P-1737.010 1 Lithographi c Apparatus and Devi ce Manufacturing Method The
present invention relates to a |ithographic apparatus and a device

manuf acturing method. 5 A lithographic apparatus is a machine that applies
a desired pattern onto a target portion of a substrate. Lithographic
apparatpswﬁzgyge used, for exanple, in the manufacture of integrated

circuits flat panel di spl ays and ot her devices involving fine
structures. In a conventional |ithographic apparatus, a patterning neans,
which is alternatively referred to as a mask or a reticle, my be used to
generate a circuit pattern corresponding to an individual |ayer of the IC
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20 Presently used arrays of individually controllable elements include the following:

- A programmable mirror array. This may comprise a matrix-addressable surface having a
viscoelastic control layer and a reflective surface. The basic principle behind such an apparatus
is that (for example) addressed areas of the reflective surface reflect incident light as diffracted
light, whereas unaddressed areas reflect incident light as undiffracted light. Using an appropriate

25  spatial filter, the said undiffracted light can be filtered out of the reflected beam, leaving only the
diffracted light to reach the substrate; in this manner, the beam becomes patterned according to
the addressing pattern of the matrix-addressable surface. It will be appreciated that, as an
alternative, the filter may filter out the diffracted light, leaving the undiffracted light to reach the
substrate. An array of diffractive optical MEMS devices can also be used in a corresponding

30  manner. Each diffractive optical MEMS device is comprised of a plurality of reflective ribbons

that can be deformed relative to one another to form a grating that reflects incident light as



diffracted light. A further alternative enbodi ment of a progranmable mrror
array enploys a matrix arrangenent of tiny mrrors, each of which can be
individually tilted about an axis by applying a suitable |ocalized
electric field, or by enploying piezoelectric actuation neans. Once again,
the mrporg731@ nMatri x-addressabl e, such that addressed mirrors wll
reflect an incomng 5 radiation beamin a different direction to
unaddressed mrrors; in this manner, the reflected beam is patterned

accor di a ] The
wCo0r O QG N ONERS ARkl PSS Bl SIRPLE AT,

neans. hmtridosrmangtmehisofSinyunairions) sachdeforhicbedh teindiviinatly tiltbé aamtaﬂ agils by
|nd|V|duaIIy contraol |l abl.e el enents can conpri se one or nore programmbl e
mirror APRIME a spiable tqs‘fﬁtsrfrﬁleﬁlr%c E?Jdrﬁrrbytﬁmrdwag piegaelpeirie agtuption meanso Qnge be

5, 595, 169 AEmEATR. Fapc RIS SycH Fh g0 raR s s SspBaings cn

are § nceddontbeamhe thhﬁﬂerEth diRt8SILRCMaddressd PiABFs2 TR Barkdel) tBE fefﬂsécted\ﬁemn
exanmpl e of such a construction is given in United States Patent

5, 229, 8Epattaimied Iacqogdmgct@ﬂp@ddteeﬂngtmtmc)ﬁtyxe meftex-addressaliemierors. oTtwl reqharﬂdces
used as arra i ndi vi du control el enent s, i bed . 15
above, ’a@r?%trstcat)ﬁ Hﬁﬁﬁtﬂﬁe&tﬁ% S&Hﬂﬁee I BBl ﬁﬁwg] e QUFiGAS 1 e ¢
manuf ac

Fur t her Pr%%"*e"“@“r hRE08 6 arth ol fltvid AN cERTMbfe lendrie LR t 5P 3he py more

cont r ol pedgranmbtdeentrer dnayish Mork idfbeasea dnheirdr hfrhysdstherd reforsedubaai be i ng t he
deV|ces nd therefore further reduces the nmanufacturin is an

o] LB afeaRoge Mg caumnie, FATIRISHHSIHGS RGN B RASG AT LAt R ses2ar oy st PCT
I ndi V' dgmeﬁt Kggﬁ@aéﬁ)ﬂ?&ﬁ@ |9§/%%%§f7 %mb?’%g@é %? h zﬂe ﬂc%ﬁa%%tg@ Hér(élrm\yorjgﬁagéncgn

appar at I'ng to an asp Avent

l'i t hogr aphi g @pgamadbte L@Drﬁarays IAMGExampRIbAf] shbluﬁrbmtm@ttmﬁts%t@m ih Afited States
conditions a gro ection beam of radiation;, - an array of individually

cont r ol PanidU2 P28 H73, \gblrcbulwgcmoquahetem hér?f?@}'leﬁ:t ion beamwith a 25
pattern in j at.e rts

Dibstrate. GhavSHERg g R =5 oled RapiPep  Rofioh Al FARREY A0R68084 onc o
a t ps gehbdR! Ark ANTiehlt i Ramubshrfeaing; con\e&Ereﬁﬂyn tﬁ@ﬁ@d@ffor&ﬁeﬁ maﬂdfauu@tugl ly
controll able el enents conprises a stac three dielectric layers, at

| east t heocedseiiire lome This resultd in sgmasedomistsg Fusherewreg freducsty the petehsiec eh swchr o

I wh | f I d
ol enant Sy Sharbdulhy erie BealRtsbiierigees wedeale s Aan e tnbre | s
a great gLyidisfah@tRp&mdrd Mrth&f redtdel ¥R hdRXth Mg 08,

It is an object of the present invention to provide an alternative array of individually

20  controllable elements for use in lithographic projection apparatus.
According to an aspect of the invention, there is provided a lithographic apparatus
comprising:
- an illumination system that conditions a projection beam of radiation;
- an array of individually controllable elements serving to impart the projection beam with a
25  pattern in its cross-section;
- a substrate table that supports a substrate; and
- a projection system that projects the patterned beam onto a target portion of the substrate;
wherein each of said individually controllable elements comprises a stack of three
dielectric layers, at least the middle one of said layers being formed of a solid state electro-
30  optical material, whereby on application of a control signal said element may be selectively

changed between a first state in which there is a greater difference in refractive index for one



P-1737.010 3 polarization state between the mddle one of said three
dielectric layers and the other two |layers, and a second state in which
there is a smaller difference in the refractive index for said one

pol ari zati on state such that the proportions of the radiation that is
transm pted7aid reflected, respectively, at the boundary of the

el ectro-optical material layer with at | east one adjacent layer 5 is
different in said two states. Consequently, each elenment of the array of
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extraordi nary axes are nutually perpendi cul ar. 30 all ows

t r ansm ssineafuaeél cfdhe wevaldratiaof the irstiatoonafsedach i ndi vidually control |l abl e
el e%ant to bSreferably, alternate layers of the stack are formed from the material with a fixed
refractive index and the remainder are formed from an electro-optical material. The layers of
electro-optical material may be arranged such that their respective extraordinary axes are
substantially mutually parallel. Therefore, when these layers are set to have a refractive index
that is relatively close to that of the fixed refractive index layers, the individually controllable
25  element is relatively transmissive but, when the refractive index of the electro-optical layers is set
to a different level than that of the fixed refractive index layers, the individually controllable
element is more reflective than if a stack with a single layer of electro-optical material is used.
Alternatively, the layers of electro-optical material may be arranged such that alternate
layers are arranged such that their respective extraordinary axes are mutually perpendicular. This
30  allows the transmissive/reflective characteristic of each individually controllable element to be

independently controlled for radiation which is plane polarized in two orthogonal directions.



i ndependently controlled for radiation which is plane polarized in two
orthogonal directions. P-1737.010 4 Consequently, it is possible to provide
si mul t aneous patterning of a beam of radiation for dual dipole

illum nation, for exanple, effectively separately illum nating orthogonally
orienteg_1/oahyres of the pattern to beyset on the array of individually
controll able el enents. Layers of electro-optical material within a stack
that have nutually parallel respective 5 extraordi nary axes can be set
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20 According to a further aspect of the invention, there is provided an array of individually
controllable elements, configured to impart a beam of radiation with a pattern in its cross-section,
wherein each of said individually controllable elements comprises a stack of three dielectric
layers, at least the middle one of said layers being formed of a solid state electro-optical matenal,
whereby on application of a control signal said element may be selectively changed between a

25  first state in which there is a greater difference in refractive index for one polarization state
between the middle one of said three dielectric layers and the other two layers, and a second state
in which there is a smaller difference in the refractive index for said one polarization state such
that the proportions of the radiation that is transmitted and reflected, respectively, at the
boundary of the electro-optical material layer with at least one adjacent layer is different in said

30  two states.

According to a further aspect of the invention, there is provided a device manufacturing



30 two states. According to a further aspect of the invention, there is
provi ded a device manufacturing P-1737.010 5 nmethod conprising: - providing
a substrate; - conditioning a projection beamof radiation using an

illum nation system - using an array of individually controllable el enents
to inpa t_]g%?ﬁléaroj ection beamwith a 5_5pattern in its cross-section; and -

projectin patterned beam of radiation onto a target portion of the
substrate, wherein each of said individually controllable el enents

conpri ses adstack.of_three dielectric layers, at |least the m ddl e one of
sai d | afEOASOMPLISHE: ned of a solid state el ectro- optical material,
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whi ch the pahd g ‘QRaf BEInBIVIEANY tohitsliablei@hénts” as here employed should be broadly
interpreted as referring to any means that can be used to endow an incoming radiation beam with
a patterned cross-section, so that a desired pattern can be created in a target portion of the
substrate; the terms “light valve” and “Spatial Light Modulator” (SLM) are also used in this
20 context.

It should be appreciated that where pre-biasing of features, optical proximity correction
features, phase variation techniques and multiple exposure techniques are used, for example, the
pattern “displayed” on the array of individually controllable elements may differ substantially
from the pattern eventually transferred to a layer of or on the substrate. Similarly, the pattern

25  eventually generated on the substrate may not correspond to the pattern formed at any one instant
on the array of individually controllable elements. This may be the case in an arrangement in
which the eventual pattern formed on each part of the substrate is built up over a given period of
time or a given number of exposures during which the pattern on the array of individually
controllable elements and/or the relative position of the substrate changes.

30 Although specific reference may be made in this text to the use of lithographic apparatus in
the manufacture of ICs, it should be understood that the lithographic apparatus described herein



controll able elenments and/or the relative position of the substrate

changes. 30 Although specific reference nay be made in this text to the use

of lithographic apparatus in the nmanufacture of I1Cs, it should be

understood that the |ithographi c apparatus described herein P-1737.010 6
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being used, or for other factors such as the use of an immersion fluid or the use of a vacuum. Any

20 use of the term “lens” herein may be considered as synonymous with the more general term
“projection system”.

The illumination system may also encompass various types of optical components,
including refractive, reflective, and catadioptric optical components for directing, shaping, or
controlling the projection beam of radiation, and such components may also be referred to below,

25  collectively or singularly, as a “lens”.

The lithographic apparatus may be of a type having two (dual stage) or more substrate
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.

30 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



preparatory steps nmay be carried out on one or nore tables while one or
nore other tables are being used for exposure. 30 The |ithographic
apparatus may al so be of a type wherein the substrate is inmersed in a
liquid having a relatively high refractive index, e.g. water, so as to fill
a spacepbetywggp the final P-1737.010 7 gl ement of the projection system and
the substrate. Imersion |iquids may al so be applied to other spaces in
the |ithographic apparatus, for exanple, between the array of individually
control : S ' : | ' :
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variant.of the element shown in Fiqure 2; and - Figure 5 depicts an
arrangefPéih“taEef‘iﬂrreEi%‘? gapaﬁ'isoﬂldafﬁ'r%&é patterni ng means according to the
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Figure 1 schematically depicts a l'ithographi ¢ projection apparatus

accor di ng t Bigargpadé¢picts ha eleerdadthateantbeafsed toeform\agmd gramm ableepatigpan @idans
conprises: - an illumnation system (illumnator) IL for providing a

pr of @ct AEF9THERIA PEPESCRIABYSIPBN 20 (e.g. W radiation); - an array of
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for applying a pa he projec in’'general the position of

the array oFigufel dépictallfiyrthes oatidmlolf #id cterpér RBOWS inFilgrelds ahil xed rel ative to
item PL; however it may instead be connected to a positioning neans for
accur at el y Paesra} deniets an arrppgement S aising aprogragmaple pageming mogsaceardingdp| e

(e.g. a,wafer table) W for supporting a substrate (e.g. a resist-coated
waf er) W“péﬁ n%‘BHﬂﬁ%OPéHatl@h%@%ﬁ%rmeﬁ 0 %ﬁNf or accurately positioning
t heyjsubstrate with

EMBODIMENTS

Figure 1 schematically depicts a lithographic projection apparatus according to a particular

embodiment of the invention. The apparatus comprises:
- an illumination system (illuminator) IL for providing a projection beam PB of radiation

20  (e.g. UV radiation);

- an array of individually controllable elements PPM (e.g. a programmable mirror array) for
applying a pattern to the projection beam; in general the position of the array of individually
controllable elements will be fixed relative to item PL; however it may instead be connected to a
positioning means for accurately positioning it with respect to item PL;

25 - a substrate table (e.g. a wafer table) WT for supporting a substrate (e.g. a resist-coated
wafer) W, and connected to positioning means PW for accurately positioning the substrate with
respect to item PL; and
- a projection system (“lens’) PL for imaging a pattern imparted to the projection beam PB
by the array of individually controllable elements PPM onto a target portion C (e.g. comprising

30 one or more dies) of the substrate W; the projection system may image the array of individually

controllable elements onto the substrate; alternatively, the projection system may image



respect to itemPL; and - a projection system("lens") PL for imaging a
pattern inparted to the projection beam PB by the array of individually
controll able el enents PPMonto a target portion C (e.g. conprising 30 one
or nore dies) of the substrate W the projection systemnmay inmge the array
of indiyigdyalg;y controllable elenents 3nt 0 the substrate; alternatively,

the projection systemmay i mage P-1737.010 8 secondary sources for which
the elenments of the array of individually controllable elenments act as
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of individually controll able elenents PPM the beam PB 25 passes through

t he profietibugan of thedgam Gengraldy, at lsastshesouterangéon e rastial exient rogerodyrti on C

of referred to as o-outer and o-inner, respectively) of the intensity distribution in a pupil plane of
the illuminator can be adjusted. In addition, the illuminator IL generally comprises various other

20  components, such as an integrator IN and a condenser CO. The illuminator provides a
conditioned beam of radiation, referred to as the projection beam PB, having a desired uniformity
and intensity distribution in its cross-section.

The beam PB subsequently intercepts the array of individually controllable elements PPM.

Having been reflected by the array of individually controllable elements PPM, the beam PB

25  passes through the projection system PL, which focuses the beam PB onto a target portion C of
the substrate W. With the aid of the positioning means PW (and interferometric measuring
means IF), the substrate table WT can be moved accurately, e.g. so as to position different target
portions C in the path of the beam PB. Where used, the positioning means for the array of
individually controllable elements can be used to accurately correct the position of the array of

30 individually controllable elements PPM with respect to the path of the beam PB, e.g. during a

scan. In general, movement of the object table WT is realized with the aid of a long-stroke



the substrate W Wth the aid of the positioning neans PW (and
interferonetric nmeasuring neans |F), the substrate table WI can be noved
accurately, e.g. so as to position different target portions Cin the path
of the beam PB. Were used, the positioning nmeans for the array of

i ndi vi dpaj73y oggntrol | abl e el ements can lge used to accurately correct the
position of the array of 30 individually controllable elenments PPMw th
respect to the path of the beam PB, e.g. during a scan. In general,
novemneniy t | I hiS- | ' ' : - stroke
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Al t hough the |i1thography apparatus according to the invention is hérein
descri bpvakdbyatngsysfem forspamingthe sulestatetacss i as albslistaitially consednt belbeity.

appr eci at ed at the invention is not limted to this, use and the )
appi¥ at us néﬁfggugktga lighe J‘féEEaT%t“ﬁé‘ECPEiL%H) £ gpvartionis hseanfessribedas being
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el ement asd andahé¢ spparatediby be paidtte Hrojé@ atpagernpd piogtivn bede d68 usehin eddist1Sss
projected onto a target portion Cin one go (1.e. a single static
exposur HihogrepBY.substrate table WI is then shifted in the X and/or Y

direction sg,. that a,different ., target.portion.C can be exposed. In step
mode, the mi fStE JePaLior i be R GUF P IIRE: (ne  size of the target

ports0on1C i SRESbdeNthR abriah BF dPididls BK RSBl Celerdbnts imPafy an QiEiPe ga_tttym f/thay of
individually controllable elements is novable in a given direction (the
so- cal | prpjection heatn,rehich rprojceted ontdvetaxget portion iChimongigol(i.e asyteglelstatic so t hat

e P OLeckb oD e LR Soed Bt bl Pidloshee B e
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si ze of sizéef the porgetrpertion C imaged in a single static exposure. ’
20 2. Scan mode: the array of individually controllable elements is movable in a given direction
(the so-called “scan direction”, e.g. the Y direction) with a speed v, so that the projection beam
PB is caused to scan over the array of individually controtlable elements; concurrently, the
substrate table WT is simultaneously moved in the same or opposite direction at a speed V = My,
in which M is the magnification of the lens PL. In scan mode, the maximum size of the exposure
25  field limits the width (in the non-scanning direction) of the target portion in a single dynamic
exposure, whereas the length of the scanning motion determines the height (in the scanning
direction) of the target portion.
3. Puise mode: the array of individually controllable elements is kept essentially stationary
and the entire pattern is projected onto a target portion C of the substrate using a pulsed radiation
30  source. The substrate table WT is moved with an essentially constant speed such that the

projection beam PB is caused to scan a line across the substrate W. The pattern on the array of



25 field [imts the wwdth (in the non-scanning direction) of the target
portion in a single dynam c exposure, whereas the length of the scanning
notion determ nes the height (in the scanning direction) of the target
portion. 3. Pulse node: the array of individually controllable elenments is
kept esperdzaliby stationary and the enihre pattern is projected onto a
target portion C of the substrate using a pul sed radiation 30 source. The
substrate table WI is noved with an essentially constant speed such that

t he projfiitidedllyaRaroiblé slefrbSasudtaiCa fequited botvwdeh Qussel BEthe WREAGH §stédh The
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refractive 1 ndex of layers 2,3, en th ment wll be largely

t r ah$ paThotayeisf2,3 howahesamd mﬁactdxfermd&x VEhe aletdvo-aftichhmatetialdtas cheopbpartyt that

material 1 js different 20 fromthat of the |ayers 2,3 then radiatio WI||
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i ndi vi dyptiday naeeral RiytrabisehebanenttBe rdfetiveiidat bOayers 2f3, &mheﬁb élempnttwid] be

boundar Y between the el ectro-optical material layer 1 and the first of the
fi xed largelytransparent. If, however, the refractive index of the electro-optical material 1 is different
20  from that of the layers 2,3 then radiation will be reflected at the boundaries between the layers.
By selecting the thickness of the layers to be one-quarter of the wavelength of the radiation that
will be incident on the elements of the array of individually controllable elements, the radiation
reflected from the boundary between the electro-optical material layer 1 and the first of the fixed
refractive index layers 2 will constructively interfere with the radiation reflected from the
25  boundary between the electro-optical material layer 1 and the second layer 3 of fixed refractive
index material.

Therefore, by applying a voltage to the electro-optical matenial layer 1, the element of the
array of individually controllable elements can be switched between a state in which all three
layers have similar refractive indices and the element is largely transmissive and a state in which

30  the middle layer of the stack, namely the electro-optical material layer 1, has a different refractive

index (for radiation which is plane polarized in a given direction) than the adjacent layers and the



refractive index layers 2 will constructively interfere with the radiation
reflected fromthe 25 boundary between the el ectro-optical material |ayer 1
and the second layer 3 of fixed refractive index material. Therefore, by
applying a voltage to the electro-optical material |ayer 1, the el enent of
the arpay46fy pndi vidual Iy control | abl e gl ements can be switched between a
state in which all three layers have simlar refractive indices and the
elenent is largely transm ssive and a state in which 30 the m'ddle | ayer of
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is to be transm ssive t en the substrate will need to be sel ected to be
transmi ssi veFanghpportyihe stableofilayers sdiglectricanatorid miyehe aitaghedstolacubsteate 4f  t he
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reflect by, of fi8Ridualtl SoftPeiBBld démdrfls 815 BE ErahdiibsiV@tieR tHORbSRAL Wit need to be
20  selected to be transmissive and it will be necessary to ensure that any reflection of the radiation at
the boundary between the stack and the substrate is minimized. If the array of individually
controllable elements is to be reflective, then it is essential to ensure that radiation that is
transmitted through the stack is not reflected. This may be achieved by selecting a substrate
which is transmissive, as before, and directing the radiation transmitted through the substrate out
25  of the system or by selecting a substrate that absorbs the radiation.

The electro-optical material layer 1 may be selected such that when no voltage is applied it
has substantially the same refractive index as the fixed refractive index layers 2,3. Alternatively,
the electro-optical material layer 1 may be selected to have a different refractive index to the
fixed refractive index layers 2,3 when no voltage is applied. Therefore the individually

30  controllable element can be either biased to be transmissive or biased to be reflective,

respectively.



transmtted through the stack is not reflected. This may be achi eved by
selecting a substrate which is transm ssive, as before, and directing the
radiation transmtted through the substrate out 25 of the system or by

sel ecti ng a substrate that absorbs the radiation. The el ectro-optical

mat eri alp P1 may be selected such that when no voltage is applied it

has substantla ly the sane refractive |ndex as the fixed refractive index
layers 2,3. Alternatively, the electro-optical material Iayer 1 maybe
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cool i ng
Curie temperature of the material used. These are generally lower than ambient temperatures.

20  KDP, for example, has a Curie temperature of 123K and ADP of 148K. Therefore a temperature
controlled cooling unit may be provided.

In order to provide the control voltage to the electro-optical material layer 1, transparent
electrodes 5, 6 are provided between the electro-optical material layer 1 and the fixed refractive
index layers 2,3. Provided these are sufficiently thin, these will not affect the

25  transmission/reflection characteristics of the boundaries between the electro-optical material
layer 1 and the fixed refractive index layers 2,3. Alternatively, the electrodes may be applied to
the edges of electro-optical material layer, namely faces that are not in contact with the fixed
refractive index layers. However, in this case the driving potentials would need to be higher.

In order to improve the reflectivity of the stack, additional layers may be added as shown in

30 figure 3. As shown, there are three layers 11, 12, 13 of electro-optical material, alternating with
layers 14, 15, 16, 17 of material with fixed refractive index. As before, the stack is attached to a



In order to provide the control voltage to the electro-optical materi al
| ayer 1, transparent electrodes 5, 6 are provided between the
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shi f t edphdd&hifling mask as described below.

20 Radiation passing through a layer of electro-optical material has its phase shifted. The
magnitude of the phase shift is dependant on the voltage that is applied to the electro-optical
material layer. Consequently, by providing an individually controllable element with a plurality
of electro-optical material layers, it is possible to control not only the total
reflection/transmission of the radiation incident on the element {to produce gray-scales) but also

25  to control the total phase shift of the radiation. Therefore it is possible to create a phase
difference between radiation propagating from adjacent individually controllable elements, for
example, even if the intensity of the radiation is the same. Consequently, these elements can be
used to form an array of individually controllable elements that not only generate gray-scales but
also is a phase-shifting patterning array.

30 Each layer of electro-optical material can only control the reflection/transmission

characteristic of radiation that is plane polarized in a given direction. Further, by selecting the
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In a lithographic projection apparatus, this neans that different patterns
can be mslintioadhatds plangipelatizad infwe orthoginahdirgstipas, ialewingrsimubiansouhédupd daiole
T gt AR in S WHidis S Ta S GO US Tl o PO & m with plane polarized light permits
enthanced imaging of features that are elongate in a particular direction. Illumination with
polarized radiation has previously been used to illuminate such elongate features but has, for
cxample, required the use of two separate exposures, each with radiation plane polarized in
orthogonal directions to separately image the features that are oriented in orthogonal directions.
25  Using elements as shown in Figure 4, it is possible to provide the same effect using a single
exposure. For example, the radiation system may have a secondary source plane and be adapted
to generate a projection beam with four poles in the secondary source plane. The four poles can
be arranged in two pairs such that a line between the centers of the first pair of poles is
orthogonal to a line between the centers of the second pair of poles and the lines intersect at the
30  optical axis of the radiation system. Furthermore, the system can be arranged such that the

radiation of the first pair of poles is plane polarized in one direction and the radiation of the



20 illum nation. This is advantageous since imaging a pattern with plane

polarized light permits enhanced i nmagi ng of features that are elongate in a

particular direction. Illumnation with polarized radiation has previously

been used to iIIurri nate such el ongate features but has, for exanple,

requi reg.dlt ge of two separate exposujgs, each with radiation plane
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mat er i akxRAYGhSyAXEPHAFEhAbILT th Bﬁé hAnother and each pair of layers controlled Jomtly but
20 independently of the other pairs of electro-optical material layers.
Figure 5 shows an example of the arrangement of components for using an array of
individually controllable elements as described above in a lithographic apparatus. Radiation
from the illumination system 60 is polarized by a polarizor 61 (so that it is plane polarized in a
given direction) and projected onto a beam splitter 63 by way of control optics 62. The beam is
25  reflected by the beam splitter 63 and projected onto the array of individually controllable
elements 65 by way of further control optics 64. The beam of radiation is patterned and reflected
by the array of individually controllable elements 65 whereupon it is projected through the
control optics 64 and transmitted through the beam splitter 63. The patterned beam subsequently
passes through a rotational polarizor 66 such as a 1/4 lambda plate before being projected onto
30 the substrate 68 by projection system 67. The 1/4 lambda may be omitted and, in particular, it

should be omitted if dual dipole illumination is being used. Furthermore, the polarizor 61 can be



extraordi nary axes perpendicular to one another and each pair of |ayers

controlled jointly but 20 independently of the other pairs of

el ectro-optical material |ayers. Figure 5 shows an exanple of the
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i Nndil®i duppresiaedthiat did inbértioalneayebd ractived othetwise thaa ak desepibodtBe dakdription is
polarized light. Simlarly, where dual dipole illumnation is being used

t he st afgeptended t© limid the ighendionz i ng) beam splitter 63 can be retained but
the polarizor 61 nust be split up to provide radiation for each dipole
direction with its own polarization direction. Wile specific enbodi nents
of the invention have been described above, it will be 10 appreciated that
the invention nay be practiced otherwi se than as descri bed. The description
is not intended to limt the invention. P-1737.010 17 CLAIMS 1. A

| i t hographi c apparatus conprising: - an illum nation systemthat conditions
a projection beamof radiation; - an array of individually controllable

el ements serving to inpart the projection beamwith a patterninits
Cross-section;



5 - a substrate table that supports a substrate; and - a projection system
that projects the patterned beamonto a target portion of the substrate;
wherein each of said individually controll able el enents conprises a stack
of three dielectric layers, at |east the mddle one of said |ayers being

f or med 2;P§V§§bld state el ectro- optlcah material, whereby on application

of a cont I'gnal said el enent may be %electlvely 10 changed between a
first state in which there is a greater difference in refractive index for
one po%i on state between the mddle one of said three dielectric

| ayers other two layers, and a second state in which there is a
smal ler difference in the refractive index for said one polarization state
such that the proportions of the radiation that is transmtted and
reflectéd relthegtaphielapparatus tovephisingidary of the el ectro-optical materi al

| ayer with at | east one adjacent |ayer 15 js different in said two states.
2. Ali rhog?‘&ﬂmr’é‘nﬁtﬂ%} %’é?%‘ﬁ‘%@é‘ﬁﬁ&‘ﬂﬁ@?&ﬂ%%lhﬁ@mﬁf rediglign; 1, wherein said
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mat er i alpal,\t‘é”jﬂlirebycrlo§§sd’cﬁ6ﬁact I ve index, for one polarization state, can 20
be changed by applying a control S|gnal to said second | ayer of
el ec®r o-opt Asubstiate table shat S@p@ﬂslalsuhﬁgﬂ%@hdc proj ecti on apparatus according
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el ectro-optical material, for 257a given respective polarization state can
be changmdbchw lapqrb,yat ﬁa;strths peddle vee obsuid hiyersibgimglfsmteal ofsadotidIstyeelsctrod. A

I |thograph| rb'lictlon apparatus according.to claim2, wherein said |ayers
of el ecpp%c (Whegsbyrangappheationaf acgatiolsigns! said elemsat may be seleqtively

ext fgor h@%@é{ B4R A5 RSHAT LR be Bl Ao A BRI BRIR b 5. A

| it hogr aphi rojection apparatus acco ereln east

two |ay 961“an@zitlon%|tai§ bétﬁe@@the@ﬁidd@drerdfaéld #diree AieleRBHitdydrsiai thadther ed layers,
extraordi nary axes are substantially nutually S5 perpendicular. 6. A

| i t hogr aphp ecqond Js@wtmo’fhl@lptbams asmg @Uhﬁ“mgcq o the¢ miffactve index ﬁerrsalcimpr i sing
el ectrode ured to a ntI Iale
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stack. ;&pectlvely, at the boundary of the electro-optical material layer with at least one adjacent layer

15  is different in said two states.

2. A lithographic projection apparatus according to claim 1, wherein said stack comprises a
plurality of additional layers of dielectric material, and at least one of said additional layers is
formed from electro-optical material whereby its refractive index, for one polarization state, can

20  be changed by applying a control signal to said second layer of electro-optical material.

3. A lithographic projection apparatus according to claim 1, wherein alternate layers of said

stack are formed from material with a fixed refractive index, the remainder being formed from

electro-optical material whereby the refractive index of each layer of electro-optical material, for
25  agiven respective polarization state, can be changed by applying respective control signals to

said layers.

4. A lithographic projection apparatus according to claim 2, wherein said layers of electro-

optical material are arranged such that their respective extraordinary axes are substantially



7. A lithographic projection apparatus according to claim2, further
conprising electrodes that are configured to apply a comon control
voltage to two or nore |layers of electro-optical nmaterial within the
stack. 15 8. A lithographic projection apparatus according to claim4,
further pcpmprdisi ng el ectrodes that areqgonfigured to apply a common
control voltage to | ayers of electro-optical material that have
substantially nutually parallel extraordinary axes. 9. A lithographic
project&ﬂﬂuﬂgﬂﬁ&ﬁkys according to claim1, wherein each elenment is 20
configured to control the propagation of radiation that is plane polarized
ina first direction and, independently, the propagation of radiation that
is plane polarized in a second direction that is substantially orthogonal

to the Pirst ithpgaphisprojagionapparatis gecasting toelajne &t wherels deast v laxarwetli ng
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sai d5 segemdadiyulsour ce plane. 11. A lithographic projection apparatus
according to claim 10, wherein said four poles are arranged in pairs; a
line joining the centers of the first pair of poles is orthogonal to a line

j 0i ning 30 t t f th d pair of poles: and said. |i
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11, wherein t on of " sal Irst pair o s is plane polarized

i n sai dopticad mathriabedthonthasdclsai d radi ati on of said second pair of poles is
pl ane polarized in said second direction. 5 13. An array of individually
contfol I abl e el ements, confi gured to inpart a beamof radiation wth a

patterngi n it - Sectj.on, [ of.sahds L.adi Vi
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el ectro-optical material, whereby on application of a control signal said
el ement mpggfial withm thesteek.i vel y changed between a first state in which there
is a greater difference in refractive index for one polarization state
between the m ddl e one of said three dielectric |ayers and the other two

layes s, gandAgith ¢ ptdjéRionApPlitael abddedifg tSclBin® TBfuttBEr HniprRi e tloled M8t
refractive index or said one polarization state such that the proportions

of the mwdioafigumd tdapiply 8 comemmaontreldvodtage torleydreof dectreespeat materigl that havhe

boundary of t.h? el eciro-o;l)tf cal terial layer with at | east one
substantially mutually parallel extraordinary axes.

9. A lithographic projection apparatus according to claim 1, wherein each element is
20  configured to control the propagation of radiation that is plane polarized in a first direction and,
independently, the propagation of radiation that is plane polarized in a second direction that 1s

substantially orthogonal to the first direction.

10. A lithographic projection apparatus according to claim 9, wherein said illumination system
25  has a secondary source plane and is adapted to generate a projection beam having four poles in

said secondary source plane.

11. A lithographic projection apparatus according to claim 10, wherein said four poles are
arranged in pairs; a line joining the centers of the first pair of poles is orthogonal to a line joining
30  the centers of the second pair of poles; and said lines intersect substantially at the optical axis of

the illumination system.



15 adjacent layer is different in said two states. 14. A device

manuf acturing nmethod conprising: - providing a substrate; - conditioning a
proj ecti on beam of radiation using an illum nation system 20 - using an
array of individually controllable elenents to inpart the projection beam
wWth a popiyenp in its cross-section; apgl - projecting the patterned beam
of radiation onto a target portion of the substrate, wherein each of said
i ndividually controll able el enents conprises a stack of three dielectric
| ayers, at |east the m ddle one of said |ayers being fornmed of a solid
state electro 25 optical material, whereby on application of a control

si gnal dai d Actitbographinpyojbeticheipparhtue abgordinp amdeiin bef wieereinahé radidtioatodssdi n
which there js _a reater dlfference in refractive index for _one

pol ar i z&F$tEATSf aP s betlarsarelanzed an spid Srg daregsionsad saidpdiation ef wid secend paieeks
and t he 8fe§?§ I%Jlﬁi’z%ﬁ? Salag& gdﬁﬁgaﬁb% state in which there is a snaller

differehce i Said one polarization state such

t hat5t he proportions of the radl ation that is transmtted and refl ected, 30
respectively, at the boundary of the electro-optical material |ayer W|th at
| east odd. adinaseiof indyeduallyscontrpilaghle alemientssernfiguied te impart a beam of radiation

with a pattern in its cross-section, wherein each of said individually controllable elements
comprises a stack of three dielectric layers, at least the middle one of said layers being formed of
a solid state electro-optical material, whereby on application of a control signal said element may
10 be selectively changed between a first state in which there is a greater difference in refractive
mdex for one polarization state between the middle one of said three dielectric layers and the
other two layers, and a second state in which there is a smaller difference in the refractive index
for said one polarization state such that the proportions of the radiation that is transmitted and
reflected respectively, at the boundary of the electro-optical material layer with at least one

15 adjacent layer is different in said two states.

14. A device manufacturing method comprising:
- providing a substrate;
- conditioning a projection beam of radiation using an illumination system;

20 - using an array of individually controllable elements to impart the projection beam with a
pattern in 1ts cross-section; and
- projecting the patterned beam of radiation onto a target portion of the substrate,

wherein each of said individually controllable elements comprises a stack of three
dielectric layers, at least the middle one of said layers being formed of a solid state electro-

25  optical material, whereby on application of a control signal said element may be selectively
changed between a first state in which there is a greater difference in refractive index for one
polarization state between the middle one of said three dielectric layers and the other two layers,
and a second state in which there is a smaller difference in the refractive index for said one
polarization state such that the proportions of the radiation that is transmitted and reflected,

30 respectively, at the boundary of the electro-optical material layer with at least one adjacent layer

is different in said two states.





