1 Lithographic Apparatus and Device Manufacturing Method The present
invention relates to a lithographic apparatus and a devi ce manufacturi ng
met hod. 5 A lithographic apparatus is a machine that applies a desired
pattern onto a target portion of a substrate. Lithographic apparatus can
be used, for exanple, in the manufacture of integrated circuits (1GCs),
fl at panel displays and other devices involving fine structures. In a
conventional |ithographic apparatus, a patterning neans, which is
alternatively referred to as a mask or a reticle, nmay be used to generate
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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 r_elative'to one another to form a grating that reflects incident light as




2 diffracted light. A further alternative enbodi nent of a programmabl e
mrror array enploys a nmatrix 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,
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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 sfack 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.




30 optical material, whereby on application of a control signal said

el ement may be selectively changed between a first state in which there is
a greater difference in refractive index for one 3 polarization state
between the m ddl e one of said three diglectric |ayers and the other two

| ayers, and a second state in which there is a smaller difference in the
refractive index for said one polarization state such that the proportions
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20 Preferably, 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.




Alternatively, the layers of electro-optical material nay be arranged such
that alternate |ayers are arranged such that their respective

extraordi nary axes are nutually perpendicular. This 30 allows the
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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 material,
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 diclectric 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




between the m ddl e one of said three dielectric |ayers and the other two

| ayers, 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 transmtted and refl ected, respectively, at the
boundary of the electro-optical material layer with at | east one adjacent

| ayer is different in said 30 two states. According to a further aspect of
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correction features, phase variation techniques and nultiple exposu
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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 valﬂre” 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 patiern 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




fromthe pattern eventually transferred to a |l ayer of or on the substrate.
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correspond to the pattern formed at any one instant on the array of
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"proj ecbéiﬁg usse%? E)re 1%1r 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 fo 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




The illum nation system may al so enconpass various types of optical
conponents, including refractive, reflective, and catadioptric opti cal
conponents for directing, shaping, or controlling the projection beam of
radi ation, and such conponents may al soybe referred to below, 25
collectively or singularly, as a "lens". The |ithographic apparatus may be
of a type having two (dual stage) or nore substrate tables. In such
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i ndi cate corresponding parts, and in which: - Figure 1 depicts a
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patterning ne according to the present invention; - Figure 3 depicts
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conprises: an illumnation system (illumnator) IL for providing a
prof¥ction beam PB of radiation
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 td 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 proj ection system may image the array of individually

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




20 (e.g. W radiation); - an array of individually controllable elenents
PPM (e.g. a progranmable mrror array) for applying a pattern to the

proj ection beam in general the position of the array of individually
controll able elements will be fixed relgtive to itemPL; however it may

I nstead be connected to a positioning nmeans for accurately positioning it
Wth respect to itemPL; 25 - a substrate table (e.g. a wafer table) W for
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referred to as c-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 positidning 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




referred to as (7-outer and a-inner, respectively) of the intensity

distribution in a pupil plane of the illum nator can be adjusted. In
addition, the illumnator IL generally conprises various other 20
conponents, such as an integrator IN andé a condenser CO. The illum nator

provides a conditioned beamof radiation, referred to as the projection
beam PB, having a desired uniformty and intensity distribution inits
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20 2. Scan mode: the array of individually controliable elements is movable in a given direction
(the so-called “scan direction”, ¢.g. the Y direction) with a speed v, so that the projection beam
PB is caused to scan over the array of individually controllable 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. Pulse 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




proj ection beam which is projected onto a target portion Cin one go (i.e.
a single static exposure). The substrate table WI is then shifted in the X
and/or Y direction so that a different target portion C can be exposed. In
step node, the maxi mum size of the expopure field limts the size of the
target portion Cimaged in a single static exposure. 20 2. Scan node: the
array of individually controllable elenents is novable in a given direction
(the so-igaividdily sad]lahie elelicfR'is uRiatbd &R uired bERGED Pikes¥ithe AdBASES sem SO
that the projection beam PB is caused to scan over the array of
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Figure 2 _shows a sinple exanple of such an elenment. It is conprised of a
| ayer 10Bticabmagariablayest ] is spe same as the refractive index of layers 2,3, then the element will be
largely transparent. 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 controliable elements, the radtation
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 material 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




materi al, sandw ched between two |ayers 2,3 of dielectric material with a
fixed refractive index. 15 The layers 2,3 have the sane refractive i ndex.
The el ectro-optical material has the property that its refractive index
for radiation which is plane polarized {n a given direction can be changed
by applying a voltage across the electro-optical material. If the
refractive index of the electro- optical material layer | is the sane as
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. be.
conposition of the ac maxi mum refl ection of the el enent may ’ai ned
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
confrollable 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.




by applying no voltage to the stack or by applying a nom nal maxi num
voltage to the stack and, correspondingly, maxi mumtransm ssion wll be
obt ai ned by applying the nmaxi rum nom nal voltage or no voltage,
respectively. By applying internedi ate | tages, an internediate | evel of
15 reflection/transm ssion of radiation polarized in the given direction
w Il be provided. Therefore the elenents of the array of individually
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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 cantact 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




10 voltage to the electro-optical material layer 1, is transmtted through
the individually controllable elenent and therefore not reflected into the
proj ection system Consequently, it may not be necessary to illum nate the
array of individually controllable ele ts with radiation which is plane
pol ari zed in a given direction. In this case the radiation transmtted
through the el ement (i.e. unpatterned radiation) will need to be prevented
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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 1s 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




refractive index for radiation which is polarized in the sane direction.
The control voltage applied to the electro-optical material layer 11 is
provi ded by 10 electrodes 19, 20; the control voltage for el ectro-optical
material layer 12 is provided by electngdes 21, 22; and the control
voltage for the electro-optical material |ayer 13 is provided by

el ectrodes 23, 24. If the individually controllable elenment is to be used
as a si npeergomicabaaledal sgeinthanits rEacieirddx, f@fadaioarwiayh Bfpladdokirdedin /
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20  illumination. This is advantageous since imaging a pattern with plane polarized light permits
enhanced imaging of features that are clongate in a particular direction. Illumination with
polarized radiation has previously been used to illuminate such elongate features but has, for
example, 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




optical material layers 31, 32, controllable by el ectrodes 33, 34 and
el ectrodes 35, 36, respectively. The electro-optical material |ayers 31,
32 are sandw ched between alternating |ayers 37, 38, 39 of fixed
refractive index material and the conplgte stack is supported on a
substrate 4. As shown in Figure 4, the electro-optical material |ayers
31,32 are arranged such 10 that their respective extraordinary axes are
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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 onio 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
clements 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




i ndividually controll able el enent shown in Figure 4. For exanple, there may
be a plurality of 5 electro-optical material |ayers with extraordi nary axes
arranged in a first direction and a plurality of electro-optical materi al

| ayers with their extraordinary axes inj@ second, perpendicular,

direction. Wth such an arrangenent, it is possible to independently
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Figure 5 shows an exanpl e of the arrangenent of conponents

array ofnot inpefided thuérhit fhecoventiohl abl e el enents as descri bed above in a

| i thographic apparatus. Radiation fromthe illumnation system®60 is

pol ari zed by a polarizor 61 (so that it is plane polarized in a given
direction) and projected onto a beamsplitter 63 byway of control optics
62. The beamis 25 reflected by the beamsplitter 63 and projected onto the
array of individually controllable elenments 65 by way of further control
optics 64. The beamof radiation is patterned and reflected by the array
of individually controllable el enents 65 whereupon it is projected through
the control optics 64 and transmtted through the beamsplitter 63. The
patterned beam subsequently passes through a rotational polarizor 66 such
as a 1/4 lanbda plate before being projected onto 30 the substrate 68 by
projection system67. The 1/4 | anbda may be omtted and, in particular, it
should be omtted if dual dipole illumnation is being used. Furthernore,
the polarizor 61 can be 16 omtted by using a polarizing beamsplitter

i nstead of standard beamsplitter 63. If the elenents




of the array of individually controllable el enents include el ectro-optical

material |ayers that are arranged to have nutual |y perpendi cul ar

extraordi nary axes and that are controlled to operate together then the

pol arizor 61 can be omtted and the stapgard beam splitter 63 retained

since, as 5 described above, the array of individually controllable

el ements need not to be illumnated with polarized |ight. Simlarly, where

dual di pglLgmvg! um nation is being used the standard (i.e. non- polarizing)

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
cific enmbodinents of the invention have been descri bed

directio

above, it W\Qm lﬁgra%glcéﬁgﬁ%%lﬁﬁ?lgﬂnﬁl%t the invention may be practiced

ot her wi SE t %ﬁlllﬁﬁln@ﬁ&%)}s%iithat-r&ﬁdﬁﬁﬁé:5bﬁﬁécﬁ@n bSam BPfadidtbgnded to limt the
invention. 17 CLAIMS I. A lithographic apparatus conprising: - an

i |l umi nat i orsngyrey efindhaduatiyediitalphls cdenpmty ectingto ingamthé profdiiat beani with an
array of_i ndi.vidual lX ?ontrol | abl e el enents serving to inpart the

pr oj ect iBHBHRH GBH OB at tern in its cross-section; 5 - a substrate table
t hat ssuppor ta%u@st@%@t%ﬁfe@ﬁfﬁ’su?dbgts 2 sBbdiafd %QCL' on systemthat projects the
patterned beamonto a targe ortion of e substrate; wherein each of

sai d indivi dumdnjbgticmcmmml thaatlplr@gec&‘s tepatiancdbgani sEs adargtigoktiaf oftthe abstrate;

dielectric | agyers, ddl e e of said |ayers bein formed of a
solid stat e "GIPEH fas! 056?1 é%lVIHHQIB;rQOQTIOII%%‘?I@B9Ht6HOQB‘BWS@éﬁCBﬁf €3 control
si gnal sgd t LI State in
whi ch ther%ﬁ?‘isﬁg@rgraéa% )egtrtﬂglrr??del?g%%eéﬁ:a}rg lrg'fge ract ve | n% I@St%)tlﬁgl%&ré

pol ari zaptical nsteatad vidersiyem dpphcatiod df & conteo] efgnslasalll dibrhet niydeaelettively ayer s
and .t he ot her two Iaﬁyvers and .a second state in which there is a smaller
di f fl8r efBdEeHh betgen afirst stais i WiHehethereds a grpter dierenss Imrafiagiivedndex: far enesuch

that t h%o Qzﬁﬂfnts'té? BetQeerd %rtﬁlaﬁll;e%'ﬁ#}f'sa%&-@l% | fielbdt ﬂ@%&{%}s a?lg tl?en {rZ&vl)‘f te%d

respectively, at t e bounda 70~ op |ca erial er“wth at

| east onad adgcand siatd inydiich thErellsa einfil @ déffdrenica is &wdefrm“@ tadeR Jor sald dhe
I thograp{n C pr01F ection apparatus according to claim1, wherein said stack
conpri s&8 agzab&nlf B¢ pucp teat thederppartirg ofithy e intion t}H’it & tewemittedad svflegled and at

I
ot or i o Biar oy P ERRR A IRID dicp AOTA 1P MR b bGP ER g

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. Alithographic 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. Alithographic projection apparatus according to claim 2, wherein said layers of electro-

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




20 be changed by applying a control signal to said second | ayer of

el ectro-optical material. 3. A lithographic projection apparatus according
to claim1, wherein alternate |ayers of said stack are fornmed from
material with a fixed refractive index,18 he remai nder being forned from

el ectro-optical material whereby the refractive index of each |ayer of

el ectro-optical material, for 25 a given respective polarization state, can
be changeetulliy mapgileyi ng respective control signals to said |layers. 4. A

| i t hographic projection apparatus according to claim2, wherein said | ayers
of electro- optical material are arranged such that their respective

extraord narys; : i . t I
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further conprising electrodes that are configured to apply a common

cont r ol aletondgered &o erpdy ot indepaardentivqostrollably eastrobvadiser éamtach daveref edg¢ctigi t hi n
the stack,. 15 8. . A |it raphi ¢ projection apparatus according to claim4,
furtherOg%ﬁ%Pngﬁgwgb@gﬁggﬁQ% that are configured to apply a conmon
contpol voltage to |ayers of electro-optical material that have
substantially nutually parallel extraordinary axes. J 9. A lithographic
proj ect i’on dplphegraplic pwitstigh appardus tesording towhemd, Aurther boreprsiegeledirpdapthat
configured te control ,the propagation. of .radiation.that i | ane. pol ari zed
‘o 1 PeconelB i fpraracoRingR R ARty 1 M bt dv eflerorelli on' ¢ hat
i s pl angha@ladGiRRAKE Badk second direction that is substantially orthogonal
to the first direction. 10. A lithographic projection apparatus according

to claim9, wherein said illumnation system 25 has a secondary source
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are configured to apply a common control voltage to layers of electro-optical material that have

substantially mutunally 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 is

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.




11. A lithographic projection apparatus according to claim 10, wherein said
four poles are arranged in pairs; aline joining the centers of the first
pair of poles is orthogonal to a line jokging 30 the centers of the second
pair of poles; and said lines intersect substantially at the optical axis
of the illumnation system 19 12. A lithographic projection apparatus
according to claim1ll, wherein the radiation of said first pair of poles
is plane polarized in said first direction and said radiation of said
second pdRr @ lithpgtaphicimojettoreappataarsiazedding 16 elaiin $ €ooindeiditieatiaton ofsalB. A
devi ce manufacturing . nethod conprising: - providing a substrate; - ]
condi t i oAV @l o PejeEds Plone Bulangedrin said tustidygcting ang sal rdiptien ebsaidiscengaagmf -
usi ng an r . 0diyi EAY trollable elements to inpart the
projectigﬁkﬁgé%géf?ﬂgg%&ﬁg%%gffégﬁlﬁﬁcﬂ § cross-section; and projecting the
pattegned beam of radiation onto a target portion of the substrate,

wherein each of said individually controllable el enents conprises a stack
of three 13di efdeviceenanfastinganethethenmmrisingri ddl e one of said | ayers being
formed of a solid.statq)gleptro- optical material, whereby on application
of a conttol EPGHERE&N 8 enent may be sel ectively 15 changed between a
first state idghndtidciing Defcfeck it f i fractive index for
one polarization sta eﬁ6@?§ggﬁm?%gﬁﬁggﬁﬁghgﬁégg?ﬁggﬁgaﬁHﬁg%nﬁielectric

| ayers and t hesing srearraymf indiyeiuslly camobllabls elardtsso ahpart heWbjeltidn RER vith 2
smaller difference in the refractive index for said one polarization state

such 19hat PHE BBBPET 14O A he radiation that is transmtted and .
[ ayer i th at TReapt M phceta b PEURIRREY offoo! B FAENE O Bl Ftdio. ot ares.
wherein each of said individually controllable elements comptises 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 be selectively
15  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,

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

20 is different in said two states.




