Li t hographi c Apparatus and Devi ce Manufacturing Method [ 00011 The
present invention relates to a |ithographic apparatus and a nethod for 5
“manufacturing a device. [0002] A lithographic apparatus applies a desired
pattern onto a substrate, usually onto a target portion of the substrate. A
-l'ithographi c apparatus can be used, for. exanple, -in the manufacture of
integrated circuits (ICs). In that instance, a patterning device, which is
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pattern through a radiation beam in a given direction (the “scanning

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

20 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

25  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 limit 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 techniques,

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

[0004] One technique to improve resolution i$ off-axis illumination. With this technique, the

patterning device is illuminated at a selected non-perpendicular angle which may ﬁmprove

resolution, and particularly improves 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,

35 corresponds to a spatial distribution in a pupil plane of the optical arrangement of the




30 have been applied in order to extend the resolution limt of the

l'i t hographi ¢ apparatus. [00041 One technique to inprove resolution is
off-axis illumnation. Wth this technique, the patterning device is

illum nated at a sel ected non-perpendi cul ar angl e which may inprove
resolution, and particularly inproves the process latitude by increasing
the depth of focus and/or contrast. The angular distribution at the
patterni ng device plane, which is an object plane, 35 corresponds to a
spatial distribution in a pupil plane of the optical arrangenent of the

| it hographi c apparatus. Typically, the shape of the spatial distribution in
a pupil plane is referred to as an illum nation node. One known

illum nation node is annular, in which the conventional zero order spot on
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proj ecti on sygkaeatoH.®, dnber hbredeissd) id gerbed by the element(s). This leads to a non-uniform
heating of the element(s) by the radiation beam, resulting in a local change in refractive index
and a deformation of the element(s). 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

15  resist layer.

[0005] EP 0 678 768 A2 discloses a projection exposure apparatus in which heaters are
provided on the outer circumference of a lens of the projection system in order to compensate
for non-uniform heating of the lens when dipole or quadrupole illumination modes are used.
[0006] EP 1 103 857 A2 discloses an optical element having on a major surface thereof a

20  plurality of electrical heaters in the form of transparent conductive strips, all of which are
parallel to each other and spaced apart. The strips enable the optical element to be heated to
compensate for non-uniform heating caused by a slit-shaped illumination field.

[6007] According to-an aspect of the invention, there is provided a lithographic apparatus as
defined in the appended claims.

25  [0008] In an embodiment, the phase map is derived from the intensity distribution. The
lithographic apparatus may be provided with an interferometer configured to measure the phase
map.

[0009] In an embodiment, the control unit is arranged to further confcrol the heating devices
depending on a history of previously applied intensity distributions and/or a history of applied

30 actuation of the heating devices.

[0010] In an embodiment, the optical element is provided with a channel configured to

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




{0005] EP O 678 768 A2 discloses a projection exposure apparatus in which
heaters are provided on the outer circunference of a lens of the projection
systemin order to conpensate for non-uniform heating of the | ens when

di pol e or quadnpole illum nation nodes are used. [0006] EP 1 103 857 A2

di scl oses an optical elenment having on a major surface thereof a 20
‘plurality of electrical heaters in the formof transparent conductive
strips, all of which are parallel to each other and spaced apart. The
strips enable the optical elenent to be heated to conpensate for
‘non-uni form heating caused by a slit-shaped illumnation field. [00071
‘According to an aspect of the invention, there is provided a |ithographic
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[0015] In an embodiment, the fluid comprises a gas. The gas may substantially comprise

15  nitrogen. In an embodiment, the fluid comprises a liquid.
[0016] According to an aspect of the invention, there is provided a device manufacturing
method as defined in the appended claims.
[0017] In an embodiment, the method further comprises deriving the phase map from an
intensity distribution of the radiation beam. A
20 [0018] In an embodiment, the method further comprises controlling the beating devices
depending on a history of previously applied intensity distributions and/or a history of applied
actuation of the heating devices.
[0019] In 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
25  embodiment, the method further comprises controlling the heating devices depending on a

transport velocity and temperature of the fluid.

[0020] 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
30 indicate corresponding parts, and in which:

{0021} Figure I shows a lithographic apparatus according to an embodiment of the invention;

[0022] Figure 2a shows a dipole intensity distribution of a radiation beam in a pupil plane;




{0014] In an enbodi ment, each heating device conprises an el ongated
iconductor. The el ongated conductor may conprise one of the group of Cr, Cu,
“Au and Al. The cross-section of the elongated conductor may conformto a

it rapezi um shape. [0015] In an enbodinment, the fluid conprises a gas.
‘The gas may substantially conprise 15 nitrogen. In an enbodinent, the fluid
‘conprises a liquid. [0016] According to an aspect of the invention, there
is provided a device manufacturing nethod as defined in the appended
clainms. [0017] In an enbodi ment, the nmethod further conprises deriving the
phase map froman intensity distribution of the radiation beam 20 [0018]
‘In an enbodi nent, the nmethod further conprises controlling the heating
~devi ces depending on a history of previously applied intensity

-di stributions [gR@af OFighrePhShéWsa fadAPBlkifehsAf BidRILAEH 6ifa rhdiRidA®air itga pigpll Ces.
-[0019] In an enbodi nent, the nethod further conprises transporting a fluid
t hrough a cha®¥e; in the optical element to establish a static tenperature

distribution 36595 SrihR 36h6WeM optichl adAngmeRIIIAHERE bn afrfo BB Eleibiits;Ner

conprises controlling the heating devices depending on a transporf velocity
and t enper at ul@025} Figaref shpws an offigt) ADRNgSMSBLIOMPREIRE sty ¢ ebheatips |

now be_desGr | befleeikali 391 R¥ANRYGGR, Y, Wi Lh reference to the
acconpanyi ng schemati c drawi ngs in which correspandin refereﬂace, synbol s 30

i ndi cat e cor r §636hdFigyre5ashoys 2a9gtisah appngement compaTog+ Puraityofsissisalheating

l'i t hogr aphi ¢ pRasalkseed bF P5dbifeonfdidgeirbodi ment of the invention; [0022]
Figure 2a shows a dipole intensity distribution of a radiation beamin a

pupi | plane; [0030D3Fizme§hskovwasnontiond anengamantsoBPEsing? Bvslifxofglesticldieiingn of
-a radiation baamdsRrandiRl 4 mith Figuration;
' 10 [0028] Figure 6a shows an optical arrangement with a plurality of electrical heating elements
and a heat flow within the optical element;
[0029] Figure 6b shows an optical arrangement comprising a channel, a plurality of electrical
heating elements and a heat flow within the optical element;
[0030]} Figure 7 shows an optical arrangement comprising one channel and an array of

15  electrical heating devices;
[0031] Figure 8 shows an optical arrangement comprising two channels and an array of

electrical heating devices;
[0032] Figure 9 shows an optical arrangement comprising two channels and an array of
electrical heating devices;
20 [0633] Figure 10 shows an optical arrangement comprising one chahnel and two arrays of
eléctrical heating elements;
[0034] Figure 11a shows a cross-section of a square-shaped heating device;
[0035] Figure 11b shows a cross-section of a trapezium-shaped heating device;
[0636] Figure 12a shows a 3D plot of a desired phase correction across a pupil plane of the
25 lithographic apparatus;
[0037] Figure 12b shows a 3D plot of a realized phase correction across a pupil plane of the
lithographic apparatus; and
[0038] Figure 12c shows a 3D plot of a remaining phase error after correction across a pupil
plane of the lithographic apparatus.

30
{0039] Figure 1 schematically shows a lithographic apparatus according to one embodiment

of the invention. The apparatus comprises:




'[0024] Figure 3 shows an optical arrangenent conprising an array of optical
elements; [0025] Figure 4 shows an optical arrangenent conprising a
“plurality of electrical heating 5 devices arranged in a first
configuration; [0026] Figure 5a shows an optical arrangenent conprising a
plurality of electrical heating devices arranged in a second configuration;
[ 00271 Figure 5b shows an optical arrangenent conprising a plurality of
el ectrical heating devices arranged in a third configuration; 10 [0028]
Figure 6a shows an optical arrangenent with a plurality of electrical
‘heating elenents and a heat flow within the optical elenent; [0029] Figure
6b shows an optical arrangenent conprising a channel, a plurality of
el ectrical heating elenments and a heat flow within the optical elenent;
[ 0030] Figure [ﬁomipows an aaplhimiahtiomrsyaetgéﬁmminatoo)rﬁﬁfdoaﬁgtgedﬁn@omﬁmadiaﬂ@ an
.array of 15electrigc 0 0 311 Figure 8 shows an opti cal
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electrical 5he%fobxﬂ&1 @k paIRtifg device in accordance with certain parameters,
| [0042] - a substrate table (e.g. a wafer table) WT constructed to hold a substrate (e.g. a

resist-coated wafer) W and connected to a second positioner PW configured to accurately

position the substrate in accordance with certain parameters; and

[0043] - a projection system (e.g. a refractive projection lens system) PS configured to
10  project a pattern imparted to the radiation beam B by pattering device MA onto a target

portion C (e.g: comprising one or more dies) of the substrate W.

[0044] Either the illumination system or the projection system includes an optical

arrangement that is described further below. The illumination system may include various

types of optical components, such as refractive, reflective, magnetic, electromagnetic,

15  electrostatic or other types of optical components, or any combination thereof, for directing,

shaping, or controlling radiation.




{00341 Figure 1 la shows a cross-section of a square-shaped heati ng devi ce;
'[0035] Figure 11b shows a cross-section of a trapezium shaped heating
‘devi ce; [0036] Figure 12a shows a 3D plot of a desired phase correction
:across a pupil plane of the 25 |ithographic apparatus; [00371 Figure 12b
'shows a 3D plot of a realized phase correction across a pupil plane of the
‘|'ithographic apparatus; and [0038] Figure 12c shows a 3D plot of a
remai ni ng phase error after correction across a pupil plane of the
Jithographic apparatus. 30 [0039] Figure 1 schematically shows a

“l'i t hogr aphi ¢ apf&#dt Tbe supput stiuetgretholds the natitroia desine ins meier hatdspendsen thne
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sradi ation); 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

5  clamping techniques to hold the patterning device. The support structure may be a frame ora

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 “pattemning device.”

10 [0046] 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 pattemn 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
15  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,
[0047] The paiterning 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,
20  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




[ 00411 -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
PM configured to accurately 6 position the patterning device in accordance
with certain paraneters; [0042] a substrate table (e.g. a wafer table) W
constructed to hold a substrate (e.g. a resist-coated wafer) Wand
connected to a second positioner PWconfigured to accurately position the
substrate in accordance with certain paraneters; and [0043] -a projection
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vacuum  ghgef r ost at kG 1Qfe RLIBL, the apparatus is of a transmissive type (e.g. employing a
transmissive mask). Alternatively, the apparatus may be of a reflective type (e.g. employing a
programmable mirror array of a type as referred to above, or employing a reflective mask).

[0050] The lithographic apparatus may be of a type having two (dual stage) or more
substrate tables (and/or two or more support structures). In such “multiple stage” machines the
additional tables and/or support structures may be used in parallel, or preparatory steps may be
carried out on one or more tables and/or support structures while one or more other tables
and/or support structures are being used for exposure.
[0051] 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.
[0052] Referring to Figure I, the illuminator IL receives a radiation beam from a
radiation source SO. The source and the lithographic apparatus may be separate entities, for
example when the source is an excimer laser. In such cases, the source is not considered to
form part of the lithographic apparatus and the radiation beam is passed from the source SO to
the illuminator 1L 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



5 clanping techniques to hold the patterning device. The support structure
may be a frane or a table, for exanple, which may be fixed or novabl e as
required. The support structure may ensure that the patterning device is at
a desired position, for exanple with respect to the projection system Any
use of the terns "reticle” or "mask" herein may be consi dered synonynous
with the nore general term "patterning device." 10[0046] The term
"patterning device" used herein should be broadly interpreted as referring
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to position different target portions C in the path of the radiation beam B. Similarly, the first
positioner PM and another position sensor (which is not explicitly depicted in Figure 1) can be
used to accurately position the patterning device MA with respect to the path of the ;'adiatioxm
beam B, e.g. after mechanical 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.

[0055] The depicted apparatus could be used in at least one of the following modes:




[0049] As here depicted, the apparatus is of a transm ssive type (e.g.
enploying a transmissive mask). Alternatively, the apparatus may be of a
reflective type (e.g. enploying a programmable mrror array of a type as
referred to above, or enploying a reflective mask). [Wb0] The |ithographic
apparatus may be of a type having two (dual stage) or nore substrate tables
(and/or two or nore support structures). In such "nmultiple stage" machines
the additional tables and/or support structures may be used in parallel, or
preparat Or[d)\?\ﬂf[ eps My be 6afkh 'ﬁcﬂlepﬂ% SE PR lurERI B al Rl 88H R (961 FHPRAY T
structures ile one or nore other tabl'es and/or support structures are
Pel ng V\Esedat.e;ﬁtmsieefdpi@s::mtéonam,?ﬂﬂi]e'm?enltii‘i mgmgimhpamtedp@ﬁr(aﬁdﬁstimmbeam sergjected a
e wherein at |east a portion of the substrat ,
VB d hagDig EEFaRRIPY ) OfF et ASOR B, § o SRRre e B Bepap 1
a space beglineem hbk ﬂ{(gd)le‘ptdh@&i&b’s%ttﬁé?a@ﬂﬁekﬁ@ta%@%&ﬂ@n@ cd¥bd dRFBLAI Riktep
liquid my al so be applied to other spaces in the |ithographic apparatus,
for exanphededbt mermurheizvad kheanxgosure fipiddjneits tho nizs wé tlentargenpaetisi Gnmaged in
t echni ques arF Il known in the art for increasing the nunerical aperture
of project FBR'SYSEEMR e term "i mrersion" as used herein does not nmean
that a st F(B?}t] ure, spich ag, fafWhle! fleQupphiSiirRBirs WPMBAPER shibsttatSidbld WDUke
rather only neans that liquid is [ocated between the projection system and
t he subst scanecddnéingnenspowbilea piions anReted te thegadiatiem peareisprojedied ¢1itp arArgelt or
|t hogr apirEoARRar deUEnay Bu edmie) el eI HaF ERar G R EpR W
source iSreﬁilﬂiv@l@ﬂhﬁ@ﬁ%ﬂ(ﬁﬁﬁfuqtdrﬁ MPathyIRsRErmiltd BAHE ¢@-)riaghdficationshdigigd to
formpart of the |ithographic apparatus and the radi ati on beamis passed
from t he roupd ehBertensisefithe pioiastionsystam RSt sope mdg. b mpxiaimserelof tisr y
SYSt e R SRR Rk il e, REPR) B LA LB DO R R A iy boam
| i t hogr aphinemapp@bairdswhéress @y demgtieo he scahhimganoti@edétsrmaneshe beight (ampe  The
source SO and the illumnator IL, together with the beam delivery system
BD i f redairerg difggiiophot e dedPortidths a radi ati on system [Ws3] The
i11um natfagsg] L may conprji ) i " el o J ; | ar
intensity distribuf?on ol%ﬁﬂggFggﬁgﬁpgﬁl'gg%?ﬂégﬁgpgﬁS¢%pg§%ﬁggggggﬂgﬁggter
and/ or i rokling agicgrarextkletpaltemmpddvycer efdethe sdbdtatamble- Wit ie moand ossdaneslr |
tivel . ; : . : . . .
Yoy e beae Supbt b R i ESR e BB Bt
vari ous 2%15@%}5@@9&?%%ﬁ0%%6@m€% @ﬂpl‘oz&ﬁﬂ{cﬁﬁ)@rp_rdgﬂax%ﬂﬁbﬁ: SORAENSELvid The

illum na e used to condition the radi ati on beam to have a desired

uni f or m updaedias negeinsi afjergiash mobemitrofithe substrate dade FEE ©F brbetween 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.
[0059] Combinations and/or variations on the above described modes of use or entirely
different modes of use may also be employed.
[0060] 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



[ 0054] The radiation beam 13 is incident on the patterning device (e.qg.,
mask) MA, which is held on the support structure (e.g., mask table) M,
and is patterned by the patterning device. Having traversed the patterning
device MA, the radiation beam 13 passes through the projection system PS,
whi ch focuses the beamonto a target portion C of the substrate W Wth the
aid of the second positioner PWand position sensor IF (e.g. an
interferonetric device, linear encoder or capacitive sensor), the substrate
tabl e WI' can, be..moved 1} as, Syl i £ f ;

port rons. CANHOEHAPHERRTEFHERLE top Gorts iR BulRich i Tl Bl i Pk cp 3n6ieh
posi ti oner inANg@Bdb ano heliupos ilfundnatkengaoede. (Whi ch is not explicitly depicted
in Figure @bﬁan be used to accurately position the p tiﬁgrni ng devi ce MA
with respe o the Paths radiaionedbeagy irateress apeisaime oatigh elgpedf (nEchighdoal
retrieval - | I.bor QL j al . : e

the suppor i A b AT A e bR b AR Bt ERE T S o
modul e ( cosgagebypitis eleh@ni cayseathd chensdnotd heat upkieativg of the(ddment pessits inonéhagds

which formpart of the firs ositjoner PM. Simlarly, venent t he
substrat e PaBEUYE Mgy Ol tge,eféaﬁf)qni %tdllﬁg)i‘?ﬁgo%fwgﬁ?gﬁ%qw *B%\ea_ %‘&I‘L‘H 103.93{115 efthent
short-strokg ARl )(‘Mf‘l‘i&ﬁdfagﬁ%o%ﬂf)ﬁ Wkrelthe 1 3E88A D eROS Ve RBEthe RWndnp t he

case of a stepper (as opposed to a scanner) the support structure MI may be
connect ed undfoankhthit atsompioe resctwat eunidorinyheating phsheerhentadd aPaifoen phange 1

device MA apd substrate W be al.igned using patterning device.alignnment
marks M, 'REAANE “gt‘fbglf[(?‘a’t”e&g%?’ljrﬂ‘?é‘ﬂf’g?‘é?tI?é ﬂﬁﬁi%lﬁ@ﬂ 1)21“{%@8’&?.“[1(wa§ bstrate
al i gnment aRdkeciR® driildabmahedrRes YRk RBARA BahURiveRRE ticolémedthey may
be | ocated in spaces between target portions (lt hese are known as

scri be- | arleperidegrmmethe appeliddsijlum$iation arddg, Forrangllumanationsnads swpl ehdipgleért han

one die is provid on th atterni ng devic , . N devi ¢

ol gnment HAPRE e BBt el it M D B BRI SR By
appar at us ce®ithgla Réh-usiesini thadke Ire@SilacONEn®éx dddelcf@inleivnng tiimdesaent. THaAb6d!
1.1n step node, the support structure MI and the substrate table WI are
kept essesbinges i iefragtiverindgx anddafermation of preoyaP et AMEND HY hePrejectiogsystem
radi ati on_h i r Qj: d 1 arget Lan. Ceaf, ] din ot
ingl e ot AR tog SRl o Bedh BE B RE bR b e lRiQ Bnt kafieifly
and/ or Y digeahénm The chdraks a1 @itickpsaginienpthrdifférepes thwres Qegrntids of dposddion n
step node, the maxi pum si ze of the eX{)o ure L}iﬁeLﬁillirEi.ts__tre.Pi_zﬁe (gf lhe
target poPfdBI ECPRRIGE ML RnacEpiglage at Hibsiate layskihpbis digioigen Wil reped 40 Hgpde,
the suppopbicstifides W iRubthifddei 9@1e§HQﬁxtcrt@5§o%t?&k BatWhc iR diFR@between the
synchronously while ‘a pattern inparted to the radiation beamis projected
onto a taraembparg potiod ¢fi the radaatsinriglam. dyreaainpleexposoraging prremeted thefiisy and

v ect o1, L PATS NG, L 2. 0F, € LR A BURRELS ot vre o
charact erifgihfs of Fi%,@rcpj OB APEHIRYBARIRgERent! 3 &eaRli NP driligodiBki B Mesi z€

of the exposure field limts the wdth (i'n the non-scanning direction) of
t he t ar getavpioni Bhe ppiical sirangesmany Ahrdwpases 68 ariay ohhmeawsicelpéemetigdh 108 t he

ar getpaicni She Dpical sitmylencay b opEsepod
Car oot ol o PatE PLRER R ok TaLinb Pk SuERR B2 ieFie. U e BE,

essenti al dpticat dhanamay veahbitagialylkeer, dsmexainglBld & T9ngptideNdletentanthet he
substrate table W' is noved or scanned while a pattern inparted to the
radi at i orcHS6aMmTagspne}tat Pesitiorrdonghe tdigéion herm seeh Gat ihg aptgy 91 aplieal clements
general | y._a_pul @t _ r j e n ARL|

patt er ni oy taahe A ATl Rl AAER) S KGR bR, ThEoRIAPEBRRR LS ar

subst r at exrtadptetoWansmitisib hehwe entiuadiessi et @dthbpocal pidns@s compiisey aa scan.
This node of operation can be readily applied to maskless |ithography that
uti | i zes ipiigisuathradsiresspiercdectiond hertyiedevics dé woaég%reér%gﬂrca’rhﬁﬁfﬁiéh@rﬁwelr
array of eher t s o] b ' ; ORS 1apdERECEl Y at | ons
o e s e ) B may
al so be epphaeedo a control unit 34 via conductors 35. Heating of onc 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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[ 0060] Fi gure 2a shows an exanple of an intensity distribution of the

radi ation beamin a pupil plane 21 in the illum nator or projection
system The intensity distribution of the radiation beam conprises two
pol es 22 and 23, defining the portion of the cross-section of the pupi

pl ane through which substantially all radiation of the radiati on beam
traverses the pupil plane. Figure 2b shows a second exanple of an intensity
distribution in a pupil plane 24, conprising four poles 25, 26, 27 and 28.

In the folﬂaanh\ddﬁgthéesmclspbmmns trhesnhint@tRithyadb&hdel BRtitQRIentd 12 drafiudtalion
beamin a pupil plane is referred to as an illum nation node. The intenSity
di stri but i Wak NoRnhe Adipstgd paticeh pats lepethspdthe \farlpumwahqam ofithgeadigtien beam, an

intensity 'x]%fﬁngUr a%['at (PRVYP 40?0 étchlrtcg ?(Qexlnglc?é F?l(é)lla%%t Ilgggglcal?tl on

nmode. [WB1]AS t I on beam traverf sas 'a enent

(e.g., a lemsgementSabdy osdsitmedhit dthear 8t plane bﬁt@l@lll@ﬂﬁl@ﬁ)@bb%ﬂwoﬁ he
el emrent. The absorptl on of the radiation beam by the el enent causes the
el ement t &Rt Poptonighthenptist! aresenereher peasaberil ping PEHadrg e spafial

refracti V%oh@ﬂﬁ'én Qét\&t’z?aﬂkﬁr@%wﬁﬁc ﬁ&gxnl,ﬁg)q{h lgﬁ'gflﬂfdt Qgﬁé)crx(% (fsrho%nq S Rupil o

deformation of the el énment
t he radi atpi amabéam ltenangtoease mheatebetrrﬁmbosumﬁ otk pupil Plage. a:bxsmfammerby esul ts
in a uniformheating of the elenent and a unjformchange in refractive

i ndex. FoPCHHO™NE H%il)‘*;&é*siltfiﬂ&ﬁ@&*% ObReFH 8 RHPH PRSI f{%ﬁic&ﬁéd beREnp EPYIPV I
the crossygeed 1'1191%05’5)' UT&‘%H@J&E‘%& ngEfoU&gb itlrg{]ﬁﬂlcﬁgﬁ? fadh gk OQEOQﬁgﬁh raverses

the el enment 1s dependent on plie nat i
il'lum nat |[dN>3}mde sdbhoasudlcmiee:txﬁz qeacotipddea | 7®I5L€C¢§17e>|frﬁnma S8hdlombgrials

di ati on,_non-.uni acrqgss the surf of. the elenent, causing a
o ani © oPRe i b RS depenaety Ai6e Brbiien oo fenietace el The
| ocal chapg®cliviy, 8bdraelehVEr [h&‘i*?a?i RN ERHAN SRR AL cAfR8it P r hrcr% ﬁcﬁlcﬁ:ﬁms

in the projection systemresult in a change in optlcal pat h
di fferent 3%@11&1/ peasmpiisedie an adlegaicd strbetare Angvanglernd snd’:temeﬂnmgm’o@c‘satz uftuge is a

changes i ath le th dlffere ses .the po

r adi gtl on§lb(§§)t1;“i%}]‘ll chdélrﬁ}igug |?1?8“%P\m§8}‘f & Prglbc’agtahgﬂg’é?ma%&]lt&/é 2tprl|§’t3 is
di st or t echavirigdur @%ip&Gowed of Nen®@pia&tat bIRGLa @t;plmgrah@ rtAk Bk AV B R 1drRUE] ofdHe
to an optical path length difference between the reconbi ni ng portions of

the radi 2AtGAl yaiam in Arfiielk BiepliO2 statein pPstignadgispheagast lera lirnided, peccnabletextent.y
affected Dy fdas.AhELRLANE ﬁld'y%ct} D& il E oqn&)@ﬂ AN e%%@gque@b f)?q(%clfjmt(? fS8Y-

of the radiation beam path. Alternatively, the integrated structure may replace an existing
element in the optical system and have optical characteristics corresponding to the element it
replaces.

[0064] 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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[ 0062] Fi gure 3 shows an optical arrangenment 31 according to an enbodi nent
of the invention. The optical arrangenent 31 conprises an array of nine
optical elements 32. This nunber of optical elenents is chosen for
illustration purpose only. In practice, the nunber of optical elenents may
be substantially larger, for exanple 128 or 256 optical elenents. The
optical arrangenent is positioned in the radiation beam such that the array
of optical elenents is arranged substantially perpendicularly to the
radiation H (”tth Egvé)f% oaflthce a%fﬁ%gft%czﬁ% 12" 12%[11%?5991%’1( e E(Slﬁ g beams
of the radia |on ch optica men nprises an |n uaI

addr essabl eoiffigeeting egdresierat hétgm@QMvmes ﬁﬁmatblpémcwub@dn the th@sateldmhb&atmti e
optical element 32. The individually addressable electrical he tlng devi ces
33 are el eeRital iy PhatBaR BdnEisuEd MsiRE i InfsrieromeerArEangsmatic f BF Bha3g map
Heat i ng_of L 808e 05 DERaRks bAG(BRAL S b heRPMeSdRibI B0 Al NEverel hiBBhice

i ndex of thHose o re op |ca el ene I'n operation, e co

unit 34 adjrtmgemthethbeatsed ﬁﬁg@&atcm(gms@d tosactecethe dtradiatadn 1héa¢qdngmd&i\pnthe such

that the optical . path | engths of the sub beanms transmi.t
associ at edlee,ef Siffreikpe b ApSed Phaas fﬁutft:?actwné*qgiw € Pﬁfmﬁméﬁatﬁﬂhg dghe

optical J?tcllled'?ﬁh %én&g sihe d(%@tﬁﬁtﬁbﬁsﬁéhﬁbthp )Qﬂct(ittrt#?)ﬁhk@@lt?ﬁgeclﬁ thefiiksc Alp.
aeri al e s cr hat nore accurate Fesenbl es the © bj ect i mage.

The opt i caﬂubacquam@erlﬂmzthttmﬁycdjes qilu@mumhtédt Eedpio lwedassqaatgumtd) cashaptcaf

t he |IIun1hator Fl L jection s tent P05|t|on|ng.§ge Etlca ahrangghent
at or near®@4pl e 'ﬁﬁt—i-tyd’riév Slapantipicaiate e dutid SANSEBACY C4RE T ed
change in Qptd@ahiypaidh dI6REED nddtiR RPREBEICinBRSAal] 9@d&x@s§ch¢)yﬁh'@cdnn@l anezand
t he heating deV|ce at that specific position in the pupil pla

Fur t her norte diskipatp ¢ ctqt@mlngl tzheunfoptf hcfaIlntalendh@émmfmatnfoﬁ ne@matad pitpithe

pl ane, the, e

Pl i nat PR E5biifaranent? Rl By e R affs TREBL AL lBuse, e

[ CO63] The copéit@al/oPh@ITFER Sy FfiodRY cEEHBIEd S al Ae2Dih dade, m®F b&i&& tmsw:tlsy other
material s have a known refractive index, dependency of the refractive index

on t enper atatirads fionethrancaseivmest ohihage chapaes iremdhe psse 4ér mal  expansi on and
f
ShecT TS gy cabecy i Tho b AL oSSR 5 S P00 SOV SR e

pl at e t halllemadvelangedtitionalypihapaageengpanay lccldicacmtmed;hﬁ;otiadi at Depenbmgom tW t h
the Si02 plate h§V|n an optical powe pl.aced at or near a

r
pl ane, t hexXiEpafe A RAPREPEPF e aﬁamt%gte Ripss BAR PRRSIAER TG g?@z
plate i s pSikECNEHerdR i RHANEEH ht%d@lsjacmcte%dAlt@ﬁ%ﬁpé 1abl @daﬁtﬁmt h%g)hqsc
exchange mechani sm nmay be provid to Inserting and tenove the pl ate
into and map nofy bemecasatiiat bower beawalpaubh avbf@renpodivgh yer unhemnbt:egﬁwb@dtteq
structure gﬁé %f ace an eX|st|ng el enent in the optical system and have
opti cal EERRIL e CEYa!espondi ng to the el ement it repl aces. [ 0064]
The opti cMat h 1 epgd Botd uak '3@%@5&%11&‘%@1@6 infabuRos htgﬂog}moféb]ﬂ@@ pupi |

pl ane can Dbe described by a surface profile and is referred to as a phase
map. The 1¢llemurceldnacqci¢stqmdthcasft 1¢ h@tloptdpuacts Fhukginedpmhisatedn mhdesdny weehin
portions o an be o rin p
o e ¢ o SR GO pe R o Bl 87 5P ARG R al Fas ah Rk S RER RSP
known i nt;ebfeicBbRm. A ARRGRHRIH: usé\cfa@w@mmg@u@alo@leﬁ&wﬂlw d@ngde rehanpe in
opti cal path l ength directly by neasurlng hase map in a pupil plane is
that an doduraddhednfereatione! derelpmenipmik atabléuzgdicvmem,tlhélaéluaﬁgledtdhgléeth%al
ath | engh G RHaR P RN % 8 sph O AL GRS TR S s 3T a 005 AR ke

yet. The neasurenents When ogr ArcTa paratus®i s
not oper abatnieasly TheLskih arntth dhetidn tvhogds@hh loﬁ PRt aapt&mys;fu&er ated
subsequently at settings with different illumnation nodes, resulting in a
cont i nuoGKIMEnKBa A hgz:!p GER eonﬁawouce}maéﬁm plise MaptoaB Ge apticesaddd Seael be
equi pped Wil fle B AN %%@é g{a thfétfre D& t%’c%t?ux eh{% &L{cﬁt f’é‘ﬁ{xéﬁ[ﬁ o‘f"ﬁ}ﬁ%fn'i ke
nmeasur enent sy Jtem arra gt dear a su nmeasur

in-situ teehﬂwgtepltw @p;bar@n‘ustthe/ tfeadslcat”(bxﬂ’ﬂmb@%pcrit[bnt htsseadnhddumﬁmtmott bfethe
control unit 34 is configured to addr?ss t he heating devices 33 .in
dependenBeat GAPACHY Oﬁréastjeeam&ﬁaw braperiqrmed sHpyingghiced o prlgaresfion phthe
measur ed ot r . The phase map pnvi des phase
changes Bgﬁhp@¥eggﬁ¥pg&gﬂ gggggtu@tﬁgpgﬁla ron beam that traverse the
optical arrangenent, the phase changes being used to correct the
irradiation induced optical path Iengthldifferences. A desired change in
refractive index for each optical elenent 32 in the optical arrangenent 31
is determined fromthe correspondi ng phase change of the phase map.
Subsequently, the anDunt of heat |s deterntned that needs to be d|$$|pated

o o " Y b1 o, - b v .




Alternatively or additionally, the phase map may be determ ned
periodically. Depending on the extent of change over tine of the neasured
phase map, the phase map may be determ ned each tinme after a different
illumnation node is selected. Alternatively or additionally, the phase map
may be neasured at other intervals, such as after exposing a certain nunber
of substrates or after certain tine intervals. [W6] The control unit 34 may
further take into account a history of applied illum nation nodes to
address tlgenpatl N0 AgHicfSr, B Jaiithnakt 8o HOMER: {BchESHLE 1N 2

di fferent non-uniform heating of one or nore o ements In the

i Il um nat |}Iattcmyls;@¢wfaerAdhdtps ojeddbi orposyst termidikky e ctmn’mahlumdngsievnoés Ihén
new il lumpnation nod echanelnrefr ctlv(flndxa edefo mat i on

of the ol ABE TS5 SAstTE SEUINS g DEFA [P et EMPRaHGR G t he

i 11 um nat i i IHRE 8N bR EraWalibn Q&xnﬁ"‘ui?&{%ﬁ%%h@ nét'té?ﬁ oflHa ltaﬂni Nleqiat he phase
map i s changing conti nuously. | eng his ti Eétl on will depend
on the hedf08hpaci tyAhxfm@th'el)eme:ldémo(lsHy, thd ml‘rweugnpmhnysbec(tmt\ ed Grousthehpplgel i n

hase na an. be addr,e b fre ent asur.ement of t e phase
P mem U e RO Le T B R e R e S vl ool B T g e
appar at us t{ieymbediur@d (KcdonRer i 30Be5R4 4 R8 tol Aaat8athe h@at%cﬁ:ﬂ@c@@ﬁ l(pébngmlct he

heat capacity of the el ement (s) may be performed allowng a forward
correct i ofin amophieofdisasia thmﬁsmx@th@apwiéq Ireﬂhéﬂ hesad unltlﬁ@dCttMGllmibw@scra]@P

[ 0067] Fur to

t he pat t e$ﬂll%ngDCdOéjilcdpﬁlﬁ;P%lﬁg{f) 1a§d(ﬁ(§lés l(f gf%ig)&?{.}gﬂ cm(tn S %alptekggw hlilc amoun(
el ectri cabf iaahéddgd dexdhe@s adRsirddcHahRpSintopsieal REPRKAhEN R pHEAGE diflents 32 can
cal cul ati ons may be used for each used conbi nation of illum nation node,
radi at i onbGeEFBiAEéNsity and pattern of the patterning device MA. [ W68]
Alternati or adgpt iy gn%l)#l?chl El%npzl%ﬁ?nm%ng%ycopx%m)%%afn e&)m[aﬂmadha 1on
applied illum nation no ase map na convernt i onal

ray-traci tn:grrsmtdmﬁy ethc blmantg,bIuSolﬂrﬂaDﬂAtlTwﬁgthstsﬂleu idartdead: mumitTl&ﬂadtﬁdeJDﬁlfgeghIF ed
to address the he qg ﬁVI ces 33 to generate, an armunt of heat in the
associ at EWUiGRRAY m@ e Hiuier deRad rihe Heneg biskeryion i [ hegrapihpapratgtise @iohhe
optical 3Qghd %ﬁﬁﬁjo%&gé%?&g{é %Bsﬁ%tcoﬁldgll{@mﬂﬂﬁél(b"itlsu@sltﬁf@ Mt arée rogcoknovvn

t he amobunt of heat nee achi eve a desired change 1 n optica

I engt h i Therdorpoilyadn cehma’e«mt sf tﬁémpmebe:odecttmnmwbetic detpiiagd. Panrthexamhc at
applied ijl n | on node corre constant radi ati on beam

PP ens ¢ ¢ Hie SE M GedRen B Al f e A FBre e St RS
actual change i@ I&Déﬂ 1@1%'1)619@11@a1|1(?{1'19§ b (Yidtilchi ik IchE{hs @ﬁﬁ%ﬂ%@)’ﬂn&hﬁ‘s HRAYEnd
history of the Iithography apparatus, such as the number of” exposures per
subst r at ehange thiss ghevitiee exfoswigbuntilaceshinghatclaivelespds ethfilTher ef ore, only an

h
ORI o PRI 0/ Yo S g R S e e A e A e
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[ C071] Fi gure 5a shows an enbodi ment of an optical arrangenent 50 conpri sing
four electrical heating devices 51, 52, 53 and 54. In this enbodi nent, the
conductors 55, 56, 57, 58 extend as straight |ines across the entire
optical arrangenent 50 and are arranged periodically in two nutually

per pendi cul 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 addr espeA) each GansesHLic -Alrolbal oPeRbbi deMl LR Al st Ol four

el ectrical hea |ng d ces using nown tine Ief%ng dressin

t echni que t:bctgmemldm\tmglge\ac@és; 523(:53amd>ﬁnt1nomst¢eﬁubdnmm hie asﬁioctbant.’eij 56pii, cal

el enent s. 00 2 5b sho an_enbodj nent of an optical arrangene
138 Corrprig‘ b‘z ?;J &fg?iflfy%q%\gisﬁql@éq oRjAh@ERInEeHgRt @g arq gryangsd pauodlcaf
plurality Qlfm@%m@@h [y chdd BBl dh@étﬁ)ﬁﬁoﬂﬁ%hd&dtér‘é 'ssts%, 4303 eilc'é&mcmfg)%m&éat @ach

pair of multilayer I nterconnect circuits 0, 1 cofrespond to one opti cal
el enent 13Beark®6:d BFuctTied | cht, GésiFondi qagtr(rlumu ﬂmyle:rwn mtlegwenend aciseparhted

130 is elegtric con ted. tqo . multila i,nterconnect cjrcuit .1

Lhrough: &SP phebPaREEResh nbE Pt SMB aear €S S5B"SSes Sl celstegiharng
conduct or sqeld2 AMkle 33 cRESichl QWaﬁk%mi&n@T&QM%taQ&%\&Wtnﬁc mﬂﬁ%{il@&h a‘id(@@ésm y

el ectrical resistance) and condu 134 is a high-ohm ¢ conduct or (|

havi ng a heghu@icdetgepealing e§¢9$11€éﬂt’§1@)mt aftheal invhotarpaated nplict olegiens?, 133 may

substanti be made oQut . bhe
subst ant i AP rade ohiersvoth oMbl 8P P RREEEL A AR RS 0,
and the plpnaliiytof dpiicgrganaret 33 160NdUGhaaDlddbty ofPdiranmuliddyes amnsicohrdce one
heating device. In o eration, each optical elenment 135, 136, 137 may be

i ndi vi dualdiguitehitd3 bywheneadh prir @ﬁéuléléweegb@ﬁ@wwgl peiits b30, il topf‘ﬁiﬂé’ﬂd to

i nt erconn 1 nce
bet veen | i Sk *158‘*%‘c%ﬁeaﬁi’%’%rlé%ﬁw ol b AR S EERIER LRI 8

hi gh- ohm elecoidligconneb 84 tdln&ﬁlll[aﬁéreﬁteﬁcoau&ﬁtcaﬂthxt&3311wrdtq;lhglqﬂmafrwm{t of heat
than | owohm ¢ conductaors 132, 133, which results in heatin

f
el enent  13HCEPRBESEaduciors 134y Foundi Ing WW?‘B&P“@C%M%QQL‘%%}33%8?%"3‘?’%“5‘? nce
in this eghofichRdlic. ﬁﬁﬁh;@@%%&ku%ﬁ'@ﬁ%nfa b cS&fuc 69\4’39@"% ﬁlgﬁ%ﬂﬂet ors

corresponding to a nu ot her optica enents, a snall "anpbunt of heat
will be dicesluyotréde.ihavagiachigptlectakalebsstemte) \iftic ewacdnhmessmdwgtamé%brlmmce/ of

t he ot her anoun heat .di s ted in
et optt aatnfiEtie i FREE Pt KUY T pel Ty e R e AR A BT e Biet e
in the addiegIgdTRPhG@ALy&!ifERBhSect bicdii Q}U €3 5@111d Hﬁ?}llﬂ‘dﬁ@/ﬂﬁteﬂfonﬁ%tb@a'
elements, nultilayer |nterconnect circuits and conductors is chosen for

i |1 ustrat Porupigrpbe 18AkYd 1 3heqgstists o haaliag devtbedn gf)cx@mn cath @Ibfmbmementay

be for ex%g)l 1 Furt number

conduct or s Co??eﬁ%gﬁéfgcp¥hwgﬁ%wlﬁf ggwngﬁuﬁ%ﬂ¥ ﬁﬁ?”ﬁ@xwéwéé?gﬁﬁﬂggbﬁy$ 6
or 8. FigtreordacisdiRufts 23103 SDEEGL the dafervintelécicadesRied bemitn fw-bhgic
optical arrangenent. In thi s optical arrangﬁment 60, the optical elenents

are conpr{oSeuclprs IRe | 3 2 richighwamip eonsctong éuz,lemhmwnép@tpb hi4 dissipeies a
conpri ses u%ﬁgn ié”é%tcl? (c:u% bt Jf'h%gt] tg%}{eﬁw Q%m% onﬁga?l sﬁ%ZW?CQJhtlglr éf%?‘f] e}é' ces

62 are shomn at ed

and nmay Heaphgcbabtioal «acmomdlIBt‘SI\mﬂﬂdsiﬁi&vmrsnﬂﬁﬁﬂdmg\bpﬂ‘namelam@hw]aflah& 187. Smce
opti cal elerrent%formn t he projection systemand/or illumnator. The
BPOP &@hﬁﬂe

condi t i orlBeRROPLITRRNGLCARRHP! pgat Sqrerise KvpPBmiG sandustars comtsprRANdIng to a
that is GLRIPRF8F oiher GRNE! Ok, 4 AnAPELBLA Y nANGIAERES & 1 GRE {1 al

el ement s
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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62 generate heat and due to the lower transfer of heat to the surrounding
air than to the. surrounding optical material, substantially all of the
generated heat is transferred into the optical nenber. Heat will flow from
the optical nmenber material having a higher tenperature near the heating
devices 62 to the surrounding optical material as indicated by arrows 64.
Due to the conduction o f heat within the optical nenber in a direction
perpendi cular to the radiation beam i.e. in X-direction and Y-direction,
the gradi eFiguafoadhowphases-sattiarieRifah ctboliffent balleGpREASE aiB P 3L taan
be achieved |s reduced. [W3]Figure 6b shows an enbodi nent of an opti cal
menber 60 UEREATRIEHBER COndeopticalelemeats af eamprisc én opsticfadtiviemptienl nmulien6 |k
direction ' . . =1 am |.s.reduced. For.this purpose,
2 Channel B8 Gant BLgBE SSut e bbb BRI e R AR s Phich hin BEHER
create a heatreshans i optitdlimerhbe c0phiCied suppoher aisdped aMhbd Aknbed dhddnay be
direction parallel to the radiation beam as indicated by arrows 68. ‘thi Sis
achi eved B@“ﬁai”aflﬁ@“‘ lignpegi cpvirppmertyuityn @ phurghly of geticalsldnantsdpwding s ent ai r
or any ot o - t] . : - gas. conmprising substantial ly N
From & supal R P R PR ATRO R e Pt
wher ei n t Hdtegaisinilseikeptthatis serhmnstore @apreial. Ui epdrhiadn, tihecl@ptié abatmRrdiehents
Typi cal ly, .t he channe i ave dinmensions in X and Y directions

| | will
conpar abl 825 HRE "*§f“zaé‘d\c’5V’r“Cttﬂ s anshe o hedditg Hie surrogoding eiEthasro dlie | ess

than 10 %—ﬂmiﬁﬁmmweﬁaefwﬁs%gaﬂ%amgmgg?lstag{eedng ﬁ@ﬁsfaféd‘ﬁm%‘énom

tenperature control device arranged | uppl'y contai ner and the
optical appagaymentber. Hiae wghdoweiyorb éha quiseidnbybanabierifdaaingiarltpaatdnoperhioap
wherein the gas, after passi he nmenher is transported back to the supply
cont ai nerl.]ea,b\l(‘a?cel?(’r‘l1 g Jeriges inr:tg) 41? ﬁ‘f‘h‘"ﬁﬁy‘gﬁﬁ’t‘é{all e, 2s JutiFRteb BT @Y 64. Due

[ 0074] Fi guertRe doifineM6n & IREOSFhHQRS bAkaPAheRPeliNg dieidSpd@berdufiMRPaL TRIM:2f
an optical nmenber 71. The opti cal }mﬁbgrl 7(1l lcorrprei se@pté\% &uarx]e,t‘ﬂw&ﬂjino?;

subst ant i ¥gany i gainaldirectinraanssY Tirect®), thmghdishing the phaanal cadldpoifihef thptiatal
menber f mrises an arr.ay of electrical heating devices 75. The
directi .oﬁ;%i g@ﬁé?l?ﬁg %“ZE?S%“%%&%S csd%gffgsjt antially parallel to the Z-axis and
the dirfeoms]on of Figarsioshiowafantdigokiiiéd offin @P@@u atniiRk by wiRfl Ielirahoret he
Y-axis, as indicated by the arrow. Alternatively or additionally, an array
of el ect Af&&Rt WidknithgoRicg] Bembsag) e direating edrrshdisuler thethofadistongicatmeis 73
facing aue,dol FBr RS ENRIBE cibfinlAEREL Ao SIBPAIIRNL scchils SUILARS, OF L he
optical arr ang'emént *Phat SP’S Cc]o'\l/'écrle %’gh 1ﬁde§y08§u ug{né’ggml Ssecflggss ﬂ%{lﬁ&%‘% Thi s
opti cal armaggenentatcohgt iaescanithpttheaptiorbmbaibenawisagtidny iafdf®etiveparallel
di anet er tOf' 7§d,[rm Ehe ogt i.cal nenber conprising 256 heating devices
arr anged 9 fhe radiation beam as indicated by arrows 68. This is achieved by guiding a fluid, for
example a gas such as filtered ambient air or any other non-reactive gas, such as a gas
comprising substantially Ny, from a supply container through the channel 66 as indicated by
arrow 67, wherein the gas is kept at a lower 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 less 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.
[0074] 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 channel 74. The optical member further comprises an array of electrical heating

devices 75. The direction of the radiation beam is substantially parallel to the Z-axis and the
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an array with unit cells size of 5 x 5 nm wherein the heating devices
conpri se neandered conductors configured to dissipate heat having a width
of 200 nmand a length of 60 mMm The neandered conductors are connected to
the control unit via conductors, wherein the conductors have a wdth of 10
mand a |l ength of 80 nm The electrical heating devices manufactured in Cr
have a thickness of 100 nm which is the normal thickness for conventional
Cr patterns as manufactured onto reticles using known e-beamwiting

havi ng &t Areenact aree i ABTETr R CATBA B VY- PR ER BP8E |

X 5 mm  Fi g6 Altehawelytdragdeiohad), BB Biray\bedliuicdl heatdpide ¢iaks @hehent sgad 6na
integrated in one structure, being the plate 72. Wth a peak phase

correct i onsiégof apki 73 froig a0y fecum ﬂp?afthﬁmll@ﬂét h difference of 70 nm the
maxi mum r eq fd ten}?}edrnaetm %ujnuﬁrt%gi&fgce qurg ﬁatt!cgﬁnd% glﬂ@:ﬂtthétsf? g()v 1&1 @Ithghe
surface where the he d) enper at’ure
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mechant sm e L S o o B B S S T
bet ween t hﬁmmtmsabmegleezem dx@smﬁhté heat fhia viing afvict (rf@()l)hmughi 4 }mg,tthacrﬁﬂ)ehnﬂlhe

For achi evi ng e{\ pperature distribution across the opti ﬁ el erren(ﬁ
descri bed %}@9@% o %Waﬁﬁewoaug«cw (B NCORIP BIEBHA AAAUAE 8 ST GRS AU s

Z-directi fil ( 16, 65
T ' and Lot b o T0 p0GHEL Ralghop fodnfh. rh EBERL AL esnd Bl Bba
section al@ngvé hehidarxd s 10 an, whidhdd thee mbrodl tﬁllnkmqsk f(&&bﬂﬂﬁﬂbﬁﬂ @dpatfEhs as
optical nenber, 81 (forrprl ses four pl ane, substanti g al | el Iat es 82,
83, 84 andagiaciused it reliAbeHSHREIFIOYhes DeR MEHINg s F‘PQBB

channel s,  uher &l dh E(hﬁpx1§xﬁ%{w&§'@13§ﬂte§8@mh%aﬁﬂgh@!ﬁ@lgm@é’oﬁ x%'ir?%c?o%:t@ﬂ%l@lﬁe:ﬁ@d
the second [hanne ncl osed by pl ates . An array of

el ect ri cahaveadinagsidewif 6esS 88 mg. Brguanelbwnthbetmieeimpitarleseig3haeeticgd. The

el ectrical 6 heating. devic be attache 4 bot h 83 and
54 an GG CHFES SRR TR STt e prre E rEHE R eeTopPlieap gLl af ed
wi thin thggapiibsab apBphed p8h 1efsth AEFérkabeh £ DUk, QHOSaREn U Seqiel @@h]ladfﬁﬂtber
is mnimzed, ensuring a mninmal thermal dist urbance of the optical system
077] Fi gur @C@asfh@&sl epticebd smerios il dn"l%lfltdhg syrfase xehegxd e bpating davissdiarfeatanged an
opti cal i cal Al co i ses ,

cubstant | G 9 g e ARy ERed S BE0 0k EPRH RS, RS ampegpre
menber CO&HBﬁib‘éﬁthW@sﬁh@@Bﬁ&éc Joeat @lay Yehehievedsby ghﬁmglan%atx&aen@dtmged by
the first plate 92 and the mddle plate 93 and the second channel 96 IS
encl osed $Vieans metigned pheiedagmearaax i R Ve Pitptol damW aarapsid enihe fsstber
91 conpri i : !
array of Sfosh e oBficaYeft bR AREL AR S e YDEREFud it picEhL
m ddl e plcﬂélﬁm&:'by(lbﬁﬁl&i | ietertabitorf bdtsleeplirtapti®? derderithed decbrnid flawiay tholigh thc

el ectrical ating devices 98 is arranged on a second side of the mddle
plate 93 @WZ el ‘Pld%l’l’?é(“"t&ﬁ’?6"“{3}?%@@1&3‘&”“1| Hu@lh?@wn%ap% elentanbat deshdbes
of heat gepgL E%E@Eha%éﬂ?%{w@ nﬁB&x‘cﬁ?‘anﬂ%%%{ *h JBQ%-CHI%CG&ybf P?ﬂﬁﬂtwheremtle
surroundi ng t’he optica rzﬁ , for a mninmal thernal

di st ur barfbed of wateefloptigcala 1st¢sif@rﬁ5 lAnfmanthenvu@(h/mnmagmrebf Phi°€. enbodi nent

is the reduced hei ght of %he opti cal n% \i\nb? res ect to,enbodjnent. of
Figure 8.10KBE er nat | V.S BRG AGHesSaertn Bpreiect-ATis R aheEPPA 0] HEePtsy

may be arzﬁ@m&qna’fm@mc%q Qﬁ:nfgex Eh%oﬁ’i‘egg&efo&l %‘Itaﬁe %§bs‘?ﬂ{?ﬁﬁytp§1eﬂ’l@??@fes%b%3

first and third plate 9 Igure 10 shows a cross section a1ong

t he X- axi4 aofl 8énlnet1hbomlmbm1mhcmf tl‘@ertxcal 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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optical nenber 101. The optical nenber 101 conprises two pl ane,
substantially parallel plates 102 and 103, enclosing a channel 104.
Furthernore, the optical nmenber conprises two arrays of electrical 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 enbodiment nay include the limted height and the
doubl e arr o set
to be r eaF‘l? }ZI (g,ldl% 1&%]}? 8 gt ({ﬁ?ﬁ’ﬁgﬁ)t%?‘ S 1991}319?&1 c%?mn?sd %&H\q tglgh%\?ﬁ IQMQ&% of mef

el ectri cabpthedtystegn.devi ces 105, 106 bei ng arranged i nside the optlca
menber 101 only, the anobunt of heat transferred,to tEe enéP@onne

sur r oundi Hé)mhe opt Figare Hraliayera arods 5e6tien dprphe Xxpxis oh AR PHRPYMEGhP AN SRECal
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fhe 11 rst Mo e G R o e b M Bl e
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enmbodi ment, the optical mber ositioned in \e rqjection
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appr oxi nedellythierobodimen, gedrans feao! hert gampuind “@tﬁnlh@atopdpaﬂsw?% adlitnthehe
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quadrupofmscunw}ﬂﬁ@é@%bapgnmabcﬁﬁmphn¢1@heﬂbhaQQ&ﬂﬁhhésmﬂéﬁéﬁ@édnﬁﬁnﬁbﬁ%e

can be describe Zer, |k nom ons Zernlk are a
St of oredsuredsRsnai G dERRReuatal balRp o o BRI RS
functi on, frQk topd +eﬁﬁie<ﬁd{§:tt@rme M‘ééthg,Qifﬁx%'bﬁlrtesplml h@3 Wik theatdtrigal pexkrg of the
control unit and electrical heating devices g He di mensi oned to correct

qr

for the dmtdasd Opheisebaimparranget ingdatheantestenembar! waki i pow ol heat _
requi r er{gzlf}atsgq?}?gttgﬁﬁecaﬁ?xaglH)%ﬁL%ﬁo%tnldh%\/tﬁg Xpt?ca? lr{e?xﬁ)%l' tlé }jlsqirﬁg&ﬁwl%eﬁﬁtiv@@at I'ng

devi ces

Al t er natdiifbMe atriieo MBXdtAYAN 1B A4 dalt& d‘i@)ﬁbd‘ ﬁtgadg@W%f ﬂmffunrmimfame figst gk ces
may be designed to be |ower than the required power to correct the Iq

or der and2mpghsite e desondarzie 183 950y abicdl lstfwftbhéwefldﬂ?ée pihserasip the

Typi cal | t.he | e wer
o der - 2Pt ISR RomaftF irbbFRat b ML) FRf P PO Ry RS s ispbLh the
conponeny;§jedfiort $i8tcBh AR tHRhEHYst P RO | OB sishineukd ccbmcndemwethtal mupall plarers the
mani pul ators that are available -in |ithographic apparatus Q t he &hgher
order conpiesént ysiem aethgsgemdmiptetlRats located dxa p %@@eﬁwatdnléu}g Rigpe gt

Zem ke polynom al arid up, no conventional |ens manipulators are

avai lable. In a lithographic apparatus as referred to above, anplitudes of
t hese frequency conponents of the phase map may be as large as 70 nm An
advant age of designing the heating deviftks such that only these higher
order conponents can be corrected for is that the heating devices can be
reduced in size and therefore block |ess radiation traversing the optical
arrangenent .



[ 0081] Fi gure 12a shows an exanple of a 3D representation of a phase nmap
used to correct an irradiation-induced spatial optical path Iength error
caused in a projection systemof a |ithographic apparatus. The applied
illumnation node is dipole illumnation, which is shown by the two
negati ve peaks on the X-axis at correspondi ng positions where substantially
all of the radiation traverses the elenents |ocated near the pupil plane of
the projection system Accordingly, Figure 12a shows that at these
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[0084]Although specific reference may be made in this text to the use of
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layers.  Zernike polynomial functions. Zernike polynomials 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. [n 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 arc part of the lower order Zemike 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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[ 0085] Al t hough specific reference may have been nade above to the use of
enbodi nents of the invention in the context of optical |ithography, it wll
be appreciated that the invention may be used in other applications, for
exanple inmprint |ithography, and where the context allows, is not limted
to optical lithography. In inprint |ithography a topography in a patterning
devi ce defines the pattern created on a substrate. The topography of the
patterning device nmay be pressed into a layer of resist supplied to the

substrate whap@uRALré MaifaBR). & a lithoSHPIRE afPhrARPAY NGRS REHRMBENREAS of these
radi ati on, heat, pressure or a co |nat|on thereof. The p atternlngddeV|ce
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[0082] Figure 12b shows a 3D representation of the phase map that may be

accomplished by using a plane, substantially parallel plate optical member according to the
embodiment of Figure 6b. In this calculation, the optical member is positioned in a pupil plane
of the projection system.

[0083] Figure 12c shows a 3D representation of the RMS phase error between the
mathematically desired correction according to Figure 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.

[0084] Alithough specific reference may be made in this text to the use of lithographic
apparatus in the manufacture of ICs, it should be understood that the lithographic apparatus
described herein may have other applications, such as the manufacture of integrated optical
systems, guidance and detection patterns for magnetic domain memories, flat-panel displays,
liquid-crystal displays (LCDs), thin-film magnetic heads, etc. The skilled artisan will

appreciate that, in the context of such alternative applications, any use of the terms “wafer” or

“die” herein may be considered as synonymous with the more general terms “substrate” or
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CLAIMS 1. A lithographic apparatus, conprising: an illumnation
system (12) configured to condition a radiati on beam according to an
S5intensity distribution; a support (MI) constructed to hold a
patterning device, the patterning device configured to inpart the
conditioned radiation beamwith a pattern in its cross-section to forma
patterned radi atiion beam a substrate table (WI) constructed to hold a
substrate; and 10a projection system (PS) configured to project the

pat t er ned r‘téx rcglyolpon 1es%<nc i rﬁﬁf igt & P%{ﬁg‘glﬁfé%ﬁo é’)ﬁlf)ln 1&% %{L;I B%}ﬁé%citbcgme %reaaftrer

characteriz

pupi | pl angxisudehia fbd dxdmiphad ik @M@&l&ﬂﬁt&ﬁﬁ&all?rapf)h@ PlaObFredN (6 ¥ TR RN ,
the optical arrangenent conpr|5|ng a plurality of individually addressable
el ectri cal dnehs g adpodedessigtB3) metelpesivohaidiay andnspesiprtiopl éVisse priicalls, the

ol sment s, S0BI5EL I8 S5 E SRR I A OB R ST LR Y

to local | ysuvedte irhe be @sresdel veorephdncaice SbedRAiple @ndder to create a multi-layer IC, so
that the term substrate used herein may also refer to a substrate that already contains multiple
processed layers.

[0085] Although specific reference maby 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.

[0086] The terms “radiation” and “beam’” used herein encompass all types of
electromagnetic radiation, including ultraviolet (UV) radiation (e.g. having a wavelength of or
about 365, 355,248, 193, 157 or 126 nm). The term “lens™, where the context allows, may refer
to any one or combination of various types of optical components, including refractive,
reflective, magnetic, electromagnetic and electrostatic optical components.

[o087] 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. While 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.
[0088] While specific embodiments of the invention have been described above, it will

be appreciated that the invention may be practiced otherwise than as described. For example,
the invention may take the form of a computer program containing one or more sequences of
machine-readable instructions describing a method as disclosed above, or a data storage

medium (e.g. semiconductor memory, magnetic or optical disk) having such a computer

program stored therein.
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a control unit (34) configured to control the heating devices depending on
a phase map of the patterned radi ation beam at a pupil plane of the
proj.ection system 20 2. The lithographic apparatus of claim1l, wherein
the phase map is derived fromthe intensity distribution. 3. The

| it hographi c apparatus of claim1 or 2, further conprising an
interferometer 25 arranged to neasure the phase map. 4. The |ithographic
apparatus of claim1l1, 2, or 3, wherein the control unit (34) is arranged to
further c | the heagdpEpEieni66% SeRRaH% 90i1RsPhEIOnY: 1BhitREEVLRUZ LI
applied intensity distributions, or a history of applied actuatton of the
heat i ng deeiappsienbio dnstskilleidsn deiaetsthat3podifcatiing nhdyt eogadeghitios mppaiomtass of

foih ing clains, further i si tical nenb
o o comsr SRR TERERHEP T urt b8 ST TR 2% PRo 1 om a Suppl y
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container to the optical nenber so as to establish a static tenperature

di stribution across the optical elenents. 6. The |ithographi c apparatus
of claimb5, wherein the control unit (34) is arranged to 5 further control
t he heating devices (33) depending on a transport velocity and tenperature
of the fluid. 7. The |ithographic apparatus of claim5, wherein the
channel is enclosed by at |east two substantially parallel plates. 10 8.
The |ithographic apparatus of claim7, wherein the heating device is

| ocated on a surface of at |east one of the plates that is in proximte
with the fluid. 9. The lithographic apparatus of claim7, wherein the
heating device is |ocated on a 15 surface of at |east one of the plates
that is distal of the fluid. 10. The lithographic apparatus of claim7, 8
or 9, mherein(ggg%ﬁgtical el enent conprises a further channel also
partially encl y one of the plates of the channel. 20 11.The

| it hographi c apparatus of claim 10, wherein the heating device (33) is

| ocated on a surfaCﬁthlf1 t he. shared pl ate. 12. The lithographi c apparatus of
‘any one of cldinms 5°tBR8 PEPRSCRBPYY M d conprises a gas. 13. The

| i t hographi c appar ahmﬂluﬁnﬁl;aﬁbﬁis)meﬂtﬂ,l 2)doafigired tolvendjtien s taldmtiamtidas dcyording &3 &t S
, of 5  intensity distribution; |
a support (MT) constructed to hold a patterning device, the patterning device
configured to impart the conditioned radiation beam with a pattem in its cross-section to form a
patterned radiation beam,;
a substrate table (WT) constructed to hold a substrate; and '
10 a projection system (PS) configured to project the patterned radiation beam onto a
target portion of the substrate; characterized by:
an optical arrangement (31) positioned at or near a pupil plane of the illumination
system (12) or the projection system (PS), the optical arrangement comprising 2 plurality of
individually addressable electrical heating devices (33) corresponding to respective optical
15  elements, the heating devices being arranged in a two-dimensional array transverse to and in a
path of the radiation beam and each being configured to locally heat the respective optical
element; and
a control unit (34) configured to control the heating devices depending on a phase map

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

20
2. The lithographic apparatus of claim 1, wherein the phase map is derived from the
intensity distribution.
3. The lithographic apparatus of claim 1 or 2, further comprising an interferometer

25 arranged to measure the phase map.

4. The lithographic apparatus of claim 1, 2, or 3, wherein the control unit (34) is arranged
to further control 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.

30
S. The lithographic apparatus of any one of the preceeding claims, further comprising an
optical member which comprises a channel configured to transport a fluid from a supply
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snitrogen. 14. The lithographic apparatus of claim5, wherein the fluid
‘conprises a liquid. 15. The lithographic apparatus of any one of the
preceding clains, wherein the optical elements (32) are conprised in a
'single structure. 16.The |ithographic apparatus of any one of the
precedi ng cl ai ns, wherein each heating device (33) conprises an el ongated
conductor. 5 17.The lithographic apparatus of claim 16, wherein the

el ongat ed conduct or., conpri ses one of the group of G, Cu, Au and Al . 18. The
lithographic apparatus of claim 16 or 17, wherein the cross-section of the
:el ongat ed conductor conforns to a trapezium shape. 10

container to the optical member so as to establish a static temperature distribution across the

optical elements.

6. The lithographic apparatus of claim 5, wherein the control unit (34) is arranged to
5 further control the heating devices (33) depending on a transport velocity and temperature of

the fluid.

7. The lithographic apparatus of claim 5, wherein the channel is enclosed by at least two
substantially parallel plates.

10
8. The lithographic apparatus of claim 7, wherein the heating device is located on a

surface of at least one of the plates that is in proximate with the fluid.

9. The lithographic apparatus of claim 7, wherein the heating device is located on a
15  surface of at least one of the plates that is distal of the fluid.

10. The lithographic apparatus of claim 7, 8 or 9, wherein the optical element comprises a
further channe] also partially enclosed by one of the plates of the channel.

20 11, The lithographic apparatus of claim 10, wherein the heating device (33) is located on a
surface of the shared plate. )

12. The lithographic apparatus of any one of claims 5 to 11, wherein the fluid comprises a

gas.
25
13. The lithographic apparatus of claim 12, wherein the gas substantially consists of
nitrogen.
14. The lithographic apparatus of claim 5, wherein the fluid comprises a liquid.
30

15. The lithographic apparatus of any one of the preceding claims, wherein the optical

elements (32) are comprised in a single structure.
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:19. The lithographi c apparatus of any one of the preceding clains, wherein
it he heating device conprises a plurality of interconnected conductors.

'20. The lithographic apparatus of claim 19, wherein the interconnected
iconductors 15 conprise at |least a first conductor and a second conduct or
wherein the second conductor has an el ectrical resistance substantially
different fromthe first conductor. 21. A device manufacturing nethod
conpri si ng: . inparting a radiation beam (PB) with a pattern in
its cross-section to forma patterned 20 radiati on beam proj ecting
the patterned radi ation beamonto a target portion of a substrate (W using
a projection system (PS); locally changing an optical path length of the
radi ati on beam usi ng an optical arrangenment (31) positioned at or near a
pupil plane of the illum nation system (12) or the 25 projection system

-(PS), the optical arrangenent conprising a plurality of .individual .
addr essabl e elléet ri &bt lihegebirppgampivs akaryeay obthF prss lﬁﬁw{%p?%%ﬁﬁ%¥ﬁ§€%

optical el emenfgice iAfcGRsLNEG e%ﬁj,@@gonlagét&g arranged in a two-di mensional
array transverse to and’'in a path of the radiati on beam and each being

configured to locally heat the respective optical elenment; and controlling

‘the heating dquic eSTHERENH AL HPardtub BAS S RO whérem tRaMdlbdgafet 2BRInelor bdgprises

proj ection system
one of the group of Cr, Cu, Au and Al.

18. The lithographic apparatus of claim 16 or 17, wherein the cross-section of the
elongated conductor conforms to a trapezium-shape.

10
19. The lithographic apparatus of any one of the preceding claims, wherein the heating

device comprises a plurality of interconnected conductors.

20. The lithographic apparatus of claim 19, wherein the interconnected conductors
15  comprise at least a first conductor and a second conductor wherein the second conductor has an

electrical resistance substantially different from the first conductor.

21. A device manufacturing method comprising:
imparting a radiation beam (PB) with a pattern in its cross-section to form a patterned

20  radiation beam;
projecting the patterned radiation beam onto a target portion of a substrate (W) using a
projection system (PS); . .
locally changing an optical path length of the radiation beam using an optical
arrangement (31) positioned at or near a pupil plane of the illumination system (12) or the
25  projection system (PS), the optical arrangement comprising a plurality of individually
addressable electrical heating devices (33) corresponding to respective optical elements, the
heating devices being arranged in a two-dimensional array transverse to and in a path of the
radiation beam and each being configured to locally heat the respective optical element; and

controlling the heating devices depending on a phase map of a pupil plane of the

30 projection system.
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:22. The device manufacturing method of claim2l1, further conprising
‘deriving the phase map froman intensity distribution of the radiation
‘beam 23. The devi ce manufacturing nethod of claim21 or 22, further
iconprising controlling 5 the heating devices (33) 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
manuf acturi ng method of c¢laim 21, 22 or 23, further conprising transporting
a fluid through a channel in the optical elenents (31) to establish a
.Static 10 tenperature distribution across the elenment. 25. The device
-manufacturing nmethod of claim24, further conprising controlling the
"heati ng devices (33) depending on a transport velocity and tenperature of
‘the fluid. 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 or 22, further comprising controlling
5  the heating devices (33) 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, 22 or 23, further comprising
transporting a fluid through a channel in the optical elements (31) to establish a static

10  temperature distribution across the element.

25. The device manufacturing method of claim 24, further comprising controiling the

heating devices (33) depending on a transport velocity and temperature of the fluid.
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