Li t hogr aphi c Apparatus and Devi ce Manufacturing Method 5 Field The present
invention relates to a lithographic apparatus and a devi ce manufacturi ng
nmet hod. Background A |ithographic apparatus is a machine that applies a
desired pattern onto a target 10 portion of a substrate. Lithographic
apparatus can be used, for exanple, in the manufacture of integrated
circuits (1GCs). In that circunstance, a patterning device, such as a mask,
may be wused to generate a circuit pattern corresponding to an i ndividual

| ayer of the IC, and this pattern can be inmaged onto a target portion
(e.g. conprising part of, one or several dies) on a substrate (e.g. a
silicon wafer) thatyingrépHi@xppafitus ad Devioo Miangadrarig (iéthod al (resist).
In 15 general, a single substrate will contain a network of adjacent target
portions that are successively exposed. Known |ithographi c apparatus

i nclude so-called steppers, in which each target portion is irradiated by
exposing an entire pattern onto the target portion in one go, and
so-cad | eghjgganners, in which each target portion is irradiated by scanning
the pattérn through the projection beamin a given direction (the
"scanni ng" - di r &bt posintikientorElaigsiotrlshenrathic anpariisrigdanisvieg panpfelaring

paral | el or(gﬂti-parallel to this direction. It has been proposed to

i merse P& %bstrate in the | it hographi c projection apparatus in a |liquid
having ag.elabiyel y high refractive index, e.g. water, so as to fill a
space between e final element of the projection systemand the
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i mrer si on uids have been proposed, including water with solid particles
(e.g. quasédio guspendedutl peiteri norrédpardiog fo Fuibdeidihgyertod thalbs aadithés or

substrate and supstrate table in a bath of |li.quid ee for e US

3,500, popataaby: T sBRa Bt ROTDE (GherPary ey P SPe bl SRR a0
there isg téw@.ga@mc@ﬂ whicBithst Hab 3layeh 5 rabiRtiGesek e a nederfil (fesig) alns canni ng
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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
20  synchronously scanning the substrate parallel or anti-parallel to this direction.
It has been proposed to immerse the substrate in the lithographic projection apparatus 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. The point of this is to enable imaging
of smaller features since the exposure radiation will have a shorter wavelength in the liquid.
25  (The effect of the liquid may also be regarded as increasing the effective NA of the system and
also increasing the depth of focus.) Other immersion liquids have been proposed, including
water with solid particles (e.g. quartz) suspended therein.
However, submersing the substrate or substrate and substrate table in a bath of liquid
(see for example US 4,509,852, hereby incorporated in its entirety by reference) means that
30 there is a large body of liquid that must be accelerated during a scanning exposure. This

requires additional or more powerful motors and turbulence in the liquid may lead to

undesirable and unpredictable effects.




a localized area of the substrate and in between the final elenent of the
projection systemand the substrate using a liquid confinenment system (the
substrate generally has a larger surface area than the final elenent of
the projection system). One way which has been proposed to 5 arrange for
this is disclosed in WO 99/ 49504, hereby incorporated in its entirety by
reference. As illustrated in Figures 5 and 6 of the acconpanyi ng draw ngs,
liquid is supplied by at least one inlet INonto the substrate, preferably
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and the surface of the substrate. Preferably the seal is a contactless
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or dual stage immersion |ithography aﬁparatus i s.disclosed. Such an

appar at usné exappdeisddestsaiedtin Figuress Hyahich foyr seiggpan nlstgvithan ufisten sithsr

Level i ng .neasurenents are .carried i e at a first 30 position,
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with a seal member which extends along at least a part of a boundary of the space between the

20  final element of the projection system and the substrate table. The seal member is
substantially stationary relative to the projection system in the XY plane though there may be
some relative movement in the Z direction (in the direction of the optical axis). A sealis
formed between the seal member and the surface of the substrate. Preferably the seal is a
contactless seal such as a gas seal. Such as system is disclosed in European Patent

25  Application No. 03252955.4 hereby incorporated in its entirety by reference. A further
solution is shown in Figure 7 of the accompanying drawings.

In European Patent Application No. 03257072.3 the idea of a twin or dual stage
immersion lithography apparatus is disclosed. Such an apparatus is provided with two stages
for supporting the substrate. Leveling measurements are carried out with a stage at a first

30 position, without immersion liquid, and exposure is carried out with a stage at a second

position, where immersion liquid is present. Alternatively, the apparatus has only one stage.




2 In a conventional |ithographic apparatus, the substrate is often clanped
to a pinple, or burl, plate by pressure differential between the

at nosphere above the substrate and a partially evacuated space bel ow t he
substrate. The pinple plate has a plurality of projections (the pinples or
burls) distributed over the space within a vacuumwal| corresponding to the
5 perineter of the substrate. The substrate rests on the burls and
optionally the vacuumwal |, which may be nmade | ower than the pinples so
that there is controlle eak of air 0 th a ’ld trate,
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the immersion liquid, instead of or in addition to air, around the edge of the substrate. One
solution to that problem is to provide additional vacuum pumping around the periphery of the
substrate to cope with the leaking fluid. That results in an increased pressure differential

across the substrate which in turn leads to distortion of the substrate.
20

Summary
Accordingly it would be desirable to provide a lithographic apparatus in which a

high-refractive index liquid can be provided in the space between the final iens element and
the substrate and in which distortion of the substrate can be reduced.
25
According to an aspect of the invention, there is provided a lithographic apparatus
comprising:
- an illumination system for providing a projection beam of radiation;
- a support structure for supporting a patterning device, the patterning device serving
30  to impart the projection beam with a pattern in its cross-section;
- a substrate table for holding a substrate, said substrate table comprising a burl plate
and a vacuum system for establishing a pressure differential across a substrate held on said
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30 to inpart the projection beamw th a pattern in its cross-section; a
substrate table for holding a substrate, said substrate table conprising a
burl plate and a vacuum system for establishing a pressure differenti al
across a substrate held on said 3 burl plate, said pressure differential
being greater in a peripheral portion of said substrate than in a nedial
portion thereof; a projection systemfor projecting the patterned beam onto
a target portion of the substrate; and 5 - a liquid supply systemfor
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table; wher gl f.tRGideNsihy of burls on said burl plate is higher in said
peri pheral portion than i'n said nmedial portion. 10 The present inventors
have det.er m nedprofeation fsteimfor prgenting thegmttamed Heam ontoiadargetpaitien ofthe t he
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nore uni @Blem and distortion of the substrate is reduced. Preferably, the
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area i s I'ncfease e accurate equalization of the
conpr essirRfeagd bt THe dubstiate Ttdeif dndohegmbstranmbanabdsacimmessdyulifergntk nown

manuf acturing techni ques. Alternatively, the cross:;sectional. area. of the
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possi bl ethtf:osubstralte is reduced. Preferably, the ratio of the density of burls in the peripheral portion
to the density of burls in the medial portions is substantially equal to the ratio of the pressure
differentials in these portions in use of the apparatus.
In a particularly preferred embodiment, the burls in the peripheral and medial portion
20  are all of substantially the same nominal size but their spacing is reduced in the peripheral
portion so that the number per unit area is increased. In this way a more accurate equalization
of the compression of the burls in the two portions can be achieved using known
manufacturing techniques. Alternatively, the cross-sectional area of the burls may be
increased in the peripheral portion. It is even possible to vary both the size and spacing of the
25  burls, provided there is a sufficient number of burls to ensure the bending of the substrate
between burls is within tolerable limits. In some circumstances it may also be possible to
increase the height of the burls in the outer region so that they compress to the same height as
the burls in the middle.
Preferably, the peripheral portion is a substantially annular region extending inward

30  of the outer periphery of the substrate. In a particular embodiment of the invention the

annular region has a width in the range of from 5% to 20% of the radius of the burl plate.




i ncrease the height of the burls in the outer region so that they conpress
to the sanme height as the burls in the mddle. Preferably, the peripheral
portion is a substantially annular region extending inward 30 of the outer
peri phery of the substrate. In a particular enbodi nent of the invention the
annul ar region has a wwdth in the range of from5%to 20% of the radius of
the burl plate. 4 In a preferred enbodi nent, one or nore gas inlets are
provided into the space under the nedial portion of the burl plate so that
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beam of pa@libati on onto a target portion of the substrate; 20 - wherein said

substrate is held on a burl plate by a pressure differential across it,
sai dlO pressure differential being greater in a peripheral portion of said
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sai d burl plat eri pheral portion than in said nedial
por t i on. nRRuAckitink mdnddtdaiprissgess siafs dfthe invention provides a burl plate

for use in a lithographic

- providing a substrate,
- providing a projection beam of radiation using an illumination system;

15 - using patterning device to impart the projection beam with a pattern in its cross-
section;
- providing a high-refractive index liquid to the space between the final element of said
projection system and said substrate; and
- projecting the patterned beam of radiation onto a target portion of the substrate;

20 - wherein said substrate is held on a burl plate by a pressure differential across it, said
pressure differential being greater in a peripheral portion of said substrate than in a medial

portion thereof, and the density of burls on said burl plate is higher in said peripheral portion

than in said medial portion.

25 A still further aspect of the invention provides a burl plate for use in a litho graphic
projection apparatus in which a high-refractive index liquid is supplied to the space between
the final element of the projection system and a substrate held on the substrate table, wherein
the density of burls in a peripheral portion of the burl plate is higher than in a medial portion
thereof.

30 The present invention can be applied to any immersion lithography apparatus, in

particular, but not exclusively, those types mentioned above.




projection apparatus in which a high-refractive index liquid is supplied to
the space between the final elenent of the projection systemand a
substrate held on the substrate table, wherein the density of burls in a
peri pheral portion of the burl plate is higher than in a nmedial portion

t hereof. 30 The present invention can be applied to any inmersion

| it hography apparatus, in particular, but not exclusively, those types
menti oned above. 5 Al though specific reference may be made in this text to
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substrat?. It should be noted that the pattern inparted to the projection
beam may - exactly correspond to the desired pattern in the target
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| The term “patterning device” used herein should be broadly interpreted as referring
to a device that can be used to impart a projection beam with a pattern in its cross-section such

20  as to create a pattern in a target portion of the substrate. It should be noted that the pattern
imparted to the projection beam may not exactly correspond to the desired pattern in the
target portion of the substrate. Generally, the pattern imparted to the projection beam will
correspond to a particular functional layer in a device being created in the target portion, such
as an integrated circuit.

25 Patterning devices may be transmissive or reflective. Examples of patterning devices
include masks, programmable mirror arrays, and programmable LCD panels. Masks are well
known in lithography, and include mask types such as binary, altemating 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

30 individually tilted so as to reflect an incoming radiation beam in different directions; in this
manner, the reflected beam is patterned. In each example of a patterning device, the support
structure may be a frame or table, for example, which may be fixed or movable as required
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as an integrated circuit. 25 Patterning devices maybe transm ssive or
reflective. Exanples of patterning devices include masks, programabl e
mrror arrays, and programrabl e LCD panels. Masks are well known in

| it hography, and include mask types such as binary, alternating
phase-shift, and attenuated phase-shift, as well as various hybrid mask
types. An exanple of a progranmable mnor array enploys a matrix
arrangenent of small mrrors, each of which can be 30 individually tilted
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Brief Description of the Drawings

20 Embodiments of the invention will now be described, by way of example only, with

reference to the accompanying schematic drawings in which corresponding reference symbols
indicate corresponding parts, and in which:
- Figure 1 depicts a lithographic apparatus according to an embodiment of the
invention;

25 - Figure 2 depicts the liquid reservoir of the apparatus of Figure 1;
- Figure 3 is an enlarged view of part of the liquid reservoir of the apparatus of Figure
L
- Figure 4 depicts part of the substrate table of the apparatus of Figure 1 showing the
mounting of a substrate on a burl plate;

30 - Figures 5 to 7 depict alternative prior art liquid supply systems.




i ndi cate corresponding parts, and in which: Figure 1 depicts a |lithographic
appar atus according to an enbodi nent of the invention; 25 - Figure 2
depicts the liquid reservoir of the apparatus of Figure 1; Figure 3 is an
enl arged view of part of the liquid reservoir of the apparatus of Figure

1; Figure 4 depicts part of the substrate table of the apparatus of Figure
1 show ng the nounting of a substrate on a burl plate; 30 - Figures 5to 7
depict alternative prior art liquid supply systens. 7 Detailed Description

Figure 1 schepatical.ly depicts a |ithographi c apparatus according to a
particulgﬁﬁﬁﬁﬁéﬁﬁﬁ$¥ﬁg of the invention. The apparatus conprises: 5 - an

illumnation system (illumnator) IL for providing a projection beam PB of
radiation (e.g. W radiation or DUV radiation). a first support structure
(e.g. a mask tRbe)l svlerhatically dects i tighographictappaiahg ageoriliag 19 2 prrécyar a mask)
MA and connected to a first g@gitionin device PMfor accurately

posi t i on¢AbPARENIR{tRGINETHIYNY WP ARPARFPHCGWIFESt to item PL; 10 - a substrate
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depi cted; "The apparatus Is o m ssive type (e. enploying a
transm sgicyRttemilg)devidk wdthnadpevtab ytent Mg appar at us may be of a reflective
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- a projection system (e.g. a refractive projection lens) PL for imaging a pattern
imparted to the projection beam PB by patterning device MA onto a target portion C (e.g.
15  comprising one or more dies) of the substrate W.
As here depicted, the apparatus is of a transmissive type (e.g. employing a
transmissive mask). Alternatively, the apparatus may be of a reflective type (e.g. employing a
programmable mirror array of a type as referred to above).
The illuminator IL receives a beam of radiation from a radiation source SO. The
20  source and the lithographic apparatus may be separate entities, for example when the source is
an excimer laser. In such cases, the source is not considered to form part of the lithographic
apparatus and the radiation beam is passed from the source SO to the illuminator IL with the
aid of a beam delivery system BD comprising for example suitable directing mirrors and/or a
beam expander. In other cases the source may be integral part of the apparatus, for example
25  when the source is 2 mercury lamp. The source SO and the illuminator IL, together with the
beam delivery system BD if required, may be referred to as a radiation system.
The illuminator IL may comprise an adjusting device AM 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
30  pupil plane of the illuminator can be adjusted. In addition, the illuminator IL. generally

comprises various other components, such as an integrator IN and a condenser CO. The




apparatus and the radiation beamis passed fromthe source SOto the
illumnator IL with the aid of a beamdelivery system BD conprising for
exanple suitable directing mirrors and/or a beam expander. In other cases
the source may be integral part of the apparatus, for exanple 25 when the

source is a nercury lanp. The source SO and the illum nator IL, together
with the beamdelivery systemBD if required, may be referred to as a
radi ation system The illum nator I L may conprise an adjusting device AM
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M amgl subgtedixedallagrividrdndrsabiste®d, mpbe lipnedspng mask aligrarat ngiksdhl.ne used
inthe followng preferred no SP é In step node, the nmask table MI and
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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
20  portion C in one go (i.c. 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.
2. In scan mode, the mask table MT and the substrate table WT are scanned
25  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
30  exposure, whereas the length of the scanning motion determines the height (in the scanning

direction) of the target portion.




20 portion Cin one go (i.e. a single static exposure). The substrate table
WF is then shifted in the X and/or Y direction so that a different target
portion C can be exposed. In step node, the maximum size of the exposure
field limts the size of the target portion Cinaged in a single static
exposure. 2. In scan node, the mask table MI and the substrate table WI are
scanned 25 synchronously while a pattern inparted to the projection beamis
projected onto a target portion C (i.e. a single dynam c exposure). The
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the numerical aperture of the system. The presence of the liquid may also be regarded as

increasing the effective numerical aperture. Furthermore, at fixed numerical aperture, the
liquid is effective to increase the depth of field.

20 The reservoir 10 forms a contactless seal to the substrate around the image field of
the projection system so that liquid is confined to fill a space between the substrate surface
and the final element of the projection system. The reservoir is formed by a seal member 12
positioned below and surrounding the final element of the projection system PL. Liquid is
brought into the space below the projection system and within the seal member 12. The seal

25  member 12 extends a little above the final element of the projection system and the liquid
level rises above the final element so that a buffer of liquid is provided. The seal member 12
has an inner periphery that at the upper end closely conforms to the step of the projection
system or the final element thereof and may, e.g., be round. At the bottom, the inner
periphery closely conforms to the shape of the image field, e.g., rectangular though this need

30 not be the case.

The liquid is confined in the reservoir by a gas seal 16 between the bottom of the seal

member 12 and the surface of the substrate W. The gas seal is formed by gas, e.g. air or
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increasing the effective nunerical aperture. Furthernore, at fixed
nunmerical aperture, the liquid is effective to increase the depth of
field.. 20 The reservoir 10 fornms a contactless seal to the substrate around
the image field of the projection systemso that liquid is confined to
fill a space between the substrate surface and the final elenent of the
projection system The reservoir is formed by a seal nenber 12 positioned
bel ow and surrounding the final element of the projection systemPL. Liquid
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by gas, e.g. air or 10 synthetic ajr but pref elﬁ]abld N2 or .anot h@_g i nert
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acuum [ ev on t Irst outlet 14 and geonetry of the
gap are ghtladng8FmSOmatifad. Thegs sba mayhilghbevalfcotive ip sapport theaedl mogimtes 12 hat
confines the liquid. This is shown in nore 5 detail in Figure 3. The gas
seal 10 s bybehavingastagss Begitiar gr ooves 18, 19 which are connected to the

first inlet 1,200 bhiRlouRibleEhe kit SSRGS, WehifelblyAnRBlan8So sosiiad|
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mermber NPV esisMhead airfoaaahwarids bhiendetimet bear@ap GYtat dtc radiué of theanlatakdi f ol d.

The gas seal may al so be effective to support the seal .nmenber 12. by
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menber, the inlet 15 being forned by a m%nbe{ o{ sn%ll hol es aro%\d t he
seal menbeuunGale arle &4 being Exmed of a number of small holes in the same manner as ihe

inlet 15. Gap G5 is small to prevent gas/oxygen diffusion into the liquid in the space, to
prevent a large volume of liquid entering and disturbing the vacuum and to ensure that
capillary action will always fill it with liquid.

20 The gas seal is thus a balance between the capillary forces pulling liquid into the gap
and the airflow pushing liquid out. As the gap widens from G5 to G4, the capillary forces
decrease and the airflow increases so that the liquid boundary will lie in this region and be
stable even as the substrate moves under the projection system PL.

The pressure difference between the inlet, at G2 and the outlet at G4 as well as the

25  size and geometry of gap G3, determine the gas flow through the seal 16 and will be
determined according to the specific embodiment. However, a possible advantage is achieved
if the length of gap G3 is short and absolute pressure at G2 is twice that at G4, in which case
the gas velocity will be the speed of sound in the gas and cannot rise any higher. A stable gas
flow will therefore be achieved.

30 The gas outlet system can also be used to completely remove the liquid from the
system by reducing the gas inlet pressure and allowing the liquid to enter gap G4 and be
sucked out by the vacuum system, which can easily be arranged to handle the liquid, as well
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15 control the gas flow through the seal. Gap 4 is larger to provide a
good distribution of vacuum the outlet 14 being fornmed of a nunber of
small holes in the sane manner as the inlet 15. Gap Go is snall to prevent
gas/ oxygen diffusion into the liquid in the space, to prevent a |arge
volume of liquid entering and di sturbing the vacuum and to ensure that
capillary action wll always fill it with liquid. 20 The gas seal is thus a
bal ance between the capillary forces pulling liquid into the gap and the
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The seal member 12 is free to move in the Z direction.
Figure 4 shows the substrate clamping arrangements in greater detail. Note that only
part of the substrate is shown in the Figure. The substrate W rests on a burl (or pimple) plate
20 which in turn rests on a flat surface of the wafer table WT. The burl plate 20 has on its
20 upper surface a plurality of projections 21, 24, referred to as burls or pimples. The burls may
have a height in the range of 25 to 200um and the diameter of their upper surface may be in
the range of from 0.5 to 0.05mm. Whilst there may be as many as 10,000 burls, the total arca
of the burls is small compared to that of the substrate itself so that if a contaminant, e.g. dust,
particle adheres to the bottom of the substrate, there is only a small chance that the particle
25  will come between a burl and the substrate and hence distort the substrate. A corresponding
arrangement of burls 22, 25 is provided on the lower surface of the burl plate 20 so that the
same effect is achieved in the case of dust particles between the mirror block MB (the upper
part of the substrate table WT) and the burl plate 20. The burls on the lower side of the burl

plate preferably have the same dimensions and spacing as those on the upper surface but this

30 is not essential.
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I ndeed, it may be necessary to bias the seal nmenber 12 towards the
substrate to nake the effective weight supported by the seal nenber 12

hi gher. The seal nmenber 12 will in any case be held in the XY plane
(perpendicular to the optical axis) in a substantially stationary 15
position relative to and under the projection system but decoupled fromthe
projection system The seal nenber 12 is free to nove in the Z direction.
Figure 4 shows the substrate clanping arrangenents in greater detail. Note
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vacuum ports one shown h Substrate table WI. Apertures 26
in the babhthpyps patitesderkiape may hecstans iNevesthelges, Hiedeakingoilpid PRt Bur | pl at e.

A wal |l 27 aroynd the edge of the bstrate is,provided - it i ably
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substrate.” I'n an | rsion apparatus, it is inevitable that sonme inmersion
i quil§l 1af thielsbbemntabelow Het ssyared foelefortivioslamiting spasdo snsyeerapid regoyald dhs abl e
to seal the edge. of the supstrate ta the ..substrate | T of
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Wth a | ggal i zed or "showerhead" type systemthere may only be | eakage when

t he edge
Thus, the vacuum ports V are located and the vacuum system VS is set up so that the

pressure below the substrate in the peripheral portion PP is, for example, from 0.6 to 0.3 bar
20  below atmospheric whilst the pressure in the medial region MP is higher, for example, 0.5 to
0.25 bar below atmospheric, the space above the substrate being at atmospheric. To assist in
maintaining the pressure differential, a wall 23 separates the medial from the peripheral
portions. As with the outer wall 27, wall 23 preferably does not contact the substrate or the
substrate holder but a narrow gap remains. A constant flow of gas, e.g. at arate of 5 to
25 10 ms’, from the medial portion to the peripheral portion is also provided to prevent droplets
of the immersion liquid migrating towards the center of the substrate. The gas flow can be
provided by gas inlets 28, which may be simply connected to the atmosphere around the
apparatus. To prevent too high a gas flow velocity, there are preferably a large number of
small inlets or, if a few larger inlets are employed, a flow restrictor is provided in the path to
30  atmosphere.
However, the different pressures in the peripheral and medial portions would mean,
if the burls were evenly distributed, that the forces on the burls would differ. This would
13




of the substrate passes under the projection |lens, e.g. during exposure of
edge dies, whereas in a bath type apparatus | eakage may be constant. -
Nevert hel ess, the |l eaking fluid nust be renoved and the vacuum system nust
t herefore be capabl e of accepting a certain anobunt of liquid. It is also
preferably to reduce the pressure (increase the vacuun around the

peri phery 15 of the substrate below that required for effective clanping so
as to ensure rapid renoval of the leaking liquid and prevent | eaked

i mersion |iquid. nmpving towargd t ce I 2 ccigdus,
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in  mai n%%ll?{?ﬁ%@’ytﬂﬁgu wu & Hhali 9% vanpreRif 1038 g Fgé‘é‘?sts‘gg‘gggete‘lgég?he medi al
fromd hg?igrﬁglhzﬁl?ﬁéi%ht vaRfibh. ORScordifigh fnlthd Presed irtienti@t, thedensivyedfl th@Burls is

prefera oes not contact the substrate or the substrate hol der but a
narr ow gapreaesden ite. pofticrowberatite dlaroping pregause isdigher g9 thet thewcempressiongf s 10 ns
1, fromthe nedial .portion.to {he peri.pheral tion. i l. 1 ded to
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the SubstlAbeis A 178 thheSPRiREof IRER Y detinhie Badial phieibs s ththeoadmy be
sinply connected to the atnosphere around the apparatus. To prevent too

hi gh a gasecdch®orhiemade tonstanheFle specing maf de abtisd ia tharagial aueitamieentia | |
inlets or, if a fewlarger inlets are enployed, a flowrestrictor is

pr oviQeddirertioneoidatRth o© 30 at nobsphere. However, the different pressures in
t he peripheral i - Heb PsoidyPi 1 0ddmeAdon tHefvabingn Bithhgemetisdueman! y

di stributed, that %@Eg#@%gggson tﬁ% burléﬂﬁnuld differ. This would 13 is
cause t hpe huht Fanke obe tc2itp né tweaddibyotiht berl phite, ahidinis senegallywbstagiillyar yi ng

| ocal conmpression of the substrate and, the sybstrate table | i o]

var | at | onel 1 the ks Qfdsembsoap 1 senae) RprReE et D A L o
bar and by {8 B4 tsQf hade ATNeakdd® 1P BeSexpe@Bm tiaSseriplerabout
80nm sogpﬁgghg%%gggggpwgnc§g§n&?§ad on the %ﬁrls mouFd lead to a 5

si gnif i caaionaiagive owdttedathersn. Accordingly, in the present invention, the
density of the burls is increased in the portion where the clanping
pressure is higher so that the conpression of the

Whilst specific embodiments of the invention have been described above, it will be

appreciated that the invention may be practiced otherwise than as described. The description
is not intended to limit the invention.

20
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burls is nore uniform In this enbodi nent, the spacing of the burls 24, 25
in the peripheral portion is made |ower than the spacing of burls 21, 22
in the nedial portion such that the load on each burl is nmade constant.
The spacing may be varied in the radial or circunferential 10 directions or
in both. The width of the peripheral region will depend on the vacuum
arrangenents but may be in the range of 5 to 20% of the radius of the burl
pl ate, which is generally substantially equal to the radius of the
substrate. In general the peripheral CBRE]{/IiSOH will extend all the way
around the burl table but if the are parts where no | eakage is to be
expected, the peripheral 15 portion may be omtted there. Wilst specific
enbodi nents of the invention have been described above, it will be
appreciated that the invention may be practiced otherw se than as

descri bed. The ﬁl scription is not .i.ntended to limt the invention. 20 14
CLAIMS k. A4 %@@H@Pﬁrﬁ FREES e prising: 5 - an illumination system
for pyoviding & jRLRiRELLstds BPpREvidiagaghéjedtiondeampiieddiativng uct ure for
supporting a patterning device, the patterning device serving, to inpart

t he projecti om hppontwirediur fpeuppemting a patteningsssice.dbe paieming deiiet RIBE t abl e
for holding a substrate,, sai d.ﬁ'ubsttrate. tabl e Cﬁgipri sing a burl plate and
a vacuuniodipar the IpIesiqThifans with 4 PR ML U5, F0558F ¥ ent i al across a substrate
hel d on said 10;huf-de Plb ©r hSRinE PuBSEHE, Qaidisliberativablalcoltisigg ghettptate i n a
peri pheral portion of said substrate than in a nedial portion thereof; a
pr oj ect i anl systemsysemfoogseblishine & hrespae didferentiabicaess grrubstria hgiden sgidr ¢ on

f th bstrate;, and a ljquid |y system f i ng:
i gl e PaCPosahBER T (S T Bt Tl M sy than,

sai d project B e alg a substrate held in said substrate table;
wher ei n {nﬁ&eﬁlg@n Ity of burls on said burl plate is higher in said
peri pheral pori pwiectivhaystinn fo piajectingited paisrned drwam onto a target portion of the
substrate; and
- a liquid supply system for supplying a high-refractive index liquid to the space

15  between the final element of said projection system and a substrate held in said substrate

table;

- wherein the density of burls on said burl plate is higher in said peripheral portion

than in said medial portion.

20 2. Apparatus according to claim 1 wherein the ratio of the density of burls in said
peripheral portion to the density of burls in said medial portions is substantially equal to the

ratio of the pressure differentials in these portions in use of the apparatus.

3. Apparatus according to claim 1 wherein the burls in the peripheral and medial
25  portions are all of substantially the same nominal size but the number per unit area is greater

in the peripheral portion.

4. Apparatus according to claim 1 wherein the cross-sectional area of the burls is
greater in the peripheral portion.
30

5. Apparatus according to claim 1 wherein said peripheral portion is a substantially
annular region extending inward of the outer periphery of the substrate.

15




20 2. Apparatus according to claim1l wherein the ratio of the density of
burls in said peripheral portion to the density of burls in said nedial
portions is substantially equal to the ratio of the pressure differentials
in these portions in use of the apparatus. 3. Apparatus according to claim
1 wherein the burls in the peripheral and nedial 25 portions are all of
substantially the sane nom nal size but the nunber per unit area is greater
in the peripheral portion. 4. Apparatus according to claim1l wherein the
cross-sectional area of the burls is greater in the peripheral portion. 30
5. Apparatus according to claim1l wherein said peripheral portionis a

subst ant gal l y A?E;nblth@acdoﬁﬁh b AXhENdheGin fAkbdnduli rdgien leistaeridfieinithenge of
t he substrate. Apparatus according to claimb5 wherein said annul ar

regi on haBframi%it2G% of the radingef thebudfl plgfa- 5% t 0 20% of the radius of the
burl plate. 5 7. Apparatus according to claim1l wherein said burl plate has
an upst anding wall | separating the peripheral portion fromthe nedi al

portigon. 8. Apg Abs a@&?{ﬂﬁ% b \aihP1 Ghedel shid BT fliafk Haban dpasiding will burls is
substantlally C stant in the peripheral portion. 10 9. Apparatus

accor di ngefaeatinpaiepetiphbrel pirtion fremdbeagiethal pirtipir | s is substantial ly constant
within the nedial portion. 10. A device manufacturing nethod conpri sing:
15 - providing a substrate; - providing a projection beam of radiation

using angillu #?&éﬂa 0 2 80634if 8o clai$ | RleRirPRE Heksily vy biRyiseabdtantialipasistanhe
pr oj ectlon bea a pattérn in its cross- section; providing a

hi gh-r ef Mamﬁnmepmpimxallpnqmnd to the space between the final elenent of said
20 projection system and said substrate; and projecting the patterned beam
of rd@diation onto a target portion of the substrate; wherein said

sub 3t ratg is h?\pgargﬂls AcHlithg B} @bien PYWhRreRi @8 Aehsftydfbhgs Brubaintally osstant ,
sai
within the medial portion.

10. A device manufacturing method comprising:
15 - providing a substrate;
- providing a projection beam of radiation using an illumination system;
- using a patterning device to impart the projection beam with a pattern in its cross-
section;
- providing a high-refractive index liquid to the space between the final element of said
20  projection system and said substrate; and
- projecting the patterned beam of radiation onto a target portion of the substrate;
- wherein said substrate is held on a burl plate by a pressure differential across it, said
pressure differential being greater in a peripheral portion of said substrate than in a medial

portion thereof, and the density of burls on said burl plate is higher in said peripheral portion

25  than in said medial portion.

i1 A burl plate for use in a lithographic projection apparatus in which a high-refractive
index liquid is supplied to the space between the final element of the projection system and a
substrate held on the substrate table, wherein the density of burls in a peripheral portion of the

30  burl plate is higher than in a medial portion thereof.
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pressure differential being greater in a peripheral portion of said
substrate than in a nedial portion thereof, and the density of burls on
said burl plate is higher in said peripheral portion 25 than in said
medi al portion. 11. A burl plate for use in a |lithographic projection
apparatus in which a high-refractive index liquid is supplied to the space
between the final elenment of the projection systemand a substrate held on
the substrate table, wherein the density of burls in a peripheral portion
of the 0 bur llate is hjgher.th ' i rta.on.t 12. A
burl pl ate acd%PﬁﬂH&%?%mgrgﬁﬂgf%nmﬁgfg%ﬁaPﬁ%g%Q%PgQ%Fkﬁﬂgxggﬁgf?vég% burl's
in sai d ppshimSdrbn ROME dOity Of bites en hididlpokiionk $s substantadlyreguala theor t i ons
is substantially equal to the ratio of the pressure differentials in these
por t i onsratio ofithe podssuriadlifgprtiads inghess pagionaingise (of fieapPparal®eor ding to clai m 11
wherein the burls in the peripheral and nedial portions are all of
substantially the sane nom nal size but the nunber per unit area is greater
in the peyiphex alipMit hQBrdiddho ohifirl wilraheheeaBrigiingetiphabindridliather ei n
the cross-sectional area of the burls is 10 greater in the peripheral

por t i on. patBonsArball bf pibatetizdtytbe singnansingl sigerhui thejRErsT PersEiiRresds BIRET al
portion jis. a %ﬁgﬁ%ﬁntLally annul ar regi on extending inward of the outer
per i pher¥ ¢ PEHBCE B8t o 15 16. A burl plate according to claim 11
wherein said annular region has a wwdth in the range of from5%to 20% of
the radius of the burl plate. 17. A burl plate according to claim1l
wherein Bai d haiblrlplat ecdoadingte alaist Hneherginkhg ¢rosssseptongt pig of His bYEF iSpher al
portion fromthe medial portion. 20 18. A burl plate according to claim 11
wher ¥l n @ﬁ@ﬂﬁ@ﬁg?P?ﬁg?“%B?m§mis substantially constant within the

peri pheral portion. 19. A burl plate according to claim11l wherein the
density of burls is substantially 25 constant within the nedial portion.
17 15. A burl plate according to claim 11 wherein said peripheral portion is a substantially

annular region extending inward of the outer periphery of the substrate.

15 16. A burl plate according to claim 11 wherein said annular region has a width in the

range of from 5% to 20% of the radius of the burl plate.

17. A burl plate according to claim 11 wherein said burl plate has an upstanding wall
separating the peripheral portion from the medial portion.

20
18. A burl plate according to claim 11 wherein the density of burls is substantially

constant within the peripheral portion.

19. A burl plate according to claim 11 wherein the density of burls is substantially

25  constant within the medial portion.
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