1 LI THOGRAPHI C APPARATUS, DEVI CE MANUFACTURI NG METHOD AND VARI ABLE
ATTENUATOR Field of the Invention [00011 The present invention rel ates
generally to a lithographic apparatus, a device nanufacturing nethod and
nore particularly to a lithographic apparatus having a variable
attenuator. Background to the Invention [0002] A |lithographic apparatus is
a machine that applies a desired pattern pnto a target portion of a
substrate. Lithographic apparatus can be used, for exanple, in the
manuf acture of integrated circuits (I1Cs). In that circunstance, a

patterning str ﬁi re ,ch is alternatively referred to as a mask or a
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a silicon wafer) that has a |l ayer of radiation-sensitive materi al

(resist). | e I atfingle substrate will contain a network of
adj acent ta%%i%@ﬁ?—pé{ﬁ%at are successively exposed. Known |ithographic
apparatus include so-called steppers, in which each target portion is
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provi ded for receiving a beamof radiation froma radiation source and for
supplying a conditioned beam of radiation, referred to as'the projection

beam havi ngg iniSd et QnRity and intensity distributioninits
Cross-secti the reticle. The source and the
| i thographic apparatus may be separate entities, for exanple when the
source is a [pl asma di s,charg%_ source. |In i ) i

0002] A lithographic apparatus is a machine that applies a desired pattern onto a
target portion of a substrate. Lithographic apparatus can be used, for example, in the
manufacture of integrated circuits (ICs). In that circumstance, a patterning structure,
which is alternatively referred to as a mask or a reticle, may be used to generate a circuit
pattemn corresponding to an individual layer of the IC, and this pattern can be imaged
onto a target portion (e.g. comprising part of, one or several dies) on a substrate (e.g. a
silicon wafer) that has a layer of radiation-sensitive material (resist). In general, a single
substrate will contain a network of adjacent target portions that are successively
exposed. Known lithographic apparatus include so-called steppers, in which each target
portion is irradiated by exposing an entire pattern onto the target portion in one go, and
so-called scanners, in which each target portion is irradiated by scanning the pattem
through the projection beam in a given direction (the “scanning’-direction) while

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

[0003] An illumination system is provided for receiving a beam of radiation from a
radiation source and for supplying a conditioned beam of radiation, referred to as the
projection beam, having a desired uniformity and intensity distribution in its
cross-section for patterning by the reticle. The source and the lithographic apparatus
may be separate entities, for example when the source is a plasma discharge source. In

such cases, the source is not considered to form part of the lithographic appai'atus and



such cases, the source is not considered to formpart of the |ithographic
apparatus and 2 the radiation beamis generally passed fromthe source to
the illum nation systemwith the aid of a radiation collector conprising,
for exanple, suitable collecting mrrors and/or a spectral purity filter.
In other cases the source nmay be an integral part of the apparatus, for
exanpl e when the source is a nercury lanp [0004] The illum nation system
may conprise conponents for adjusting the angular intensity distribution
of the beam Cenerally, at l|east the outer and/or inner radial extent
(commonly referred. tqg as .a-out and a-inner, respectively)..of the
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insufficient to nmarfntaln the require e accu
speed constant. However known aftenuators used in such an application tend to

adversely affect the operation of the rest of the illumination system, for example by
changing the position of the illumination beam, and/or are difficult to control in such a
manner as to accurately adjust the dose at the wafer and to control the speed of
adjustment of the dose might be an issue, thereby adversely affecting the throughput and
yield of wafers.

[0005] It is known to provide an attenuator in the form of a blade having three
separate regions each of which has a different transmission characteristic, the attenuator
being adjustable so as to move one region at a time into the radiation path, so as to
allow three different discrete levels of attenuation depending on the position of the
blade. However the use of only three different attemuation levels, and a fourth level in
- which no attenuation is provided corresponding to the blade being moved out of the
radiation path, may be insufficient to maintain the required high dose accuracy at the
wafer and high wafer throughput based on variation of this dose. Apart from the fact
that such attenuators do not provide continuously variable levels of attenuation, they
have the disadvantage that cooling may be complicated because of the complexity of the

attenuator blades or poor cooling capabilities of gas cells. Furthermore the use of a



waf er and hi gh waf er throughput based on variation of this dose. Apart from
the fact that such attenuators do not provide continuously variable |evels
of attenuation, they have the disadvantage that cooling may be conpli cated
because of the conplexity of the attenuator blades or poor cooling
capabilities of gas cells. Furthernore the use of a 3 blade in the beam
may adversely affect certain factors deteym ning the performance of the
system such as the uniformty of the projection beam Sumary of the

I nventi on [0006] In accordance with one aspect of the present invention

there is prquided | ithographic apparatus [ncluding, an jl!lumnation
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for projecting the patterned beamonto a target portion of the substrate,
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radiation is incident on a first of the reflective surfaces by which it is
reflected towards a second of the reflective surfaces by which the

radi ation | 0P | ectle @cesdanes ddteonmaspaetitthe presend finvendfontthen ivprovalgdiar ed
intensity, I Lot 1 LiLti. tive surfaces such that
the 1ot set ot ApERTTacbinty  i0fudfol SVaeEh: i SHiEE Safe of

i nci dence ofbealeohedistionna tiygorlr ffucast itesuppoitag gmttaienC Ran@ed 6 Am@srt ta0
vary the intensity of the output beamw thout changing the position_ of the
out put beamPafteao? therpralcglien brany denbadrajatabledprehelding  sabeFate and RerejRetion

radi ation d t : r I t] 3
w thout _adver gy sl PitEng e deiRBEE EhE Lk Rblih AhE WISHAR Lo
uni form ty dhailmit@ioasgstemiiocltigesaf vartableapparaadruomprdsingaworpaidlchiafiectiyea

hi gh t hr ough of wafers. Myre particularly the. attenuator allows e
Mncensi 1y orutiaeesaasftonrd ikt iy D S E8ien BSaER: o rBst of Mengi ng
the" posi ti onefl@kivk BRRRABY wtALiNR ref1fifed BRYEs RERMBHIS FARMMGI S Rlur i @9l NY

or parallel. Furthernore
which the radiation is reflected to produce an output beam of radiation of required

intensity, and tilting means for tilting the reflective surfaces such that the reflective
surfaces remain parallel to one another and the angles of incidence of the beams on the
reflective surfaces are changed so as to vary the infensity of the output beam without

changing the position of the output beam.

[0007] The use of such a variable attenuator allows the radiation dose at the wafer
to be accurately controlled substantially without adversely affecting other performance
parameters, such as the umiformity and or telecentricity of the apparatus, while |
maintaining a high throughput of wafers. More particularly the attenuator allows the
intensity of the projection beam to be varied continuously without changing the position
of the beam, whether the input beam is converging, diverging or parallel. Furthermore
the attenuator can be controlled in dependence on the output from a dose monitoring
sensor positioned to monitor the dose received by the wafer. Additionally the back
sides of the mirrors can be cooled in a straightforward manner to offset the heat
absorption at high attenuation rates. This may allow most of the heat load to be
absorbed in relatively simple, and therefore low cost, optics, thus making the design of

the apparatus less complicated and therefore more cost efficient.



the attenuator can be controlled in dependence on the output froma dose
nonitoring sensor positioned to nonitor the dose received by the wafer.
Additionally the back sides of the mnors can be cooled in a
straightforward manner to offset the heat absorption at high attenuation
rates. This may allow nost of the heat |oad to be absorbed in relatively
sinple, and therefore |ow cost, optics, tjhus meking the design of the
apparatus | ess conplicated and therefore nore cost efficient. 4 [00081 In
one enbodi nent, the reflective surfaces have plane reflecting surfaces
fromwhich the beans are refl ected. However other shapes of the reflecting
surfaces of the mrrors, for exanple surfaces curved in the direction of
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[0009] In one enbodi ment of the invention the reflecti've sur s are
positioned frah athickethe bearheaienpiltctdle diowaveh otheashapbeof the reftacting sisfacacofient
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enbodi nent of the invention the reflective surfaces are posi ti oned

relative to the input beam such that the radiation is incident on the
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focus is not hetween the two reflective surfaces, particularly when small
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to the in
surfaces at angles of grazing incidence of up to 25 degrees. In this embodiment there is

less attenuation of the radiation than would be the case with the greater angles of
incidence of the previous embodiment, but higher maximum transmission, up to 96%

for example, can be obtained.

[0011) Furthermore the reflective surfaces may be positioned relative to the input
beam such that the radiation is focussed at a point between the reflective surfaces, This
is advantageous as it allows the reflective surfaces to be decreased in size as compared
with the case in which the focus is not between the two reflective surfaces, particularly
when small grazing angles of incidence are used or when the beam has a large cross-
section. Alternatively the reflective surfaces may be positioned relative to the input
beam such that the radiation is focussed at a point beyond the second reflective surface

or at a point before the first reflective surface.

[0012] In order to enhance their reflectivity the reflective surfaces may be provided
with single layer coatings or possibly with graded multi-layer coatings. In many cases a
single layer coating is useful because of the relatively high reflection at small angles of

incidence.



beam such that the radiation is focussed at a point beyond the second
reflective surface or at a point before the first reflective surface.
[0012] In order to enhance their reflectivity the reflective surfaces may
be provided wth single |ayer coatings or possibly with graded nulti-Iayer
coatings. In many cases a single |ayer coating is useful because of the
relatively high reflection at small angles of incidence. 5 [0013] In sone
enbodi ments, an actuator is arranged to effect shifting of the reflective
surfaces in opposite senses at the sane tinme as the reflective surfaces are
tilted so as to maintain the output beamin substantially the sanme
position for different attenuation settings. Such shifting may of fset any
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[0015] The arrangement described above may find particular benefit when the
radiation in the projection beam has a wavelength in the EUV range, that is between
about 5 and about 20 nm, although it will be appreciated that the invention may be used

in conjunction with radiation of any wavelength.

[0016] In accordance with a further aspect of the invention there is provided a
device manufacturing method including, providing a substrate, providing a projection
beam of radiation using an illumination system, using patterning structure to impart a
pattern to the projection beam, passing the patterned beam of radiation through a
projection system so as to project it onto a target portion of the substrate, and, varying
the intensity of the projection beam of radiation supplied by the illumination system by
positioning two parallel reflective surfaces such that an input beam of radiation is
incident on a first of the reflective surfaces by which it is reflected towards a second of
the reflective surfaces by which the radiation is reflected to produce an output beam of
radiation of required intensity, and by tilting the reflective surfaces such that the

reflective surfaces remain paralle]l to one another and the angles of incidence of the



the intensity of the projection beam of radiation supplied by the

illum nation systemby positioning two parallel reflective surfaces such
that an input beamof radiation is incident on a first of the reflective
surfaces by which it is reflected towards a second of the reflective
surfaces by which the radiation is reflected to produce an output beam of
radiation of required intensity, and by t4lting the reflective surfaces
such that the reflective surfaces remain parallel to one another and the
angl es of incidence of the 6 radiation on the reflective surfaces are
changed so as.to vary the intensity of the output beam.w thout changing
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such that an input beamof radiation is incident on a first of the
reflective surfaces by which it is reflected towards a second of the
reflective Lface y..wWhi.ch the radiation is reflected to.produce
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artisan wi |l of ppugsit bten whitibyt dhangihg tiegrokietoh of thesuntgut dbdrer nat i ve
applications, any use of the teens "wafer"” or "die" herein nay be

consi dered as synonynmous with the nore general terns "substrate"” or
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processed, before or after exposure, in for exanple a track (a tool that
typi cal | y applogephie pppaeatupfin ths msmnufactuge ©dEsy it shoakidbelemdérstosd tthat theposed
resist) or ﬁthographic apparatus described herein may have other applications, such as the
manufacture of integrated optical systems, guidance and detection patterns for magnetic
domain memories, 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 “target portion”, respectively. The substrate referred
to herein may be processed, before or after exposure, in for example a track (a tool that
typically applies a layer of resist to a substrate and develops the exposed resist) or a
metrology or inspection tool. Where applicable, the disclosure herein may be applied to
such and other substrate processing tools. Further, the substrate may be processed more

than once, for example in order to create a multi-layer IC, so that the term substrate used

herein may also refer to a substrate that already contains multiple processed layers.

[0019] The terms ‘“radiation” and “beam” used herein encompass all types of
electromagnetic radiation, including ultraviolet (UV) radiation (e.g. having a
wavelength of 365, 248, 193, 157 or 126 nm) and extreme ultra-violet (EUV) radiation



metrol ogy or inspection tool. Were applicable, the disclosure herein may
be applied to such and other substrate processing tools. Further, the
substrate may be processed nore than once, for exanple in order to create
a multi-layer IC, so that the termsubstrate used herein nay also refer to
a substrate that already contains nultiple processed |ayers. [0019] The
terns "radiation" and "beant used herein enconpass all types of

el ectromagnetic radiation, including ultraviolet (UV) radiation (e.qg.
having a wavel ength of 365, 248, 193, 157 or 126 nn) and extrene
ultra-violet, (EU), radiation 7. éf.g. havi ng a_wavel ength in the range of
5-20 nm), as &RMaving awaysiength ine Pré*}ng&ﬂfr?-%@mnﬂacﬂs wahaspastclg bsams.ochaans.
[ 0020] The tguMBeakdbl SESidRdbIERNS” Or "patterning structure” used herein
should be broadly interpreted as referring to devices that can be used to
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Masks are well known in |ithography, and include mask types such as
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different directions; in this manner, the reflected beamis patterned.
[ 0022] The support structure supports, i.e. bears the weight of, the

patterning [op21) The patterning structure may be transmissive or reflective. Examples of
patterning structures include masks, programmable mirror arrays, and programmable
LCD panels. Masks are well known in lithography, and include mask types such as
binary, alternating phase-shift, and attenuated phase-shift, as well as various hybrid
mask types. An example of a programmable mirror array employs a matrix
arrangement of small mirrors, each of which can be individually tilted so as to reflect an
incoming radiation beam in different directions; in this manner, the reflected beam is

patterned.

[0022] The support structure supports, i.e. bears the weight of, the patterning
structure. It holds the patterning structure in a way depending on the orientation of the
patterning structure, the design of the lithographic apparatus, and other conditions, such
as for example whether or not the patterning structure is held in a vacuum environment.
The support can use mechanical clamping, vacuum, or other clamping techniques, for
example electrostatic clamping under vacuum conditions. The support structure may be
a frame or a table, for example, which may be fixed or movable as required and which
may ensure that the patterning structure 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 structure”.



structure. It holds the patterning structure in a way depending on the
orientation of the patterning structure, the design of the lithographic
apparatus, and other conditions, such as for exanple whether or not the
patterning structure is held in a vacuum environnent. ij The support can
use nechani cal cl anping, vacuum or other clanping techniques, for exanple
el ectrostatic clanpi ng under vacuum condigti ons. The support structure may
be a frane or a table, for exanple, which may be fixed or novable as

requi red and which nay ensure that the patterning structure is at a
desired position, for exanple with respect to the projection system Any
use of the terns "reticle" or "mask" herein may be considered synonynous
wi th the norgyaener t o : | TS - o' :
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shapi ng, or controlling the projection beamof radiation, and such

conponents may also be referred to below, collectively or singularly, as a
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Tt ple ot agRrRine idhnd ARy IO ¥ RaaBRpBi BNl SRS saar el

or prepar at dirgctsigesimpingy o@naallingehe prafection bene oDfadistive, dndBhéscorpdnentene or
nmore ot her tables are_bei ng‘P sed for . exposuyre, L"SOZG]‘ The lithographic
appar at us Y ¥ Pegefeged i f‘yﬁb‘& GRAlsstiiehy ensanailask ppd dens. i mersed in a
liquid having a relatively high refractive index, e.g. water, so as to fill
a space between the final elenent of the projection systemand the
substrate. [0928r si ohhe lithographic apparatus may be of a type having two (dual stage) or more

substrate tables (and/or two or more mask tables). 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.

[0026] The lithographic apparatus may also be of a type wherein the substrate is
immersed in a liquid having a relatively high refractive index, e.g. water, so as to fill a
space between the final element of the projection system and the substrate. Immersion
liquids may also be applied to other spaces in the lithographic apparatus, for example,
between the mask and the first element of the projection system. Immersion techniques

are well known in the art for increasing the numerical aperture of projection systems,

Brief Description of the Drawings

[0027] Embodiments of the invention will now be described, by way of example
only, with reference to the accompanying schematic drawings, in which like reference

symbols indicate corresponding parts, and in which:



|l iquids may al so be applied to other spaces in the |ithographic apparatus,
for exanple, between the nask and the first elenment of the projection
system |Immersion techniques are well known in the art for increasing the
nunerical aperture of projection systens. Brief Description of the

Drawi ngs [0027] Enbodi ments of the invention will now be described, by way
of exanple only, with reference to the agconpanying schematic draw ngs, in
which i ke reference synbols indicate corresponding parts, and in which: 9
[0028] Figure 1 diagranmmatically shows a typical |ithographic apparatus;

[ 0029] Figurﬁﬁfﬁ anjiS dig@rannatlc |1y shows . t enbodi nents of the

i nvention f8P28lse ilgHe & diqesammatically shews & iypicalihoganhis Appaatup0030]
Figures 4(a) and 4(b) and 5(a) and 5(b) are explanatory diagrans; [0031]
Figure 6 shows a mirror adjustnment nechanismthat may be used in an

enbodi nent df02%e i Migned dand Adibgioodalicallyghows Fve smbodjnapts affthe afvemdmi vity

as a functi of angle for .differ coatings. Detailed Description of the
Preferred E%BH?%%@??%GM?& ﬁ“rtzﬂf’ﬁéf C@?t’ro(‘}\gvi ng description refers to
specific enbodi nents of the invention, it will be appreciated that the
invention may be practiced otherwise than as described bel ow. The

descri pti on [P830hot iFngreered) and 4(band Hweand $(rare explardagogdjagringur e 1
schematically depicts a typical |ithographic apparatus. The apparatus
conprises: [0035] - an illum nation systemIL for providing a projection
beam PB of [oexd] at i @iguf€ 60showy Dinifrbl adjadtinht @tbhali@RIBIt map thi WSl i§uRPOrt
structure (e.g. a mask table) Ml for supporting patterning structure (e.qg.
a mask) MA &ﬁ%()ém’éef@elwn ewandposi tioni ng means PM for accurately
positioning the patterning structure with respect to item PL;

[0032] Figure 7 1s a graph of reflectivity as a function of angle for different

coatings.

Detailed Description of the Preferred Embodiments

[0033] While the following description refers to specific embodiments of the
invention, it will be appreciated that the invention may be practiced otherwise than as

described below. The description is not intended to limit the invention.

[0034] Figure 1 schematically depicts a typical lithographic apparatus. The

apparatus comprises:

[0035] - an illumination system IL for providing a projection beam PB of
radiation (e.g. UV or EUV radiation).
[0036] - a first support structure (e.g. a mask table) MT for supporting patterning

structure (e.g. a mask) MA and connected to first positioning means PM for accurately
positioning the patterning structure with respect to item PL;

[0037] - a substrate table (e.g. a wafer table) WT for holding a substrate (e.g. a
resist-coated wafer) W and connected to second positioning means PW for accurately

positioning the substrate with respect to item PL; and



[0037] - a substrate table (e.g. a wafer table) WI for holding a substrate
(e.g. a resist-coated wafer) Wand connected to second positioning neans
PWfor accurately positioning the substrate with respect to itemPL; and
10 [00381 - a projection system(e.g. a reflective projection lens) PL for
imaging a pattern inparted to the projection beam PB by patterning
structure MA onto a target portion C (e;g. conprising one or nore dies) of
the substrate W [00391 As here depicted, the apparatus is of a reflective
type (e.g. enploying a reflective mask or a programmable mrror array of a

type as referred to above). . Alternatively, the apparatus nmay be of a
transm ssi vd®3Phe (e&. G PIOHSHOY SHYET (c.8r Afelaci¥s peoiontion)lens) Fbafr impging a

illumnatio t K ' ALl i af |
source 80 TRar AP 156K, BRfeofiph 82 1o, Y Hhibinil kM EMATR L et
entities, faqortiex@ipgeonpesinghassouncedies of (e sabsteatelMachar ge source. In
such cases, the source is not <considered to formpart of the |ithographic
apparatus and the radi ation beamis generally passed fromthe source SOto

the illum nahemn sysdserorb ldepictdd, RCatahn®y isPoff AALALHOD ty5eOtd oy
conpri sing ?or ];.xarrplse sfui teg%l e col ?%gti nngm' rrors alndlstljér;3 g %pe tkr)}éld1g Suri ty
filter. In otfkstiveasesk ohe pograenatdy rhieror rarayr of appt asf refdredappabatells,

for exanple en..the source iis a nmercury | . _The source SO angd the
L nart oSk BRubSR 38T reqol & JRsmige aBPhn e sFRRIOY oA 1
The il lum natinenissiysh@Bk)l L may conprise el enments for adjusting the angul ar

intensity distribution of the beam Generally, at |east the outer and/or
inner radial extent (commonly referred to as a-outer and u-inner,

respectivel t heyj i1 iStrihution ip.a pupil. plape of the.

i |l uni nat or)@:oégf be ggig Egﬁgg{ahéf%gysﬁ% t}?ﬁrn%éi)‘(egna EW gﬁrﬁ‘#’%@qndﬁgmaa radiffion
condi ti oned sbeaenSel. Thdisdhitcenandr it dith@@aghic gﬁpatrﬁtes B9 B bépartd emixidsBfor
havi ng a.desired niformty and intensity distributionin its )
cross- sect i GHAMPIGOVIEL th oyt wisadtiawme Hahaigomopice; e perdirnasesn therfeuivn dknaya,

whi ch i's helogn@ferdd'® form part of the lithographic apparatus and the radiation beam is generally
passed from the source SO to the illumination system IL with the aid of a radiation
collector comprising for example suitable collecting mirrors and/or a spectral purity
filter. In other cases the source may be integral part of the apparatus, for example when
the source is a mercury lamp. The source SO and the illumination system IL may be

referred to as a radiation system.

[0041] The illumination system IL may comprise elements for adjusting the angular
intensity distribution of the beam. Generally, at least the outer and/or inner radial extent
(commonly referred to as c-outer and c-inner, respectively) of the intensity distribution
in a pupil plane of the illuminator can be adjusted. The illumination system provides a
conditioned beam of radiation, referred to as the projection beam PB, having a desired

uniformity and intensity distribution in its cross-section.

[0042) The projection beam PB is incident on the mask MA, which is held on the
mask table MT. Being reflected by the mask MA, the projection beam PB passes
through the lens PL, which focuses the beam onto a target portion C of the substrate W.
With the aid of the second positioning means PW and position sensor IF2 {e.g. an

interferometric device), the substrate table WT can be moved accurately, e.g. so as to



mask table MI. Being reflected by the mask MA, the projection beam PB
passes through the lens PL, which focuses the beamonto a target portion C
of the substrate W Wth the aid of the second positioning neans PW and
position sensor IF2 (e.g. an interferonetric device), the substrate table
WI can be noved accurately, e.g. so as to 11 position different target
portions Cin the path of the beamPB. Simlarly, the first positioning
means PM and position sensor 1171 can be used to accurately position the
mask MA with respect to the path of the beam PB, e.g. after nechani cal

retrieval froma mask library, or during a scan. In general, novenent of
the obj ect t%rf@e qufiforen tapget RATti9nSHe 1p dhe PQ@dofvdihprbeﬂlﬁePﬁr Sigfilagy) Begfitst r oke

nodul e (coar i t 0 rh%lsrm A RitRAY% flsorm g%@bg&géﬁ ﬁo%\k}{éﬁ??l?%%g% hlg%egg)e

whi ch form e positioring neans
of a st eppermésksMappitis edptod taths pathindrhe bdatn PRSKg tadiel mebflanitay rdigevat omect ed

to a short str(?(ﬁgti actuaéor only, ﬁ{ may be fixed. Mask MA and substrate W
may be al i grfBHFKUEITHY RREWINE ¢ §iaelt eeRsFabsmpyemapp of i chierd tiablese M) gnient

marks P1l,  Rgj IJ;(QféﬁﬁiedTrbﬁh @f'eoéjﬁto?q 1@9%%%6%0%9 ta%lsfg)gll\/f?ﬂé zﬁ?(ﬁlgls S ng

preferred nodes: . I'n step no t he mas

substrate t alioke Wbda}ee(fikep@smcasr@nwhmh Ifgmsprat oDthapysitioding encans EMtzinrlé’W
pattern inpatted ta the ion beamis roj ect ont ortron
o one. go T wereh dn iRl O Sl Retdar moey 0 A mantb e ik GplesE Sy

then shift edohfedidito’ IS Bokd altuABE bAIYNoSRaf Batixad. dMasEmtanHQﬁ&%rateOW tion
C can be exposed. In step node, the maxi mum size of the exposure field

limts the ghakebeAlignehasingmysl almmern@ma(k&Mma ang sebsétiategligneient marks P1,
exposure. | 5] 2. In scan node, the mask table MI and the substrate tabl e
WI are scannéd synchronously while a pattern irrparted to the projection
beamis projected onto a target portion C (i.e. a single dynamc
exposure). The velocity and direction of the substrate table WI rel ative
to the mask [#%8i e Nﬁr"hpsiemereeraﬁp%aserwe@abﬂrﬁrf@l@wmg@m&w mades: | mage
reversal characteristics of the projection systemPL. In scan node, the
maxi mum

[0044] 1. In step mode, the mask table MT and the substrate table WT are kept

essentially stationary, while an entire pattern imparted to the projection beam is
projected onto a target portion C in one go (i.e. a single static exposure). The substrate
-table WT is then shifted in the X and/or Y direction so that a different target portion C
can be exposed. In step mode, the maximum size of the exposure field limits the size of

the target portion C imaged in a single static exposure.

[0045] 2. In scan mode, the mask table MT and the substrate table WT are scanned
synchronously while a pattern imparted to the projection 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 mask table MT is determined by the (de-)magnification and
image reversal characteristics of the projection system PL. In scan mode, the maximum
size of the exposure field limits the width (in the non-scanning direction) of the tafget
portion in a single dynamic exposure, whereas the length of the scanning motion

determines the height (in the scanning direction) of the target portion.

[0046] 3. In another mode, the mask table MT is kept essentially stationary holding

a programmable patterning structure, and the substrate table WT is moved or scanned



size of the exposure field limts the width (in the non-scanning direction)
of the target portion in a single dynam c exposure, whereas the |ength of
the scanning notion determ nes the height (in the scanning direction) of
the target portion. [0046] 3. In another node, the nmask table MI is kept
essentially stationary holding a progranmmble patterning structure, and
the substrate table WI is noved or scanngd 12 while a pattern inparted to
the projection beamis projected onto a target portion C. In this node,
generally a pul sed radi ation source is enployed and the programuabl e
atterning structure is u ted as required after each novenent of {he
gubst r at egt a‘ﬁlinge 2 B lmﬂgg%tt\%]é"np% 8% SPAFR 15 g SteCai g targe HPE?‘?%@- In

scan. This rfﬁﬁemgﬁe,()?ﬁ'éﬁﬂliyoﬁ pafRBd B@afigAdblrYe @EHpﬁﬂ/eHOanﬂ%Ellﬁggrgﬁmable

|'i thography that utilizes programmuble patterning structure, as a
pr ogr ammabl epapteming stayctwry 19 fipdated) prereguireds hiberr eadh tnoovabwueof {@GAFtrate table

Conbi nat i ons,,and/. i atj th describ des of
entirery di rVarBs e Mot Tighen SUse SubRER oy hEguE o ePYaRe: Sk hovs
a side viewnf rdald\ |£ﬂp’[ﬁ@@rt@pﬁia§l<1@é§pﬁ!h6%%?hjf Qh%ﬁﬁﬁ%”ﬁ%graﬂrﬁibl@rba&%% ment

of the invention. It should be noted t al t hough t arrangement 1I's

di fferent tStupdee, sichdsa rpgammabls mhoraan ofs Gpeas teferr¢rbtombopvei pl e of
operation is simlar. The apparatus conprises a source-collector nodul e or
radiation unit 3, an illumnation systemlIL, and a projection system PL.
The radi ati qoo4ani t Ldnshipdtions dad/or Watiftichs @t idve SREdritRd LAoddlads vRYor
enpl oy a gas aqr _vapor, such as for exanple Xe gas or Li vapor in which a
very hot di SBHely@itisras medesolysemaydlsodepmplevednit radiation in the EW
range of the electromagnetic radiation spectrum The discharge plasma is
created by causing a partially ionised plasma of an el ectrical discharge
to col | apse [@0#8p t h&iguwptli shalvsaxside QiewPaf BB lifogeptiicegppafatd. ih athardagde Xe,

gener at 1 on O HEST el BET G heiAgontiadh 4t HHOHILh otetiaing beehabs FPrsteBe LA
i's passed fri@ﬂlffé?@ntstg%hﬁeoicﬁﬁr%?ﬁra s bR Gl ﬂ’ig&xteof, t‘ﬁggﬁqﬁ@f 180PYperiion &f a
ol | he gas r stp ?

gas barrier structure or "f rap” 9. T barri ructure conprises
a similar. The apparatus comprises a source-collector module or radiation unit 3, an

ilumination system IL, and a projection system PL. The radiation unit 3 is provided
with a radiation source LA that may employ a gas or vapor, such as for example Xe gas
or Li vapor in which a very hot discharge plasma is created so as to emit radiation in the
EUYV range of the electromagnetic radiation spectrum. The dischal-'ge plasma is created
by causing a partially ionised plasma of an electrical discharge to collapse onto the
optical axis O. Partial pressures of 0.1 mbar of Xe, Li vapor or any other suitable gas or
Vapor may be required for efficient generation of the radiation. The radiation emitted
by radiation source LA is passed from the source chamber 7 into collector chamber 8 by
way of a gas barrter structure or "foil trap" 9. The gas barrier structure comprises a
channel structure such as, for instance, described in detail in EP-A-1 233 468 and EP-A-
1057 079, which are incorporated herein by reference.

[0049] 'The collector chamber 8 incorporates a radiation collector 10 that is formed,
for example, by a grazing incidence collector. Radiation passed by the collector 10 is
reflected by two parallel mirrors 21 and 22 of a variable attenuator A to be focused at a
virtual source point 12 at an aperture in the collector chamber 8. From the collector

chamber &, the projection beam 16 is reflected by normal incidence reflectors 13, 14



channel structure such as, for instance, described in detail in EP-A-1 233
468 and EP-A- 105 7 079, which are incorporated herein by reference. [0049]
The col |l ector chanber 8 incorporates a radiation collector 10 that is
formed, for exanple, by a grazing incidence collector. Radiation passed by
the collector 10 is reflected by two parallel mrrors 21 and 22 of a

vari able attenuator A to be focused at aqqvirtual source point 12 at an
aperture in the collector chanber 8. Fromthe collector chanber 8, the
projection beam 16 is reflected by normal incidence reflectors 13, 14 13
within the illym patjon systemIL onto the reticle or nask positioned on
the mask tabVihin .ﬂléenaa%%@rsaf%talnﬁé«aﬂﬂtqtﬁeirgtl%Pﬁﬁl&sw?%mpqeé Mrthg EWS RO t he
substrate tabie Mhah¥med BEARQYiiY Corflcd BHILS islifhagd® off, thD SulkQlcEGhl AR TSHSt em
PL. More el errent?]bt han shown may bee pr esehst %Ilaﬁ tﬁeoi FFU%&natei onegfgsts[éfn I L
and proj ect i Heefwstebamepits 1§, 0056 theWrejactidnesybleanPlof Moaelelatmicnin thanphbwhnmay t he
vari abl e attenuator. A, i s, di.ver gent he mrrors 21 a 22 of the

at t enuat or Abergflseggfoge ﬁgm?”&ag’t? Wﬂ@nﬂg&flgp{%ﬁ%&p SY%%‘n\rﬁrtual source poi nt
12 beyond the second mirror 22. In a non-illustrated enbodi nrent the beam

of radiation is focussed at a point before both of the minors. Furthernore
Figure 3 shi80&lan alVher thabpare oéradindiondrput into i \ehiableattdivatorfe salivargenthe

i nput beam | at4.0 S ch.that the beam|s_.focussed at oint 12
bet ween theoﬁr‘ﬁe %@&élaszdll E[a}quc# 22)}% &%g&eﬁluatgr Aa%%ﬁ?&%too{‘fgusa@eiri"g%t@b%é S UHER o
reflective sdonfeegemtf befmdihe $6266d indrdr2uI8d noailluddated enfiolithdd iRShehie
production of_ the mnors and renders themless costly. 100511 The degree of
at t enuat i on Yrragigdonésfacussed b a ot hefere both ehthepmingeyp.i darthermpore Fagnve 3
which wll [ in: [ ' fere t h o

expl anat or y%%gg? g@%@‘%ﬁ’gﬁ P gls ﬁ; %Qgitr(\:g ﬂif(‘ﬁ%’é,rgg cgvc\’/?lrilhgenlf1 %t b%?‘lﬁléﬁﬁ% 1‘;'(l:)hronA I n
a first attansathithet thobedm Gnfocadsed!ftog paind] 2’ dktvedenably nsiree 2l aafl 22hehich is
attenuator A, in a second tenuating position at 4(b). The beamis
attenuated t3VaNIgRaoHt 831t s%%i%tm@_@ew cetteeHUates ot M Rirtorstoecisag and thus
attenuat i ng sifPRfids tREprAIRItichREd Mirdiard fefderiHeRNU& doBgy POSI tiOn 4(a), by
virtue of the fact that the beamis incident on the reflecting surfaces of
the mnors 21 and 22 at greater angles so

[0051] The degree of attenuation of the beam by the attenuator A can be varied in 2
manner which will now be described in more detail with reference to the explanatory
diagram of Figures 4(a) and 4(b), showing the attenuator A in a first attenuating position
at 4(a) and, after adjustment of the attenuator A, in a second attenuating position at 4(b).
The beam is attenuated to a greater extent by the attenuator A in the second attenuating
position 4(b) than in the first attenuating position 4(a), by virtue of the fact that the
beam is incident on the reflecting surfaces of the mirrors 21 and 22 at greater angles so
that a lesser proportion of | the radiation is reflected by the mirrors (and a greater
proportion is absorbed by the mirrors and dissipated as heat). There is also shown in
broken lines at 4(b) the positions of the mirrors 21 and 22 prior to such adjustment, so
that the degree of movement of the mirrors between the two positions can be clearly
appreciated. In this regard it will be seen that each of the mirrors 21 and 22 has been
rotated in a counter clockwise direction through an angle @, and at the same time each of
the mirrors 21 and 22 has been shifted by a distance x with the mirrors being shifted in
different senses relative to the direction of propagation of the output beam. In both
adjustment positions 4(a) and 4(b) the beam is focussed at the same point 12 between

the mirrors 21 and 22, and the output beam is transmitted along substantially the same



that a | esser proportion of the radiation is reflected by the mrrors (and
a greater proportion is absorbed by the mrrors and di ssipated as heat).
There is also shown in broken lines at 4(b) the positions of the mrrors
21 and 22 prior to such adjustnment, so that the degree of novenent of the
mrrors between the two positions can be clearly appreciated. In this
regard it will be seen that each of the qhnors 21 and 22 has been rotated
in a counter clockwi se direction through an angle a, and at the sane tine
each of the mrrors 21 and 22 has been shifted by a distance x with the
mrrors being shifted in different senses relative to the direction of
propagat i on R5fh-t nhus thp slease 0h atiepuiionnof dhy atsanmaier A esn theorustgdavithaat 4( b)
the beamis - ' ! t mrrors 21 22,
and the out p%i? g%@i%gflegﬂ?% %gs? m reo%%gf%r?é%lseg%gﬁ%ﬁat Par Sger{l‘hélssoas ow_;Mﬁ”l t h.
Thus the degnéie Hfuratis teuatiiabd foat pbine 2R inthéiuig s aphacanpsiat AGjHISK 6@ Bakinhout
adversely aff?ctiqg the oth r,ﬁropenties of the illumnation system Also
shown at~ 4( 0¥ OUssPs speyby dhejillumpnation system. fhe distanse hetwean fhei drualfogyse
appar ent poi ' ' the. ' i on
Syetem The TLre B B AERREREL P HeafHRREoR Sy S8R nd ook
mrror 13 ofatithestén setimign &hatonddiesinetiit ahglat d abé pedtimt shiis f)or al | att enuat or
settings (that is different tilt angles a and position shifts x). [0052]
The above described focussing of the beamrelies on the input beam being

di vergent (QoosepnVverggnbbve décti inpherr ' i IeRigam
the focus pgi. ntP 12 and the vi r!t%?a%%?%i:us ptg??])t%ggaw' Icinstﬁgglﬂ)zli;%é%ﬁ b[eglg%]

It is possi Slieergant (orppaverac). fiorthetasn ydisre the beam posparalbeh bedm thecfovisr o]
focus point,2 [ .t of justnment. of the attenuator A by tilting
and shifting2d dﬁﬁﬁﬁﬂﬁgﬁggp§ogfagﬁﬂﬁng?ﬂﬁvary the attenuation. Figures
5(a) and 5(b) are explanatory diagrans show ng two adjustnent settings of
the mirrors 21 and 22, with the adjustnents exaggerated so as to enphasise
the path | eddf5Rl di f ficls dreublsfio compeisalm fopekasigesint the pogition hbthetvidwal foars

petveen, g SCLYFHEN 08Le0Syc it SHE, S°EP ul T bl 62 1
mirrors 21 and 22 to vary the attenuation. Figures 5(a) and 5(b) are explanatory
diagrams showing two adjustment settings of the mirrors 21 and 22, with the
adjustments exaggerated so as to emphasise the path length difference of the beam
passing through the attenuator between the two adjustment positions. It can be seen
from the figures that there is a path length difference between the two attenuation
settings in that Ly <L; + L, + Ly. As a result, where the input beam is non-parallel, the
virtual focus point will shift between the positions 23’ and 23°° as shown in the
enlargement 5(b) of a detail of 5(a). In order to ensure that the two virtual focus points
23’ and 23> corresponding to the two attenuation settings coincide in position, it is
possible for a compensating arrangement to be provided for ensuring that these points
are maintained in substantially constant positions by shifting of the source LA along the
optical axis O as shown in Figures 1 and 2. The shifting of the source in such an
arrangement could be performed by moving the cathode and anode of a discharge
source. Such an arrangement ensures that the virtual focus points 23” and 23°* coincide
while shifting the actual focus point 12, as between the two adjustment positions. If the
source LA is shifted along the optical axis OA by a distance Av, this will cause a
M?xAv  shift of the focus point 12, where M is the magnification of the radiation
collector 10, and shifting of the focus point 12 along the light path will result in an equal



settings in that L4 < LI + L2 + L3. As a result, where the input beamis
non-parallel, the wvirtual focus point will shift between the positions 23
and 23" as shown in the enlargenent 5(b) of a detail of 5(a). In order to
ensure that the two virtual focus points 23" and 23" corresponding to the
two attenuation settings coincide in position, it is possible for a
conpensating arrangenment to be provided f? ensuring that these points are
mai ntai ned in substantially constant positions by shifting of the source LA
al ong the optical axis 0 as shown in Figures 1 and 2. The shifting of the
source in su %g arrg&genent coul d be perforned by noving the cathode and
anode of a df%Edrge viealfeets poiah Hhs san hegermdrnedHeing dhe shapletideal Verg ual
focus pointsg23,15and 23" coincide while shifting the actual focus point

12, as betmeen t e two adj ustnent positions. If the source LAis shifted
along the optical laxis 10A by a distance Av, this will cause a MXxAv shift
of the focus poin§+1 T where Mis the magnification of the radiation
col l ector 10, and shi f ing of the focus point 12 along the light path wll
result in an equajhdd® shift of the virtual focus point. This can be
explained using the sinple ideal lens formula: 1 11 v bf where: vis
the obj ect di st an\clé thie ¢hiect distanbe (thdus the spwse povdn)b is the i nage di stance

(that is the p05| n of the foc t he f di stance of
the col | ector ?Tﬁ@?HmEpﬂﬁ&@u hﬁﬁ@ﬁ%éngﬁﬁwémgﬁPPF‘ggt) i s needed a
smal | shift of tmils&@%@a@dﬁfhﬁie@ﬂﬂe@@ﬂ&ﬂmm&ﬁl_e(%fUi%ﬁ ghting in the

fol | owi ng eckygtlon 1 (v + Ov) (b + 1 4b) = whi ch can be sinplified
assum ng t ha¥her ¢ smallshift ¢3b) s peeded fa)smiahltuhith of thetsousef(dw) earsbabpplstj thts 4v)

resulting in the following equation:

1 1 1
+ =— which can b lified that
rav) Gidb) T which can be simplified assuming tha

(v+Av— fy~(v— f) (which is true for a small shift Av)

b 2
Ab =—(—) Av= Ab=-M’Av where M is the magnification of the collector
v

module

[0054] Figure 6 shows a possible arrangement for tilting and shifting of the mirrors
21 and 22 in such an attenuator. To this end the mirrors 21 and 22 are mounted on
sliders 25 and 26 by tilting bearings 23 and 24. The mirrors 21 and 22 are tiltable in the
bearings 23 and 24 on the sliders 25 and 26 so as to adjust the angles of the mirrors 21
and 22 relative to the input beam, while at the same time the mirrors 21 and 22 are
shiftable in opposite directions by sliding of the sliders 25 and 26 along rails 27 and 28
on which the sliders 25 and 26 are mounted. Movement of the sliders 25 and 26 may be
cffected by linear motors, and tilting of the mirrors 21 and 22 may be effected by

motorised tilt tables.

[0055] It will be appreciated that the aftenuation properties of the attenuator depend
not only on the angles of incidence of the beam with the reflecting surfaces of the

mirrors, but also on the reflectivity of the reflecting surfaces, arid that this reflectivity



Ab = -/- z L =>Ab =M Av where Mis the magnification of the collector
[1v)l nodule [0054] Figure 6 shows a possible arrangenent for tilting and
shifting of the mrrors 21 and 22 in such an attenuator. To this end the
mnors 21 and 22 are nounted on sliders 25 and 26 by tilting bearings 23
and 24. The mrrors 21 and 22 are tiltable in the bearings 23 and 24 on
the sliders 25 and 26 so as to adjust th?6angles of the mnors 21 and 22
relative to the input beam while at the Same tine the mrrors 21 and 22
are shiftable in opposite directions by sliding of the sliders 25 and 26
along rails 27 and 28 og ich the sliders 25 and 26 are_ npunted. Mvenent
of the slidéd Besenfkgoshs }‘rém@e BEvision of iseeriglycaatings en ibe geflccting gurfhessi 3y of
the mnors Zl.andmédidiRy shsveeffected by notorised tilt tables. [00551 It
will be apprecidted that the attenuation properties of the attenuator
depend not only on the angles of incidence of the beamw th the reflecting

surfaces of mnors, _but also.qn the reflectivity of the reflecting
sur f aces, ar{ﬁ&?hat lrl'lo e?éﬁ‘?@@l’ﬁ\??ﬁl‘?q e“’(‘f&ﬁog@acé‘rfﬁé?f-‘@é‘a SERfaqerAs afpBRio® on
of special ¢gad &g I [ : r ' bove.
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single layer coating, (ii) a curve 31 (Sshown as a broken |ine)
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coating. Di flihey esttespaatingi@sa dani Meltdpet cesdingd Difffent 064tRES icA® be Upplaces
dependi ng on the optical | aalout of the illumnation system and
the reflecting surfaces depending on the optical layout of the illumination system, and
thus the required radiation intensity profile of the attenuator output beam. In most cases
the single layer coating is preferred because of its high reflectivity (up to 96%) at small
angles (of the order of 5 degrees) resulting in 92% overall transmission for the whole
attenuator. At an angle of 25 degrees each of the mirrors has a typical reflectivity of
10% so the whole attenuator has an overall transmission of 1% (10% x 10%), which
means that the total transmission range of such an attenuator extends from 92% (at 5

degrees) to 1% ( at 25 degrees).

[0057] It will be appreciated that a wide range of different coatings may be used,
including graded multilayer coatings and randomised multilayer coatings as described in
Applied Optics, Vol. 35, No. 19, July 1996 by P. van Loevenstein, et al). A normal
multilayer coating is generally considered as a repeating structure with equal
thicknesses for each bilayer. However graded multilayers may comprise bilayers at the
fop of the coating have an increased thickness as compared with the thicknesses of the
bilayers at the bottom of the coating, or vice versa. It is also possible to use randomised
multilayers in which the bilayer thickness changes randomly over the thickness of the
stack of bilayers. In such a randomized multilayer the bilayer thickness may vary

between 12 nm and 30 nm.



thus the required radiation intensity profile of the attenuator output
beam In nost cases the single |layer coating is preferred because of its
high reflectivity (up to 96%9 at small angles (of the order of 5 degrees)
resulting in 92% overall transm ssion for the whole attenuator. At an
angl e of 25 degrees each of the mrrors has a typical reflectivity of 10%
so the whole attenuator has an overall transm ssion of 1% (10% x 109%,
which neans that the total transm ssion'fange of such an attenuator
extends from92% (at 5 degrees) to 1% (at 25 degrees). [0057] It wll be
appreci ated that a w de range_of different coatings may be used, including
graded mul t 0838 cdBtthégascaidthe sxaminies dar misiabi thayarves it Figgre adavebesn bed
in Applied i CS, | ; , ) J Py .V venst gi,n, et
al). A nor ma“f;B H'#u%ﬁ‘t itﬁlé;fglﬁﬁezé?y?nﬁojagggg%r%?éﬁ%& ég}éonstlh%e(ﬁ{e}vdé 252) gpraeg‘lgaﬂnng
structure wiMolybdemim (Mb) cdariags dse fiost melthaybi doatiyg esrrespording to teaded 31

mul til ayers may_ conp bilayers at the top of the coating have an

i ncreased t Hf &kHbad g?fyg’gﬁﬁ?/éﬂmﬂﬁtwq/% ”@‘HF@KWe%‘%*E@g SPMPHEINZ 5 | hpey Moyt
the bottom gf ©pakin r gV | {5 i SQ.ROSH :
random sed nﬁlrtlﬁ ager s? %nm\%h?lclhﬂ&hdéeg’?’laogyaep thﬁll lglll?nlg % gﬁ%é;%eggﬁ(?gﬁ%%dy
over the thimutitysr ofatinpe cors¢spokding thitheayevss. 31 and 68 hara atsando/di zedtilayer

mul tilayer the.bilayer thickpness may vary et ween nm and 30 nm, 17
[00581 1n t HOALIESIagmEL Y%%Ew%v%séeﬁy%frﬁrmé%r@ﬁ%ﬁ@@ pr g})gﬁlbergﬂaﬁarve
been produGaflindse8s B knbRYST nkORd B 6RL SEIRLRPU Sthet O FJ?QhS%Mﬁlag& 1S a
40 rim Mol ybdenum (Mp) coating. The first nulti’layer coating correspondi ng
to the curveodtingsimoduc8g thenchbiey BAdend 3B Shé nerober(MiBydrs nuitdspécdively oatdi ng
conpri sing a4012 nm M |ayer on top of a 18 nmSi layer on top of a 12 nm
Mo | ayer. The'second and third nultilayer coatings corresponding to the
curves 32 and 33 are also Mo/Si nultilayer coatings having bil ayer

t hi cknesses of 17 nm (for 32) and 13 nm (for 33). The bilayer thickness is
the thi ckned803F ond Nymbes oneaints ogfethe ghetchalescribsd embodintenis| agrerbe

contemplated within the scope of the invention. For example, the lithographic apparatus
described includes a reflective reticle and a projection system including reflective:
clements, but a transmissive reticle and/or elements in the projection system may also
be used. Furthermore, the apparatus has been described for use with EUV radiation but

it will be appreciated that radiation of other wavelengths may also be used.



coatings producing the curves 32 and 33 the nunber of bilayers is
respectively 10 and 40. [00591 A nunber of variants of the above descri bed
enbodi ments can be contenplated within the scope of the invention. For
exanpl e, the |ithographic apparatus ddgcribed includes a reflective
reticle and a projection systemincluding reflective elenents, but a
transm ssive reticle and/or elenents in the projection systemnmay also be
used. Furthenmrse, the apparatus has been described for use with EUV
radiation but it will be appreciated that radiation of other wavel engths
may al so be used. 18 CLAIMS: 1. A lithographic apparatus conprising: an
iI'lum nation systieivefaphicippatatlis bgnpriggj ect i on beam of radi ation; a support

structure to supp rt, pattern strugture, .said patt structure
constructed and®™d P@H’@B@Pfﬁt‘?nh%éi’f"v %?P@ﬂ‘?‘f“?‘bbét) tﬁf‘ i on beam a

substrate tabl eafelg pato k@hdRre oS MRspb %eﬁberrﬁﬁgj sBudtin@] a&it pzﬂtemiﬁg autore
projecting the patterned beamonto a ortion of the substrate; a

vari abl e aGQIEMQd)ﬂan yranged) todmpar @ p@ttemﬁrethemmwtwatbp% system and
conpri si ng: Su%&pas[ %g dtﬁ“géidﬁﬁ@ %hﬂ;s‘ﬁjater gfd ective surfaces positioned such

t hat an |nput eamo s 1ncident on a first of the reflective
surfaces by whizprojections sys@ﬂ éurtpegjectingwhe prtemed deamantf a tanget peftios of ithee
surfaces by which the radiation is reflected to produce an output beam of
radi ati on SHosEa ﬁw red intensity, wherein the reflective surfaces are

posi tioned such; {pablchubmistdibiihy a Bhtt oPthe iiNEnih@tbnakitem ahd eﬁmphﬁng nput beam
that is included in the output beamis reflected only a si n%'ae tjme by

each of the refl ectitwe sybstanitells parahel rgHeciive gurfeses ‘és”t“?rlefl stetethabdn BEYS ve
o e Sl Wl SbER oot sl honsbpianh il el | o
refl ecti vetoswardsac eecamﬂjoﬁlrhe aeflicBvesurfangs hyewitieh tie radiationeis Ireftecisd th prodien t he
an output beam of radiation of required intensity, wherein the reflective surfaces are
positioned such that substantially all of the radiation from the input beam that is included
in the output beam is reflected only a single time by each of the reflective surfaces, and
an actuator to tilt the reflective surfaces such that the reflective surfaces
remain substantially parallel to one another and an angle of incidence of the input beam
on the first reflective surface and an angle of incidence of the reflected beam on the

second reflective surface are changed so as to vary the intensity of the output beam while

substantially maintaining a position of the output beam.

2. An apparatus as claimed in claim 1, wherein the reflective surfaces are positioned
relative to the input beam such that the radiation is incident on the reflective surfaces at

angles of between approximately 20 and 60 degrees.

3. An apparatus as claimed in claim 1, wherein the reflective surfaces are positioned
relative to the input beam such that the radiation is incident on the reflective surfaces at

angles of grazing incidence up to 30 degrees.

4. An apparatus as claimed in claim 1, wherein the reflective surfaces are positioned
relative to the input beam such that the radiation is focussed at a point between the

reflective surfaces.



second reflective surface are changed so as to vary the intensity of the
out put beam while substantially maintaining a position of the output beam
2. An apparatus as clained in claiml, wherein the reflective surfaces are
positioned relative to the input beamjguch that the radiation is incident
on the reflective surfaces at angles of between approxi mately 20 and 60
degrees. 3. An apparatus as clained in claim1, wherein the reflective
surfaces afe POgh byDRG o ikl YPclbith | WherdiRtHe reAGS iacehiate pobicionaddi at i on
is incident” ont reflective sur?aces at angles of grazing i nci der&ce up
to 30 degresive & thainmppemasush tes th radioden isdoissedrsf 2 poiph BeXonA thewgcon
reflective gsurfaces, are positioned relative to the input beam such that

t he radi atT%ﬁ“i@ﬂ‘"%%‘i?ssed at a point between the reflective surfaces. 19
5. An apparatus as clainmed in claim11, wherein the reflective surfaces are
positioned relative to the input beam such that the radiati LS ussed
at a poi nt 6beyohd aPth%%%ﬂﬁmeEé‘? plagp { hereip dhergtle %Veﬂﬁrc%%cﬁ%)gr Olsjlzlo{iésac

claimed in . I 4o thRftheeddiarien S/ fdcases afb ol Befdre tredirst
rel ative tf)e%{tﬁg@l) njfhpeu?t%g{egé% such that the radiation is focussed at a point

bef or e t herdflective surfedel ecti ve surface. 7. An apparatus as clainmed in claim
1, wherein the reflective surfaces conprise single |layer coatings for
enhancing their reflectivity. 8 An apparatus as clained in claim1,
wherein the ref Ag@ﬁ)&g@uﬁ uisf Agiesd damtaims & wherkini the ayRective suifpeps cogprise
enhancing their reflectivity. 9. An.apparatus as clained in claim1,

wher ei n t hainglefayee eqajipesior pafapeing rr%g‘?tw%ndon‘i sed nultilayer coatings
conprising a stack of bilayers with the thickness of the bilayers varying
randonmly over the thickness of the stack. 10. An apparatus AS clained in
claim 1, wlerei Antapparatis ast dpined larqlfaﬁ'gédwfl@e@h‘ihﬁreﬁﬁé‘ve SRSt OPE S Ur f aces

In opposi t(ranuﬁle-pa%zc(grsco\ﬁ\ﬁrilésefolt é})%aﬁc%é ﬁl%friré/tfecﬁﬁw. aces are tilted so as to

9. An apparatus as claimed in claim 1, wherein the reflective surfaces comprise
randomised multilayer coatings comprising a stack of bilayers with the thickness of the

bilayers varying randomly over the thickness of the stack.

10.  An apparatus as claimed in claim 1, wherein the actuator is arranged to shift the
reflective surfaces in opposite senses while the reflective surfaces are tilted so as to

maintain the output beam in substantially the same position for different attenuation

settings.

11.  An apparatus as claimed in claim 1, wherein the radiation has a wavelength of

between about 5 nm and about 20 nm.

12.  An apparatus as claimed in claim 1, wherein the illumination system is arranged
to receive radiation from a source of radiation, and wherein a position of the source is
shiftable as the reflective surfaces are tilted so as to maintain a virtual focus point at
which the radiation is focussed in substantially the same position for different attenuation

settings.



mai ntai n the output beamin substantially the same position for different
attenuation settings. 11. An apparatus as clained in claim1, wherein the
radi ati on has a wavel ength of between about 5 nm and about 20 nm 12. An
apparatus as claimed in claim1, wherehg the illunmnation systemis
arranged to receive radiation froma source of radiation, and wherein a
position of the source is shiftable as the reflective surfaces are tilted

so as to intajn a virtual focu ' .which the radiation is focussed
in substam'al I‘%{g?‘ﬂ%e '?Q?%gcﬁ‘géqgﬁp%ﬁ&%ﬁﬁp&ﬁnigér ent attenuation settings. 20
13. A devi ce Mapufiag tr ink@isitetdfos peaeqion sheag: of aadiating &m benpastenied yandf a
projection beamof radiation to be {)atternlfd ar}% pr.oj ected onto a
substrat e Ppraigcled catoraaybyraiohavingAtadiahen EFHELIIEG “Yosi ti oni ng two

substantially paral | EitiBRiBQ];%&B isﬂﬁta?nﬁﬁliyaﬁﬁﬁlsﬁ HeFlectivadurfagesi snghithat deiaputof

radiation is incident on a first o

the reflective surfaces .h i it is
refl ected béaonal mdiatiors sciosidensfont hirst ef the geflegves mf?a&‘égeéy H@'@W %H\éﬁ?’fﬁ"ﬁ
radiation js reflected I ifonri8 ifREic@%o plodticqui r ed
intensity, t‘W‘i‘ECEé’i R eoﬁt%f %ggﬁﬂ&gsug%%fsggg@ﬂ%@%%ﬁésﬁniloned_ guchp{ hat
subst ant i al Yuphi bedn bheadigitinat] mauiredimtensity, wirreinttbereflastive swrfackEpifded in

the output beamis reflected oply. a.single. ti . : tive

surfaces, BpfHgned @@qhdhqtﬁgbqtgﬂaﬁxglil \9@%6%%&085&5&% 'ﬁﬁg?’ e%éﬁdﬁgﬁ‘lﬁgg{iﬁe

surfaces r ﬁ'n?lﬂe ButpStiRahadidiebied oMgladide®d tihe@bperhafdidreflecine sufieenand es of
o)

i nci dence the"radi ation on the reflective s%f acgs are ?Fféanged so as to
vary the intensity ofltingdhe ueflastive suragpisneh Wahphe FREFAVE SUREF S S Thg a

position of,LagSh! BilNPERThe Mndh B OEAAS ! iAliBBie lof ed A3 on heer i n

the reflec aces are positione ive to the input beam such
that the radicafiveosurfases mei chengedosp the vall the tintesityuel hecatpit beaMgivide of

approxi mately 20 and ,60. degrees. 15.. A ne as clainmed in claim13,
wherein t héuhs@f‘Tl%lg‘cl?’%‘BtaﬁWQg %B%sémé'r%t eo%qngttggag% .

14. A method as claimed in claim 13, wherein the reflective surfaces are positioned
relative to the input beam such that the radiation is incident on the reflective surfaces at

angles of approximately 20 and 60 degrees.

15. A method as claimed in claim 13, wherein the reflective surfaces are positioned
relative to the input beam such that the radiation is incident on the reflective surfaces at

angles of grazing incidence up to 30 degrees.

16. A method as claimed in claim 13, wherein the reflective surfaces are positioned
relative to the input beam such that the radiation is focussed at a point between the

reflective surfaces.

17. A method as claimed in claim 13, wherein the reflective surfaces are positioned
relative to the input beam such that the radiation is focussed at a point beyond the second

reflective surface.

18. A method as claimed in claim 13, wherein the reflective surfaces are positioned
relative to the input beam such that the radiation is focussed at a point before the first

reflective surface.



relative to the input beam such that the radiation is incident on the
reflective surfaces at angles of grazing incidence up to 30 degrees. 16. A
method as clained in claim13, wherein the reflective surfaces are
positioned relative to the input beamyguch that the radiation is focussed
at a point between the reflective surfaces. 17. A nmethod as clained in
claim 13, wherein the reflective surfaces are positioned relative to the

i nput beam such, that .t he radiatipn i i dihg second
reflectivel%sur PhBwghodgs cleimed ﬁ%aﬁé{% 121 gvﬁ%ggls@g r?:i?egl ‘rﬁ)%@c\?\ﬁ%ﬁﬁg{t he

refl ecti veysiif-acmis ar e BaAé tirene the refbaive verficos biedilied satas eapintihet hat
the radiation is focussed at a point hef (f')qr)ﬁg&.he fa.%tr S&atioé?ét{i tive surface.
21 19. A ownusbermin supsfprtadlyithe ameinesiign BEGE AHEAHRY P Ve surfaces
are shifted in opposite senses at the sane tine as the reflective surfaces
are tilted so as to maintain the output beamin substantially the sane
posi tion f20. diA frethedts alatreerlintclaim 13ewherpigdhe radiatian h%*t%‘&‘{a"eit‘élgﬁﬁ BEWEH i n
claim13, v&gﬁ{gi n t&]%%r“%gg%}d on has a wavel ength between about 5 nm and
about 20 r? qm 484 AR as claimed in claim13, further conprising:
receiving radiation froma source of radiation; shifting a position of the
source as the reflective, sur acq?s alr3e tilted so.as to nmaintain a virtual
PR s

focus poi ntl-at Avcthedian glapmed gy EROLRE" subst antial Iy the same
position for dif{erigptadditioRTeat A Sur&RIrradigon;

shifting a position of the source as the reflective surfaces are tilted so as to

maintain a virtual focus point at which the radiation is focussed in substantially the same

position for different attenuation settings.



