1 LI THOGRAPHI C APPARATUS, DEVI CE MANUFACTURI NG METHOD AND VARI ABLE
ATTENUATOR Field of the Invention 100011 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 nmachine
that applies a desired pattern onto a target portion of a substrate.

Li t hographi ¢ apparatus can be used, for jexanple, in the nanufacture of
integrated circuits (I1Cs). In that circunstance, a patterning structure,
which is alternatively referred to as a mask or a reticle, may be used to
generate a Ciyhe § Ngl Rty (PRVA | the 1C,
and this pat tL é?#%g%ﬂﬁngmpg’ gbﬁmpp gg}rﬁt ﬁgﬁgG @?ﬁfpglais)l ng part
of , one or several dies) onANBVsRIABEEATDENUAPBOR con wafer) that has a
| ayer of radiation-sensitive material (resist). In general, a single
substrate will contain a network of adjacent target portions that are
successi Vekld SRR EEnmown | it hographi ¢ apparatus include so-called

st eppers, —Wﬁficg‘_ﬁ%rl n I e arget portion is irradiated by exposing an entire
pattern onto the target portion in one go, and so-called scanners, in which
each target Eorti o;il is irradi ated 5% scanni ng th‘e attern throu@gﬁ t.he
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direction. [0003] An 1llumnation systemis provided for receiving a beam of
radi ati on Vamable@attanaaiont i on source and for supplying a conditioned beam of
radiation, referred to as the projection beam having a desired uniformty
and intensity distribution inits cross-section for patterning by the
reticle. ThacsRuiRBodRdldvB&idd t hographi c apparatus may be separate
entities, for exanple when the source is a plasnma discharge source. In such
cases, the source is not considered to formpart of the |ithographic

apparat us ?I{MZ] 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
pattern 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 pattern
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 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 may be an integral part of the apparatus, for exanple when the
source is a nercury lanp. 10004] The illum nati on system nmay conprise
conponents for adjusting the angular intensity distribution of the beam
Generally, at least the outer and/or inper radial extent (commonly referred
to as (7-outer and 6-inner, respectively) of the intensity distribution in

a pupil plane of the illum nator can be adjusted. The illum nation system
may al so i jel I f e
proj ecti on eljg{rirli?tllﬁrpb%% g%tg%l ﬂquea%glﬁ%f%ﬁﬁlgéisllelh{}}tdﬁﬁ's§%rﬁ WI{}p
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source inten drifts durj nul ti pl e scans, or to change the d se at the
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However ﬁst SP@&‘?&E Hﬁéﬂthb@o@:’@ﬁ lh& tion tend to adversely

af f ect the peratl on the rest o nation system for exanple by
changing the position of the illumnnati on beam and/or are difficult to

control in such a as, to accurately adjust the dose at  .the fer and
to control [B0RY spe@geao‘ um}i}i’]tlﬂgt%mn dnax H%/’ 6%% GAMAADCRIS pdushng fheer eby

adversely afd@atinRGsi QisiMuRiodPlhe 202dm. 3(":6%51@111 f aﬁ"’ﬁ:fagtr fhe JRQORIA/dit inhsr known

to provide an attenuator in the formof a bladé having three separate
regi ons eacidiadextehi ©bhmivemharedkirfddeo ant-dutaraadicssinen respeatazet;&) of gteiintengihe
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dose. Aparb; {J Qizhid el ®@5E at the wafer during scanning of an image while keeping the scan
speed constant. However known attenuators 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 attenuation 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



t hat such attenuators do not provide continuously variable |evels of
attenuation, they have the di sadvantage that cooling may be conplicated
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 determ ning the performance of the system
such as the uniformty of the projection beam Summary of the Invention

[ 0006] In accordance with one aspect of sthe present invention there is
provided a |ithographic apparatus including, an illum nation systemfor
providing a projection beamof radiation, a support structure for
supporting i i . t beam
o Subst  af SaRep WeBAEhbl bl oty A etk TaolR Agkiih e A pBIGNEELS B,

pr oj ect i ngtichgstpat siehras dhdnad formity of thetpaojgetiorperati. on of t he subst rate,
wherein the illum nation systemincludes a variable attenuator conprising
two parallel reflective surfaces positioned such that an input beam of

radi ation i irst of the reflective surfaces by which it is
reflected S gﬁllB’Eh(m:no;lf the reflective surfaces by which the

radi ation is reflected to produce an out put beam of radiation of required
intensity, and t|| | ans for t||t|n% the reflective surfaces such that
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t he |nten5|ty t he out put beamiw t hout changi ng the position of the
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radi ati on dose t t he fer to be ac trolled substantiall
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t hroughput of wafers. Mre particularly the tenuator allows the intensity
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out put fropfRcAASSurfiRA bPwhitd 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 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 intensity 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 uniformity 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.



sensor positioned to nonitor the dose received by the wafer. Additionally
the back sides of the mnors can be cooled in a straightforward nanner to
of fset the heat absorption at high attenuation rates. This may all ow nost
of the heat |oad to be absorbed in relatively sinple, and therefore | ow
cost, optics, thus making the design of the apparatus |ess conplicated and
therefore nore cost efficient. 4 [0008] In one enbodinent, the reflective
surfaces have plane reflecting surfaces4 fromwhich the beans are refl ected.
However ot her shapes of the reflecting surfaces of the mrrors, for exanple
surfaces curved in the direction of propagation of the input beam are
within the scope of the invention [0009] In one enbodi nent of the invention
the reflective surfaces are positioned relative to the input beam such that
t he radi at [0008]i s | hconkenimbodinieht thefréfletivy suaret dmes piine reflgdtg airfaoed ween
approximately 25 and 60 degrees. This enbodi ment nmay be used for

appl i cati oﬁ'gni whighthebegmsearg rstipeted. HaogvevareethereshapesLfithe railecing swfaceyef r ed.
[0010] In L et he 1 .0 ref i are
posi ti onedﬁ{rég%gﬁr%gfg?%qtlﬁeféi Sﬁlg%%ésb@é*néas/ggwetﬂg#ﬂgﬁg?%ﬁﬁg??{%ngygﬁﬁ |ﬁtdent on
t he refl ecbeang arswithacthe satpeafigiedavattiogr azi ng i nci dence of up to 25 degrees.
In this enbodinment there is |ess attenuation of the radiation than woul d be
the case with the greater angles of incidence of the previous enbodi nent,
but hi gher (883 MU bRNGELSRfA obthel Rvaiin tfh@rreﬁé‘c?i%!sﬁfa@e%rhr@goﬁﬁbﬁ’éd‘ed-
[0011] Furthernore the reflective surfaces nmay be positioned relative to the
i nput  beamlaiveto theinputteeamasiich thad thd mdfation ssmdidant en theireflechize verdaces hie

reflective syrfages. This is advant ous as it.allo the reflective
i f aces s daruerbapproriopeh bR, This Pt O LIS ne
focus is ”%plﬁ%ﬁ%ﬁﬁv@ﬂi@léM’atfv@f}llﬁgﬁHé’gﬁeéb‘f’zftt%ﬁ@ﬁionﬁﬁ gegarly when snall
grazing angles of incidence are’used or when the beamhas a | arge cross-
section. Alternatively the reflective surfaces may be positioned relative to
tsggo'ngp‘r”ef ;@i imvzug-hhra}ngﬁntgr t A8 BTLAL 108" e il \2GHSS e AlerficPR NWurRS0RE: the
positioned relative to the input beam such that the radiation is incident on the reflective

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.



or at a point before the first reflective surface. [0012] hi order to
enhance their reflectivity the reflective surfaces may be provided wth
single layer coatings or possibly with graded multi-layer coatings. |In nany
cases a single layer coating is useful because of the relatively high
reflection at small angles of incidence. 5 [0013] In sone enbodinents, an
actuator is arranged to effect shifting of the reflective surfaces in
opposite senses at the sane tinme as thesreflective surfaces are tilted so
as to maintain the output beamin substantially the sane position for
different attenuation settings. Such shifting may offset any novenent of
the virtual focus point during adjustnent of the attenuator. A nunber of
di fferent nechanisns can be used to effect tilting and shifting of the

refl ective[®usjf acek somerinsiwdiméfl€)14] atthatenas erangedb aslieffectt shifihg bf e nat i on
systemis arranged o receive radiation frogma source of radiation, and an
act uat or i EflseaNg ecesIn oppesiicisarses Akthp sane fime as gie reHectivs sheiacesgrg hlked
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particul ar benefi.t when e radiation in the projection beamhas a
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conjunction wth at1on of any wavel engt 0016] In accordance with a
further aspect of the invention there is provided a device manufacturing

met hod i ncl udi ng, providin ubstrate rovi ding a projection beam of
adi ati on (Mg ant |ap9f§ﬁn§m%8§“%f§%tt ?n1_115&%&%6&3/3@%il%éfré{wcmrscee\_se i npar t
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through a projection systemso as to project it onto a targéet portion of
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radiation %vlllch%l tihg%egt}é ig rf‘loecuissl,elduirr{i sﬂﬁ‘ét&n%ll%ﬁé ga{pn(? %osition for different attenuation

settings.

[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 parallel to one another and the angles of incidence of the



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 parallel to one another and the angles of incidence of the 6
radi ation on the reflective surfaces arg changed so as to vary the intensity
of the output beam w thout changing the position of the output beam [00171
The invention al so provides a variable attenuator conprising two parall el
reflective i
i dent ©ofiof e el G FRUE ol HRhecRol R o AT Rbnd e iRl .
towards a semonﬁthoﬁt dhaeging tHegmisitioa ofstwdmesem. whl ch the radiation is
reflected to produce an output beam of radiation of required intensity, and
an actuator constructed and arranged to tilt the reflective surfaces such
that the r ctiv gl es
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consi dered as synonynous wt nor e genera substrate "target
portion", pEthpeotputbéam wﬁheutsxhbsgmgtlepoelftmmocﬁ&le dutptidegnn 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) or
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lithographic apparatus in the manufacture of ICs, it should be understood that the
lithographic apparatus described herein may have other applications, such as the
manufacture of integrated optical systems, guidance and detection patterns for magnetic
domain memories, 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



such and ot her 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 may also refer to a substrate that

al ready contains nmultiple processed |ayers. [00191 The terns "radi ati on" and
"beam' used herein enconpass all types of electromagnetic radiation,
including ultraviolet (UV) radiation (e.g. having a wavel ength of 365, 248,
193, 157 or 126 nm and extrene ultra-vipol et (EW) radiation 7 (e.g. having
a wavel ength in the range of 5-20 run), as well as particle beans, such as

i on beans or el ectron beans. [00201 The tern1"patterning means" or

"patterning structure" used herein sho br oa Iy i nt reted as
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pattern oVeh hdathsor eRersEbidny) Such as to create a pattern in a target
portion of the substrate. It should be noted that the pattern inparted to

the projection beamnmay not exactly correspond to the desired pattern in

t he target tlon f the substrate. , Generall the patt ar to the
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[ 0021] The patterning structure may be transm ssive or reflective. Exanples
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pr ogr ammabl and |nclude
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programmable nirror array enploys a matrix arrangement of small mrrors,
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radi ati on di ff.erent .di e refl ected, beam
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of , the pagfr@mf]l ng structure. It holds the patterning structure in a way
depending on the orientation of the

[0021] 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”.



patterning structure, the design of the |ithographic apparatus, and ot her
condi tions, such as for exanple whether or not the patterning structure is
held in a vacuum envi ronnent. The support can use nechani cal cl anping,
vacuum or other clanping techniques, for exanple electrostatic clanping
under vacuum conditions. The support structure may be a frane or a table,
for exanple, which may be fixed or novable as required and which my ensure
that the patterning structure is at a dgsired position, for exanple with
respect to the projection system Any use of the terns "reticle" or "msk"
herein may be considered synonynous with the nore general term "patterning
structure”. 8 [00231 The term "projection systenf used herein should be
broadly interpreted as enconpassing various types of projection system

i ncl udi ng resRBRCt | The @i GitbjedtiGil &y¥kem” figelll 1REdih KRo10 tble rbaddy $ikteroted B¢l
catadioptric optical systens, as appropriate for exanple for the exposure
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consi dered as synonymnous W he “nore general’ term 0J ron systeni.

100241 The fod thenxjbinenragdiasivs By usdds Grefof WTRES factaé Isaets ak Waeusefofopd i cal
conponents, including refractive, reflective, and catadioptric optical
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type having two (dual stage) or nore substrate tables (and/or two or nore

mask tables). In such "multiple stage" nmachines the additional tables may
be used i nl{2th | eilhe Jilumingtion ssvstep Spayp dlspagnempass: Vaaeksobired Pt epficabr nore
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The |ithographic apparatuS nay also be of a type erein the substrate is
i mrer sed i wdiractirigg shapinyaet cant@llirgy tht progécyiohibgim rof tadiatiany end sudhxompogentsvat er
so as to fill space hetween taﬁ?tinal el ement of the projection system

and t he sub¥yratode retamesd o Belows eoflsctieclhaysinguarina@s apitsed to ot her spaces in
the lithographic apparatus, for exanple,

[0025] The 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:



between the mask and the first elenment of the projection system | nmersion
techniques are well known in the art for increasing the nunerical aperture
of projection systens. Brief Description of the Drawi ngs [00271 Enbodi nents
of the invention will now be described, by way of exanple only, wth
reference to the acconpanyi ng schematic draw ngs, in which |like reference
synbol s indicate corresponding parts, and in which: 9 [00281 Figure 1

di agrammatically shows a typical |ithogwaphi c apparatus; [00291 Figures 2
and 3 diagranmatically shows two enbodi nents of the invention for use with
extrene ultra-violet (EUV) radiation; 100301 Figures 4(a) and 4(b) and 5(a)

and 5(b) a pl apat ory ,di agrans; 0311 Figu 6 shows a m nor adjustnent
rechant sm 10T oy Pigur Y giperinaieait ghaiisr ol fine PRt anbals and | 00321
Figure 7 is a graph of reflectivity as a function of angle for different

coatings. Detailed Description of the Preferred Enbodi ments 100331 Wile the
fol | owi ng 929 i pt FiguraseX ands3 dmgeaparvitidally shdywsitwe embodifnentseof thevimomntiam, it

will be appreciated that the . {,on may be practiced otherw se than as
descri bed E‘&“&Gv.‘“‘%ﬁé%ra@g&‘ﬁtfﬁai”u"%ﬁ?@’g&dﬁ;}%{lended to limt the invention.

[ 00341 Figure 1 schematically depicts a typical |ithographic apparatus. The
apparatus conprises: [00351 - an illumnation systemIL for providing a
proj ect i on[@938im PBFiguresi4d)iamtlidghy apd S5¢2) a S¢h) arxplangitery ideagyams 00361 - a
first support structure (e.g. a mask table) MI for supporting patterning
structure (e.g. a mask) MA and connected to first positioning means PM for
accurat el yoopgsi t i BipuRg 6ot shewdad hefrot Bgustiniene mbcBantérh Nthitemag e tedi inesn PL;

100371 - a substrate table (e.g. a wafer table) WI for holding a substrate
(e.g. a embodiment of the invention; and

[0032] Figure 7 is 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



resi st-coated wafer) Wand connected to second positioning nmeans PWfor
accurately positioning the substrate with respect to itemPL; and 10 [ 0038]
- 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

[ 0039] As here depicted, the apparatus is of a reflective type (e.qg.
enploying a reflective mask or a progrggmable mirror array of a type as
referred to above). Alternatively, the apparatus may be of a transm ssive
type (e.g. enploying a transm ssive mask). [0040] The illum nation system

IL receive beam of radi.ation fr a Lation. source . - The source and
the 1 thogl8aHi o appaPiOtkRi et &% ke dla PRislON g PL ol ifalfen” ne
source is patfr@$fiPartidSOhRE GRoj8EtiunCBsan] PBSBIE PateRBi@E strubars MK @atd & tagbt
considered to formpart of the Iithognaghic apparatus and the radi ati on beam
i s gener al Prtiop Ss(§c COBHsing ans o nels dixs) pbtheisabstraly W nat i on system IL with
the aid of a radiation collector conprising for exanple suitable collecting
m nors and/or a spectral purity filter. In other cases the source may be
integral pmos9jof tAe heppdemttad,, the apparaanpk efwhesflectite tygeufeqr angplayingracury

| anp. The soqurce SO and the illum nation systemIL nay be_ referred to as a
radi ati on EYSERYR M8k 0] 2 THRSTRIMARIC BHITEN aBPE 1 nd | Py &S e aBPent s

for adjusti n i.piensity.distrihuti f e a 1y, at
| east the é&tg%l%ﬁger%g’/ gllrlg iaamgraﬂltrsa I §| xgx%izr?t tﬁd%:ﬂc}fr%r%t‘)’gl %fge?eggr g%lpt a‘la- out er
and a-i nnetranshesgpechaskdl y) of the intensity distribution in a pupil plane

of the illum nator can be adjusted. The illum nation system provides a
conditi oned beam of radiation, referred to as the projection beam PB, having
a desired Mf or met y - i ! i | 1 iR +hdi St - O
[ 0042] The[dglril?)]j ecrlf %élnﬂgjgg%hﬁl%le?%t%éigégﬁikg% !t)%g] r?gsri&&h}llﬁf{ %@cﬁ?iﬁghhe d on
the nask sainteSOT. TBeisogce ahtl gb¢ dithdgyaphive apprsdtusvinayt e sqpacite ehiites, feram PB
passes

example when the source is a plasma discharge source. In such cases, the source is not
considered to 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



through the I ens PL, which focuses the beamonto a target portion C of the
substrate W Wth the aid of the second positioning neans PWand 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 neans PM and
position sensor 11 71 can be used to accurately position the mask MA with
respect to the path of the beam PB, e.gjiafter nmechanical retrieval froma
mask library, or during a scan. In general, novenent of the object tables Mr
and W will be realized with the aid of a | ong-stroke nodul e (coarse

posi tioning) .and short - K dul.e (fin it g Ng).. .wWhi ch form part
of the pos %)sl1f§%|1 ﬁgfeﬁglgﬁérgﬁﬁ/i’éﬁlggﬁ n %\Aé%}féro? tﬁ%%F %%(}%sgegl%]fﬂ\{a@y’s&lgp%é (as

opposed t Opési&ing eichnd PRI GBS podifibh ecrl¥lr TRl cdifbe GssdN@Ciceratedy posikion thest r oke
actuator only, or may be fixed. Mask MA and substrate W nay be aligned

usi ng maskMark Yrhsith Tesnerktohe palh of e bsamdiB. £ 8 afiey yachanicahigimayapirom o

[ 0043] The h: r at i I i r des:
[00ad] 1. TACEHEEE ARAHE S Ral 4R, Rfpi Hoichchl'RL IR ot MR reAd G0
kept esseniill &k Iryalizedwithnthe yaid wha llengasiroks thadulg dolasse positipainige dnd a shbwe-
projection beamis Etroj ected. onto a anrget portion.C.in one go (i.e. a
singl e st aftrekednodide Hine posiioninghvhigh formypagh of twpv%thm%n@amr#g%ﬂnﬁr?whe X

and/ or Y di j i e or 1| d. In
step rmde,H{oﬁ%wr}rrg% ﬁrrlgr%tagtﬁzfe@ggbée%g&e%ggﬁ%%slog%dér}?frgﬁnt%sSkﬁ eegigge f  the
t ar get por tororcted itoraghokt istrolee aitugbreordy,adrimayebe fised. eMakk 04AJand subgtrascéh node,
t he mask tabl . and the suybstrate table WI are scanned_ . synchronously
while a pa%f‘bﬁ%%‘fw nesl ﬁ@lﬁ}ﬂa}@e{ s S 0ea e §H$Frajeé@gg@e@rm6rkal’ﬁar get
portion C ph.e. a single dynam c exposure). The velocity and direction of
the substrate table WI relative to the mask table MI is determ ned by the
(de-)magnification and inmage reversal characteristics of the projection

ST e R SRR S b AR SahS. | Tt e

[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 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.

[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



portion in a single dynam c exposure, whereas the |length of the scanning
notion determnes the height (in the scanning direction) of the target
portion. [0046] 3. In another node, the nask table MI is kept essentially
stationary holding a programmable patterning structure, and the substrate
table WI' is noved or scanned 12 while a pattern inparted to the projection
beamis projected onto a target portion C. In this node, generally a pul sed
radi ati on source is enployed and the prpgrammable patterning structure is
updated as required after each novenment of the substrate table W or in
bet ween successive radiation pulses during a scan. This node of operation
can be reagi i l.ess [}itho phy: t utilizes pragra bl e
pat t er ni ng il fAREin FitbakB WERC 75 Bor BB RO B ookt LB oI GECEI
referred thighwde, gbRdill aCoutbédaddiiog ouedeols sdplogtd QA8 the frogramipeibe
descri bed nodes, of use or entirely different nodes of use naggalso be

enpl oyed. PULIHIE SYEHES 13 wiald 3 rsquecdvatian cash movemertigths bsiraip llat us i n
accor danceywwhl fy @, SRQALIBIL rﬁatfoﬁﬁ;u'ls%gﬁ{ﬂrtiﬁaé)ys Lt Eﬁ@%ﬂd& 1% E&%ﬁﬁ’céxﬁ?‘t ’
d erent to th %at e B S

al t hough the arrangenent 1s di 0 appar at’us own in
Figure 1, bbeepdilynepplicl od maskiadt i lithographys ithit | ailized hsrograpatiatile pacomiig ses a
source-col lector nodule or radiation unit 3, an illum nation systemlIL, and

a proj ect i ScEyre: wich pt 2 PragEaRRable AT gweY of fyge By BT aRPYS a radi ati on
source LA that may enpl oy a gas or vapor, such as for exanple Xe gas or Li
vapor in which a very hot discharge plasma is created so as to emt

radi ati on [0047]he EbMbimatiges afid/bhearddtidat roanthg nebove desadibat i modespefCtseuon The
di scharge plasma . s created . by causing a partially ionised plasma of an
electricalmﬂpggﬁghﬁgmﬂBo‘ﬁﬂﬁéﬁ%EmMﬁSBbgﬁgmaﬁﬁgical axis 0. Partial pressures
of 0.1 nmbar of Xe, Li vapor or any other suitable gas or vapor may be
required for efficient generation of the radiation. The radiation emtted

by radi ati (1048Jour cEigure 2 shpas seuldd viem ofhEUdblithograph@ndpparafus imt accomlahexct or

charber 8 Bt il 088 AL HEHIE S S3L bR s et

described {NngidRt&k o ithat Bt the Lipgaatud G8oRA%n BRodie 1, the principle of operation is
similar. The apparatus comprises a source-collector module or radiation unit 3, an
illumination 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
EUV range of the electromagnetic radiation spectrum. The discharge 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 barrier 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-

1 057 079, 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 8, the projection beam 16 is reflected by normal incidence reflectors 13, 14



1 057 079, which are incorporated herein by reference. [00491 The col |l ector
chanber 8 incorporates a radiation collector 10 that is forned, for

exanpl e, by a grazing incidence collector. Radiation passed by the collector
10 is reflected by two parallel mrrors 21 and 22 of a variable attenuator
A to be focused at a virtual source point 12 at an aperture in the
col l ector chanber 8. Fromthe collector chanber 8, the projection beam 16
is reflected by normal incidence refleciprs 13, 14 13 within the
illumnation systemIL onto the reticle or nmask positioned on the mask table
MI. A patterned beam 17 is forned mhich is imged onto the substrate table

W by refle oectlon | ement s
t han shown" tﬁ}n th 11%rrru§§€% BRS%HE #2 ?’nret% %r mgi}(? gﬁék%wgqégatbf
system PL. MﬂOQOQach%ﬂ Beam b'Bi%nfoﬁfled ammoalt ik Giagdbiito i thé @uHsh@tthatslbahireo
attenuator Ais divergent, the mrrors 21 and 22 of the attenuator may

ser vedt o f Esdlgstivarlemens ABi khofthe praeajiopsystem Plo Meee ﬁ@gmts ﬂzanféwganqme
Focussed apobreban i telulfialion KAl R It ERBRELGF A BIOEET. B RS S S ove

an alternative enbodi nent in which the divergence of the input beam of
radiation is such _that the beamjs focussed at a point 12' between the

mirrors 210098% 22 Wherthg beanpefradiatioe Bipyt léo the variahle atergtariols degrpents | ve

i t f
surf aces Olilfoll 2043 b2oPRiBhu NN MY SAEBR heRdBR PRI SR, of
t he beam byourtepdint Ebsbod thfé seecmdhﬁmoarzee% ;] nomllummeremmuﬁhemﬂd beagw be

described in npre detail with reference to the expl anato di aa:ram of
Fi gures 4( a§ raghpdion i focuspislaping PRI Dafore Ratk ok tha HTogs  ifusthermare filgHIe iy

posi tion ng(ﬁl)aléﬂgtIV§%l?’l§ d1 Eﬁlt\gﬁgltl tlﬁfdléé}g rf?:teb?g}ciﬂh@ft Yeam! JF ridiSgsONd

attenuating position at beam 1's attenuat greater extent by
t he att enuatsoch ghat thet treansis fondsat dtarmpeannti 129 bepmnuhe)muzﬂ(ﬁl’s)ﬂtdndm whithés first
i [ i of th fac that the beamis jncident

attenuatin osition 4( virtu IS
on the ref gé%aﬁamwfla%{abl fsm@h%r rﬁﬁ?ﬁsws syrfaces g Elframogﬁ E’atfee‘iseg] él.%u%o
that a | esg@iolifOBR Jrb@idich of B hiddrdiddendess fheh! @&IQdPy the ninors (and a

gr eat er

[0051] The degree of attenuation of the beam by the attenuator A can be varied in a
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 a, 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



proportion is absorbed by the mnors and dissipated as heat). There is al so
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 mnors 21 and 22 has been rotated in a counter

cl ockwi se direction through an angle a, and at the sane tine each of the

m nors 21 and 22 has been shifted by a g stance x with the mnors being
shifted in different senses relative to the direction of propagation of the
out put beam In both adjustment positions 4(a) and 4(b) the beamis

focussed afahneraTePflalle A€ RSARS ot e MMBRS: A" A e SRR iguOu L O1!

beamis tr&hsnitted" al o ane 1 egree of

at t enuat i oadvefselyhgffeatihg eosthér gropértieHSf thejilighiddtion tﬁmmﬁ Aa@vmow a 4@15)f ecting
the other properties of the illum nation system Al so shown at 4(h) in the

figure is Wrbe Jigpresthe wemal feenspoint323whieh 1§ ﬁletqﬁeargptp%m@trﬁt Weehthedieaghi ch
the beam issfoé ?se%eﬁ‘%gs[ﬁ@ﬂhﬁ%nétgﬁl éRJé H:‘e e Ui {anéeyﬁét%%i m]?vlﬂha;itfg&%e

bet ween t he V|r ocu poi nt mrror

illum nati poms%h&dnﬂsdmmdt%ibnm dons thatilliminatidn systdrh ghowsltl e ektahnfis allt hat i s
different tilt angles a _and sitign shifts x) [0052& ‘ghe above descri bed
focussi ng @fenuplar sritings(Hhat sl ?Fe’é‘tﬁélt%"t&“ pebpasiiansifisgver gent (or
convergent). In the case where the beamis a parallel beamthe focus point
12 and the virtual focus point 23 wll not exist. [0053] It is possible to
conpensat e[0bs2] chaTigesbave deb@ih@dsfod:dssimg@if thdbeam réliealonfthe igput poamtbeitiy as a

result of adjustnent of the attenuato ytlltlng shiftipg of .the
minors 21 Gieresy bc%vveggepﬁe I%fltee%a%wﬁerﬁt THgn B @(ﬂigs %‘%ﬂéﬁ@lnt
expl anat or y, a,gd%‘gmlmgg\%&%ﬁmﬂ@gb@mpnt settings of the mrrors 21 and

22, with the ustments exaggerated so as to enphasise the path | ength
di f ference of the beam passing through the attenuator between the two
adj ust nment

SRR IR TR T R RS G A
+ L3. As apdigftblas MRLR JrhRljishRedt Se@l dRniRd: RabRkillle addShifting of the
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 L, <L; + L, + L;. 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
M2xAv  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



virtual 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 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 arrangenent could be perforned by noving the cathode and anode of a
di scharge source. Such an arrangenent ensures that the virtual focus points

23" and 23" .goingi de kLle shifti the,actual focus point 12..as ,between
Che tvo aciibrfore okt s PO (8 Ladond Eboen oty PR Gmate id®F Heopt ca
axi s OA byfoam@iast ance Av, this will cause a MXxAv shift of the focus point
12, where Mis the magnification of the radiation collector 10, and
shifting of thelf+o§u_s_poi nt 12 along the light path will result in an equal
15 shift of thevvibt—UﬁI focus point. This can be expl ained using the sinple
ideal lens formula: 111 Vb f where: v is the object distance (that is
the source posiwhes) b is the image distance (that is the position of the

focus point 12) . f is the focal distance of the collector nodule (10 in
Figure 3) Wen Wisshapbiegtfistanqedthat jsdhe sqiespositiomy | shift of the source (4v)
can be appli ed, S i AP : i 100y 1 + 1 = 1 which
can be sinpli fi%y}ggéﬂ#ﬁd&&%@gtﬂa&stﬂgﬁé@%ﬁwﬁﬂggﬁggﬁél\&}@z )i sv - f) ~ (v - f)
(whi ch is true fnBrthafosatadistarsdeidftthedaolledtormobdulev(49 iAlmu®2y where Mis the

magni fi cation of the collector . . .
When a small shift (Ab) 1s needed a small shift of the source (Av) can be applied, this

resulting in the following equation:

! + ! = 1 which can be simplified assuming that
v+AY) (b+Ab) f

v+ Av-— )= (v— f) (which is true for a small shift Av)

2
Ab= —(2] 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
effected 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 attenuation 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, and that this reflectivity



vl nmodul e [0054] Figure 6 shows a possible arrangenent for tilting and
shifting of the mnors 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 mnors 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 mnors 21 and 22
relative to the input beam while at the sane tine the mnors 21 and 22 are
shiftable in opposite directions by slith ng of the sliders 25 and 26 al ong
rails 27 and 28 on which the sliders 25 and 26 are nmounted. Myvenent of the
sliders 25 and 26 may be effected by linear notors, and tilting of the

0TS 21 A % ARl PSR of URAEN! A bt PR LORRR 4o v

be appreciate I on erties he” a enu tor epend not
only on t halreadghestiofied aboveence of the beanlmnth the reflecting surfaces of
the mnors, but also on the reflectivity of the reflecting surfaces, and
that this reflectivity 16 can be enhanced by the provision of special

coat i ngs 9@ 056)e rgﬁ'g‘glf%t'}t ﬁ% %ﬁ e r@ﬁectlgff& Qzﬁh’@@%c'nﬂ SHrFARANE: fuhdfnbl

Figure 7 1S a'gra ectivity |ng surface as a
function of thtlehie€ k'ayednglcmyf tha hean ofitht teepdoe tintheintiror ewfeetofitioe attmwnoné.r
surface of .the attenuator for _radiati Qqn of wavel eng i}h 13.5 nm Fo

curves ar efEnEAHALGR © |‘§a‘€ﬁleé‘§H’ 130t MR pord @ hgCUreess 3tf S P‘fVPeP’énEhl%(%%H gs
nanely (i >c&r&ﬂgafq€?g’>% fo%?QYY‘Per@ﬁ Qo V% qgﬂlels»g(r)o &%egmemwgsa%oﬁd gh g e .

| ayer coating a curve 'ine) correspondi
first mnultcdresspondingtto rxgslnglel la)yela ccatmge (BR a( mm1aéshawdoast ecbrbkcma)me)

correspondi n l| ayer coati.ng, and a curve own as
= ot - dasneotfbsngyied s Bashi =i Coofibg Uopare RN ALl heBa: it SRt figPent
coatings cahrdifo ﬁﬂ?ﬁ’é P8l sdc@nd hBtitaér! &ﬁﬁﬁ%"&n& W ?]accaﬁvedﬂoeﬁslwﬁgs Qnyot-agswopt i cal
llayout of the illunination system and hus the required radiation
i ntensity pnefdomsspeidingetoza thendumlbilayouceaiingh differant coaiigs cas ds applied to

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
top 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.



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 transm ssion for the whole attenuator. At an angle of 25 degrees
each of the mnors has a typical reflectivity of 10% so the whole
attenuator has an overall transm ssion of 1% (10% x 10%, which neans that
the total transm ssion range of such an attenuator extends from 92% (at 5
degrees) to 1% (at 25 degrees). [00571 k% wll be appreciated that a w de

range of different coatings may be used, including graded multilayer

coati ngs and random sed nultilayer coatings as described in Appl i ed Optics,
Vol . J 1 L e
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between 12 nm.and 30 nm 17 [00581 In the case of the exanws for. which the
curves of MWilayerrcagtipgs puEsPORtBE IR Ehe c1trﬁ@9 %3 At é3laé§‘/é‘|15°c §irgultilayer
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mul til ayer 4pcoatings having bilayer thicknesses of 17 nm (for 32) and 13 m
(for 33). The bilayer thickness is the thickness of one Mo and one Si |ayer
together. For the multilayer coati ngs produci ng the curves 32 and 33 the

number of lf Olsg1 ers , Snurrn SeP ecft > aI}/tS of a'he abgve described embodiments can be
contemplated within the scope of the invention. For example, the lithographic apparatus
described includes a reflective reticle and a projection system including reflective
elements, 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.



[ 00591 A nunber of variants of the above described enbodi nents can be
contenplated within the scope of the invention. For exanple, the

| it hographi c apparatus described includes a reflective reticle and a
projection systemincluding reflective elenents, but a transm ssive reticle
and/or elenents in the projection systemmy also be used. Furthernore, the

appar at us has been described for use with EUV radiation but it wll be
appreci ated that radiation of other wavgi engths may al so be used. 18 CLAI Ms:
1. A lithographic apparatus conprising: an illum nation systemfor providing

a projection beam of radiation; a support structure to support patterning
structure,%lﬂqé),atterni ng structure constructed and arranged to inpart a
pattern to € projection beam a substrate table for holding a substrate;
and a projection systemfor projecting the patterned beamonto a target
portion of the substrate; a variable attenuator formng a part of the
i 1l um nati dn syétlshegraphie apiarates egnprising substantial ly parallel reflective
surfaces positign such that input  beam of radiation.is. incident on a
Firstof Lhe reft SopnoaoRendlr piPitine pFRi%on b8 Bt iR uar as a second
of the reflectiyauppsrt agastuly wWusport Pettéramigadtn@urts sdi@f patetiel suanrduce
an out put beam of radiation of required intensity, and an actuator to tilt
t he refl ecensueind prdazanggd ko It 3 pratereto) the projestion PpdBes  remai n
substantially pgg@khg mte] %ﬂqwﬁﬂgégg&mag . @0y angl e of incidence of the input
beam on the first reflective surface and an angl e of incidence of the
refl ected beam gprdjditionsestandor @bjeeting e patteinad Bedi enwhaaget pswioasftie vary
the intensity of the output beam while substantially nmaintaining a position
of the out Psirféam 2. An apparatus as clainmed in claim1, wherein the
reflective surf LE1OF j e | ch.that the
radiation is i n%iggzar??é %ﬁentg %@} Irodé1 ?‘Irﬁg% Pz@é@fﬂlgﬁl&ﬁnﬁﬁ& éﬁ%ﬁ aﬁm&%ﬁk

two substantially parallel reflective surfaces positioned 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

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.



surfaces at angles of between approximtely 20 and 60 degrees. 3. An
apparatus as clained in claim1, 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 clainmed in claiml1, wherein the reflective surfaces are
positioned relative to the i nput beam such that the radiation is focussed at
a point between the reflective surfaceg 19 5. An apparatus as clainmed in
claim1l1, wherein the reflective surfaces are positioned relative to the

i nput beam such that the radiation is focussed at a point beyond the second
reflective surface. 6. An apparatus as clainmed in claim1l, wherein the
reflective surfaces are positioned relative to the input beam such that the
radi ati on §s foAussgehratts aspohiniedoéd ald@m tihewhdreint theekéfbetivy esusfacdsaare. 7. An
apparatus as.c¢claimed in claiml, wherein the reflective surfaces conprise
singl e | ayRsieustislabive dp theABRIE i hegmy sishy thak fheatadiafionyis fgcusaed ahgapoibiys as
claimed in oﬁh@ﬁésecweﬁk&im@%@é' ective surfaces conprise multi-Ilayer
coatings for enhancing their reflectivity. 9. An apparatus as clainmed in
claim1l1, wherein the reflective surfaces conprise random sed multilayer
coatings conprising a stack of.  bi]ayers with the thickness of the bilayers
varyi ng - afdont SNodenardtis 8 nfleiehk &t lairhd, SYBERIn 5, T cama%ua&ga%s &k

clai med i np&digd ol YelattielothirdpiEbéind !s’tﬁi‘hQBat!tﬁe ﬁﬁ{ﬁi%g??fc;cﬁss_%&'a{ 5 pbiAbefore
reflective surfaces In opposite senses while the reflective sBrfaces are
tilted so #s first refledtive aurfacehe out put beamin substantially the sane position
for different attenuation settings. 11. An apparatus as clained in claiml,
wherein the radiation has a wavel ength of between about 5 nun and about 20

nm 7. An apparatus as claimed in claim 1, wherein the reflective surfaces comprise

single layer coatings for enhancing their reflectivity.

8. An apparatus as claimed in claim 1, wherein the reflective surfaces comprise

multi-layer coatings for enhancing their reflectivity.

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



12. An apparatus as clainmed in claim11, wherein the illum nation 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 maintain a virtual focus point at 20 which the radiation is
focussed in substantially the sane position for different attenuation
settings. 13. A device manufacturing nmethod conprising: varying an intensity
of a projection beamof radiation to beypatterned and projected onto a
substrate having a radiation sensitive surface by: positioning two
substantially parallel reflective surfaces such that an input beam of

radi ation |$:kngl dent fd f. t : IV rfac . it is
reflected %‘@%/\C/Igr gde gmslaetgdgln of?&t%%%&)rnéf eét[aﬁtfllielﬁlgtt}l} g?%@g %@ﬁt\?\%} ?ﬁr }[’&Eig&ﬁr&g{di ation
i s refl ect atbnubtborpgettiligse an out put beam of radi ation of required intensity,
and tilting the reflective surfaces such that the reflective surfaces remain
substantially parallel to one another and the angles of incidence of the

radi ation ¢ thgdeklﬁ:%ln%lﬁ'lifééﬁl rhahss sq.gga nged so as to vary the
intensity o?' t he out put beam wi | e sﬁﬁé}?‘ént ‘ally maintaining a position of
t he out put beanvarithg #n netehsity af acp@iartion iteaml af mdidjomikebei pattehreedr &fd ecti ve

surfaces are.posjtione relative to. the i nput beam.such that the radi ation
i s inci denProdtadante éf'iﬂ@&afe\}@vg’@rafr&&égo%femg‘r‘@IS aG§Yappr oxi matel y 20 and 60

degrees. 15. A net _hoﬂosf‘iﬁoxﬁh it\%dsdb@taﬁt'izﬁiy”bér%llelm?l'é@ﬁ% theackefshefihat@an
surfaces are positioned relative to the input beam such that the radiation

i s inci deninpuhbedwe of eddiatian iscincidentaenes fast ofathglrefiectifve gnefa¢asdyi whicahie up to

30 degrees. 6. A nethod as clajned.in claj.m 13, rein the reflective
U f aces aleRsd TBHES SRR thERetsBresigta o el B Redinfie BT ot i on
i s focusseg gibdacediduipud 8BENE @R rddiionof b asred URerssityf agles. 17. A nethod as
clainmed in claim13, wherein the reflective surfaces are positioned
tilting the reflective surfaces such that the reflective surfaces remain
substantially parallel to one another and the angles of incidence of the radiation on the
reflective surfaces are changed so as to vary the intensity of the output beam while

substantially maintaining a position of the output beam.

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.



relative to the input beam such that the radiation is focussed at a point
beyond the second reflective surface. 21 18. A nethod as clained 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. 19. A nmethod as clainmed in claim13, wherein the
reflective surfaces are shifted in opposite senses at the sane tine as the
reflective surfaces are tilted so as toppaintain the output beamin
substantially the same position for different attenuation settings. 20. A
method as clainmed in claim13, wherein the radiation has a wavel ength

bet ween abeyt 5,088 s 2RAHL gxocléiﬂ{‘w,?v;he én'Th RO éﬁ‘r@!cé?%e ?Bsi%ﬁ‘éd“ 13,
further conprising: Trecelving radiati’on fYom a soufce of radi tion;
shifting arghabietto ahe dfput heans eushcthatthetrbdiati@f Iscfotuseed sts pame beforetHei firked so
as to mamintain a virtual focus point at which the radiation is focussed in
subst ant i afaflgctiViesuri@gére position for different attenuation settings. 22. A
vari abl e attenuator conprising: two substantially parallel reflective
surfaces positioned such that an i nput beam of radiation is incident on a
first of the refl methodas siaithed &sclaym W) wherein ths refddckiee sedacet avashifiedirsecond

of the reflective surfaces by.which the radiation is.reflected to .produce
an out put BT E PETRER RIS GO éaﬂxe gllectixg Stidacey aredilipdsA 2549 BAIERR e ¢ | ¢

the reflechhyft sudhf iﬁ%lﬁﬁstérﬁféﬁlyttﬁ@éarﬁé}%sftf%‘il'f&c&imf‘en? Méfnﬁﬁt?&l SRS

substantially parallel to oneg another and an angl e of 1ncidence of the input
beamon the first reflective surface and an angle of incidence of the

reflected am qn the secopd efl ecti surface are.changed so as tqQ vary
The i nt onsfiy o piedhadu i oPthed i b | s tetelh e A oat fAGIIEbor £} on
of the out BiiyeBeaBut 5 nm and about 20 nm.

21. A method as claimed in claim 13, further comprising:

receiving radiation from a source of radiation;

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.

22. A variable attenuator comprising:

two substantially parallel reflective surfaces positioned 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

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.





