ati PETIEP2@O6450F part
of the systemw thin which actuator sygtem 10 is to be used. [0088]Fi gures
7a to 7e illustrate a node of operation of an actuator system 10 according
to an enbodi nent of the present invention. In this_exanple, gure 7a

depi cts t hdempgratups Tap, é\kmf‘cﬁs RemMnal 3vopkigy iteraRrretyTe Trsin f@tmawidﬁgheeqieéﬁéﬁt 15
over a ti W%X%Ebp%tﬁatloﬁl gure 7b depicts the rate P2 at which heat is

provi ded to second actuating elenent 16 over the sane tinme period. Figure
7c dedi089H t he tAnpematnrlagiits 64 td Ve, st tiactthatcong ehenmeplechenovércaches theven

time period. Fi. ure 7d depicts the tenperature T2 of second actyatin
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Fi gures 7a df@edddd adfulatind SemsiStEmhyl B ktabilinéd. i al | y actuated towards the
first maxi numextent. Accordingly, the tenperature of first actuatin
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equivalent to the heatin ssa |nta| the tenperature
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system 10 towards the second fully actuated extent. Accordingly, the

heat i ng pr ckmed S0daliste IQmum@lmhagﬁm@teme is increased at tine ti to

a relatLygely hi | evel 2H|n order to rq reas temperature T2
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exi sting WO 2010/ 066515PCT/ EP2009/ 064605 - 24 - nger ature Timabove its
nom nal wordt¢tagnttlSHpéit agaene atiuptingelcmeniplohdsdeen lhéata sififistpndy e provigde the
actuati on.

required extent of actuation, the subsequent rate of cooling of first and second actuating
elements 15,16 may be sufficiently similar that the extent of actuation of actuator system
10 does not change during this time period. Accordingly, as shown, between a time
period t; and a time period tz, the temperature T, of first actuating element 15 falls from its
original temperature Ty to its nominal working temperature T)x, and the temperature T,
of second actuating clement 16 falls from its initial elevated temperature Tog to a
temperature Ton at which second actuating element 16 provides the desired extent of
actuation while first actuating element is at its nominal working temperature Tiw.
Meanwhile, during the time period while first and second actuating elements 15,16 are
cooling, the extent of actuation does not change.

[0094] As explained above, the actuator systems according to embodiments of the present

invention may be used in a variety of situations. In an embodiment, the actuator system



[ 0091] As shown in Figures 7a to 7e, at time t2, second actuating el enent 16
reaches the requisite tenperature T2E above its nom nal working tenperature
T2N and twe 20sgiésad extent of actuation is provided. At PCnatP2009/08460% he rate
of providing heat to second actuating2gl-ement 16 is reduced to a | evel P2N
that is significantly |lower than the | evel P2H necessary to increase the

tenperature of second actuating el enent 16. Accordi ngly he tenperature of

t
second act UB#Y Rg Usrdrathin pelithagraphicsapapratysz edn a[ Hodey ﬁ@h}é@l@}em d8C SRHHMOT i n
Figures 7a ggte&ema 6L Hg’é(f)\%%ﬁlﬂrg[ﬂ’ag latiGh b%%l(l dlﬁé’?lﬁgl 95 9hdt QoRi ﬁ8h5d§ b t tO

second actuating e enen at a rate wer than that whi
necessary ta radiatiiraFor &taenple ppediatian Beaficofditesdgys@at may bagseel asrparttof a6 at
its existing te ture. .Accordingly, the eratur.e T2 of second
actuati ng Mwmior ey BWOIVéf@fS & B D riagipmn rogh s RGN SEWSE MGt PETemIng 5
mai nt ai ned ghpye the nom nal working tenperature T2N of second actuating
elenent 16 by the rate P2M of providing heat to second actuating el enent
16. At[0898d sanme Higwe & Qf;pl@th ecfremaélcPliy ofpagradwandilngitetian systefi frspartictlantas ng
el ement 15 uc t he tenmperature T1 th i rst actuating
o ement 50 4 iR RrQT HofokiRY Gl ng TR aab e Torts s 1o 4 Al BFLYRF

[ 0093] Convedwrieptihy clddyerd§ BaNGhNRG dA2@ oo h Yor@dn BE tHLAD &M %ﬁ&cﬁml&ﬁ) ohfb  he
manner di scussed above, for exanple by naintaining the rate o rovi di ng
heat to fi rrgﬁpe&élma@ﬂ%@néle&femt in g sgend arsscoheilreting el ompeng éﬁeﬁqchmf thas
been heate i he
subs equent dreﬁ?ét élgtﬂgr}tx if QGCP{N? I\cﬁ:’rg)?oI” Féz] %élg&%nﬁ@?ﬁ?%g&g 1%%(% %?ctsh tﬁgf t}_ﬂ% -
be suffici eiglipf $hdmdsa¢1ateﬁ&ﬂerhh& iexiretdrraof 4@itivaiged an)f a @@ttbtﬁiir(gf dsyst4dm 10

does not change during this tinme perlod Accordi ngly, hown, between a
time peri od®4h 2B FABEINGRE IpRTBeN ly knowpas f.effpsrcae mt@gmrtfr o%ndfrpﬂ%qtoréé@ tEti ng

el emrent 15 St i 9L ng
Cemporature GP Gha et SR FIBREEt e LE el ihbr s A el b
falls fromsetend mirgy alf refletatsedl/ tenpemabulyercidted to ast;mp]defaaetunm‘rd'r:@HTab

whi ch second actuating e|] epent 1 rovi des .t he, desi red ent of actuat.ion
WA Gt o S Rt Wi AR Vit My g g B R

Meanwhi | e, duflhfind MBaddsnar MQF LRy Whidecldrt 3k, pRAIERE ANdixdfd ymﬂenﬁdﬁlnsﬂe nts
15,16 are cool ing, the extent of actuation does not change. 94] As

expl ai ned abotted by M radiation srurey prexnging coprodicd glmmnetnmumﬁmmtts abpattdn@mg
pr esent |n%fnt|9$ may be used in a variety of situations. In an enbodi nent,
the actuato em WD 2010/ 066515PCT/ EP2009/ 064605 - 25 - may be used

Wi t hi oe9d]i t hogr@@&t&;ﬁct@@ﬁﬁmﬁﬂe&% thdarfangbinbhesT fRBElyTeFnEflectdis 46ahdiadcdhd
system may be used within a radiati on beam conditioning system that
condi ti ons %rabreﬁﬁ?%qvct@rédﬂaﬂ%bp sychrthaixberplaes mare wdficatoron sseend avwdtt theni ng

system may thre YrE ﬁ11 é/t460 Fur@l'{'e olréJ g%@?ﬁ?ﬁ{g@ pg)rgf\?l:égg?ﬁleareﬁ&q@s(ﬁ first

radiation froma ra source
array of reﬂectors 46, one may control to which of second array of reflectors 47 each of

the reflectors of first array of reflectors 46 directs the radiation incident on that reflector.
Accordingly, one may control the angular distribution of the radiation directed onto
patterning device 48. For example, in the arrangement depicted in Figure 8, the radiation
is directed by four reflectors in first array of reflectors 46 to selected reflectors in second
array of reflectors 47 in order to provide a dipole illumination setting. It will be
appreciated, however, that any number of reflectors may be provided in first array of
reflectors 46 and each may be configured to be able to direct radiation incident on the
reflector to one of a number of reflectors in second array of reflectors 47.

[0097] In order to control the position of the reflectors in first array of reflectors 46,

respective actuators 49, such as the actuator systems discussed above, may be provided



[ 0095] Figure 8 depicts schematically a part of an illumnation system In
particul ar, as depicted, radiation is provided froma point of internediate
focus 45 wo 2a10fdess array of reflecting el enents 46, whiPCh/EPa@/06m0tis a
portion of the beam of radiation onto2g-respective reflecting elenment in a
second array of reflecting elenents 47. Each of the reflecting elenents in
second array of reflectlng elements 47 is configured such that the field of
t he associ dPeercBod thsetlpeions; Pependpgan theangngeﬁﬁ@baf Haertanghe Periiehef Bevi ce
48. Such a [ o} NPV, 8 I nd
refl ector Sr}l ﬁ%@?gﬁ rggérbtrnétiya?rC)? (Km?pé%:{to%r S 4 zoregﬁ%eginﬁ%rsﬁxgxﬁeé {e}t E%hg; ovef
field facetreedivasondipti@nttomeddeactleoatsr mrﬁrstenmycbfaeﬂeo]oref%[ dfthaatiectordy imn e
commonly referred to. as 5_ cet mrror e arran enent .is s E t hat
the field R SONIIAY zﬁ@ P%téVeﬁ% aFW&‘ioﬂ%lé‘é‘ﬁ]aﬁsé PR3 Eh 8?“8%%‘1“%% e

i mages of fhishe FHb@iePin bedd 86 Bho the RIsRION0d NtheBreAbetbATnOdecbRNE afrgflioft | ON
emtted by the radiation source, providing inproved illumnation uniformty
at patter n|rn@ectﬂ@\$|4éen 48ler {Od86] M)rdmatdyelw nadlaﬁolggnte mettemning devicadgenment of

fi t fl 4 f t b
that (R are HBrLRRLRIE crRodMitt SRR AR e B Rl S B e o
array 46. FRflABEERcn Yo CANHAtdvicAGhEPE aROBIdVi @R Of hd ﬂﬁlorvﬁhg%ts@ﬁﬁub@

t
first array of reflectors 46, one may controF to which of second array of
refl ect or s devcribgs landmprayedrsapeior arsing¢ agtnpting elemayt, hadedane ¢vp sectipgs of

control tna"ARANTAY A, ARE HER R OB i REpAior SEEL ALK MR B g

devi ce 48. H%qrseemajmllﬁ,ordidi tb ff@rnaﬁﬁaﬁ@eﬁﬁgﬂsysﬁlﬁﬁIaetcﬁdlngr‘tolzdrgemlﬁb(ﬁmeﬁthﬁf the
radiation is directed by four refl ectors in first array of reflectors 46 to
sel ect ed r oTP¥et W§n‘i1911’§éé’6ﬁ€lm&ﬁ?té%ﬂ wit ra@mh@é@eﬂl%tlmgrekeﬁwaﬁ&eﬁl% %rramg@d. fe a
dipole ill 2P 0

nunber of re e%:!tugﬁhse %0 Eg S%I#‘Stoew Hglfﬁn fi rsoﬁﬁg?&rlgegtlgp me(;{ﬁ%eétt% ?&Vl and
each may belcumtn‘rlsgmredlmm dveuagdyl sgstbm v ingdtvoraatliatitg olemients| orendr b@lth mlag be
reflector to ne tor in second array of reflectors

@ n‘? (%f refl

47. [0097]I°r‘?n PY& an?r & {¢ the lmerB% ¥T'BHOSf the reflectors in first array
of reflpgegjors 4GighRINRPlYS 1%%&%%ﬁmﬁﬁ%e§ﬁféht ?(ﬁaéchﬁ‘m%fouﬁlt&ﬁbo%ﬁ/rﬁ&rﬁ@

di scussed above may be provided WO 2010/ 066515PCT/ EP2009/ 064605 - 26 - for
each of t hehe éfvantioor 45 @@p@nmtnglmg\ekh@naﬁﬁ angladesnfirgfandise cenydb saomons loé
position of the f [l secon refl ectors o] fixed
Por. exanpl et i ieds o EEQRTRi G Re ThrisieFiinRlshe HosPRicnE o

first arrayaeé 12 6f thRGkRating Bystdrh td iﬂa@mp@{dnem €Hat isStoibR adtuRddt Bet saktions of

position. Alternatively, actuators, such as the actuator systens discussed
above, may Ibétepllab\ﬂééd@?itﬁn(bff@@r afScemt Pdlconpreipd s bﬁ&ﬁnl%fo g yecqusk ¢k ddr s
in second ef [ I O

radi ati on chl gxfot%pttércr?l é?/llzc}e J%é)&ﬁ%%%% ?b{(ﬁﬁ urt &r Q@’ gle}r%sr??qh? t he
present i nviewntion, flasﬂfaudfs%mﬁiyﬁ:fcaﬁﬁs hﬁMamglaacStuﬁatarlghqbeelnattthSth@f tharcross-

i nproved shape are provided.. The follo scrlp i on descrihes an

i nproved shEpEOTRdArY o Gigh&f é%%?éf@ﬁ@ogmég?éﬁ& fasRs QB! g@é?%éé tQf
mat eri al hasgb(ggl Hisff4ering coefficients of thermal expansion. Such actuating
el enent s e useé alone in order to forman actuating system according
to an [ﬁﬁﬁlﬂdl mentInaeh dnidedpmesgeat dépetedin Biguro?, fint gmhjacnod sarions bhmanotaher
actuating nt that is arr ed t te in the 05|te e, . nanely
e oppos cdoth i br g tnodare b oh B BT idg G bits HRPEyat BiftR I Rupn B2
actuat or  sy.shRFARY hH@ctMOth Ktk aREs PhENBMEY alsOBE uRd. bot h may be
configured according to the follow ng description. [0099]Figure 9 depicts
an i ndPBLEd act ubhd prgveieneinin s0uaictdeldingyt §© acgordimgdditime rambgfdiment of the

invention may improve its performance characteristics. In an embodiment, for a desired
extent of actuation of actuating element 50 and/or a desired force to be provided by
actuating element 50, the heat that must be provided to actuating element 50 may be less

than that which would be required for an actuating element made of sections of material



the invention. As before, actuating elenent 50 includes first and second
sections of material 51,52 that have different coefficients of thernal
expansi orwOBaoneexssend from a base 12 of the actuati ng PETIEPRONO64605
conponent 11 that is to be actuated. -Bgth sections of material 51,52 extend
froma first end 53 connected to base 12 to a second end 54 connected to
conponent 11 to be actuated. According to this enbodi nent of the |nvent|on
first and JE¥BEde SBHPTMFEOSPCHgNerIPRE thefr demethy @%ﬁg@&est}@hﬂmﬁdﬁww
Cross-secti r d S
fromtirst ‘SnguageRinal sBAG"oRl, ipPeF SRt B e be TR, Tbr st IERERRRET |
Fi gure 9, fwokingatethpsetwrdmse diei edscadlf corapacd ab aBllacﬁﬁatngyelbmemonfadgLfrcaﬂ to
have a uni form thi.ckness. but have a taperi dth. It will be appreciated,
however , t REEUQISIE MG 3%@%%9@%%8%@%@ %‘@é@ [00101] The provi sion of
an act Uﬁiﬂz’}g el eAgitihe? Qnitol Mt Bgtﬁeopréié'nﬁuﬁz@% IB’E%Ofdlea pfaﬂﬁula@‘é%ﬁ &%d’tmy
improve its performance characteristics. In an enbodinent, for a desired
extent of dot paviding bfatary teani aroguaéingrmﬁnelﬁoThﬂ dolbrwiagdiesirimtbnf daseabesahbe
provi ded by uatin the heat that r oV

e tuat i ng i eysd? oS e aomaldenrite CRRa ol PEyET diftrgpe an
actuating e f@[httedmgﬁhﬁfheﬁﬁ% $yeften by BBUSHA fal atuator system that only includes
2010/ 066515PCT/ EP2009/ 064605 - 27 - having a uni form cross-section al ong

t hei r | engthsingle eplaehmgeslcmsat t AHerratbialy ethe beating wtmga@%m tosthis o

cool 11 0m ag glycxah edk HEMRRLAIM FulOpe REd TPTR! v RoD WLIR LK DG o1c

terrperat ure nay pe reduce conpar e 0 an actuating e

sections ofachmtiagickimdnay kg & teonstianing cloasets éot dxanple atraged [s@&lﬂm ey
further enbodi ment of the present invention provides._a particu
ar r angenentPTPBide FEB\RTIQN A Oﬁﬁ%teﬁnﬁﬁ whenbeated: .aﬁgieéqré?%irﬁbowrh@ tihé‘l $356i g

descriptio ¢t ng
el oment  as Houny Dpanpshaf FR VI EHHT A FORIEE D, SpRALEE bt
syst em may ibecntise andydre gppliad tcuateorr b@j/rﬁd)feutm ahaatn(g\etlymemts | Kistthsrraosi algloagh
actuatlngeerrent Al ternatively, the he system accordin hi s
anbodi mout B SRE ORI Gty e e Mo i by Bl hen bl
mul tiple ackuaddsnd elt&Rntith dSYERIBScrb¥scaRdMA L% 16 MR Sngth O sﬁa@&mlee
arranged such that they provide actuation in opposite senses when heated,

as descri begpatroated thay thiksgmlpalsmenti of tivomivdntyen apyraesd &t aded hath atteatingt i ng
systemaccordln o t hi f the inyvention .be a ied to one
of “bot h of Biao8so B, So BTRRER I Mo hilfaer 1 S PN 06 SBBYREC By e
i nvention Isgcﬁtﬁﬁpﬁﬂebgﬁn@ntﬁ&rlléﬁétﬁr ence to an actuating el enent that has
sections of material w th decreasing cross-sectional area along their

| engt H001@3] s houl Aicdeeding s thisi catwdimepdof the igvanvign dibgeefuatig ¢lpraentiy eennceisd may

o 50,0 Uoo gl L2, Pk AR RN QLG 0L 88, RO
[ 00103] Accdoet mgl ﬁhe atﬂnhﬁngﬂbmdﬂltrfeﬂh adkldctieallnvemducang clrhigt. & drdat tongoeldenent
'S connect ehdeating to the actuating element, a current is induced in the electrical circuit formed by

the actuating element and the electrically conducting loop, and the resistance of the

actuating element to the flow of electrical current around the electrical circuit generates

the heat required to actuate the actuating element.

[00104] The electrically conducting loop may be formed such that it has a lower electric
resistance than one or both of the sections of material forming the actuating element. In
particular, it may be formed from a material having a lower resistivity than the materials
forming the actuating element. For example, the electrically conducting loop may be
formed from copper. Alternatively or additionally, the cross-sectional area of the material

forming the electrically conducting loop may be significantly larger than the cross-



to an electrically conducting | oop such that the conbination of the
electrically conducting |loop and the actuating elenent forman electrically
conduct i nyoeonrooesils 1 n order to provide heating to the &cTaExRRéImgesbEnent, a
current is induced in the electrical .ogrcuit forned by the actuating

el ement and the electrically conducting | oop, and the resistance of the
actuating elenent to the flow of electrical current around the electrical
circuit gertsstianakarepef Hisactuatipg pleaynt Gn therdisgeon plkthg eleghic Ggreat) e Mssefore,

[ 00104] The i n ' I : E;TEB : j a

| ower el ecttﬁé @%%%ﬁ?%%%c%% ﬂg%ﬁ%%dggetgg{&ﬁxgp ﬁ%chgtrl sec{]ég%g l%m%tée% ?la ©

f or m ng t hecactiogticngnethemanthe clentrigally cenduating lobprmay be forned from a

mat er i vi ng |l ower resjstivity than the materials form ng. the

act uatlﬁhb@ ement’ "TEGY N3k siftp I1eProy Higdelhe St oe e W%M‘&?&tl?‘ﬁ’gmﬁggﬁt\ﬁ?‘agé
formed from.eaPALH to Md E‘éaﬁ%ﬁdk\/ﬁicﬁ tRAt ?I%ﬁﬂlhéa't enalil genérlli'f%d%%%'tg%fe'c@ﬂ%hy area

of the material formng the electricall'y conducting | oop may be
si gni f i cantdopdicimgdeon hvaransfierred taoths heBIEkoa) 66 BAGHET! BRdoanro6ded® the 28 -

sectional area.of the uat.i n enent (in the diorection,of ,the el.ectric
o ont HeBRuRE el R e el SR Bl ob T SRy B et €N e by
si gni fi cantthyadygfen fie@dtuiSthaenes pbedelicbtridae cagdutabt bempdredenthd fladtrichlly he

el ectrically conducting I‘oop.qﬁLO 105] Where a heat sink is provided, the
el ect ri cal |9pnéwridgdeemeptlins goeraiictieal chedueiar] Forcaample By destricsdly seaducsingk

such t hat i r Al 1.t .hi [ conducti ng

|l oop is t rgﬁésﬁf @?%ﬁ%@hﬁﬁo %ﬁegfe ag%lﬁgbgﬂrﬁgg%g%ft %8%02%%%?? ﬂ{%}éoﬁ'eat provi ded
t o t hgoapia)at i ngnehemboldimdhef élcartuatiag leleyn anadidetrhagbd foemediybdik samionts ed
to the heat sink by neans of a structure that is a poor electrical

conduct or fipasTEd thag coppsitede gheractualing glersat Jée slegmag ds PrRitidgdstogupy g the

thermal co i : i

mount od to T HeRLoh e @ERIPLEmCh IS IRICRELL ARl AR Ehi 1S B IRRE | |
an enbodi nmedtctodallylvendcttmatloapy teebadetht sc@ndleat] ofrthe doa@iatiog riedchenty bloohdt run
sections of material that. constitute the actuating elenent. The sl ot be
o ovi ded ¢ dhF GRUTeHGRRPHE ' POt HEe Gmenind SRFTAP g el QLI CTRRER GnEnEe
actuating e&.gaeatd &T@Yhéo@le&?f&'aﬁ’_?ftc%ﬁdﬁ&iﬂgh%oﬁ|s%‘1€1f1 i H HPALEGTaNSurORAs

towards the second end of the actuating elenent, but not run the entire
| engt h of tihducgdtimteiahertmd einent, therledthe curoeng flomisahrough dtd avguaging wbmentray  be

current 1's Mol bR BT BT R RO B @M et log UG D BN Tkt

t hr ough t heycagiihatdlOrgerdl te MO ecORd didel dfhe 5&&1@‘&@% clehnshothefseend iRl dfi thst
end to the second end, fromthe first side of the actuating elenent to the
second si derchfatinpelegrangand thgndiasmghnscgend ¢l efctbe pefuatie: epmenletodbe fiatticad

el enent an . tyat first
end of ¢ ho LR EBT ARt BRARENERR! SO SE AR SRR EHE Pl pleind Hulh
Accor di ngl yan disanpaans, thé ckutitabduraent argesednsd flovhabsahetdlyitb@gloaut Eieriengdth
caused to fl ow substantially tththout t he qug}h oé L?e actuating .

el enent, prvirgieal ahidg: sl ag et PeRYABIE heaitng Groeenat thetength ohtheactBpngnt |
[00107]The(ggf%ﬁnt may be induced to flowin the electric circuit formed by
the electrically conducting |oop and the actuating el enent by neans of a
varyi ng0hgnet i cI'i¢ ehdeapmlaiydet tmaluiced tediowexartpt eleancalit@nnhbtinmgd burthent
may be provided to one or npre electrically conduycting cqils provided,.

2d) acent ¢ eSO OB ARELT F9HA NSRS P GRF T L GUT 8 TR ctic
varyi ng magnal !a?p[fié(fv‘iodit. Hdt khinplce AR QHEMBNhg chitentGHEY BOprdvedddnd WagGr intbrt he
electric circuit forned by the electrically conducting | oop and the
actuati ng ellenteelyicanductiog cedppredided afiasint smtheslegtricaly spadusting ldop in feeder

case, the qne or..mpre coils provi dj,acent t.o t electricall .

conaucti ng Pass dbMGebSh hBhEXL AR, REKSEEithod igbl o fEAR L Baldea in he
electric circuit formed by the electrically conducting loop and the actuating element in a
corresponding fashion to a transformer. In that case, the one or more coils provided

adjacent to the electrically conducting loop correspond to the primary windings of the



WO 2010/ 066515PCT/ EP2009/ 064605 - 29 - 'transformer' and the electrical
circuit fornmed by the electrically conducting | oop and the actuating

el enent cwonrespowniist o t he secondary wi ndi ngs of the 'traoSfEPRene064605 [ 00108]
Figure 10 depicts a possible arrangemept of such an actuating el enment 60.
In particular, the actuating elenment is fornmed fromfirst and second
sections of material 61,62 having different coefficients of thernal

expansi on. Ao and hr lecipal dirquil femediby Hicrel¢qtiically seaducsing deprsandk thens
of materi alacﬁllatlgg eleﬁé%@&%e@ﬁ d'8 %easet:bﬂ(ﬁl}y m;%% oFhd BEnEGIHAE I ng el ement

towards a secon e actuating e but not running the
entirdg00108] t he ngm@t H) dépiatauadsistde efrengsnher&(hf sﬁleﬁ)hﬁsa}:ﬁlaltmg cdarderstedo ha

sections of nate[\ 61, 62 are conne ted elegtric y..conducting. |l oop
65. In an ‘di'#e e  atugtingelemspt weqrged 1’I‘Pén gF APFiSEEM Se&HHH%Banﬁberl%é
i's connect Qﬂ 6Pnd e Hiffe’?ént%gffﬁ?&l‘?@&f tﬁ@ﬁﬁél%&ﬁar%ﬁoﬂ*@lsesﬂlb% 9§lo@6§ id ®hmsd de

of slot 63 and a second end of the electrically conducting Toop is
connect ed twitliiinrfgst mddsesembmtlses of oatered 6hgeeitandiag, fl@zn arirst endcdinef the de

Cecond seciBRETG cRRrbirrTel W st BRET Ui RunBaRatey R bl FEbiGHEe | ng

circuit. A%Qf@yag{hg,le@twafg@tmng@wﬂgnt gofield may i nduce an electric
current to flow around the electrically conducting circuit such that that

resi stl8At®]of t Harstiangdtscapnd secttmg of apeticons 66 2nare conatcted to lve dedvically

| .
[00110] Al { SR RBOGLE 35 af EFlotialh o5 AELEGAME: BLEPENYy Bhaucing oop

coils of eliecbnnaadd tp theﬁdstcahdrsgcdmitﬁrcnaﬂls off mateeixbomp b dirstofiest slony3 bed a
provi ded adj acent to the portion of electrically conducting |oop 65 that is

away from aSeeRd Fie 0eb ot clsptricplly condpeting ipamisitoppectsd é%tfwtcar@. yeeand
formed by tslagtzgﬁsegf%\ﬁ@h Y 64¢ Hﬁta! Q&déﬂoﬂd@'}ﬁ %M . %&o&ﬁﬁgpd e?e%ﬁidaﬁgs of

material 61 may be i nduced providing an alternating current In t
one or nor eoatlettingi loap 165 amhﬂtstttalndgpebcumipsectmnaoﬁnmmlamm{ézrtoghﬂﬁifd@an

expl ai ned above, sink. i be provi ded, such. a at si
oAl her o PG ralbt e e ha Sl R ot rnrbe b el ey eS8 ™

conducti ng d|QQRc BRrent® 16% PR th@SlchRWly béhduk é’ir&ﬁ’b suh @6l EHa® AdsteYance
conducting | oop 65 may be nmounted to heat” sink 66 by plates 67 of materi al

that is el edttht dabl and sesahdseetierburl maierighid thecidon wdtel engric fcorreak aensirates hi n

'Plhat es oft %g??;%v B]?lla\]; @ngﬁl%%{eﬂ%osystem according to this enbodi nent of
e inventi o]

[00110] Although not depicted in Figure 10, as explained above, one or more coils of
electrically conducting material, for example copper, may be provided adjacent to the
portion of electrically conducting loop 65 that is away from actuating element 60. The
current within the electric circuit formed by the electrically conducting loop and first and
second sections of material 61,62 may be induced by providing an alternating current in
the one or more electrically conducting loops in a known manner.

[00111] As explained above, if a heat sink is to be provided, such a heat sink 66 may be
thermally connected to actuating element 60 and/or electrically conducting loop 65. For
example, as shown in Figure 10, electrically conducting loop 65 may be mounted to heat
sink 66 by plates 67 of material that is electrically insulating but thermally conducting,
for example thin plates of ALOs.

[00112] A heating system according to this embodiment of the invention may provide an
efficient system for providing a relatively large electric current to the actuating element,

and therefore use the actuating element itself to provide the heating. In an embodiment,



efficient systemfor providing a relatively large electric current to the
actuating elenent, and therefore use the actuating elenent itself to

provi de twe 2nmatsilg. | n an enbodi nent, WD 2010/ 066515PETTEP200064563605 -
30 - because the electric current is.i3gpduced within an electric circuit
that includes the actuating elenent, rather than, for exanple, by providing
a voltage difference tq separate cont acts on the actuating el enent, | osses

at such corftesdss the féeca%wé@lt iy lﬁdb%dtw%h}n ap clechic gicath taarinchues die asipating

may oceur . SraTCANEEMALI GURBICE P rEOAhE s et DRRLICE b RhafRL cpdRed OF
actuati ng, elretie ra'ctub@mgmlamsntoﬂossesf dt owclotorgbec biei avoclad r karartduldri thetpreblems

actuating elenent itself, there is no requirenent to pro e a separate
heating el %Wq&sreﬂé‘ia{weo‘l‘t PRR CoppeinrYhrge 8 sigmehigant ulr%ﬁﬁif ¥0tage dgpp may

speci fic refenense a&@&ed"%‘u%@ﬁndr@ B;%?o\ﬁcﬁﬁé tlHéJh&dﬂﬁgl%%eché’facﬂuhﬁ#%Qfe?déﬁi by
apparatus in t he manuf acture of , It should be understood at the

| i t hogr aphirocaap pefr atflosy dzéseimtbecturr@nfeMnthn'ayhdwaﬁgafmghelenmppImsclét ftheres js sach
as the manuf act ure. of |nte rate tical i dance a d detectlon
ot torne 1 draHsgeds R DHER s ERs PR S SR o B SROGEENRERATCr ot a
di spl q981134CDs) , Akthduphf dpkbifivagnetice MBAPS madt én thif€xs kd tHeate I Uitissraphit |
appreciate that, in the context of such alternative applications, any use

of the ter rmvpaveéﬂ@rn they maggactuse 08 1§ srayshioa] & basndesstap dathas {frrohthesraphir t h
the nore ge;{sﬁﬁr% us e{s@ﬁhe& RS %%a? heQ% oth@" %@2108@5& ek o e"l%%hhf‘é%‘l&e oThe
erre proces I n

substrate r erern nay be or a ter exposure,

for exanpl en&gtdtadlopti@at @pdtembagultdymwahﬂﬁempidneﬁateerha)fexrnﬁ@néﬁﬁldsmam a
substrate and devel ogs t he, exposed  resi st a netrol ogy tool and/or an

i nspect i on MYBPLies\Har-Banghdisplax lkui¢-pry st §k§Pl§‘é’§|ﬂeCQé} if-fHgympgnesishcres t o
such and Oté?@rTh%%EﬁfeH%h?saR]{axgg%@Jg&Q R B thEVEAE8Tof shLaRYRRE, %faﬁ amnpe

processed nore than once rrp e in order to create a mJ ayer C,
so that t heanlyersmoﬁ thesttrmad ‘Gvafs€’cbridiedi heramynayl teoconeflercdtas sgnaiyb®iis atith thh at

already contains nultiple processed |a 00114 eci
T erar O mgrerzo L ERt SaREREER 5E Lol Rirtines Fopeahebh TR AR s 1o
i nvention Il{érélmnégpﬂé %i‘&ce%fed ORtheadr éﬁéﬂ&g&ﬁ@@ym fol e%ﬁﬂﬂ)lebﬁtr@(ﬂp Lot

that the invention may be used in other applications, for exarrp e mg)rlnt
| i t hogr aphytypigalty whlfes & Reyee oritresist & lowdstrate andt davieloips gbie tegpenstl i resibt

def 1 nes ¢ naniidlor ot Mt BRSO i@y BREY RDY D f; BRHpShr iRy B8

patterni ng fheutdc o NaYh bad P6tasS SebstratecOp@dctRIer todfs. MRsthst, B pRbitede triayt Be
substrate whereupon the resist is cured by applying el ect romagnetic

radi ati on, Meewsscdypeisdigneonse, far exavitle 4t pidar tofeeadof muitivtaypal(.op Ahatghadeumce

Icﬁr ggyed O%%B%%/t% Elg%(i g%@.l} éllg% é%g é%‘grg %6 LT Obdted thed theead§ NGntE% ?ﬁulﬁpﬁe

processed layers.

[00114] Although specific reference may have been made above to the use of
embodiments of the invention in the context of optical lithography, it will be appreciated
that the invention may be used in other applications, for example imprint lithography, and
where the context allows, is not limited to optical lithography. In imprint lithography a
topography in a patterning device defines the pattern created on a substrate. The
topography of the patterning device may be pressed into a layer of resist supplied to the
substrate whereupon the resist is cured by applying electromagnetic radiation, heat,
pressure or a combination thereof. The patterning device is moved out of the resist

leaving a pattern in it after the resist is cured.



-31 - [00115] The terns "radiation" and "beani used herein enconpass all
types of el ectromagnetic radiation, including ultraviolet (UV) radiation
(e.g. hawogow/osesél engt h of or about 365, 355, 248, 19BCTEPZ0090646865 nm)
and extreme ultra-violet (EUV) radiatidgn (e.g. having a wavel ength in the
range of 5-20 nm, as well as particle beans, such as ion beans or electron
beans. 00116]The term"lens", where the context allows, may refer to any
one orl0BbtMi nat i GK dermisar Fastiagiony paad ofbeéﬁlu asgd é@FFd%n%?ﬂO@Paﬁ%cﬂlthP@ of

refractive,g ?8%1%%&%%%%98%@%1@ i i aEha A (eL el é%b@letgggh' cal

conponents il'e speci ment s o ein ent| have
descri bed ad:f@reabomtt%ﬁt B$5,248 a3, 667 at é26 hinatnd bﬁrenm/e]lmaﬂmiet@%braﬁraaonl ced

ot herwi se than, as descri bed, .Fqr exa od| ts of. t e inventiaon nmay
take the fdFfi BIVIE am&%&thﬁtﬂtj%%%'@r&e -39 H&E Fl e b SR St 18R
machi ne- r eggabk 6r bRstéHEdhRNS descri bing a met hod as discl osed above, or a
data storage nedium (e.g. sem conductor nenory, magnetic or optical disk)

havi nd08Uit a cobputen “lpns)nghmesth@c@dexthéows rmay B 1@ pThendeswonimationof
above are |ntended to be illustrative, not

apparent t o bR sKPHY e iMWUFHe QPPOPHLY 31‘114111% ater%%”ﬁtév%fléf}%&‘ﬁeadglatgt}ett%e

i nvention aeiec@%%{aghélﬁchn‘dﬂeﬂé&%haﬂ@ idal mponentst he scope of the clains set
out below. It is to be appreciated that the Det ai | ed Description section,

and nd00tHd summWhile sprgifppambasimenfeef thearventign hiedipge detcoibpéakpyedit pall be
t tt
oo sl 0 W S0 oA BRln SRS LA T B b e

cont enpl at eshipdirh&es oherihoentioh, mandké ﬁwiﬁorlﬁrﬁ a%tnpufﬁr@jﬂ@@dmt @ntdiming ohbe
present invention and the appended clains in [ 00119] Enbodi ment s of
t he presentOliAYEHCHBIAGAPE H@@Bweorégdﬁhlt)wtra%w dseibinge @F@Oéfas fisesednal

P15 LA 4 10 8 L 08 i BPEELEASE ypRLign

have been draingrsach h yomphtenpagtuer ﬁowdfthmeﬂnhe conveni ence of the _

et R N RN R
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. It is to be
appreciated that the Detailed Description section, and not the Summary and Abstract
sections, is intended to be used to interpret the claims. The Summary and Abstract
sections may set forth one or more but not all exemplary embodiments of the present
invention as contemplated by the inventor(s), and thus, are not intended to limit the
present invention and the appended claims in any way.

[00119] Embodiments of the present invention have been described above with the aid of
functional building blocks illustrating the implementation of specified functions and
relationships thereof. The boundaries of these functional building blocks have been
arbitrarily defined herein for the convenience of the description. Alternate boundaries
can be defined so long as the specified functions and relationships therecof are
appropriately performed.

[00120] The foregoing description of the specific embodiments will so fully reveal the
general nature of the invention that others can, by applying knowledge within the skill of
the art, readily modify and/or adapt for various applications such specific embodiments,

without undue experimentation, without departing from the general concept of the present



[ 00120] The foregoing description of the specific enbodinents will so fully
reveal the general nature of the invention that others can, by applying
know edgewei2btwaseiiie skill of the art, readily nodify amrditmP2edaptcos or
various applications such specific eniodi mrents, w thout undue
experinmentation, wthout departing fromthe general concept of the present
WO 2010/ 066515PCT/ EP2009/ 064605 - 32 - invention. Therefore, such .

adapt at i onsEHdEoRpd erdatc swd adaptatigpeprfegodiicadony arpipfendrd tRebeniBinhe
range of equiaaleerAte b dlaene 2o d e aROBIAFANGdiRERE I A0] bign! RAERKN
and gui dance presente %ereln. 't is to be understood that the phraseofogy
or term nolangyuhitaned presecntddorerdihe Itpsi kpbsendetstaebibai tht pbrasaragynat tewhinology

limtation, such that the termi nol agy o hraseol ogy of the presen
speci fi cat i HH & b s iPhess g dercain By atdh bt Timicyo Yeeh gt ‘IGFBWP{chVOFhe
teachi ngs iy G8oPRABE the ér@&%?&ﬂelﬁﬁaﬁ&?ﬁ% heahdreRBSy e LB PLRRENN light

invention should not be limted by any of the above-described exenplary
enbodi nent of thutcagdhegs adigeiddedd. ned only in accordance with the follow ng

cl al ms oAt hel rp UL YA 80 Sope SR HRCABRRARET &I AP0 AR b5 aof the
above-described exemplary embodiments, but should be defined only in accordance with

the following claims and their equivalents.



WHAT IS CLAIMED IS: 1. An actuator systemconfigured to nove a conponent
relative to a base of the actuator system wherein: the conponent is set
apart frowothw/dsedé in a first direction; the actuator PETIEPROOMBNF SES
first and second actuating el enents, -ggch having a first end connected to
the base and a second end connected to the conponent; the first actuating
el ement conprises first and second sections of material that are joined to
each other and both sections extend fromthe first end to the second end of
the actuating elepent: the second actuating el enent conprises third and

f our t Wdéati gﬂé$ﬂ¥ﬁygﬂ5él that are joined to each other and both extend
fromthe first end to the second end of the actuating el enent; the
coefficient of thermal expansion of the first section of material is

di fferlent fAbastudar system ernfiguredrie move ricompenentaelativeo;a hapeokberf f i ci ent of

t her I he third section of material is different fromthat
of tﬂng%ﬁ$$ﬂ§§§2Wﬁ%ﬁﬁ%f material; the first and second actuating el enents

are eahbdceapdrcgizset Saardnhéie, bakd intd@rst ¢ingeibat ure of the actuating el enent
i ncreases froma nom nal rking tenperature, the actuating glenent appl i es
a f or ¢ pguEtAkSISSRbeTBINIsSet Hrshandsacnad aduathigelgmaenty cagh kavings Brskerdond

di 1 eCtdooct RELRROFEUNAS L BnliRRd b iiRbred s ARIcoAPopdHch that the for ce

appl i ed by Irst actuating el ement en its tenperature increases is in
an oppbsfitse adiatery dlenerteompesdsdirsteandppédnddettyonts loé neerahthagct uat i ng el ement
when IatlreS jotn(laer(riptg regéhuortﬁerl an rb%?[?seescéior?snegtend from the first end to the second end of the

actuating element;

the second actuating element comprises third and fourth sections of material that are joined to

cach other and both extend from the first end to the second end of the actuating element;

the coefficient of thermal expansion of the first section of material is different from that of the

second section of material;

the coefficient of thermal expansion of the third section of material is different from that of the

fourth section of material;

the first and second actuating elements are each configured such that, if the temperature of the

actuating element increases from a nominal working temperature, the actuating element applies a

force to the component to be actuated that is parallel to a second direction, perpendicular to the

first direction,

such that the force applied by the first actuating element when its temperature increases is in an

opposite direction to the force applied by the second actuating element when its temperature

increases; and

the actuator system further comprises at least one power supply, configured to provide heat to the

first and second actuating elements, in which the at least one power supply can control the heat

provided to the first actuating element independently from the heat provided to the second

actuating element.

2. An actuator system according to claim 1, further comprising at least one heat sink
maintained at a nominal heat sink temperature; wherein the first and second actuating elements

are connected to the at least one heat sink for thermal transfer.



the actuator systemfurther conprises at |east one power supply, configured
to provide heat to the first and second actuating elenents, in which the at
| east onewpawswossilppl y can control the heat provided toPCHEPRIMWAb46AEL UAti NG
el enent independently fromthe heat pnrguided to the second actuating
element. 2. An actuator systemaccording to claiml1, further conprising at
| east one heat sink maintained at a nom nal heat sink tenperature; wherein
the first and second actuating el enents are connected to the at |east one

heat 33 nk f&ﬁ aétﬂz?tB stetn{ %{33&&@&0&%@2 JVQ{G\%%@ ﬁge%ﬁgﬁlg%%%%/ agﬁﬁigg% el'em%ﬁts' 3.

An actuator system according t alm'2, ereint ITst and secon
act uataragomelecetee idrshanel cemviedd adtofomort heat sak. t ransfer to a common heat
sink. 4. An actuator system according to claim 2, wherein the actuator
system conprises first and second heat sinks; and the first and second

actuatd ng eARnBRitS: {RnFARPREIES G 1 RaferBh tHe RABIR sydtomicBplisdsshrs@id
second heat sinks, respectively. 5. An actuator system according to claim

2, whecednd hehesinionmhtheHesttand isedont] @nfpetieg elemeits archennentéhilr theomki trapsfer

t enper.at.ur f the actuat.ing elenents. 6. An actuator system according to
clainﬁﬁ?“%ﬁ@f@Fﬁmgﬁgﬁ%Eﬁ?ﬂggrﬁﬁ?ﬁgﬁé”tenperature of the actuating el enents
i s higher than the nom nal heat sink tenperature. 7. An actuator system

according to any of the claims 1 - 6, further conprising an actuator

cont r ol-1 er , Ampitedor systegnddcgishiegitordpisichtyhsrein Hie nosipathept sgksteaperpjure is

contr [,0g. i 1 d second actuating el enents by
t he aﬁh%gggg&gﬁgﬁﬁ <m§&§%%%§§fhgé&“%ﬁﬁgégﬁgﬁ%r system according to claim7,
wherein the actuator controller is configured to provide heat to the
actuating elenents to maintajn the actuating elenents at their respective

nomi ndl- word AgUteRpEicat Mcaklinhioaithe WSFRIMHIC negpalsyaikingderpriraitts & the
addi { i Riafifly BRAHens GO EAnhP o find Ay HIREKALUARC O the actuati ng

el enents above their respective nomnal workihg tenperatures in order to
actuate the actuator system as required.

7. An actuator system according to any of the claims 1 - 6, further comprising an actuator
controller, which is configured to control the actuator system by controlling the heat provided to

the first and second actuating elements by the at least one power supply.

8. An actuator system according to claim 7, wherein the actuator controller is

configured to provide heat to the actuating elements to maintain the actuating elements at their
respective nominal working temperatures above the nominal heat sink temperature in addition to
heat required to raise the temperature of the actuating elements above their respective nominal

working temperatures in order to actuate the actuator system as required.

9. An actuator system according to claim 7, wherein the actuator controller is

configured such that, in order to actuate the actuator system from an unactuated position towards
a first fully actuated position, the actuator controller provides heat to the first actuating element
in order to raise the temperature of the first actuating element to a temperature above the nominal

working temperature of the actuating element.

10. An actuator system according to claim 9, wherein the actuator controller is



9. An actuator systemaccording to claim7, wherein the actuator controller
is configured such that, in order to actuate the actuator systemfrom an
unact uat esloporyassTIn t owards a first fully actuated posi PCOEP20MM6HOE Uuat or
controller provides heat to the first3gctuating elenment in order to raise
the tenperature of the first actuating elenent to a tenperature above the
nom nal working tenperature of the actuating elenent. 10. An actuator

syst erfiCAEEWPESHY el 81 A t9 acipsrBy ACtiHer wetubrom aBdmastBitreposidon tap
2010/ %@@éﬁ?ﬁﬂéﬁﬁ%@@ 209656 03he ﬁgosite ApRdda4b g\% HYCRI Q%ateh%oﬁﬁgﬁirtgé 0

actuate t tuat or "system r8 an unact uat position to second fully
act uataethaposbhiraier provides hopproshd ecoid sttatiog ctamanhen driderstb rhisd thy taoparaties

posi ti OHL t he actuator controller %rrtovi es heat to,the second actuating

el enerft! PHSCEPREFCHBING SCTREN 0o {EHSEA W GPRY IHIC PRIGE MOHENG EARRSTATHG %8 Réirent
to a ta%magﬁgggﬁl%n@bove the nom nal working tenperature of the actuating
elenment. 11. An actuator systemaccording to claim9, wherein the actuator
controller is configured to raise the tenperature of an actuating el enent

above the npm nal, worKking tenperature, of the actuating elenment to provide a
oo el extamt ol sk R SRR R el R Bles Maff g ef erent at a
first doatiguk@ko mideithStenthdfaie O a@hcthhtiy AdHerd UBSRAUE RbMhaPHOYIifk N heat to
the actuating elenent at a second rate; wherein the first rate i s higher

t han tthapgetsnel thapetuatiterelementde pervidordesirpd cxtgntfaferaation by poskirshtabtof or
heat | I [ t 1

necessF yerdifl dutfe 5t £k e R At o R pb UGS Attiheasyo

act uatth¢ acystrgmolasanhadi pgohdragny of the clainms 1 - 11, wherein at | east one

of the actuating elenents is configured such that the cross-sectional area

I
of at Weagin thldrshrate Wdigher thap plie wronfuiats pd conpri sing the actuating
1 eMethe AREHEASES LR AP cdrhica RSt et USSR BANELEAT, clohint Mo iHAL OF
system according to any of the c?al ns 1 - 12, further %onprl sing an
el ect rthe tiniperatmrdchgcdssary ith owler tocpnmide tlediesmedoeremfof bifteataot uat i ng el enent
such that the electrically conducting | oop and the actuating el ement
together forman electric circuit; wherein the power supply is configured

to indyce af, gligabf &ySteetidcBRiing @ b redeeddifdsa C1 1, GHetein at least one of the
actuating elements is configured such that the cross-sectional area of at least one of the sections

of material comprising the actuating element decreases from the first end to the second end.

13.  An actuator system according to any of the claims 1 - 12, further comprising an
electrically conducting loop, connected to one of the actuating element such that the electrically
conducting loop and the actuating element together form an electric circuit; wherein the power

supply is configured to induce an electric current in the electric circuit.

14.  An actuator system according to claim 13, wherein the actuator system comprises one or
more coils of electrically conducting material connected to the power supply;

the power supply is configured to provide an alternating current in the one or more coils;
and the one or more coils are configured such that the alternating current generates a varying
magnetic field that induces the electric current in the electric circuit formed by the electrically

conducting loop and the actuating element.

15. A lithographic apparatus comprising:



14. An actuator system according to claim 13, wherein the actuator system
conprises one or nore coils of electrically conducting material connected
to the powerosuopilg; t he power supply is configur @dTiER2@O0¢i6dE an
alternating current in the one or norgecoils; and the one or nore coils are
configured such that the alternating current generates a varying magnetic
field that .induces the electric current in the electric circuit formed by

the eld@fifienpsam emmg]@ysr%ﬁoaﬁ@r@%@ sodiiioniakyam fpadiption; 15 A
| t hogr aph Jgﬁ %@ C%g& h&%hé’&&?ﬁ&k@@@éﬁ%?ﬁﬁégfﬁ%%’ 064605 - 36 - a
ed condltl ng yste

radi at1on m configured to condition a beam of
radi atd pnjecopststoan, mom@gtded/toqﬁpjectmhé ipgtteract baanpaf meéition hﬁocamntisttat@ned beam

of radiati.on; and,a.projecti stem configured to project the patterned
beam ofGSiaiAhthe gAY B TSRO Vo B GIPRES 1Pt kA ISFrlng@a btlator

condi ts‘y@t@hl%c&)ﬂﬁfge(mcmr\lvﬁl?%l@@OﬁB&ﬂ&@belﬁé BIRES M cANGk rfidht AL u@fh%r s%agﬁetn@m
according to claim1l said conponent béing the optical elenent,

actuaumﬁmsytmewnaohhﬂgedUQmOﬁ@nDpUMﬂﬁhewpb5|t|on of the optical elenent.
16. A net hod of manufacturing a device, conprising: conditioning a beam of
radi ation using a radiation beam conditioning systen patterning the

condi tigoneds heapdalf madfahirty a @vtePER&indlg the patterned beam of
radiation into a substrate using a projection system wherein the nethod

f ur t hetondippingsbsamorrpdptiqngpingheradision begm epnditioniag systanaaggtningathe
compongliBhed Ol ?ﬂlaﬁta{l{)’ﬁ' a %J&CE |hd §£{‘Ef%?edsaé§ﬁled}*r &a&& 1}1@6;?!;1%‘5&5 t@N

system usSing an ac or §ys n1co igure nmove t conponent
rel at ivstngtoprajcbtisiesysfeni;he act uator systemthat is set apart fromthe
optical caonponent in a first directigon, wherejin: the actuator system

conpr i Wesgeinthesmethad furdhes femaises gpntiefliag Bieaiosiion of ahlcsh opp gptical PQ@EOI@HH
connectreft f3iatiBE bBAR BoRNorfing SRAM LAY FHPARA Stk stiiEnOR ok syGQEPONent ;

configured to move the optical component relative to a base of the actuator system that is set
apart from the optical component in a first direction, wherein:

the actuator system comprises first and second actuating elements, each having a first end
connected to the base and a second end connected to the optical component;

the first actuating element comprises first and second sections of material that are joined to each
other and both sections extend from the first end to the second end of the actuating element;

the second actuating element comprises third and fourth sections of material that are joined to
cach other and both extend from the first end to the second end of the actuating element;

the coefficient of thermal expansion of the first section of material is different from that of the
second section of material,

the coefficient of thermal expansion of the third section of material is different from that of the
fourth section of material;

the first and second actuating elements are each configured such that, if the temperature of the
actuating element increases from a nominal working temperature, the actuating element applies a
force to the optical component to be actuated that is parallel to a second direction, perpendicular
to the first direction, and such that the force applied by the first actuating element when its
temperature increases is in an opposite direction to the force applied by the second actuating
element when its temperature increases; and the method comprises providing heat to the first and

second actuating elements in order to actuate the actuator system,



the first actuating element conprises first and second sections of materi al
that are joined to each other and both sections extend fromthe first end
to the sewondirmasiof the actuating el ement; the second aCTERRIMG6BHENMENL
conprises third and fourth sections ofy7material that are joined to each

ot her and both extend fromthe first end to the second end of the actuating
el enment; the coefficient of thermal expansion of the first section of

mat er i Wiereig thy hqab e e proyidadHa thefirst %réuaé@e@#dn%&dieawdsmlhﬁ@@rthﬁhéatt he
coeffi f of the third section of material is
diffeﬁghﬁﬁg%gﬁ?%ﬁgyﬁg aﬁ o%?tt section of material; the first and second
actuating elenents are each configured such that, if the tenperature of the
actuating el enment increases froma nom nal morking tenperature, the
actuating elenent applies a force to the optical conponent to be actuated
that is parallel to a second direction, perpendicular to the first
direction, and such that the force applled by the first actuating el enent
when its tenperature increases is in an opposite direction to the force
applied by the second actuating el ement when its tenperature increases; and
the nethod conprises providing heat to the first and second actuating

el enments in order to actuate the actuator system WO

2010/ 066515PCT/ EP2009/ 064605 - 37 - wherein the heat nay be provided to the
first actuating el enent independently fromthe heat provided to the second
actuating el enent.



