Li t hogr aphi c Apparatus and Devi ce Manufacturing Method FIELD [00011 The
present invention relates to a |ithographi c apparatus and a nethod for
manuf acturi ng a devi ce. BACKGROUND [00021 A lithographic apparatus applies
a desired pattern onto a substrate, usually onto a target portion of the
substrate. A lithographic apparatus can be used, for exanple, in the

manuf acture of integrated circuits (1Cs). In that instance, a patterning
devi ce, which isLligiogernbdae ppppyathepad DeyicedMamufactpging Methpd eticle, may be
used to generate a circuit pattern to be fornmed on an individual |ayer of
the I1C. This pattern can be transferred onto a target portion (e.g.

conpri Biiigopart of, one, or several dies) on a substrate (e.g. a silicon
wafer). Transfer of the pattern is typically via imging onto a |ayer of
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i nclude so-called steppers, in which each target portion is irradiated by

exposiﬁgéiggggigbﬁ pattern onto the target portion at one tine, and
so- cal 3 , in which each target portion is irradiated by scanning
the pattermaoby Q‘!Qhoﬁgﬁﬁ?hﬁ?dr&lﬂs REAR; b Rl PARBA K S8 bR alel D&iaily onto

[
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one time, and so-called scanners, in which each fargel portion is irradiated by scanning the

pattern through a radiation beam in a given direction (the “scanning”-direction) while

synchronously scanning the substrate parallel or anti-parallel to this direction. It is also

possible to transfer the pattern from the patterning device to the substrate by imprinting the

pattern onto the substrate.

[0003] In IC fabrication, the continuing improvements in microprocessor speed,

memory packing density and low power consumption for micro-electronic components require

a continuing decrease of size of the patterns that are transferred from the patterning device to

the substrate by the lithographic apparatus. As the size of an integrated circuit is reduced and its

density increases, however, the CD (critical dimension) of its corresponding patterning device

pattern approaches the resolution l[imit of the lithographic apparatus. The resolution for a

lithographic apparatus is defined as the minimum feature that the apparatus can repeatedly

expose on the substrate. Various techniques, known as resolution enhancement technigues,

have been applied in order to extend the resolution limit of the lithographic apparatus.

[0004] One technique to improve resolution is off-axis illumination. With this

technique, the patterning device is illuminated at a selected non-perpendicular angle which



techni que, the patterning device is illumnated at a sel ected

non- per pendi cul ar angle which 1 may inprove resolution, and particularly

i nproves the process latitude by increasing the depth of focus and/or
contrast. The angular distribution at the patterning device plane, which is
an object plane, corresponds to a spatial distribution in a pupil plane of
the optical arrangenent of the |ithographic apparatus. Typically, the
shape ofhay heps patds@luiith, S bRdich RRyiiApa VR prieg 8 iuge by e 848 ﬂl@d@}ﬁh an
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resulting in a local change in refractiv ex ormation of the
eIenenﬁ@@)Nﬂﬂhéchmtawxbhmﬁgéhwﬂ?¢efwa@vkvalﬂmdmmﬂahdedmﬁbcnawmﬁm lof the
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prolectfg%dgﬁg?émﬁ%ﬁp% §§”Elp q&m%na ARy Pfﬁ%ﬁS% %&Hﬁﬁﬁiﬁﬂ to an

aspect c@poditperhi wgmlthmveisb@m@ viafi o Q%ic@ﬁ@eiﬁeﬂtb amQ{eamqu pAPPAERLURe
conpr|5|n9 an_illumnation system configured to condition a radiation beam
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condi tioned radi’ation beam w nin ion't

pat t er hedingroddicad raenttdytheragishsn baire, eallisy m@{%‘tﬁluﬁhﬁ@ ihGehgdtidhe @ndex

substrat proj ectjon systen1con{ %ured to project the patterned

r adi at £ cﬁ Sé{gmﬁ%ﬂﬂ%ﬂéhﬁf 5{@1@{1%(3) The local change in refractive index and deformation of
the element(s) results in a distorted aerial image as projected by the projection system onto the

resist layer.

SUMMARY

[0005] According to an aspect of the invention, there is provided a lithographic
apparatus, comprising:

an iflumination system configured to condition a radiation beam according to an
intensity distribution;

a support constructed to hold a patterning device, the patterning device configured to
impart the conditioned radiation beam with a pattern in its cross-section to form a patterned
radiation beam;

a substrate table constructed to hold a substrate;

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

portion of the substrate;



portion of the substrate; 2 an array of optical elenents arranged
transverse to and in a path of the radiati on beam wherein each opti cal

el enent conprises an individually addressable electrical heating device
configured to locally heat the optical elenment; and a control unit
configured to control the heating devices depending on a phase map of the
patterned radi ati on beam at a pupil plane of the projection system [0006]
| n an enbodinmenty of ieicphes@ena prinsgaddranvedsd toamd t:ne piihtcgnisd taytiatlbs bednput i on
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appl i ed act Baeiton uof cerezuhehtoicegtraiglis besing 10008]depmdmg embpltiseenp of thee
optica annel configured to transport a fluid

fron1a)%ﬁﬁb(yagﬁks%?ﬁg?d&%pWﬁLméﬁ%?F@fjév%%ﬁﬂﬁy§ "as to establish a static
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be arranged to further control the heati ng devi ces dependi ng on a

trans plé)tlhf)&l\?éhlééiPtWa%}ﬁd”t}“é’&aé@‘&t ot withfantipierflonictkr cpoB@OEd Fmmasrsuenthodi ment |
the c ne s provided wwth at |east two substantially parallel plates.
The heat | ng gevice may be | ocated on a surface, facing the fluid, of at

| east one [@WHOThE pl@tleslimbmn, ar cenbedinmEntiraidd thﬁ@tllcﬁgozqwnl@&1dd§né ocat ed
on a surface posite of t he fluid, of at |least one of the plates. [00101
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shari ; ficlig, channel . The heating device may be |ocated
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each heatin e conprises an el ngate onduct or. The, el ongat ed
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[00131 In an enbodi nment, the fluid conprises a gas

subst &ﬁtiif@ll thg hcctfmgp;}cwsles d¢pendiggren 4 tmatanmenrﬁodutymmtcnmla@tlirbmf dledb.]’lth’ ises a
liquid. [0009] In an embodiment, the channel is provided with at least two substantiaily
parallel plates. The heating device may be located on a surface, facing the fluid, of at least one
of the plates. In an embodiment, the heating device is located on a surface, opposite of the fluid,
of at least one of the plates.

[0010] In an embodiment, the optical element is provided with a further channel
sharing one of the plates of the channel. The heating device may be located on the surface of
the shared plate.

[0011] In an embodiment, the optical elements are comprised in a single structure.

[0012} In an embodiment, each heating device comprises an elongated conductor. The
clongated conductor may comprise one of the group of Cr, Cu, Au and Al. The cross-section of
the efongated conductor may conform to a trapezium-shape.

[0013] In an embodiment, the fluid comprises a gas. The gas may substantially
comprise nitrogen. In an embodiment, the fluid comprises a liquid.

[0014] According to an aspect of the invention, there is provided a device
manufacturing method comprising:
imparting a radiation beam with a pattern in its cross-section to form a patterned

radiation beam;



[ 00141 According to an aspect of the invention, there is provided a device
manuf acturing nmethod conprising: inparting a radiation beamwth a pattern
inits cross-section to forma patterned radiation beam 3 projecting the
patterned radiati on beamonto a target portion of a substrate using a
projection system |locally changing an optical path length of the radiation
beam using an array of optical elenents arranged transverse to the

radi ati on beasecteactc ppitdreal radla@oRbbart ORI d Qi ddgp@fion iondiswbshaad hgng a
addressabl e el ectrical heating device; and controlling the heating devices
dependiMg o sYpliAse map in a pupil plane of the projection system [0015]
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optical element to establish a static tenperature distribution across the
el ementproje¢iiongpstembodi ment, the nethod further conprises controlling the

heati ng devi epending on, .a transport velocity, and t rature. of the
o o BRi R ORSERA TN e e Rt GOy eAsBa et Bor g on
i nvent ia@Mnedsity dxeMmRNdEsed bBREon BYaay of exanple only, wth reference to
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synbol s i ndiltHoé e prabpbrighngepasthed fugher sampriseetpnupdong]e Feagurdeyicshows a

| i t hogryaphic appar: cordi . HEP?Z.- t of e . Jd:-nventd on: (0020]
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pupi | aphate; of[{BORAInEidguices. 2b shows a quadrupol e intensity distribution of
a radiation‘Pe% in a , , _ ,
1601 {nln an embodiment, the method further comprises transporting a fluid through a
channel in the optical element to establish a static temperature distribution across the element,
In an embodiment, the method further comprises controlling the heating devices depending on

a transport velocity and temperature of the fluid.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] Embodiments of the invention will now be described, by way of example only,
with reference to the accompanying schematic drawings in which corresponding reference
symbols indicate corresponding parts, and in which:

[0619] Figure ! shows a lithographic apparatus according to an embodiment of the
invention;

10020] Figure 2a shows a dipole intensity distribution of a radiation beam in a pupil
plang;

{0021] Figure 2b shows a quadrupole intensity distribution of a radiation beam in a
pupil plane,

[0022] Figure 3 shows an optical arrangement comprising an array of optical clements;

[0023] Figure 4 shows an optical arrangement comprising a plurality of electrical
heating devices arranged in a first configuration;

[0024] Figure 5a shows an optical arrangement comprising a plurality of electrical

heating devices arranged in a second configuration;



pupi | plane; [0022] Figure 3 shows an optical arrangenent conprising an
array of optical elenents; [0023] Figure 4 shows an optical arrangenent
conprising a plurality of electrical heating devices arranged in a first
configuration; [0024] Figure 5a shows an optical arrangenent conprising a
plurality of electrical heating devices arranged in a second
configuration 4 [0025% Fi gure 5b shows an optical arrangenent conprising a
plurality ofl0®5édiguresa shavesatri onficdbwiwgsmantrangeidinign @utahity df denfi¢agur at i on;
[0026] llgdl%%r(%\f%%‘a gﬂ al}éle n%%ﬁgt Odlﬁg%l:iirélg{]]genent wth a pl ur al i ty of

el ectrical “heat I'hg flow within the optical elenent;
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pIurallty of electrical heatlng elenents and a heat Tlow wthin the
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one channel trical gatin 0029]. ure 8
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el ect r tlealichidahiimgcl de&m@aﬁd dll@ﬁk&&ﬂw RiQUl @eQpshoeenantoptical arr angenent
conpri sing channels and an array of electrical heating devices; [0031]
Figure 10 s I Bivept plars fﬁ‘r?%‘r‘?@b%ﬁ%c@élﬁmoilw ingesme chivamhand andraove
arraysccahcgu%géq;&ggmgeat|ng el ements; [0032] Figure | 1 a shows a
Ccross-section a squar e- shaped heatlng device; [0033] Figure 1 | b shows
a cross seciiodf] ana;Sﬁmpemnwphsﬁam@dgmmmmb@gpﬁﬁwgﬂegdﬁﬁﬁ&4in£mgﬂﬂ@c126
3 @Iot of a desired phase correction across a pupil plane of the
I|thog ﬁgHF hgi d6MRES: [ 00351 Figure 12b shows a 3D plot of a realized

phase correghs@nr 1%9!"0@33}0@5@HBb{zczgldﬁgﬁgéﬁﬁcm E@ﬁ:nsuﬁ%ﬁ% k6 ¢ %&P?rr AN and

[0036] Figure 12e shows a a renaln ase error
cor r ectl¢dnca begew deviqesipi | plane of the |ithographic apparat us. DETAILED
DESCRI PTI 0\10031 Figur . .
K igure 10 shows an optical arrangement comprising one channel and two arrays

of electrical heating clements;

[0032] Figure [1a shows a cross-section of a square-shaped heating device;

f0033] Figure 11b shows a cross-section of a trapezium-shaped heating device;

[0034] Figure 12a shows a 3D plot of a desired phase correction across a pupil plane of
the fithographic apparatus;

[0035] Figure 12b shows a 3D plot of a realized phase correction across a pupil plane of
the fithographic apparatus; and

[0036] Figure 12¢ shows a 3D plot of a remaining phase error after correction across a

pupil plane of the lithographic apparatus.

DETAILED DESCRIPTION

[0037] Figure 1 schematically shows a lithographic apparatus according to one
embodiment of the invention. The apparatus comprises:

[0038] - an illumination system (illuminator) IL configured to condition a
radiation beam B (c.g. UV radiation or DUV radiation);

[0039] - a support structure (e.g. a mask table) M'T 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;



[ 00371 Figure 1 schematically shows a |ithographic apparatus according to:
one enbodi nent of the invention. The apparatus conprises: [0038] - an

illumnation system (illumnator) IL configured to condition a radiation
beam B (e.g. UV radiation or DUV radiation); [0039] - a support structure
(e.g. a mask table) MI constructed to support a patterning device (e.g. a
mask) MA and connected to a first positioner PMconfigured to accurately
posi tion thell$dbt er ni ng sdetieasbln (agcoweiantdlapW i coesttuaict tpanRvetdEisdte 5

[0040] - a substrate tab e,g. a wafer table nstructed to hold a
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devi ce. The support s ructure may be a Trane or t exanpl e,
whi ch reydiens.isnedasoior moviabt ehager equit tiedpatEhen sdepar it hsldriuatwceurmay
ensure that i n&wgew ce is at a, d?SI red position, for exanple

Wi th e Eﬁ%ltmtlﬁ ?Ptc U )B{}I(Bj HiSrFal 8¢ WEeharifpl Jaeih L OMaH Rt oWt cl e or
mask" ek sihg td¥BYiqhes 16(1’1'345(1 ﬂjt@_Pﬁﬁjc:l nHENROEDHS: Wbt tsi%tt%ﬁa%ﬂ@@&%'ne%?ﬁ m

"patterning device." he term™ patter ni ng devi ce" uUsed herein should
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synonymous with the more general term “patterning device.”
[0044] 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 Lo create a pattern in a target portion of the substrate. 1t should be noted
that the pattern imparted to the radiation beam may not exactly correspond to the desired
pattern it 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.
[0045] The patterning device may be transmissive or reflective. Examples of patterning
devices include masks, programmable mirror arrays, and programmable LCD panels. Masks
are well known in lithography, and include mask types such as binary, alternating phase-shift,

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

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



pattern in the target portion of the substrate, for exanple if the pattern
i ncl udes phase-shifting features or so called assist features. Generally,
the patter inparted to the radiation beamw |l correspond to a particular
functional layer in a device being created in the target portion, such as
an integrated circuit. [0045] The patterning device may be transm ssive or
reflective. Exanples of patterning devices include masks, programabl e
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bet ween PFI ar:r?gce 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

Hiquid is located between the projection system and the substrate during exposure.

[0050] Referring to Figure 1, the illuminator IL receives a radiation beam from a

radiation source SO. The source and the lithographic apparatus may be separate entities, for

example when the source is an excimer laser. In such cases, the source is not considered to

form part of the lithographic apparatus and the radiation beam is passed from the source SO to

the iltuminator IL with the aid of a beam delivery system BD comprising, for example, suitable

directing mirrors and/or a beam expander. In other cases the source may be an integral part of

the lithographic apparatus, for example when the source is a mercury lamp. The source SO and



and the projection system Immersion techniques are well known in the art
for increasing the nunerical aperture of projection systens. The term
"“imrersion" as used herein does not nmean that a structure, such as a

substrate, nust be subnerged in liquid, but rather only means that |iquid
is located between the projection systemand the substrate during exposure.
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pat t er pedjetiortsystepalt$, evmenfpcusisvhaeartand aderetaeetaed of His sphittase M- Witldevi ce
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be movée Pavker difisrgn! tasgg Posipnas” ingthe pesiod thsradinfecbent B argtpditishs C in
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anot he posit1 on sensor explicit ure can
be usedcd © @couicht }ﬁisyhcp)ﬂﬁb phrninpelcpat M‘A re i thgy c,qﬁ:m oahdBam dfhhe i@épﬁom to
the pa%gatng tehg:eaﬁgqallgghlqglcal retrieval from a mask library, or during a scan. In general,
movement of the support structure 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 the first
positioner PM. Similarly, movement of the substrate table WT may be realized using a
long-stroke module and a short-stroke module, which form part of the second positioner PW,
In the case of a stepper (as opposed to a scanner) the support structure MT may be connected to
a short-stroke actuator only, or may be fixed. Patterning device MA and substrate W may be
aligned using patterning device 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 the

patterning device MA, the patterning device alignment marks may be located between the dies.

[0053] The depicted apparatus could be used in at least one of the following modes:



beam B, e.g. after mechanical retrieval froma mask library, or during a
scan. In general, novenent of the support structure MI may be realized
with the aid of a |ong-stroke nodule (coarse positioning) and a
short-stroke nodul e (fine positioning), which formpart of the first
positioner PM Simlarly, novenent of the substrate table WI may be
realized using a |ong-stroke nodule and a short-stroke nodule, which form
part of thel#8dbnd posi stcpmericPie supmrtdhecoaski ind estieppertaflasydprosed to
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the patingleniaig cslpyduge MA, the patterning device alignnment marks may be
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moved uplate$ Qpr@‘agired after each movement of the 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.

[0057] Combinations and/or variations on the above described modes of use or entirely
different modes of use may also be employed.

[0058] Figure 2a shows an example of an intensity distribution of the radiation beam in
a pupil plane 21 in the illuminator or projection system. The intensity distribution of the
radiation beam comprises two poles 22 and 23, defining the portion of the cross-section of the
pupil plane through which substantially all radiation of the radiation beam traverses the pupil
plane. Figure 2b shows a second example of an intensity distribution in a pupil plane 24,
comprising four poles 25, 26, 27 and 28. In the following description, the intensity distribution

of the radiation beam in a pupil plane is referred to as an illumination mode. The intensity



while a pattern inparted to the radiation beamis projected onto a target
portion C. In this node, generally a pulsed radiation source is enployed
and the progranmabl e patterning device is updated as required after each
novenment of the substrate table WI or in between successive radiation

pul ses during a scan. This node of operation can be readily applied to
maskl ess |ithography that utilizes progranmbl e patterning device, such as
a programmabtien siowman Faguraga isofdipolt yipeniasionahedd. &tle tiocaioviestrili@n down
Conbinatl d/or vari tlons on the above described nodes of use or
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syst ®Myecombining portions of the radiation beam. An example of an imaging parameter that is
negatively affected by this difference is the field position dependent focus offset.

[0060] Figure 3 shows an optical arrangement 31 according to an embodiment of the
invention. The optical arrangement 31 comprises an array of nine optical elements 32. This
number of optical elements is chosen for illustration purpose only. In practice, the number of
optical elements may be substantially larger, for example 128 or 256 optical elements. The
optical arrangement is positioned in the radiation beam such that the array of optical elements
is arranged substantially perpendicularly to the radiation beam. The optical clements 32 are
arranged to transmit sub beams of the radiation beam. Each optical element comprises an
individually addressable electrical heating device 33 configured to locaily heat the optical
element 32. The individually addressable electrical heating devices 33 are electrically
connected to a control unit 34 via conductors 35. Heating of one or more of the optical elements
32 changes the refractive index of those one or more optical elements 32. In operation, the

control unit 34 adjusts the heat dissipation of each electrical heating device such that the optical
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result in a change in optical path length of different portions of the

radi ati on beamtraversing the elements. The changes in optical path |ength

di fferences causes the portions of the radiation beamto reconbine into an
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[0062] The optical path length variation as a function of position in the pupil plane can
be described by a surface profile and is referred to as a phase map. The desired adjustment of
the optical path lengths of the different portions of the radiation beam can be obtained by
measuring the phase map of a radiation beam in a pupil plane of the optical arrangement using
a known interferometer arrangement. An advantage of determining the change in optical path
length directly by measuring a phase map in a pupil plane is that an accurate correction can be
applied, also when the change in optical path length caused by heating of the various elements
has not stabilized yet. The measurements can be performed when the lithographic apparatus is
not operated continuously or when the lithographic apparatus is operated subsequently at
settings with different illumination modes, resulting in a continuously changing phase map.
Conventional lithographic tools may be equipped with a known sensor that includes an

interferometric wavefront measurement system arranged at or near a substrate table to measure
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conductivity, coefficient of thermal expansion and specific heat capacity.
The optical elenments 32 may be conprised in an integrated structure. An
exanpl e of such an integrated structure is a SiQ2 plate that is arranged
in a plane perpendicular to the radiation beam Wth the SiQ2 plate having
an optical power of 1 and placed at or near a pupil plane, the optical
characteristics of an optical systemin which the SIQ2 plate is
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[(064] The control unit 34 may further take into account a history of applied
illumination modes to address the heating devices. Changing illumination modes may result in
a different non-uniform heating of one or more of elements in the illumination system and/or
projection system. After continued use of the new illumination mode, the change in refractive
index and the deformation of the element(s) will stabilize. However, initiaily after changing the
illumination mode there will be a specific time duration in which the phase map is changing
continuously. The length of this time duration will depend on the heat capacity of the
clement(s). Although this continuous change in phase map can be addressed by frequent
measurement of the phase map, the frequent measurements reduce the amount of time in which
the fithographic apparatus may be used for normal operation. Instead, a determination of the
heat capacity of the element(s) may be performed allowing a feedforward correction of the

phase map without requiring measuring the phase map.
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el ement of the plurality of optical elenents to create the desired change
inrefractive index. Subsequently, each electrical heating device 33 is

i ndi vidual |y addressed by the control unit 34 to dissipate the determ ned
anount of heat into each optical elenent 32 associated with the electrical
heati ng device by controlling the current and addressing period. O course,
the current and/or addressing period of each electrical heating device my
be det er m ngdbasy I’@Iﬁthemnom;ﬂﬁho«ziﬁuﬂmofnSﬂhmymﬁ:sumemhn@ipdmh?S@f tﬁhaﬂges }‘romOI
t he as The phase nmap nmaybe determ ned once or each enpl oye
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Certai n mombabob P ICTREYR R aBboBbnThe b Ff i e 88t VAP FOBoAT The
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illum nation nodes to address the heating devices. Changing il lum nation
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el enenlil?&ath@m trb%fhc tlle aa§t§d) QC(?XﬁtE(‘teﬁ 39%9{2 b slgi(g]oﬁﬁéen éerisrﬁge?de }aéc?rHage

conti nue new | i ndex
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after gﬂan the illumnation node there will be a speC|f|c tinme

dur at | O FPRISEREE I 1HE VBRASEGRghange etvaiigiingth leoshiimswsligal cmecntehigd of

this tide, ﬂ’ﬂ{f%d on will depend on the heat capacity of the elenent(s).

Al t hough this continuous change in phase map can be addressed by frequent

rreasur errent {0667} Fer phasepliap!lubhetibn equenthd reasysereMScoeducadidenamunt
e |lithographic ap arﬁt% S naél%/:be used for normal

of
oper at eé‘ﬁl I“leé‘tt}ééhic g}f“&%f%? GRapdte i gihissheuld heseteemprdi The atual ﬁéaléilcé‘ffre nt (s)
nay bey Rl kIR g @k haWirRgh & dgﬁiﬁqu(ﬂrﬂ,l\@[lgl EWSE&'?tOIf ?B(IJ'—% Q}tﬁw a&h@lsdﬁls

W t hout requiring neasuring th epase 12 [0

cont r ¢is timiemBe aveyposakes pentﬂdJsaetcomdtlhcampaﬁzcu e nuinfratca¢hat pmdx@[)mdng deV| ce

MA th to address the el i cal {ng devices 33.
' e S 8y e BORRRR e k0 B Gatctmon 6 i Be (L EBub g us e
combi na¢ stan o¥the dxlpbsureNkicimREes f tfzélmtﬁqﬁ;h@trblp%@f&d B§M§!1BM¢@&QS}@%1¥ ern of
t he patternl n deV| ce MA. [00661 Alternatively or additionally, the phase

map m;y s aye @w@rdcmp@l@mlﬁémé@gpitged)ptlcal path fengths will initially not be stable and

change throughout the exposures untif reaching a relativety stable profile.

[0068] Figure 4 shows an embodiment of a configuration of three electrical heating
devices on the optical arrangement 40. This number of optical efements is chosen for
illustration purpose only. In practice, the number of optical elements may be substantially
larger, for example 128, 196 or 256 optical elements. Each optical element of the array of
optical elements 41 is provided with an electrical heating device comprising a meandered
conductor 42 to dissipate heat to the associated optical element 41. The meandered conductors
42 may have a width of 200 nm. Alternatively, the meandered conductor 42 may have an
clongated shape other than a meandered shape. The electrical heating devices further comprise
conductors 43, 44 to connect the meandered conductor 42 to a control unit not shown in Figure
4. The meandered conductor 42 may substantially comprise Cr, Cu, Au or Al. The conductors
42, 43, 44 may be provided on the optical arrangement through conventional e-beam writing

techniques or vapor phase deposition techniques.
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illum nation node. The phase snap may determ ned using conventi onal
ray-tracing software. In this enbodi nent, the control unit 34 is
configured to address the heating devices 33 to generate an anount of heat
in the associated optical elenent 32 based on the determ ned phase map.
Since the optical and thermal characteristics of the optical elenents 32
are known, the anount of heat needed to achieve a desired change in
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conductg& 42 may have an _el ongated shape other than a neandered shape. The
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the WE%HQ;%&%&&%Q%HS&&JSIS‘}%ztPs%aanﬁ%ﬁr 1créf1[? 51](&9@01552&'\4;]&@3 IQ%\A?B‘P;%](‘.I.EQ

neander ed conduct or substanti a
conductounddictodd(i. e483vn4gla ﬂr&yclbempﬁlo‘ﬂlﬁteﬁbe()land h@}dﬁlbﬁok ¢34 isar liigha@nreat through

t t h or vapor ase deposition
Fechni GUBLCIor S BBeY 4 BLf eSS SRo ah rBoUIRERt CoTIUai opth dap may

ar r angeimnhtia0y 6OMRLE SLNG A10ME theh; ?Hto'hhﬁ@!:mﬂﬁ%l Ny gx%y'b%§§bs$ﬁ1haﬁ§ma%§ and
54. In this enbodi nent, the conductors , exten trai ght
| i nes &erdss. ﬂh@”@ﬁﬂﬂﬂelmpWDmaktamnamﬁ@néhtmﬁﬂhamdudﬂe1aﬁﬂangﬁﬂﬁ
peri Odic&%lulct%rs 132, 133 and 134 constitute one heating device. In operation, each optical element
135, 136, 137 may be individually heated by addressing the corresponding pair of multilayer
interconnect circuits 130, 131. Due to the different electrical resistance between low-ohmic
conductors 132, 133 and high-ohmic conductor 134, high-ohmic conductor 134 dissipates a
substantially larger amount of heat than low-ohmic conductors 132, 133, which results in
heating of optical element 135 with respect to surrounding optical elements 136 and 137. Since
in this embodiment, each optical element comprises low-ohmic conductors corresponding to a
number of other optical elements, a small amount of heat will be dissipated in said optical
element while addressing one or more of the other optical elements. However, this amount of
heat dissipated in said optical element will be substantially smaller than the heat dissipated in
the addressed optical elements. In figure 5b, the number of optical elements, multilayer
interconnect circuits and conductors is chosen for illustration purpose only. In practice, the

number of optical elements may be for example 128, 196 or 256. Furthermore, the number of

high-ohmic conductors corresponding to one optical element may be for example 2, 4, 6 or 8.
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in tw nutually perpendicul ar directions. The conductors 55, 56, 57, 58
electrically connect the neandered conductors 51, 52, 53, 54 to a control
unit not shown in Figure 5a and are separated from each other via bridges
59. The control unit addresses each consecutive electrical heating device
of the four electrical heating devices using a known tinme nultiplexing
addressing technique to generating a desired anmount of heat in the
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of ot her optlcal el enents, a small anmount of heat will be dissipated in
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wi | be substanti a

opt i caledetednBmt this ;:mmpdsx,,gmlemsa 66td‘aﬁﬂnbtﬂbﬁ‘bpt@fal ﬁi&tﬂlﬁﬂl,eu%ﬁ*{‘@]nhﬁi 6yl tilayer
|nterconne(% CIFCUI%S and conductors is chosen for illustration purpose
only. FHIBFAGGTEHC a Ry ragphsheithigrthe ppticahmeatbensisgntialy e disctioxparpled 128,

196 ortg a&@ddﬁ‘ﬁ% IB@MT%E ﬁ]dléﬁha&j PHARSTs 8 Thhs qu?fhmé‘cbc};fvtggﬂéﬁl%md GQr respondi ng

to one opt i cal el ement may be for exanp
example a gas such as filtered ambient air or any othex non-reactive gas, such as a gas

comprising substantially No, from a supply container through the channel 66 as indicated by
arrow 07, wherein the gas is kept at a [ower temperature than the optical member. Typically,
the channel will have dimensions in X and Y directions comparable to the size of the member
and a height in Z-direction of fess than 10 mm. The temperature of the gas may be kept constant
using a known temperature control device arranged in between the supply container and the
optical arrangement. The gas may be reused by enabling a circulation loop wherein the gas
after passing the member is transported back to the supply container, Alternatively, the fluid
may be a liquid, such as water,

[0072] Figure 7 shows a cross section along the X-axis of an embodiment of an optical
member 71. The optical member 71 comprises two plane, substantially parallel plates 72, 73,
enclosing a channcl 74. The optical member further comprises an array of electrical heating

devices 75. The direction of the radiation beam is substantially parailel to the Z-axis and the
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Fi gure 6a shows a cross-sectional view of an enbodi nent of the optical
arrangenent. In this optical arrangenent 60, the optical elenents are
conprised in one refractive optical nenber 61. The optical nenber
conprises the nultiple electrical heating devices, of which three devices
62 are shown. The optical nmenber 60 may be supported at edges of the nenber
and may be placed in a conditioned environnent wwthin a plurality of

opti cal dl@é(ﬁlﬂi’&lﬁ)ﬁﬁdlﬁ@bfﬂ(ﬁ@ldiﬁlﬁd li)ﬁLmjsﬁﬁilb]ancﬁM&ﬁ emhanda ok, dslihdiohigabothe The
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beamis reduced. For this purpose, a channel 66 conf i ned by optical nmenber
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have di nensions I n ire Ft'"Phe nenber

and a k&inghts drp ideghreddi bmmﬁ_fctdxestfentgl’raﬁ ple m.nvitThectieppaeabyeaionf the gas
may be kept. constant u3|n nown tenperature control device arranged in
bet wee ﬁquglegu@ﬁw PHEH A Hé?glaﬁiaf fergrce Qfﬂ@. ¥ thepa g ehEeuiret e paaluftay  be
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menber is transported fo the supp contai ner ernativ
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sectio ong the X-axi f an enbodi pti cal 71. The
opti canSHABER w953 BTl Skt Bt coBitet BRTIRINY SpaIAITel T B es 75
73, device as mentioned above having a maximum power output of 10mW arranged on the first
side of the optical element and arranging a cooling mechanism at the second side of the optical
element by thermal interaction between the optical element and the fiuid flowing though the
channel 74. For achieving the temperature distribution across the optical element as described
above, the channel is to be configured having a height in the Z-direction of 1.7 mm, wherein the
fluid is water flowing at a rate of 0.65 1/min and having a temperature of 22 °C.
[0074] Figure 8 shows a cross section along the X-axis of an embodiment of an optical
member 81. The optical member 81 comprises four plane, substantially paralicl plates 82, 83,
84 and 85. In this embodiment, the optical member comprises two channels, wherein the first
channel 86 is enclosed by plates 82 and 83 and the second channel 87 is enclosed by plates 84
and 85. An array of electrical heating devices 88 is arranged in between plates 83 and 84. The
electrical heating devices may be attached to plate 83, 84 or both 83 and 84. An advantage of

this embodiment is that the transfer of heat generated within the optical member 81 to the fluid
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encl osing a channel 74. The optical nmenber further conprises an array of

el ectrical heating devices 75. The direction of the radiation beamis
substantially parallel to the Z-axis and the 15 direction of transport of
the fluid is substantially parallel to the Y-axis, as indicated by the
arrow. Alternatively or additionally, an array of electrical heating
devices may he arranged on a side of the plate 73 facing away fromthe
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par al |
of clcclrlcd] heating devices, wherein the first array 105 is arranged on a first side of the first

plate 102 opposite the second plate 103 and the second array 106 is arranged on a first side of
the second plate 103 opposite the first plate 102, Advantages of this embodiment may include
the limited height and the double arrays of electrical heating devices, allowing & large phase
offset to be realized due to the heating of two plates 102, 103, With the electrical heating
devices 105, 106 being arranged inside the optical member 101 only, the amount of heat
transferred to the environment surrounding the optical member 101 is limited. Alternatively,
only one array of electrical heating devices may be arranged at the first side of the first plate
102 opposite the second plate 103 or on at the first side of the second plate 103 opposite the
first plate 102. In a further embodiment, the optical member 101 may be positioned in the
projection system such that the first plate 102 substantially coincides with a pupil plane of the

projection system and the second pfate 103 is located in a plane near said pupil plane of the

17



84 and 85. In this enbodi nent, the optical nenber conprises two channels,
wherein the first channel 86 is enclosed by plates 82 and 83 and the
second channel 87 is enclosed by plates 84 and 85. An array of electrical
heati ng devices 88 is arranged in between plates 83 and 84. The electrical
heati ng devices may be attached to plate 83, 84 or both 83 and 84. An
advantage of this enbodinent is that the transfer of heat generated within
t he optprogctioemsem. 84 titioembedifrani,dhe $BosbatguidiaegidahieoplzidealcesrBibany | S

m ni m zed QDSU{in\ a ninigp[ 1h§rnal di sturbance of the optical system
[00751 B §liress @ﬁgm%d& 58 FeabgeroRds) SRR XI8%T s of an enbodi ment of
an opti cal ieQd-117R Pt iRARL OB - i ¢ ,
SUbstant  al 1 v el el Bl o e 65 g Ay G R oy nere, T He AorrEal
menber dwmsrarzeged woarchraralehsmbwherleiThe tdsastahce of the kammelin®bondustoenadedsed by
the first plate 92 and.the m.ddle plate 93 and the_second channel IS
enc osdl Pey Hat T E R i ira LG e R s R e B Srr e R PHETaRT L) hmnber
91 conpirtiosesh thap RISt & heali@bihbs & thheatdebth J&d6eS s WhEHSHiBed il i 1 st
array of electrical heating devices 97 is arranged on a first side of the

m ddi e prdEEstgBcoppos tenehend ¢anslicorsaridh ORrgenarosheccsion dra the erags-wsktion

I [ eat ] | I € 8.15 ., : d side qf 1 ddl
ol ate 83 bopeaPekORe ML Phelsh B AIRF IR S PERBaRRER: ek Dbt &0

of heatlirgienesuak €t Wictahiount f€ra0Rtibe dlat PEIRGEd 91 tiRe LhRIucaRY iy IORRRNE gure
surrounding the optical nmenber may be mnimzed, for a mninal thermnal

di st ur BAREBOWt 2 ERes-Histipeaf arsgabaiinen afgcpmmctisgivanduaige | bf ot nigtisgbodiment
is therp %qy@ﬁgochﬁ{cgmlfe Qhah g QRHpBle% & o tel trh%%ﬁgﬁltofttﬁc 8&[?318%["3 nt of
Figure 8. Alternatively, only one“array o el ectrica eat1 ng devices 97
may be rafucangel iatcong Isighe Dfc ddventapadl @isplralodi 961t oppasint dlahmgall the
first and third plate 92, 94 100761 Figure 10 shows. ross section along
the X- é%éﬁ_%“%‘rl lgﬂr’yéﬁ‘b%’id%tﬁi Ibt 18&&4@%@%@?&%& HRSHEEY. Wiod: f%frﬁféh%ﬁ’ﬁlit’é%ﬂﬂ's?ﬁe mber
101 compy dsRal ¥Rl 1anes BHBREAML& t@@l‘li@b‘nﬁ!}diﬁieﬂ{ y bt A AR OBim o

encl osing a channel 104. Furthernore, the optical nmenber conprises two

ar r ays seqyfened eonvliphl c-traat wniggndetdpe ess sagheneiof niligpitistept ofin vayor plbsel s
arranged on.a first side of the first | ate 102 opposite.the second plate
105" and R Rl Dbl o Tt ot Bt s e SE Sere it Ve B one

pl ate &03epPOSict evitittewldih 8¢ inplodlcditalQ2ccdiieantBOesreattchiined aRbegi ment nmay
include the |imted height and the double arrays of electrical heating

devi ces, al IYWBh§ona Fairgatiprhdighopimhieipaintelocdaiized ideeticad pethdetaiat i ng

of two,p) ALER oft QR h]cggfng W JIIP@IEQ;%HFAU%(}B rznil ?l?ulmiggl%d #9de such as dipole or
quadrupole, may be as large as 200 nm. The phase map as referred to above can be described in
Zernike polynomial functions. Zernike potynomials are a set of orthogonal polynomials that
arise in the expansion of a wave front function for optical systems with circular pupils. The
heating power of the control unit and electrical heating devices may be dimensioned to correct
for the entire phase map. In this arrangement, the maximum power requirement of the electrical
heating devices results in electrical heating devices of substantial dimensions, having a large
width and height. Alternatively, the maximum obtainable heating power of the heating devices
may be designed to be lower than the required power to correct the lower order and higher
order Zernike polynomial functions of the phase map. Typically, the largest amplitudes in the
phase map are part of the lower order Zernike polynomial functions. Correction of such lower
order components of the phase map may also be achieved by conventional lens manipulators
that are available in lithographic apparatus. For the higher order components of the phase map

that are described by the sixth order Zernike polynomial and up, no conventional lens
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devi ces 105, 106 being arranged inside the optical nenber 101 only, the
anount of heat transferred to the environnment surroundi ng the optical
menber 101 is limted. Alternatively, only one array of electrical heating
devices may be arranged at the first side of the first plate 102 opposite
t he second plate 103 or on at the first side of the second plate 103
opposite the first plate 102. In a further enbodi nent, the optical nenber
101 mayndsepybdsistionadabln. hgithggrajhectipamntisystrefmsd ahatioatariieudds nétheg! at e
102 subst ant i al lﬁ/ c_pit‘r%rgﬁjlgs§ wth a pu il plane ﬁf t he %r o'{?ecti n. system
and t he “§edEraPPar s oEF 81 PR Y H° & Ipissrie Tham Anieyapigs Pt %qsm%f t he
17 pr ojiecidagi SRGERMUCH hat BhIS 1&ABALIhEEMier (38 HREQNY) BE LY.L @'r echii cal
heating devices 106 nmay be addressed to conpensate for a %I el d dependent

i magi nglﬁdﬁl@%‘ﬂ@’ﬂ@esﬁ@@%?Iedﬂicqhh@iktc dnd ta¢rolese block bss sasleastindravefsing tbonnect i ng
conduct.Qf ., \_heating device arranged on an optical nmenber 11l . The
r esi stgﬁt(rlz(é&é?m{g%g%ggnnecti ng conductors needs to be |ower than the

resi stance @fo7bheigmeantiesrescanduabRics a0 apfaechefiobs appiexipakel % 10 oi -
| 00 such that the anmount of heat dissipated in the connecting conductors

i s mi nFYREean inpRiadiontigiuged spaftad arecat pejlilprash eomneetidniy aqunideetiorystemi ath a

| ar ger ., ¢ - [Wely : _ -section . of the nmeandered conductors.
Hoveve; R REPERGPRAARh Pl RS IR AR s R n TR B T bea
such t hathetthe napaivetpeaks siadical-bo8 at fatespondih Opdseth Rywithos@seanAUCIIDES i S
Iim'tegi. ',Fl'.%ure. | | q st?ows a cross-section of an enbodi nent of a
connectCAY 1 TEHDREEES e gnens nsalel RgardBe P! plapgof e orepbsisyeEan, t he
conduc WE-g A g i ] r e W th - reduces
D P P S g A e el P LA o

bl ocki legstbfis dasaeld . dior gns pafichyr tlomicoindwetderand tdpdsard edapendenge ofoptite
angles _at,which.the radiation traverses the optical elepent | 1 1. A
conduc‘fag]? 1638%’04%%”@%%?%%? g’eéﬁﬁ’gd¥%’§ﬂ ApRLPX R R AR AR LU Sdeting Tsbguence
of mul 3 pdpeesentBB&MH ML kédiBred HBRS AfinR, SEAHRNGEs MenMUbhdPLLH €08 i@ vapor
phase deposition techni que, wherein each consecutive step correéjponds to a
speci fif 8ompaizhd 6f zathe conductor layer, which width is increnental ly
decreased W Pr erm ned.amunt . 1007 For a copventional

li t hogr aphﬂgbg‘rjdggglért%g@?) S’Flg\é’%\fi Pﬁgﬁléé%’t?W“d’*B?&%QF“B&W? tF%triEﬁ‘)hbe as a result
of | octohgahendyofinan heTBitsttUg | faraifeliphdtl Bh el hm P desHUEH (A di pol e
or quadrupole, may be as |large as 200 nm The phase map as referred to
above EHRIpeergesEgupeeb-ilp thive mirieomp dloyarsishlancihiberds pongonaan nipkpll planc

pol ynQi. ) 5 J%Egmg%)%@ 5 0f orthogonal polynomals that arise in the

expansi on o? a wave front function for optical systens with circular

pupi | s. Thet081] Figure [2c shows a 3D representation of the RMS phase error between the

mathematically desired correction according to Figurc 12a and the physical correction
according to Figure 12b that can be obtained. With the embodiment of Figure 12b, the RMS
phase error is limited to less than 1 nm, resulting in an improved aerial image as projected by
the projection system onto the substrate in the image plane that more accurately represents the
patterning device pattern in the object plane of the projection system.

[0082] Although specific reference may be made in this text to the use of lithographic
apparatus in the manufacture of 1Cs, it should be understood that the lithographic apparatus
described herein may have other applications, such as the manufacture of integrated optical
systems, guidance and detection patterns for magnetic domain memories, flat-panel displays,
liquid-crystal displays (LCDs), thin-film magnetic heads, etc. The skilled artisan will
appreciate that, in the context of such alternative applications, any use of the terms “wafer” or

“die” herein may be considered as synonymous with the more general terms “substrate” or
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heati ng power of the control unit and el ectrical heating devices may be
di nensioned to correct for the entire phase map. In this arrangenent, the
maxi num power requirenment of the electrical heating devices results in
el ectrical heating devices of substantial dinensions, having a large wdth
and height. Alternatively, the maxi mnum obtai nabl e heati ng power of the
heating devices may be designed to be |ower than the required power to

correct et J oM, RESRE vaRdTH %@trate RIrEledd @%M%ﬁapgé K%@@@q@c’i berrcsd gns of
t he phase map. Typically, 'the largest anplitudes in t hase map are part

of the ¢opesreon darex@ephi 'keciqkdldycmi e kypieabg applies. a @fmmémsmm ofubsiyath ahdwer

order c ts _of the ) be ac nt,i.0 | ens
man pul e E MekaBssh A PR AR FRBRTEN RBG aar e B P P BT B g
or der C@Efcp@!’h&nlﬁ@uﬁfmém Ahase aRh shhatheRE®sdeSProdeedn Piolheughest faeor der

Zer ni ke polynonlal and up, no conventional |ens 18 manipul ators are

avai | ab‘l“@““l“hmd)’I’FPH@@?*&SW(M&]{I}%}“&@ der aempés iararéer o ereglsovaultalapti Cuses of
these 1tqu"ﬁ,3§1¥11ﬁs(?aqp@&%ﬁtq%x chlt mtdp% 1B ééf%eto%b@@ he tagdt %ﬁd@&%ﬂ?ﬁﬁ% n ﬁlngl{?er An

advanta e of designin evi ces sucC ese
or der qgnpmmﬁﬁhﬁ4can be corrected for is that the heatlng devi ces can be

reduced in si % %@q refo e block less radiatiagn traversing the optical
arr angenent .[¢ %B {qEgg §Peett %Ff'éfﬁk?)%sm%}hh%’&é’ﬁﬁll gage abovero tepysESént ati on of a

phase 1&g, d5eehit Or (h€ MVeBGEn BNk b Ak @loBhcd: | rﬁg&bcggpﬂ ?’fﬁ” ﬁ'bﬁ,apﬁle&akdm%

| ength error caused in a projection systemo ogr aph 5 appar at us.
The apﬁh¢edcmkhuntmbah@ninmdenhmadh@mmeﬁkbkmnpmaumdnt1mhgmphmsmehmmn, by

the t tiv eaks gn the X-axis. at correspondi tions where
subst anP ST AT Vor nqld b AP TRl dd Pwanel Balapty p GBeddthdar ¢ he
pupi | planemafy dch%el@lrc,ﬂh@scﬂht PRt &Y SERMBI onACHRE O ALY, to ﬁiggé{h@ oth ?eqm%@@m that
at these | ocations the gblt correction in optical path™ length is

de3|redeW©ﬂwUWﬁ§Hﬁawinw®ﬁ eiD&@ﬁmhﬁppﬁﬁtnmmeméﬁume%ﬁwsuwenﬁemtmﬁgs a

range i [ dlffer s.across. the

appr OXICPrg:I(‘.ae a%ﬁ%m pee}ctaet?mng‘f' %{aﬁiéaélon hea RECSSYROT & FS;P%}%JEWE) qp It] ‘Crl:'C geﬂl% e

requi r@du@hﬂ@&lc&h&ﬁ@&ovaﬁmﬂfof%inh'l@tsie@%@:ﬂa paphh edirsgehht hatstihargrofile s
normal i zed to zero gure 12b shows a 3D representation of the

phase map th &réweB‘émbaéafhwﬁ”slnédbw’usﬂ:qﬁ@elanm:b;ﬁ@pdmlstﬁfawq%a| |y
paral | %kcf?{nﬁt wﬂmd ﬁlonnﬁmg.gc[m 53‘191?19(!1@!&?@99;&1{5%011 ggol%vqﬁ%% WQ{fclg} llrlgfeopb In

this calcu e opt nber posi In a-pupi of the
proj ectbar BQ§'§ﬁénﬁ48 193, 157 or 126 nm). The term “lens”, where the context allows, mayxcfcr

to any one or combination of various types of optical components, including refractive,
reflective, magnetic, clectromagnetic and electrostatic optical components.

[0085] One or more aspects of one or more embodiments herein may be used with or
substituted for one or more aspects of one or more other embodiments herein. Whiie the
discussion herein has mostly focused on transmissive optical systems, one or more
embodiments described herein may also apply for reflective optical systems or a combination
of reflective and transmissive optical systems.

[0086] While specific embodiments of the invention have been described above, it will
be appreciated that the invention may be practiced otherwise than as described. For example,
the invention may take the form of a computer program containing one or more sequences of
machine-readable instructions describing a method as disclosed above, or a data storage
medium (e.g. semiconductor memory, magnetic or optical disk) having such a computer

program stored therein.
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[ 00811 Figure 12e shows a 3D representation of the RMS phase error between
the mathematically desired correction according to Figure | 2a and the
‘physical correction according to Figure 12b that can be obtained. Wth the
enbodi ment of Figure 12h, the RM5 phase error is limted to |less than

nm resulting in an inproved aerial inage as projected by the projection
systemonto the substrate in the inmage plane that nore accurately
represents tM@SﬂpEMQ@%ﬁmﬁgméeb®w3mpaﬂmekdtmbcﬂh@hﬁbﬁﬁﬁ@lphmng ‘Pfust Meill

proj ect cific reference may. be nade in this

t ext Hefﬂ%ég‘éééﬁo “C[quﬁbé? deh"f‘ ‘Hgfd}}%@fa«tfug“ PR 0 Bk RS Cs, it
shoul ddaa,tumd%amt)deﬁqhﬂtg i thd 4&3ﬁ%%@%&@9@&&%ﬁ Siowdescribed herein may
have other applications, such as the nmanufacture of integrated optical
systens, gui dance and detection patterns for nagnetic domain nenories,

fl at-panel displays, liquid-crystal displays (LCDs), thin-filn1nagnetic
heads, etc. The skilled artisan wll appreciate that, in the context of
such alternative applications, any use of the terns "wafer” or "die"
herein may be consi dered as synonynous with the nore general terns
"substrate" or 19 "target portion", respectively. The substrate referred to
herein may be processed, before or after exposure, in for exanple a track
(a tool that typically applies a |layer of resist to a substrate and

devel ops the exposed resist), a netrology tool and/or an inspection tool.
Where applicable, the disclosure herein nmay be applied to such and ot her
substrate processing tools. Further, the substrate nay be processed nore

t han once, for exanple in order to create a multi-layer IC, so that the
term substrate used herein may also refer to a substrate that already
contains multiple processed |ayers. [00831 Although specific reference may
have been nmade above to the use of enbodinents of the invention in the

context of optical lithography, it will be appreciated that the invention
may be used in other applications, for exanple inprint |ithography, and
where the context allows, is not limted to optical |ithography. In

inprint |ithography a topography in a patterning device defines the
pattern created on a substrate. The topography of the patterning device
may be pressed into a | ayer of resist supplied to the substrate whereupon
the resist is cured by applying el ectromagnetic radiation, heat, pressure
or a conbination thereof. The patterning device is noved out of the resist
| eaving a pattern in it after the resist is cured. [00841 The terns
"radi ati on” and "beam’ used herein enconpass all types of
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el ectromagnetic radiation, including ultraviolet (UV) radiation (e.qg.
havi ng a wavel ength of or about 365, 355, 248, 193, 157 or 126 nm. The
term"lens", where the context allows, nmay refer to any one or conbination
of various types of optical conponents, including refractive, reflective,
magnetic, electromagnetic and el ectrostatic optical conmponents, 100851 One
or nore aspects of one or nore enbodi nents herein nmay be used with or
substi totgdvifor one or nore aspects of one or nore other enbodi nents
herein. Wiile the discussion herein has nostly focused on transm ssive
optical systens, one or nore enbodi nents described herein may al so apply
for reflecti S r.a conbination of reflective and

transm 1SS| ve/\lgmgﬁg)l1 ‘i})i% atu% ‘*Tl%&ié%ll& Whi | e specific enbodi nents of the

i nventi on hawell bmemudﬁsgzmlbednfa&hmtego dohdMdohla radieti@ppseci@bring fatn t he
invention may be practiced otherw se than as descri bed. For exanple, the
i nvent i BT HEVI$ERE9Me form of a conputer program containing one or nore
sequences of, ad r t

i scl oged anovEroBrIRUHERIRELBuLIRHENE RR e R HLALIE Ay TE DR
magnet iigpoit tepk (mGEMHdﬂsMyiha&mmgx@ﬂtMpaummnpmi@bﬁ>@t@@r@anh@n&deﬂhéreln
20 [ 008 Th descrlptlons above are intended to be illustrative, not
|iﬁitlﬁaLa 4Tt will  be apparent to one skilled in the art that
nDdIflcatIOQ%uHQMﬁ@ﬁbﬁﬁgﬁsﬁﬁiuh@ hny@qkkg&eas descri bed wi thout departing
fromthe scope of the clains set out below 21 CLAIMS 1. A lithographic
appar at us, eowpeéigingysteancadfigumridnapiogert dyespagteredmidigimekkatooidondigiion a
radlatloq 3%?1 Ce tq}ng to an intensity distribution; a support
const r JIEE ¥ 8" Hd1°d" 4pat t er ni ng device, the patterning device configured
to inpart thereepdbpianedeadiAathea tRearar ohind iRAHE@IJIT thdlalifaBion beam,
Cross-section to forn1a patterned radiation beam a substrate table

const r OXCED eashepligale #lengy rpapdses an praydotilond dgstidmelvonichfinadug tevipt oj ect

the patc&%g,u%h G}Q&a%f'lﬁﬂz 191%%%9211%&111%:1% aLget port ion of the substrate;

a control unit configured to control the heating devices depending on a phase map of the

patterned radiation beam at a pupil plane of the projection system.

2. The fithographic apparatus of claim 1, wherein the phase map is derived from the

intensity distribution.

3. The lithographic apparatus of claim 1, further comprising an interferometer arranged to

measure the phase map.

4, The lithographic apparatus of claim 1, wherein the control unit is arranged to further
control the heating devices depending on a history of previously appiied intensity distributions,

or a history of applied actuation of the heating devices, or both histories.
3. The lithographic apparatus of claim 1, wherein the optical element comprises a channel

configured to transport a fluid from a supply container to the optical element so as to establish

a static temperature distribution across the optical element.
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an array of optical elenents arranged transverse to and in a path of the
radi ati on beam wherein each optical elenent conprises an individually
addressabl e el ectrical heating device configured to |ocally heat the
optical elenment; and a control unit configured to control the heating

devi ces dependi ng on a phase map of the patterned radiation beamat a
pupi | plane of the projection system 2. The |lithographic apparatus of

claim 8, V\héﬁ’lellﬂhmgmp]pdnammmpoﬁ Saides, i wiedeif tlonednine] uxhlﬂtseﬁﬁzhgéd tdlfﬁﬁtiﬁd:bu'fl on,

3. The Iuhgqg ng gparﬁtus of cIa|n11 further conprising

i nt er f EPOREL ST "EVEAGEGC peW@ﬁ%ﬁPétfﬁﬁxbhﬂggdﬁﬁﬁmf@“P¢HB“¢PfﬁééWébhlc
appar at us of cIa|n11 wherein the control unit is arranged to further
control the heating devices depending on a history of previously applied

i ntensi’ty dildeditimgragnsappaortuseoihilgtrof, ywiefciagpl dhedndcbmatisent dfastthe heating
dEVICE%quq{b th hhl ques 5. The lithographic apparatus of claiml,

wher ei A é‘S@¥P@§ Fd@fEnt conprises a channel configured to transport a
fluid froma supply container to the optical elenent so as to establish a
static tenperature di stribution across the optical elenment. 22 6. The

| i t hogPaphi ¢happemeatnis abagtui ahckimiherieian thediceont dolicaunildcaies cara anged to
furthe egtin evi ¢ d nding on a transport velocity and
tenperg gﬁgn%F&FtﬁgﬁFﬂigg %1P$ fﬁf%ﬂggﬁaphlc apparatus of claimb5,
wherein the channel conprises at least two substantially parallel plates.
8. The lithographic apparatus of claim7, wherein the heating device is

| ocat et on &he EE )f:ﬂat’(t)é'@ PRV o KB Tudieredt thetheptisdevires bicateHenpl at es. 9.
The i S ; in the heating device is
Iocatebt RQéQRhg&Fﬁgggéﬂgghgg&18&?»H%%fm$?ﬁﬂ§ of at |east one of the

pl ates. 10. The I|thograph|c apparatus of claim7, wherein the optical

elenent conP %ﬁ@ urther channel sharing one of the plates of the
channel?: 111hemiogiap 86P&ﬁﬁ”é°é5 HF&EH@96¥11F§Pﬁ?ﬂ@kﬂﬁﬁ%?@Pﬁ“$ﬁéfW@aﬁlng

devi C%h‘aﬁnélQﬁﬁli@gjot%ﬁhc Sulch 3¢ ecQfhahilg shared plate. 12. The |ithographic
apparatus of claim 1, wherein the optical elenents are conprised in a

single structure.
11. The lithographic apparatus of claim 10, wherein the heating device s located on a

surface of the shared plate.

2. The lithographic apparatus of claim 1, wherein the optical elements are comprised in a

single structure.

13. The lithographic apparatus of claim 1, wherein each heating device comprises an

elongated conductor.

14. The lithographic apparatus of claim 1, wherein the heating device comprises a plurality of
interconnected conductors,

15. The lithographic apparatus of claim 14, wherein the interconnected conductors comprise at

[east a first conductor and a second conductor wherein the second conductor has an electrical
resistance substantially different from the first conductor.

16. The lithographic apparatus of claim 13, wherein the elongated conductor comprises one

of the group of Cr, Cu, Au and Al
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13. The lithographic apparatus of claim1, wherein each heating device
conprises an elongated conductor. 14. The |ithographic apparatus of claim
1, wherein the heating device conprises a plurality of interconnected
conductors. 15. The lithographi c apparatus of claim 14, wherein the
i nt erconnected conductors conprise at |least a first conductor and a second
conductor wherein the second conductor has an electrical resistance
subst anty.al | yhélifilogr@ntc dppamushe claih 38, #ROLHCHS Erosd Bectib 81 tHetdhaghaRhi C
apparatus of claim 13, wherein the el ongated conductor conprises one of
the grotndggtoceonfeuns lar Gngzimm-sipBe.17. The |ithographi c apparatus of claim
13, wherein the cross-section of the elongated conductor confornms to a
trapezi um shape. 18. The |ithographic apparatus of claimb5, wherein the
fluid codpri$esligogashickPparkhe of tlahegr aphicth dpPar@ddas)@bs gba. m 18, wherein
the gas substantially conprises nitrogen. 20. The |ithographi c apparatus
of claim5, wherein the fluid conprises a liquid. 21. A device
manuf actir | ngn RO, FRTPPLSAOGE AL LAY, .tﬁ@gésashggﬁmpﬁg%méﬁ--@csa pattern
inits cross-section to rma patterned radiatron beam projecting the
pat t er netlogadi ati on beamonto a target portion of a substrate using a
projection system |ocally changing au optical path length of the radiation
beam using an array of optical elenments arranged transverse to the
radi atign beam 1i@asAHAPLSALEL LIBM S,C\QH%}E?nSth@Qu@irbon{rjlaﬁ‘gbs"é ﬁﬁ@h! y _
addressabl e el ectrical heating device; and controlling the heating devices
dependi ng on a phase map in a pupil plane of the projection system 22.
The de%hce W@%Eﬂ%&%%{iHQ]QQEQQ$ %{ claim 21, further conprising deriving
the phdse rmap 110 ‘éﬁ‘l%ﬂéhé? Vit B i on of the radiation beam 23.
The devi ce napufiagtaniingometdedi®fa Gh@himndd, crf kbl © IR h phingnsontrol i ng
the heating devices depending on a history of previously applied intensity
di st ri Badipémsbessy a
projecting the patterned radiation beam onto a target portion of a substrate using a
projection system;
locally changing an optical path length of the radiation beam using an array of optical
clements arranged transverse to the radiation beam, cach optical element comprising an
individually addressable electrical heating device; and
controiling the heating devices depending on a phase map in a pupil plane of the

projection systei.

22. The device manufacturing method of claim 21, further comprising deriving the phase

map from an intensity distribution of the radiation beam.

23, The device manufacturing method of claim 21, further comprising controlling the
heating devices depending on a history of previously applied intensity distributions, or a

history of applied actuation of the heating devices, or both histories.
24, The device manufacturing method of claim 21, further comprising transporting a fluid

through a channel in the optical element to establish a static temperature distribution across the

clement.
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hi story of applied actuation of the heating devices, or both histories. 24.
The devi ce manufacturing nethod of claim?21, further conprising
transporting a fluid through a channel in the optical elenment to establish
a static tenperature distribution across the elenent. 24 25, The device
manuf acturing nethod of claim 24, further conprising controlling the
heati ng devi ces depending on a transport velocity and tenperature of the
fluid. 225  The device manufacturing method of claim 24, further comprising controliing the

heating devices depending on a transport velocity and temperature of the fluid.
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