1 Lithographic Apparatus and Device Manufacturing Method FIELD [0001] The
present invention relates to a |ithographic apparatus and a nethod for
manuf acturi ng a devi ce. BACKGROUND [0002] A lithographic apparatus applies
a desired pattern onto a substrate, usually onto a target portion of the
substrate. A lithographic apparatus cam be used, for exanple, in the

manuf acture of integrated circuits (ICs). In that instance, a patterning
device, which is alternatively referred to as a nask or a reticle, may be
used to generate a circuit pattern to be fornmed on an individual |ayer of
the 1C. This patt qrigd@aphR AppiatRanAdD &M OMantficofingMdthed (e. 9.
conprising part of, one, or several dies) on a substrate (e.g. a silicon
wafer). Transfer of the pattern is typically via imging onto a |ayer of
radi ati on-sensitive material (resist) provided on the substrate. In
general, a single substrate will contain a network of adjacent target
portions that are successively pattefFiEg@d Known |ithographic apparatus

i nclude so-called steppers, in which each target portion is irradiated by
exposing an entire pattern onto the target portion at one tinme, and
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the pattern through a radiation beamin a en direction (the

" scanni ngamfdhdteidd Ddgvivdi | e  synchronously scanning the substrate paralle
or anti-parallel to this direction. It is also possible to transfer the
pattern fromthe patterning device to the substrate by inprinting the
pattern onto the substrate. [0003g3A k&R pphi c apparatus generally
includes an illum nation system referred to hereafter as an illum nator.
The illum nator receives radiation froma source, for exanple a |aser, and
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formed on an individual layer of the IC. This pattern can be transferred onto a target portion
(e.g. comprising part of, one, or several dies) on a substrate (e.g. a silicon wafer). Transfer of
the pattern is typically via imaging onto a layer of radiation-sensitive material (resist) provided
on the substrate. In general, a single substrate will contain a network of adjacent target portions
that are successively patterned. Known lithographic apparatus include so-called steppers, in
which each target portion is irradiated by exposing an entire pattern onto the target portion at
one time, and so-called scanners, in which each target portion is irradiated by scanning the
pattern through a radiation beam in a given direction (the “scanning”-direction) while
synchronously scanning the substrate parallel or anti-parallel to this direction. It is also
possible to transfer the pattern from the patterning device to the substrate by imprinting the
pattern onto the substrate.
[0003] A lithographic apparatus generally includes an illumination system, referred to
hereafter as an illuminator. The illuminator receives radiation from a source, for example a
laser, and produces an illumination beam for illuminating a patterning device. Within a typical
illuminator, the beam is shaped and controlled such that at a pupil plane the beam has a desired

spatial intensity distribution, also referred to as an illumination mode. Examples of types of

illumination modes are conventional, dipole, asymmetric, quadrupole, hexapole and annular



secondary radiation source for producing the illum nation beam Foll ow ng
the pupil plane, the radiation is typically focused by an optical el enent
(e.g., lens) group referred to hereafter as "coupling optics”. The coupling
optics couples the focused radiation into an integrator, such as a quartz
rod. The function of the integrator is 2o inprove the honogeneity of the
spatial and/or angular intensity distribution of the illum nation beam The
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advant ageous, for exanple, to provide a |it hogr
improved dimension uniformity of the 1maged features. This eventually leads to an improved

yield of the product. There is especially a need for a polarized beam in a lithography apparatus
with a high numerical aperture (NA) that images densely packed features having widths far
below the wavelength of the used radiation beam.

[0005] A conventional lithographic apparatus has a possible drawback that polarized
illumination modes wherein different areas of the pupil have different polarization directions
cannot be created flexibly. Although a polarizer could be placed in a pupil plane of the
illuminator, this requires expensive and bulky polarizing elements. The handlers required for
such plates are also large. Furthermore, for several polarized illumination modes a unique
polarizing element is required, making fast switching of illumination modes during normal

operation of the lithographic apparatus difficult, if not impossible.



apparatus and a device manufacturing nmethod configured to create polarized
illumnation nodes with increased flexibility. [0007] According to a first
aspect of the invention, there is provided A lithographic projection
apparatus conprising: an illumnation system conprising: an array of
reflective elenents configured to defing an intensity distribution of a

radi ati on beamin accordance with an illum nation node, and a pol ari zati on
menber positioned before the array Ep@gfhgftive elenents in a path of the
beam the pol arizati on nenber config ﬁ: provide a polarization to the
beam of radiation; a support structure configured to support a patterning
devi ce, the ﬁatternlng device configured to attern the beam according to a
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pol ari zer or |ineas ppbtlaatlcznnem[)ﬁml]tlohcd befbrgrthéramrayeofetiectereteleménds in a

Raving a o meReh o e eR: HeoEaFt FéRBr s dedide etyide T RO pRER R g,

10010] I'n a fysdd6fragiibiedi ment, the lithographic apparatus further conprises
a radiati on system configured to generate a beam of linearly pol arized
radi ation. | naskpport sslboek eanitguradie sepnoricapatierungdevice the paigmieg dewee pl at e,

hal f - Wavgorﬂllgureed to paf’%e W%Hcggeam according to a desired pattern;

a substrate table configured to hold a substrate; and

a projection system configured to project the patterned beam onto a target portion of the
substrate.
[0008] In an embodiment, the polarization member comprises at least two regions, a
first region being associated with a first set selected out of the reflective elements and a second
region being associated with a second set selected out of the reflective elements, the first set
different from the second set, wherein at least one of the regions comprises an optical element
to obtain polarization in a part of the beam passing the at least one region, whereby the first and
second sets of reflective elements are selected to obtain a polarized illumination mode. The
polarization member may be moveable using a device to change selection of reflective
elements in the first and the second sets to obtain a further polarized illumination mode. The
optical element may be a circular polarizer or linear polarizer.
[0009] In a further embodiment, the polarization member comprises an array of regions,
at least one region having a dimension such that the reflective elements are in the first set.
[0010] In a further embodiment, the lithographic apparatus further comprises a
radiation system configured to generate a beam of linearly polarized radiation. In this

embodiment, the optical element is a quarter-wave plate, half-wave plate or a wedge.



4 10011 1 In a further enbodi nent, the first region and second regi on of
the polarization nenber are incorporated in a single optical structure.
[0012] In a further enmbodinent, the illum nation systemfurther conprises
concentrating optics configured to concentrate a part of the beam onto one
or nore of the reflective elenents. Thg concentrating optics may conprise a
reflective surface area havi ng a parabolic or hyperbolic cross- sectional
shape or rray er bo ara reflecti
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radi ation-sensitive material of
[0015] In a further embodlment the illumination mode includes any of the following:

conventional, dipole, asymmetric, quadrupole, hexapole and annular.
[0016] In a further embodiment, there is provided a polarization member comprising an
array of polarization regions for use in a lithographic projection apparatus.
[0017] According to a second aspect of the present invention, there is provided A
device manufacturing method, comprising:

dividing a beam of radiation into multiple sub-beams;

polarizing at least one of the sub-beams into a polarized mode using a polarization
member;

associating each sub-beam with a reflective element of a plurality of reflective
elements;

directing the respective sub-beams to a patterning device via the reflective elements to
obtain a polarized illumination mode;

using the patterning device to endow the beam with a pattern in its cross-section; and

projecting the patterned beam onto at least a part of a radiation-sensitive material of a

substrate.
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substrate. BRI EF DESCRI PTION OF THE DRAWNGS 5 100181 Enbodi nents of the
invention wll now be described, by way of exanple only, wth reference to
t he acconpanying schematic drawi ngs in which correspondi ng reference
synbol s indicate corresponding parts, and in which: 100191 Figure 1 shows a
| i t hographi c apparatus according to an gnbodi nent of the invention; 100201
Figure 2 shows an illumnation systemof a first enbodi nent of the
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illum nation node conprising a polarized dipole and an unpol ari zed
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pol ari zati on' menber ~ conprisin zi ng reglions accor
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according to a further enbodi nent of the I nventlion; I gure

pupi | pl esmepriitghore gallariZney regaincacc@dthgo adnmipayleenbodiment wétheanventiode accor di ng
to a fur enbodj nent_.of the invention; [0027]. Figure 6a shows an array of
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node acembelimgnt «f the fnvedtimr, enbodi nent of the invention; [0029] Figure 7a

shows an _array of reflective el enent d.a pol ari zati on nmenper conprising
an arraylW83ki ght Bierss azﬁhﬁﬁ’sraég"ﬁéﬁé’%éﬁglgﬁ‘i“éﬁ eﬁam?ras ang g peREZAUOMIBEMARING  of

the comprising two polarizing regions according to a further embodiment of the invention;
[0024] Figure 4b shows a pupil plane with a polarized quadrupole illumination mode
according to a further embodiment of the invention;
[0025] Figure 5a shows an array of reflective elements and a polarization member
comprising two polarizing regions according to a further embodiment of the invention;
[0026] Figure 5b shows a pupil plane with a further polarized quadrupole illumination
mode according to a further embodiment of the invention;
[0027] Figure 6a shows an array of reflective elements and a polarization member
comprising an array of eight polarizing regions according to a further embodiment of the
invention,;
[0028] Figure 6b shows a pupil plane with a polarized annular illumination mode
according to a further embodiment of the invention;
[0029] Figure 7a shows an array of reflective elements and a polarization member
comprising an array of eight polarizing regions according to a further embodiment of the
invention;
[0030] Figure 7b shows a pupil plane with an illumination mode comprising a linearly
polarized quadrupole component and a circularly polarized conventional small-c component
according to a further embodiment of the invention;
[0031] Figure 8 shows an illumination system according to a further embodiment of the

invention;



invention; [0030] Figure 7b shows a pupil plane with an illum nation node
conprising a linearly polarized quadrupol e conponent and a circularly

pol ari zed conventional small-(T conponent according to a further enbodi nment
of the invention; 100311 Figure 8 shows an illum nation system according to
a further enbodi ment of the invention;66 [0032] Figure 9a shows a single
reflective elenent and its support and actuators in a first node of
operatio cordi to urther embadi.nment of .the.invention; an 0033]
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radi ation); [0036] a support structure (e.g. a mask table) MI constructed to
support a patterning device (e.qg. a msk) MA and connected to a first
positioner PM configured to aé@ﬁﬁégéﬁQD IPTYANt he patterning device in
accordance wth certain paraneters; [0037] a substrate table (e.g. a wafer
table) WI constructed to hold a substrate (e.g. a resist-coated wafer) W
and conn@d84d t o aFigerdnsthpmsiitallyrsbowPaMitegidphior appatatusseccondatgtioyoneposi ti on

t he substr EF in ?ccordance ith certain parameters; and [0038] a projection
system (%m@? igentqt the v eniiqn, %%E?R%ﬂuﬁ 15§$tem) PS configured to project
a patterfposgpar t edyd QuiigatioAdy @M qNIREANLE IRXoRALESE I &hddeH £RdMARNTt O a
target portion C (e.g. conprising one or ‘nore dies) of the substrate W
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support structure holds the patterning device in a manner that depends on
position the patterning device 1n accordance with certain parameters;

[0037] 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

[0038] a projection system (e.g. a refractive projection lens system) PS configured to
project a pattern imparted to the radiation beam B by patterning device MA onto a target
portion C (e.g. comprising one or more dies) of the substrate W.

[0039] The illumination system may include various types of optical components, such
as refractive, reflective, magnetic, electromagnetic, electrostatic or other types of optical
components, or any combination thereof, for directing, shaping, or controlling radiation.
[0040] The support structure holds the patterning device in a manner that depends on
the orientation of the patterning device, the design of the lithographic apparatus, and other
conditions, such as for example whether or not the patterning device is held in a vacuum
environment. The support structure can use mechanical, vacuum, electrostatic or other
clamping techniques to hold the patterning device. The support structure may be a frame or a
table, for example, which may be fixed or movable as required. The support structure may
ensure that the patterning device is at a desired position, for example with respect to the
projection system. Any use of the terms “reticle” or “mask” herein may be considered

synonymous with the more general term “patterning device.”



the orientation of the patterning device, the design of the |ithographic
apparatus, and other conditions, such as for exanple whether or not the
patterning device is held in a vacuum environnment. The support structure
can use nechanical, vacuum electrostatic or other clanping techniques to
hol d the patterning device. The support7structure may be a frame or a
table, for exanple, which nay be fixed or novable as required. The support
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t ar get pasramloWgramMrcuas an integrated circuit. [0042] The patternl ng device
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magnetic, electromagnetic and electrostatic optical systems, or any combination thereof, as
appropriate for the exposure radiation being used, or for other factors such as the use of an
immersion liquid or the use of a vacuum. Any use of the term “projection lens” herein may be
considered as synonymous with the more general term “projection system”.

[0044] As here depicted, the apparatus is of a transmissive type (e.g. employing a
transmissive mask). Alternatively, the apparatus may be of a reflective type (e.g. employing a
programmable mirror array of a type as referred to above, or employing a reflective mask).
[0045] 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 may be used in parallel, or preparatory steps may be carried out on one or
more tables while one or more other tables are being used for exposure.

[0046] 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



consi dered as synonynous with the nore general term "projection systeni.

[ 0044] As here depicted, the apparatus is of a transm ssive type (e.qg.
enploying a transm ssive mask). Alternatively, the apparatus nmay be of a
reflective type (e.g. enploying a programmable mnor array of a type as
referred to above, or enploying a reflegtive mask). [0045] The |ithographic
apparatus nay be of a type having two (dual stage) or nore substrate tables
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and/ or inner ial extent (commonly referred to as a-outer and a-inner,

r espect i digstihutiaf intarmipilplanegifithe illuminator can be adjusted. In addition, the illuminator IL
may comprise various other components, such as an integrator IN and a condenser CO. The
illuminator may be used to condition the radiation beam, to have a desired uniformity and
intensity distribution in its cross-section.
[0049] The radiation beam B is incident on the patterning device (e.g., mask) MA,
which is held on the support structure (e.g., mask table) MT, and is patterned by the patterning
device. Having traversed the patterning device MA, the radiation beam B passes through the
projection system PS, which focuses the beam onto a target portion C of the substrate W. With
the aid of the second positioner PW and position sensor IF (e.g. an interferometric device,
linear encoder or capacitive sensor), the substrate table WT can be moved accurately, e.g. so as
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 radiation
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



distribution in a pupil plane of the illum nator can be adjusted. In
addition, the illumnator IL rmay conprise various other conponents, such as
an integrator IN and a condenser CO. The illum nator nay be used to
condition the radiation beam to have a desired uniformty and intensity
distribution in its cross-section. [0049] The radiati on beam B i s incident
on the patterning device (e.g., mask) MA, which is held on the support

structure (e.qg. k. tabl e) MI d i at b he patter.nin devi ce.
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The depigdtRExpipg.at us coul d be used in at |east one of the follow ng nodes:

1. In step node, the su&nport structure MI and the substrate table WI are
kept essentZ al Iy seanamodsn dreysuppiiit bleuciwre Mt and thssubsirate tabjsaMleate seannpd

radiati Osr)]/nc Ef‘oarrlguislsy \%l?é & 8&1[ e(ljn ﬁl%a?'teg to the radiation beam is projected onto a target portion
C (i.e. a single dynamic exposure). The velocity and direction of the substrate table WT relative
to the support structure MT may be determined by the (de-)magnification and image reversal
characteristics of the projection system PS. In scan mode, the maximum size of the exposure
field limits the width (in the non-scanning direction) of the target portion in a single dynamic
exposure, whereas the length of the scanning motion determines the height (in the scanning
direction) of the target portion.

3. In another mode, the support structure MT is kept essentially stationary holding a
programmable patterning device, and the substrate table WT is moved or scanned while a
pattern imparted to the radiation beam is projected onto a target portion C. In this mode,
generally a pulsed radiation source is employed and the programmable patterning device is
updated as required 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.



target portion C at one tine (i.e. a single static exposure). The substrate
table WI is then shifted in the X and/or Y direction so that a different
target portion C can be exposed. In step node, the naximum size of the
exposure field limts the size of the target portion Cinaged in a single
static exposure. 2. In scan node, the sgpport structure MI and the substrate
table WI are scanned synchronously while a pattern inparted to the
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12, a polarization nmenber 13, an array of reflective elenents 14 and
r edi r ectdivrygense o€ the 58b-beams.clferpelarigation memberpalarizss theohpaseingetrstait es a
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polarization member may comprise any number of polarizing elements, for example one or
more absorptive polarizers or beam-splitting polarizers.
[0053] Figure 2 shows a first sub-beam incident at reflective element 14b. Like the
other reflective elements 14a and 14c to 14e of the array 14, the reflective element 14b reflects
the sub-beam to an intermediate plane 16 via re-directing optics 15. The re-directing optics, for
example a focusing lens, directs the sub-beam to a desired area in the intermediate plane of the
illuminator. The cross-sectional plane 16 may coincide with the pupil plane which acts as a
secondary radiation source (as described above). Furthermore, the reflective elements 14c, 14d
reflect the other two sub-beams shown to other areas of plane 16 via the re-directing optics 15.
By adjusting the orientations of the reflective elements 14a to 14e and thus determining the
areas of plane 16 on which the sub-beams are incident, almost any spatial intensity distribution
in the cross-sectional plane 16 can be produced.
[0054) The lithographic apparatus may be provided with a device 17 to move the
polarization member 13 in or out of the sub beams. The device can be, e.g., a linear motor,
allowing a fast change in illumination mode. Referring to Figure 3a, in this embodiment, the

polarization member 30 is inserted only partially in the plurality of sub-beams, causing only a



sub-beans with a reflective elenment of array 14 of reflective el enents 14a,
14b, 14c, 14d, l1l4e. The beamdiverging optics 12 renders collinmated beans.
The cross-section of the expanded beamis sufficient that the beamis
incident at all or a subset of reflective elenents 14a to 14e. Figure 2
shows, by way of exanple, three sub-beans of the expanded beam The beam

di vergi ng optics nmay additionally i ncl ude a positive | ens or lens array for
setting.the i ence of arlzat nenbe |l arizes
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second set of unpolarized sub-beans. 100551 Figure 3b shows a pupil plane 33
wi t h an pplariggtionaegions wbaed ¢bripraren thy polarization region 41 comprises a polarizer

passing substantially only radiation with a polarization in a first direction and the polarization
region 44 comprises a polarizer passing substantially only radiation with a polarization in a
second direction. The second direction may be perpendicular to the first direction.
Alternatively, the angle between the first and second directions may be 45 degrees. Figure 4b
shows the pupil plane 33 with a polarized quadrupole illumination mode that is obtained using
the configuration as described with respect to Figure 4a. The orientation of the reflective
elements 14 is as such to direct the sub-beams passing through polarization region 41 onto the
areas of poles 42a and 42b in the pupil plane and to direct the sub-beams passing through
polarization region 44 onto the areas of poles 43a and 43b.

[0058] Figure S5a shows the polarization member 50 having the same configuration of
polarization regions as in the previous embodiment. In this embodiment, the position of the
polarization member is changed, to enlarge with respect to that of Figure 4a the number of
sub-beams traversing region 51 having the first polarization direction and to reduce with
respect to that of Figure 4a the number of sub-beams traversing region 55 having the second

polarization direction. Figure 5b shows a pupil plane 33 with a polarized quadrupole



pol ari zed di pol e conponents (or poles) 3la and 3l b and an unpol ari zed
conventional small-6 conponent 32 that can be obtained using the
configuration as described with respect to Figure 3a. One or nore of the
reflective elenments 14 direct the sub-beans passing through the

pol ari zation nmenber 13 to the locationg® in the pupil plane 33 to create the
poles 31 a and 31 b. One or nore of the reflective elenents 14 direct the
sub- bea t | - 3 ocati ons
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allowing it to associate all reflective elements 14 with one region respectively. Hence, all
available polarization directions as provided by regions 61-68 can be selected for all sub-beams.
In an embodiment, the dimensions of the regions 61-68 are equal. Alternatively, at least two of
the outer polarization regions can have dimensions smaller than required to associate all
reflective elements with these regions without limiting the amount of possible polarized
illumination modes. Figure 6b shows the pupil plane 33 with a polarized annular illumination
mode 69 that may be obtained using the configuration described with respect to Figure 6a. The
illumination mode comprises four polarization directions, approximating an illumination mode
with tangential polarization. The orientation of the reflective elements 14 is as such to direct
the sub-beams passing through polarization regions 65-68 onto specific areas of the annular
illumination region to create an annular illumination mode with approximately tangential
polarization.
[0060] Figures 7a and 7b show a further embodiment of the illuminator, wherein the

position of the polarization member 60 is different with respect that of the previous

embodiment and such that respectively four sets of the reflective elements 14 are associated



illum nation node that may be obtained using the configuration of Figure 5a.
Under the condition of keeping the intensity distribution in a specified
area within the poles substantially identical to the case of Figure 4b, a
different polarized illumnation pole can be obtained, wherein the poles
52a and 52b have becone | arger conpared3to the enbodi ment described wth
respect to Figure 4b and the poles 53a and 53b have becone snaller conpared
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ori ent at ja@1atieh wab BolafivéPading/ Be PoRMRAIGH thémbér RMpFME dne oflinf € bolatib&s, in
sub- beans passing thr Ou}%rhy tEol arization regions 65-68 onto specific areas of

t he annulaRry casey inrtithesrs egidintionsorice may dghverrmiinearlyinolasized dednonf node wi t h
appr oxi nﬁ&ﬁtiégn,teagn qf @)t«!igller la@grl. ?I%heze% nglgrizer cannot be applied to change the polarization

of the sub-beams. Therefore, in a further embodiment comprising an excimer laser as a
radiation source, the polarization member comprises an optical retarder to change the
polarization state and direction of one or more of the plurality sub-beams. Examples of possible
retarders are a half-wave plate to change the polarization direction of the linearly polarized
beam of radiation, a quarter-wave plate to change the polarization of the beam of radiation into
a circular polarized state and a wedge to create a variation in polarization across the beam of
radiation.

[0062] Figure 8 shows a further embodiment wherein the illumination system 80 has
the same configuration as in Figure 2 and furthermore comprises concentrating optics 81 to
concentrate part of the radiation beam onto one or more of the reflective elements. In this
embodiment, the concentrating optics comprises a micro-lens array, wherein each micro-lens is
associated with one reflective element. Alternatively, the concentrating optics may comprise a
reflective surface area having a parabolic or hyperbolic cross-sectional shape or an array of

hyperbolic or parabolic reflective surfaces. The concentrating optics separates the sub-beams



(0060] Figures 7a and 7b show a further enbodi ment of the illum nator,
wherein the position of the polarization nenber 60 is different with
respect that of the previous enbodinment and such that respectively four
sets of the reflective elenents 14 are associated 13 wth respectively
regions 61, 62, 65 and 66. Figure 7b shows the pupil plane 33 with a
polarized illum nation node that may be obtained using this enbodi nent. The
illum nati,gn node, ¢ rises d ryye t o\ i ol ari zed
pol es. 72 10ops a8 SARLAST 55 % ARIUCE R FARERGY lbblhg hOEREbehb
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can enl ande pupdl flael inouuibereamohaging a lakgegeross-sébtiat totdreate ostre ofiifdrieintasitye r

pole. Alterpatively, with a sane change in _position_as escr.i bed aboye, the
i nt ensi t4sty utt%nft%wumq@e- gbﬁ%emgpfg%% the-pgsitig Ot‘c)g‘eiﬁ? FEIURYMEMOPHE cost
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pol e unaltered. advantage of this enbodinent is that it offers’a | arge

f | exi bi |pdarizatiopmemberzedy bt lagatedat poneanadiell plampbdtasen $wiradihtiorgsouragrand f i r st
pol arized illum nation no, t Q. a_secon ol.arized i]]um nation. de. [0061]
B e © rite HneHB et Besmbst R0 e o L TSR BRS e ol A BBBS e e beam of
radi at i Qo astyRE kRS leABEi Ve diferitd &4 ARhARAt 2 duBTbeARI RN e 60 BRI potaridtiene or nore
polarizers, in many cases in |lithography the radiation source may deliver a

| i near | yngrobeartivicedinpbisrangfodimenti the ipolarizatiaqy. membesx3i isreentigused suchidhai éhe a
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radi at i gltedefdimiid pol@iZaabmktagat i on menber conprises an optical retarder to
change the polarization state and direction of one or nore of the plurality

sub- bear8063xanp| dygwes Prand Wi howradugtherembodinaend ofiefarian pérefietive algmemtiange
e P9 Y4 SRR SEASEAGR IS IS ALNGROLY, 0 et BRI AP 2
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across tvt/]i?h (l))r?eaorprgcf)re a{agr?tilrgg !ACl) :1 A2 and A3 associated with each reflective element, allowing

the reflective element to be oriented by engaging the reflective element with one or more pins

P1, P2 and P3 of respective varying length that are inserted in the respective apertures. Such an

arrangement is known from US patent application publication US 2004-0108467.

Alternatively or additionally, an electrostatic or micro-mechanical actuator may be used to set

the orientation of the reflective element R.

[0064] In an embodiment, one or more of the polarization regions of the polarization

member are incorporated in a single optical structure. This arrangement prevents that radiation

incident on edges between the regions may cause scattering and radiation loss. For the example

of polarization regions comprising half-wave plates and quarter-wave plates, this can be

achieved by e.g. selective etching of the optical material.

[0065] In an embodiment, the lithographic apparatus comprises an exchange

mechanism configured to exchange the polarization member with another polarization member

or a dummy member. With this arrangement, more flexibility is obtained to create various

polarization modes that require a different integration of the polarization regions into a

polarization member. Further, by replacing the polarization member with a neutral optical



100621 Figure 8 shows a further enbodi ment wherein the illum nation system
80 has the sane configuration as in Figure 2 and furthernore conprises
concentrating optics 81 to concentrate part of the radiati on beam onto one
or nore of the reflective elenents. In this enbodiment, the concentrating
optics conprises a mcro-lens array, wherein each mcro-lens is associated
with one reflective elenent. Alternatively, the concentrating optics nmay
conprise
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surfacesa a}aﬁlsggﬂgguggdahlar&no@{ﬁoﬁg\s@par ates the sub-beans 14 and focuses
each sub- Beam on the associated reflective elenent. Focusing the sub-beam
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pol ari zation state. 1Q0631 Fi gur sga and, 9b show a further enb nt of
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plate by resilient merbers'S. his enbodi ment, the reflector plate is
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respect iprgcoédhngs.| ength that are inserted in the respective apert ur es
Such an arrangenent is known from US patent application publication US
2004- 01d9%77] Al t ehltlavighepgcibe referdinge mmahavig beammarde ebovsso dhd esemf

m cro- e ﬁn(iearlts 8f tthleJ %gv%rﬁtlon th tl% conte)(cjt tf%p?lcal 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.
[0068] 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).

[0069] 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.

[0070] 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 orientation of the reflective elenent R [0064] In an enbodi nent, one or
nore of the polarization regions of the polarization nenber are
incorporated in a single optical structure. This arrangenent prevents that
radi ati on incident on edges between the regions may cause scattering and
radi ation | oss. For the exanple of poligrization regions conprising
hal f -wave pl ates and quarter-wave plates, this can be achieved by e.g.
selective etchi.ng of .t optic material . [ 0065].1n an enbodi ment . t
hoor s LCRiOERE) dThe R T e TRrgle RromuR Rttt O SRR Bhee
exchangembdtindaddble Blsiraétions Ribssiibmg :imathol e displobal dboat | cira die$iefage Or a
dummy nenber. Wth this arrangenent, nore flexibility is obtained to create
vari ous MpdnB(eLZasanyRORIGEs MaRQry s magnetie opopfigal diskhiaving BIGhA0BPUET t he

pol ari zat ' i.nto a polarization nenber. Further, by replacing the
polarizal?%%nggﬁgg?ﬁaflh a neutral optical 15 elenent that does not

i nfl uenc@0fhle pol afheddscopticak abeveadre ihended aobofillus@gtivel harlimiting. Thushogvikphi ¢
apparatus can be used jn a conventional.L way. 100661 t hough specific

ref er enc® mresbtorfﬁlaékilﬁdﬂ%ﬁ? et medifiFuis gy foe s dgriapHIMVEnticliisar at us i n
t he manujaghstiByigiout gﬁsarﬂiﬁg fbAUhds ge BPAR iR del i@belble | 1t hogr aphi ¢
apparatus described herein nay have ot her applications, such as the

manuf acture of integrated optical systens, guidance and detection patterns
for magnetic domain nenories, flat-panel displays, ||iquid-crystal displays
(LCDs), thin-filmmagnetic heads, etc. The skilled artisan will appreciate
that, in the context of such alternative applications, any use of the terns
"wafer" or "die" herein nay be considered as synonynous with the nore
general ternms "substrate” or "target portion", respectively. The substrate
referred to herein may be processed, before or after exposure, in for
exanple a track (a tool that typically applies a layer of resist to a
substrate and devel ops the exposed resist), a netrology tool and/or an

i nspection tool. Wiere applicable, the disclosure herein my be applied to
such and ot her substrate processing tools. Further, the substrate nmay be
processed nore than once, for exanple in order to create a multi-layer IC,
so that the termsubstrate used herein may also refer to a substrate that
al ready contains nmultiple processed |layers. 100671 Al though specific
reference may have been nmade 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 inprint |ithography, and where the context allows, is not limted
to optical lithography. In inprint |ithography a topography in a patterning
device defines the pattern created on g7substrate. The topography of the
patterning device nmay be pressed into a |layer of resist supplied to the
substratﬁ xﬂ\zgeupon the resist is cured by applying el ectromagnetic

radi atio t, pressure or a conbination thereof. The patterning device
is noved out of the resist leaving a pattern in it after the resist is
cured. 100681 The terns "radiation" and "beanm! used herein enconpass all
types ofl. el edditkngsaphéa projacten apras¥us ¢Heprifdigig ul travi ol et (UV) radiation
(e.g. having a : ! about 365, 355, 248, 193, 157 or 126 nn).
100691 The te%ﬁm%g%aglgg%%géggmgg@ ntext allows, may refer to any one or
conmbi nation of vadn @tay dfy¢festiof elopients abnfogumgbtoeiefiae an iménsity dititeftioaotave,
reflective, magnetic, el ectromagne;‘i c.and el ectrostatic optical conponents.
100701 Wi | e BFBEPR Peana HhfdPTARAESWE a{‘Hgminﬁi’i‘é(?ﬂ‘iHB e-R8%e been descri bed

above, it will be, @Wi%foﬂﬂfﬂnﬁé%%%siﬁﬁﬁed &Y&@Rﬁé’aﬂr%’t‘r@ﬁe&ﬁ@ﬁém&%@k inther wi se

than as descri bed. For exanpl e, the 1 nvention take the formof a
conput er pr ogpaimotihatbaim| thg polaeizatiommembsraguigared t@providkchpaiaizagian &bihe

i nstructions descrjbing a method as di scl osed above, or a data storage
medi um (e.g. %8M dﬁ@l‘ﬁg?%r menory, magnetic or optical disk) having such a

conputer  pr ogram s tehatd dREgHRd 1§ bbbl aFRReARIEddvRte, BRRS2RBAYS: @vged Nt ended

to be illustrative, not limting. Thus, it will ~ be apparent to one skilled
i n the asanfighmt torpatiern tet beamsacandingetormadteir¢dopattesn;i nvent i on as descri bed

wi t hout departing fr t he sco f .the.clains set out below 17 CLAI M 1.
A lithogr aphi%s‘t?ggftgg{ql%ﬁo W&#ﬁ?k@%ﬂg’?grgf’r@d an illumination system
conpri si ng:  afprafdcBn Hstenedriiiutddho Pt eR McSpagenitl Beuit dnfot @Rkt p&tiaR of the
intensity distribution of a radiation beamin accordance with an

i 1| umi nagubstaterode, and

2. The apparatus according to claim 1, wherein the polarization member comprises at least
two regions, a first region being associated with a first set selected out of the reflective
elements and a second region being associated with a second set selected out of the reflective
elements, the first set different from the second set, wherein at least one of the regions
comprises an optical element to obtain the polarization in a part of the beam passing the at least
one region, whereby the first and second sets of reflective elements are selected to obtain a

polarized illumination mode.

3. The apparatus according to claim 2, comprising a device to move the polarization
member so as to change selection of reflective elements in the first and second sets to obtain a

further polarized illumination mode.

4. The apparatus according to claim 3, wherein the polarization member comprises an
array of regions, at least one region having a dimension such that the reflective elements are in

the first set.



a polarization nenber positioned before the array of reflective elenents in
a path of the beam the polarization nenber configured to provide a

pol arization to the beam of radiation; a support structure configured to
support a patterning device, the patterning device configured to pattern

t he beam according to a desired patterng a substrate table configured to
hold a substrate; and a projection systentconfigured to project the

patterned be ont o tar t arti.on, of the ) ara

ecording o ThEmbet RErind Bl nebaf s piEisirmen SopPlis MR L ST

t wo reglgmgmﬂﬁofahﬁ&nqegygsrbelng aSSOCIated with a flrst set selected out
of the reflective elenents and a second region being associated with a
second set selected out of the reflective elenents, the first set different
from thessec t

opti cal eI emeomj %pgtd ab%?g&]dﬁé% 4%??2% grn&)lfmrt)tr ﬁﬁl& a%%ﬁpg? ﬁ%?%ggén ss:][ ng the
at | eastgenermaib@tnonflmdmellyqim}artzhérddmmm and second sets of reflective

el enents are selected to obtain a polarized illumnation node. 3. The
apparatus according to claim2, conprising a device to nove the polarization
menber se as r t ful d
rember, 59, 25, 1R NG S8 B G SRLSEINY GRELRIBER i Bqbliey i
appar at us haléeavephg ¢ra weddem 3, wherein the pol arizati on nmenber conprises an
array of regions, at |east one region having a dinension such that the
reflective elements are in the first set. 18 5. The apparatus according to
clai m 2, gwher ¢} 8, 5ae  @Pick 6lin SO RIMBMAL2, SHERAA §08as? tHfel St secHR lfégioﬁ%f@k a

| i near polarlzer 6. The apparatus according to claim1, further conpri sing
a radi at pdarizyish erenten hiegue@gonated igesargh eptwabstaetuwsé. | i nearly pol ari zed

radi ation. 7. The apparatus according to claim®6, wherein the optical

elenment is a quarter-wave plate, a half-wave plate or a wedge. 8. The

appar at ug, acCorgdippdrdi®s dekdidifgo RN € Whetlin tHedBiminAgoh k¥sidm Aitthes €68 PHses

regi ons of the
concentrating optics configured to concentrate a part of the beam onto one or more of the

reflective elements.

10.  The apparatus according to claim 9, wherein the concentrating optics comprises a
reflective surface area having a parabolic or hyperbolic cross-sectional shape or an array of

hyperbolic or parabolic reflective surfaces.

11.  The apparatus according to claim 9, wherein the concentrating optics comprises a

micro-lens array.

12.  The apparatus according to claim 9, wherein the polarization member is located before

the concentrating optics in a path of the beam.

13, The apparatus according to claim 9, wherein the polarization member is located

between the concentrating optics and the reflective elements.

14.  The apparatus according to claim 1, further comprising reflector plate configured to
support one or more of the reflective elements and a setting plate including a pin associated

with each such reflective element configured to set the orientation of the reflective element



pol ari zati on nmenber are incorporated in a single optical structure. 9. The
apparatus according to claiml, wherein the illum nation system further
conprises concentrating optics configured to concentrate a part of the beam
onto one or nore of the reflective elenents. 10. The apparatus according to
claim9, wherein the concentrating optiijgs conprises a reflective surface
area having a parabolic or hyperbolic cross-sectional shape or an array of
hyperbol i c or parabolic reflective surfaces. 11. The apparatus according to
claim9, wherein the concentrating optics conprises a mcro-lens array. 12.
The appay@tu { |, 3] i i i i

[ ocat ed Pof or Bt PRAALEct@ariels Tty LHIALEIn, DRl R0 RRLTECRE otihe
appar at usllawtgr dinvgntianat,| dapote,Bsyminetrad, quadrepge|hexapdt amhanmedser i s | ocat ed
bet ween the concentrating optics and the reflective elenments. 14. The
apparatus according to claiml1, further conprising reflector plate
configurggd toa pSHBRAIIn MBALE coPrRinfantdty e bbRALAKS BLRAE Mrus@ifa @ setting
plate including a pin associated wth each such reflective el ement

conf i gurlgtogreplsepraj¢ntionapparatas apnsedfin chemr’ef | ective el ement 19 15. The
apparatus according to claim1, wherein the illum nation node includes any
of the follow ng: conventional, dipole, asymetric, quadrupole, hexapole
and annujar. AGeyife RRhafabdding detiRITBehpsanPr i sing an array of polarization
regions for use in a |ithographic projection apparatus as used in claim?7.
17. A devi ce drudirgchaani ﬁ@agr@tlmmtommlﬁ gitnbeamsgi vi di ng a beam of radi ation
into multiple h- be X 4 .2aSs f - i npto a

pol ari zed mcf)e0§%§zll%§g§ apsgglgér (?1;%1 flgb%b&?rnegl gor% pog%gzggi%{)(lﬂﬁlgﬁg%ﬁag{{%q%gam W th
a refl echbmberel ement of a plurality of reflective elenments; directing the
respective sub-beans to a patterning device via the ref|ective elenments to
obtain a pol aqsp%mgmag}hfq{abqaghw%@é,eﬂectwe element of a plurality of reflective

elements;
directing the respective sub-beams to a patterning device via the reflective elements to
obtain a polarized illumination mode;
using the patterning device to endow the beam with a pattern in its cross-section; and
projecting the patterned beam onto at least a part of a radiation-sensitive material of a

substrate.

18.  The method according to claim 17, wherein the polarization member comprises at least
two regions, a first region being associated with a first set selected out of the reflective
elements and a second region being associated with a second set selected out of the reflective
elements, the first set different from the second set, wherein at least one of the regions
comprises an optical element to obtain the polarization in a part of the beam passing the at least
one region, whereby the first and second sets of reflective elements are selected to obtain a

polarized illumination mode.

19.  The method according to claim 17, further comprising moving the polarization member
so as to change selection of reflective elements in the first and second sets to obtain a further

polarized illumination mode.



using the patterning device to endow the beamwith a pattern in its
cross-section; and projecting the patterned beamonto at |east a part of a
radi ati on-sensitive naterial of a substrate. 18. The nmethod according to
claim17, wherein the polarization nenber conprises at |least two regions, a
first region being associated wwth a fippst set selected out of the
reflective elenents and a second regi on being associated with a second set
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| east one region, whereby the first and second sets of reflective elenents
are sel eBe 88Bt6Y- obtain a polarized illunination node. 19. The nethod
according to claim17, further conprising noving the polarization nenber so
as to change selection of reflective elenents in the first and second sets
to obtain a further polarized illum nation node. 20 20. The nethod
according to claim 17, wherein the polarization menber conprises an array
of regions, at |east one region having a dinension such that the reflective
el ements are in the first set.





