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(57) ABSTRACT

An immersion lithographic apparatus includes a voltage gen-
erator or power source that applies a potential difference to an
object in contact with the immersion liquid such that bubbles
and/or particles 1n the immersion liquid are either attracted or
repelled from that object due to the electrokinetic potential of
the surface of the bubble 1n the immersion liquid.
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LITHOGRAPHIC APPARATUS AND DEVICE
MANUFACTURING METHOD

Matter enclosed in heavy brackets [ ]| appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue.

Morve than one reissue application has been filed for the
reissue of Pat. No. 7,050,146. The reissue applications are
continuation reissue application No. 13/214,955 and pavent

reissue application No. 12/153,717 (the present application),
all of which are veissue applications of Pat. No. 7,050,146.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present mvention relates to a lithographic apparatus
and a device manufacturing method.

2. Description of the Related Art

A lIithographic apparatus 1s a machine that applies a desired
pattern onto a target portion of a substrate. Lithographic appa-
ratus can be used, for example, 1n the manufacture of inte-
grated circuits (ICs). In that circumstance, a patterning struc-
ture, such as a mask, may be used to generate a circuit pattern
corresponding to an individual layer of the IC, and this pattern
can be 1maged onto a target portion (e.g. including part of one
or several dies) on a substrate (e.g. a silicon water) that has a
layer of radiation-sensitive maternial (resist). In general, a
single substrate will contain a network of adjacent target
portions that are successively exposed. Known lithographic
apparatus 1nclude so-called steppers, 1n which each target
portion 1s irradiated by exposing an entire pattern onto the
target portion 1n one go, and so-called scanners, 1n which each
target portion 1s irradiated by scanming the pattern through the
projection beam 1n a given direction (the “scanning’” direc-
tion) while synchronously scanning the substrate parallel or
anti-parallel to this direction.

It has been proposed to immerse the substrate 1n the litho-
graphic projection apparatus in a liquid having a relatively
high refractive index, e.g. water, so as to {ill a space between
the final element of the projection system and the substrate.
This enables imaging of smaller features because the expo-
sure radiation will have a shorter wavelength 1n the liquid.
(The eflect of the liquid may also be regarded as increasing
the effective NA of the system and also increasing the depth
of focus.)

However, submersing the substrate or substrate and sub-
strate table 1n a bath of liquid (see, for example, U.S. Pat. No.
4,509,852) means that there 1s a large body of liquid that must
be accelerated during a scanning exposure. This requires
additional or more powertul motors and turbulence in the
liquid may lead to undesirable and unpredictable effects.

One of the solutions proposed 1s for a liquid supply system
to provide liquid on only a localized area of the substrate and
in between the final element of the projection system and the
substrate using a liquid confinement system (the substrate
generally has a larger surface area than the final element of the
projection system). One way which has been proposed to
arrange for this 1s disclosed 1in WO 99/49504. As 1llustrated 1n
FIGS. 2 and 3, liquid 1s supplied by at least one ilet IN onto
the substrate W, preferably along the direction of movement
of the substrate relative to the final element, and 1s removed by
at least one outlet OUT after having passed under the projec-
tion system PL. That 1s, as the substrate 1s scanned beneath the
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final element 1n a —X direction, liquid 1s supplied at the +X
side of the final element and taken up at the —X side. FIG. 2

shows the arrangement schematically in which liquid 1s sup-
plied via inlet IN and 1s taken up on the other side of the
clement by outlet OUT which 1s connected to a low pressure
source. In the illustration of FIG. 2, the liquid 1s supplied
along the direction of movement of the substrate relative to
the final element, though this does not need to be the case.
Various orientations and numbers of 1n- and out-lets posi-
tioned around the final element are possible. One example 1s
illustrated 1n FIG. 3 1n which four sets of an inlet with an
outlet on either side are provided 1n a regular pattern around
the final element.

Another solution which has been proposed 1s to provide the
liquid supply system with a seal member which extends along
at least a part of a boundary of the space between the final
clement of the projection system and the substrate table. The
seal member 1s substantially stationary relative to the projec-
tion system 1n the XY plane though there may be some rela-
tive movement 1n the Z direction (in the direction of the
optical axis). A seal 1s formed between the seal member and
the surtace of the substrate. Preferably the seal 1s a contactless
seal such as a gas seal. Such a system 1s disclosed in European
Patent Application No. 03252955.4 hereby incorporated 1n 1ts
entirety by reference.

Other types of seal members are clearly possible including
those with different arrangements of inlets and outlets and
also those which are asymmetric.

A difficulty 1n immersion lithography has been found to be
the existence of bubbles in the mmmersion liquid. These
bubbles can be of any size, but bubbles of the order of a few
um have presented a particular problem. This 1s especially the
case when the um bubbles lie on the surface of the substrate or
a sensor which 1s to be 1imaged because 1n this position the
bubbles have a maximum disturbing intfluence on the projec-
tion beam.

SUMMARY OF THE INVENTION

It 1s an aspect of the present invention to reduce the effect
of bubbles 1n 1immersion liquid on the 1maging quality 1n
immersion lithography.

According to an aspect of the present invention, there 1s
provided a lithographic apparatus including an 1llumination
system configured to provide projection beam of radiation; a
support configured to support a patterning structure, the pat-
terning structure configured to 1mpart the projection beam
with a pattern 1n its cross-section; a substrate table configured
to hold a substrate; a projection system configured to project
the patterned beam onto a target portion of the substrate; a
liquid supply system configured to at least partly fill a space
between a final element of the projection system and the
substrate with an immersion liquid; and a power source con-
figured to apply a first electrical potential to a first object
eifective to move bubbles and/or particles 1n the immersion
liquad.

In this way, 1t 1s possible to apply a force on bubbles in the
immersion liquid 1n a direction either towards or away from
the first object. This 1s because bubbles 1n the 1mmersion
liquid will have a natural electrokinetic potential which 1s a
potential difference between the surface of the bubble and the
tully dissociated 1onic concentration in the body of the liquid.
Thus, by choosing the first electrical potential to be either the
same or opposite polarity to the electrokinetic potential of the
bubble 1t can be determined whether the bubble moves
towards or away from the first object. Thus, this system can be
used to move bubbles 1n the immersion liquid to places where
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their effect on the 1imaging quality of the apparatus 1s mini-
mized. The present invention works 1n the same way on small
particles as 1t does on bubbles.

Preferably, the first object forms a border of the space so
that the positions of the bubbles 1n the immersion liquid 1n the
space can be controlled. Alternatively, the first object can be
in contact with the immersion liqud 1n a supply channel
upstream of the space. In this way it 1s possible to avoid the
generation of excessive electrical potential fields 1n the space
which might be deleterious to sensors 1n the space or might be
difficult to arrange for because of the limited space for objects
under the projection system.

It 1s desirable to have a second power source or voltage to
apply a second electrical potential to a second object 1n con-
tact with the immersion liquid. In this way, the force on the
bubbles may be increased as the first electrical potential could
be made effective to repel the bubbles whilst the second
clectrical potential could be made effective to attract the
bubbles, or vice versa.

In one embodiment, the substrate can be made to be the first
object so that bubbles can be repelled from the substrate itself.
In another embodiment, the second object can be the final
clement of the projection system so that bubbles can be
attracted towards that and thereby away from the substrate.
The first and second objects may be the other way round.

In another embodiment, the first object still forms a border
ol the space but1s positioned distal from the optical axis of the
apparatus. In this way bubbles can be moved away from the
optical axis of the apparatus so that the liquid through which
imaging 1s actually taking place 1s substantially free of
bubbles.

According to a further aspect of the present invention, there
1s provided a device manufacturing method including project-
ing a patterned beam of radiation onto a target portion of a
substrate using a projection system; providing an immersion
liquid between a final element of the projection system and
the substrate; and applying a force on bubbles in the immer-
sion liquid by applying a charge to an object 1n contact with
the immersion liquid.

Although specific reference may be made 1n this text to the
use of lithographic apparatus in the manufacture of ICs, it
should be understood that the lithographic apparatus
described herein may have other applications, such as the
manufacture of integrated optical systems, guidance and
detection patterns for magnetic domain memories, liquid-
crystal displays (LCDs), thin-film magnetic heads, etc. One
of ordinary skill will appreciate that, 1n the context of such
alternative applications, any use of the terms “water” or “die”
herein may be considered as synonymous with the more
general terms “substrate” or “target portion”, respectively.
The substrate referred to herein may be processed, before or
alter exposure, 1 for example a track (a tool that typically
applies a layer of resist to a substrate and develops the
exposed resist) or a metrology or inspection tool. Where
applicable, the disclosure herein may be applied to such and
other substrate processing tools. Further, the substrate may be
processed more than once, for example 1n order to create a
multi-layer IC, so that the term substrate used herein may also
refer to a substrate that already contains multiple processed
layers.

The terms “radiation” and “beam™ used herein encompass

all types of electromagnetic radiation, including ultraviolet
(UV) radiation (e.g. having a wavelength of 365, 248, 193,

157 or 126 nm).

The term “patterming structure” used herein should be
broadly interpreted as referring to a structure that can be used
to 1impart a projection beam with a pattern 1n 1ts cross-section
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such as to create a pattern 1n 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 func-
tional layer 1n a device being created in the target portion,
such as an integrated circuit.

Patterning structures may be transmissive or reflective.
Examples of patterning structures imnclude masks, program-
mable mirror arrays, and programmable LCD panels. Masks
are well known in lithography, and include mask types such as
binary, alternating phase-shift, and attenuated phase-shift, as
well as various hybrid mask types. An example of a program-
mable mirror array employs a matrix arrangement of small
mirrors, each of which can be individually tilted so as to
reflect an incoming radiation beam in different directions. In
this manner, the reflected beam 1s patterned. In each example
of a patterning structure, the support structure may be a frame
or table, for example, which may be fixed or movable as
required and which may ensure that the patterning structure 1s
at a desired position, for example with respect to the projec-
tion system. Any use of the terms, “reticle” or “mask™ herein
may be considered synonymous with the more general term
“patterning structure”.

The term “projection system” used herein should be
broadly interpreted as encompassing various types ol projec-
tion system, including refractive optical systems, reflective
optical systems, and catadioptric optical systems, as appro-
priate for example for the exposure radiation being used, or
for other factors such as the use of an immersion fluid or the
use of a vacuum. Any use of the term “lens” herein may be
considered as synonymous with the more general term “pro-
jection system”.

The i1llumination system may also encompass various
types of optical components, including refractive, retlective,
and catadioptric optical components for directing, shaping, or
controlling the projection beam of radiation, and such com-
ponents may also be referred to below, collectively or singu-
larly, as a “lens”.

The lithographic apparatus may be of a type having two
(dual stage) or more substrate tables (and/or two or more
mask tables). In such “multiple stage” machines the addi-
tional tables may be used 1n parallel, or preparatory steps may
be carried out on one or more tables while one or more other
tables are being used for exposure.

BRIEF DESCRIPTION OF THE DRAWINGS

Embodiments of the present mmvention 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:

FIG. 1 depicts a lithographic apparatus according to an
embodiment of the invention;

FIG. 2 illustrates, 1n cross-section, a liquid supply system:;

FIG. 3 illustrates the liquid supply system of FIG. 2;

FIG. 4 1llustrates an embodiment of the present invention;
and

FIG. S 1llustrates another embodiment of the present inven-
tion.

DETAILED DESCRIPTION

FIG. 1 schematically depicts a lithographic apparatus
according to a particular embodiment of the invention. The
apparatus includes an i1llumination system (1lluminator) IL
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for providing a projection beam PB of radiation (e.g. UV

radiation). A first support structure (e.g. a mask table) MT 1s

configured to support a patterning structure (e.g. a mask) MA
and 1s connected to a first positioning device PM that accu-

rately positions the patterning structure with respect to a

projection system. A substrate table (e.g. a wafer table) WT 1s

configured to hold a substrate (e.g. a resist-coated waler) W

and 1s connected to a second positioning device PW that

accurately positions the substrate with respect to the projec-
tion system. The projection system (e.g. a refractive projec-
tion lens) PL 1images a pattern imparted to the projection beam

PB by the patterning structure MA onto a target portion C

(¢.g. including one or more dies) of the substrate W.

As here depicted, the apparatus 1s of a transmissive type
(e.g. employing a transmissive mask). Alternatively, the appa-
ratus may be of a reflective type (e.g. employing a program-
mable mirror array of a type as referred to above).

The 1lluminator IL receives a beam of radiation from a
radiation source LA. The source and the lithographic appa-
ratus may be separate entities, for example when the source 1s
an excimer laser. In such cases, the source 1s not considered to
form part of the lithographic apparatus and the radiation beam
1s passed from the source LA to the 1lluminator IL with the aid
of abeam delivery system Ex including, for example, suitable
directing mirrors and/or a beam expander. In other cases, the
source may be an integral part of the apparatus, for example
when the source 1s a mercury lamp. The source LA and the
illuminator IL, together with the beam delivery system Ex 1f
required, may be referred to as a radiation system.

The 1lluminator IL may include an adjusting device AM to
adjust the angular intensity distribution of the beam. Gener-
ally, at least the outer and/or inner radial extent (commonly
referred to as o-outer and o-1nner, respectively) of the inten-
sity distribution 1n a pupil plane of the 1lluminator can be
adjusted. In addition, the i1lluminator I generally includes
various other components, such as an integrator IN and a
condenser CO. The i1lluminator provides a conditioned beam
of radiation, referred to as the projection beam PB, having a
desired uniformity and intensity distribution 1n its cross-sec-
tion.

The projection beam PB 1s incident on the mask MA,
which 1s held on the mask table MT. Having traversed the
mask MA, the projection beam PB passes through the lens
PL, which focuses the beam onto a target portion C of the
substrate W. With the aid of the second positioning device PW
and a position sensor IF (e.g. an interferometric device), 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.
Similarly, the first positioning device PM and another posi-
tion sensor (which 1s not explicitly depicted in FIG. 1) can be
used to accurately position the mask MA with respect to the
path of the beam PB, e.g. after mechanical retrieval from a
mask library, or during a scan. In general, movement of the
object tables MT and WT will be realized with the aid of a
long-stroke module (coarse positioning) and a short-stroke
module (fine positioning), which form part of the positioning
devices PM and PW. However, 1n the case of a stepper (as
opposed to a scanner) the mask table M T may be connected to
a short stroke actuator only, or may be fixed. Mask MA and
substrate W may be aligned using mask alignment marks M1,
M2 and substrate alignment marks P1, P2.

The depicted apparatus can be used 1n the following pre-
ferred modes:

1. In step mode, the mask table M'T and the substrate table WT
are kept essentially stationary, while an entire pattern
imparted to the projection beam 1s projected onto a target
portion C 1n a single “flash” (1.e. a single static exposure).
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The substrate table WT 1s 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 limaits

the size of the target portion C 1imaged 1n a single static

exposure.

2. In scan mode, the mask table MT and the substrate table
WT are scanned synchronously while a pattern imparted to
the projection beam 1s projected onto a target portion C (1.¢.
a single dynamic exposure). The velocity and direction of
the substrate table WT relative to the mask table MT 1s
determined by the (de-)magnification and 1mage 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 1n a single
dynamic exposure, whereas the length of the scanning
motion determines the height (in the scanning direction) of
the target portion.

3. In another mode, the mask table MT 1s kept essentially
stationary holding a programmable patterning structure,
and the substrate table WT 1s moved or scanned while a
pattern imparted to the projection beam 1s projected onto a
target portion C. In this mode, generally a pulsed radiation
source 1s employed and the programmable patterning
structure 1s updated as required after each movement of the
substrate table WT or imn between successive radiation
pulses during a scan. This mode of operation can be readily
applied to maskless lithography that utilizes program-
mable patterning structures, such as a programmable mir-
ror array of a type as referred to above.

Combinations and/or vanations on the above described
modes of use or entirely different modes of use may also be
employed.

The present mvention 1s applicable to any type of liquad
supply system. The supply system may be configured to sup-
ply any type of immersion liquid and may use any type of
system for confining the immersion liquid between the pro-
jection system PL and the substrate W.

FIG. 4 illustrates one type of liquid confinement system
according to the present invention. The present invention
could be applied to the liquid supply system of FIGS. 2 and 3.

The liquid supply system of FIG. 4 includes a barrier
member 10 positioned below and surrounding the final ele-
ment 20 of the projection system PL. The liquid 1s brought
into the space S below the projection system and within the
barrier member 10. The barrier member 10 preferably
extends a little above the final element of the projection sys-
tem PL. Optionally, a seal may be provided between the
bottom of the barrier member 10 and the substrate W. This
seal may, for example, be a gas seal or a hydrostatic seal. The
barrier member 10 may be supported by the projection system
PL or the base frame of the apparatus or in any other way
including supporting 1ts own weight on the substrate W.

Immersion liquid 1s supplied to the space between the
projection system PL and the substrate W through a conduit
30. The immersion liquid 1s then removed from the space.
This removal of liquid 1s not illustrated but may be 1n any way,
for example by a low pressure source.

Micro bubbles and small particles can be present in the
immersion liquid and, 11 these are close to the surface of the
substrate W during imaging, can deleteriously effect the qual-
ity ol the projected 1mage and the resulting product. The
present invention addresses this 1ssue drawing on the discov-
cery made by the mining industry that small solid particles
adhere to bubble surfaces 1n a liquid. It was found that elec-
trical forces between micron size bubbles and the solid par-
ticles play an important role in the adhesion. It was found that
bubbles 1n a liquid have, on their surface, an electrokinetic (or
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zeta) potential which results 1n a potential difference between
the surface of the bubble and the fully disassociated 1onic
concentration 1n the body of the liquid. This also applies to
small particles.

In the present invention, a power source or voltage supply
V (or charge, voltage, electrical field or potential difference
generator or supply) 1s used to apply an electrical potential to
one or more objects of the immersion apparatus. The prin-
ciple of operation 1s that 1f repulsion 1s required a potential
difference between the fully disassociated 1onic concentra-
tion of the liquid and the object 1s generated, which 1s of the
same polarity as the potential difference between the fully
disassociated 1onic concentration 1n the body of the liquid and
the surface of the bubble. If attraction between the object and
the bubble 1s required the potential differences should have
opposite polarity. In this way forces can be generated on the
bubbles towards or away from the objects (e.g. electrodes)
which are 1n contact with the immersion liqud.

In FIG. 4 several different objects have a potential or
charge applied to them. The present invention will work with
only one such object and also with any combination of
objects, and indeed other objects not illustrated could be also
or alternatively used.

In pure water, which 1s a candidate for use as an 1immersion
liguid at 193 nm projection beam wavelength, it has been
found that the surface potential of um bubbles 1s about —50
mV. This potential will vary with bubble size and also with
type of immersion liquid. However, the same principles as
described here can be used for other immersion liquids and
bubble sizes and the invention 1s fully applicable to those.
Additives may be added to the immersion liquid to change the
cifect of the surface potential. CaCl, and NaCl are suitable
additives for this purpose.

In FIG. 4, six different objects are illustrated to which a
potential or voltage or charge could be applied. Preterably the
objects are 1n contact with the immersion liquid, though 1n
principle this 1s not necessary. One of these objects 1s the
substrate W which 1s preferably charged to the same polarity
of electrical potential as the electrical potential of the surface
of the bubbles. In this way the bubbles have a force on them
directly away from the substrate W so that their effect on the
projected image 1s minimized. In combination with a negative
potential on the substrate W, or by 1tseld, the final element of
the projection system or an object close to the final element 20
of the projection system PL can be charged to a potential
opposite 1n polarity to the potential of the surface of the
bubbles. This will have the effect of attracting the bubbles
towards the final element 20 of the projection system PL and
thereby away from the substrate W. The shape of the object
(e.g., electrode) close to the final element 20 of a projection
system PL could be any shape. It could be plate-like or annu-
lar so that the projection beam PB passes through the center of
the object.

Alternatively, the objects to be charged or have a voltage
applied to them could be attached to a surface of the barrier
member 10. In FIG. 4, these objects are attached to the inner
surface of the barrier member 10. As illustrated, two elec-
trodes 12, 14 are present each on opposite sides of the barrier
member and charged to opposite potentials. In this way the
bubbles could be drawn to one or other of the electrodes 12,
14, perhaps 1n the direction of an immersion liquid outlet.
Alternatively, one object or more objects may be provided
around the mner side of the seal member 10 (1n contact with
the immersion liquid) which 1s/are charged to a potential with
a polarity different to the polarity of the potential of the
surface of the bubbles. In this way bubbles 1n the immersion
liquid 1n the space 5 between the final element 20 of the
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projection system PL and the substrate W will be drawn away
from the optical axis of the apparatus thereby leaving the path
of the projection beam PB to the substrate W substantially
unhindered by bubbles.

Another place to use the present invention 1s upstream of
the space 5 between the final element 20 of the projection
system PL and the substrate W in the liquid supply system. In
this case, as the immersion liquid passes along conduits 30
and through a housing 40, oppositely charged and opposing
plates (e.g., electrodes) 42, 44 produce a force on the bubbles
which 1s effective to move the bubbles, when the immersion
liquid is in the space 5, further away from the substrate W than
they would be without the application of the electrical field
upstream of the space 5. The immersion liquid with a high
concentration of bubbles, 1.e. near the electrode 44, could
even be removed and not supplied to the space 5. The removed
liquid could be subjected to a bubble removal process before
being recycled 1n the liquid supply system.

In all of the above examples, the higher the voltage applied
by the voltage generator V the greater the force on the
bubbles. The potential on the objects should not be so high as
to cause disassociation of the immersion liquid but should be
high enough to provide a force on the bubbles such that the
present invention 1s effective. For an immersion liquid com-
prised mainly of water, typical potential differences applied
to the objectsare SmV to 5V, preferably 10mV to 500 mV. An
clectrical field of 5 mV/mm to 500 mV/mm due to the appli-
cation of the potential 1s preferred.

In FIG. 5, a second power source/voltage supply/charge/
voltage/electrical field or potential difference generator or
supply V2 1s provided. The second power source V2 supplies
or generates a second electrical potential that 1s opposite 1n
polarity to the electrical potential supplied or generated by the
power source V. The second electrical potential may be of the
same polarity as the electrokinetic potential of a surface of the
bubbles and/or particles 1n the immersion liquid. Although
the power source V 1s shown as applying the electrical poten-
t1al to objects 12, 20, 42, 44 and the second power source V2
1s shown as applying the second electrical potential to objects
W, 14, 1t should be appreciated that the first and second power
sources V, V2 may apply the electrical potentials to the
objects 1n any combination.

While specific embodiments of the invention have been
described above, 1t will be appreciated that the invention may
be practiced otherwise than as described. The description 1s
not intended to limit the invention.

What 1s claimed 1s:

1. A lithographic apparatus, comprising:

an 1llumination system configured to provide a projection
beam of radiation;

a support configured to support a patterning structure
which 1s configured to impart the projection beam with a
pattern in its cross-section;

a substrate table configured to hold a substrate;

a projection system configured to project the patterned
beam onto a target portion of the substrate;

a liquid supply system configured to at least partly fill a
space between the projection system and the substrate
with an immersion liquid; and

a power source configured to apply a first electrical poten-
tial across the immersion liquid supplied by the liquid
supply system to move at least one of bubbles and par-
ticles, when 1n the space, in the immersion liquid.

2. An apparatus according to claim 1, wherein the first

clectrical potential 1s applied to a first object.

3. An apparatus according to claim 2, wherein the first
object 1s 1n contact with the immersion liquid.
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4. An apparatus according to claim 2, wherein the first
object forms a border of the space.

5. An apparatus according to claim 2, wherein the first
object 1s 1n contact with the immersion liquid 1n a supply
channel upstream of the space.

6. An apparatus according to claim 2, wherein the {first
object 1s the substrate.

7. An apparatus according to claim 2, wherein the first
object lies 1n the optical axis of the apparatus.

8. An apparatus according to claim 2, wherein the first
object [fonns] forms a border of the space and is positioned
distal from the optical axis of the apparatus.

9. An apparatus according to claim 2, wherein the first
object 1s positioned on a barrier member which extends along
at least a part of a boundary of the space.

10. An apparatus according to claim 1, wherein the first
clectrical potential 1s applied across the immersion liqud 1n
the space.

11. An apparatus according to claim 1, wherein the first
clectrical potential 1s applied across the immersion liqud
outside the space.

12. An apparatus according to claim 11, wherein the first
clectrical potential 1s applied across the immersion liqud 1n
the liquid supply system.

13. An apparatus according to claim 1, wherein the first
clectrical potential 1s effective to exert a force on at least one
ol bubbles and particles 1n the immersion liquid 1n a direction
away from the substrate.

14. An apparatus according to claim 1, further comprising
a second power source configured to apply a second electrical
potential across the immersion liquid.

15. An apparatus according to claim 14, wherein the sec-
ond electrical potential 1s opposite 1n polarity to the first
clectrical potential.

16. An apparatus according to claim 14, wherein the sec-
ond electrical potential 1s of the same polarity as an electro-
kinetic potential of a surface of at least one of bubbles and
particles 1n the immersion liqud.

17. An apparatus according to claim 14, wherein the sec-
ond electrical potential 1s applied across the immersion liquid
in the space.

18. An apparatus according to claim 14, wherein the sec-
ond electrical potential 1s applied across the immersion fluid
outside the space.

19. An apparatus according to claim 14, wherein the sec-
ond electrical potential 1s applied to a second object.

20. An apparatus according to claim 19, wherein the sec-
ond object forms a border of the space.

21. An apparatus according to claim 19, wherein the sec-
ond object 1s in contact with the immersion liquid 1n a supply
channel upstream of the space.

22. An apparatus according to claim 19, wherein the sec-
ond object 1s a final element of the projection system.

23. An apparatus according to claim 1, wherein the first
clectrical potential 1s effective to exert a force on at least one
ol bubbles and particles 1n the immersion liquid 1n a direction
such that when 1n the space, the at least one of bubbles and
particles will be turther from the substrate than 11 no electrical
potential was applied across the immersion liquid.

24. An apparatus according to claim 1, wherein the first
clectrical potential 1s between £5 mV and £3V.

25. An apparatus according to claim 1, wherein the first
clectrical potential 1s between 10 mV and 500 mV.

26. An apparatus according to claim 1, wherein the first

clectrical potential 1s effective to set up an electrical field of

up to S00 mV/mm.
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27. An apparatus according to claim 1, wherein the first
clectrical potential 1s of different polarity to an electrokinetic
potential of a surface of at least one of bubbles and particles in

the immersion liquid.

28. A Iithographic apparatus, comprising:;

a support configured to support a patterning structure
which 1s configured to impart a beam of radiation with a
pattern 1n 1ts cross-section;

a substrate table configured to hold a substrate;

a projection system configured to project the patterned
beam onto a target portion of the substrate;

a liquid supply system configured to at least partly fill a
space between the projection system and the substrate
with an immersion liquid; and

the liguid supply system having means for moving at least
one of bubbles and particles, when 1n the space, 1n the
immersion liquid supplied by the liquid supply system
by the application of a voltage to the immersion liquid,
the bubbles and/or the particles.

29. A lIithographic apparatus, comprising:;

a support configured to support a patterning structure con-
figured to impart a beam of radiation with a pattern 1n 1ts
cross-section;

a substrate table configured to hold a substrate;

a projection system configured to project the patterned
beam onto a target portion of the substrate;

a liquid supply system configured to at least partly fill a
space between the projection system and the substrate
with an 1mmersion liquid, wherein the liquid supply
system comprises means for applying a charge to an
object, the charge being the same or opposite 1n polarity
to an electrokinetic potential of bubbles 1n the 1mmer-
s1on liquid such that at least one of bubbles and particles,
when 1n the space, in the immersion liquid supplied by
the liquid supply system have a force on them in a
direction away from or towards the object.

30. A Iithographic apparatus, comprising:

a support configured to support a patterning structure
which 1s configured to impart a beam of radiation with a
pattern 1n 1ts cross-section;

a substrate table configured to hold a substrate;

a projection system configured to project the patterned
beam onto a target portion of the substrate;

a liquid supply system configured to at least partly fill a
space between the projection system and the substrate
with an immersion liquid;

the liquid supply system having a potential field generator
configured to generate an electrical field in the immer-
ston liquid effective to move at least one of bubbles and
particles, when 1n the space, 1n the immersion liquid
supplied by the liquid supply system.

31. A device manufacturing method, comprising;

projecting a patterned beam of radiation onto a target por-
tion of a substrate using a projection system;

providing an immersion liquid from a liquid supply system
to the space between the projection system and the sub-
strate; and

applying a force on at least one of bubbles and particles,
when 1n the space, 1n the immersion liquid provided by
the liquid supply system by applying a charge to an
object.

32. A method according to claim 31, wherein the object

forms a border of the space.

33. A method according to claim 31, wherein the object 1s

in contact with the immersion liquid 1n a supply channel
upstream of the space.
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34. A lithographic apparatus, comprising:

a substrate table configured to hold a substrate;

a projection system configured to project a patterned beam
onto a target portion of the substrate;

a liguid supply system configured to at least partly fill a
space between the projection system and the substrate
with an immersion liguid; and

a force applicator constructed and arranged to move par-
ticles, when in the space, in the immersion liquid inde-
pendent of the flow or pressure of the immersion liquid,
the particles being of different material than the immer-
sion liquid.

35. An apparatus according to claim 34, wherein the force

applicator is constructed and arranged to move the particles

(i) away from the substrate, or (ii) from an optical axis of the

. : 1
projection system, or (iii) towards a final optical element of

the projection system, or (iv) towards a liguid confinement
structure, or (v) towards an object close to a final optical
element of the projection system, or (Vi) any combination
selected from (i)-(v).

36. An apparatus according to claim 34, wherein the force
applicator comprises a power source.

37. An apparatus accovding to claim 36, wherein the power
source is configured to apply a first electrical potential across
the immersion liquid.

38. An apparatus according to claim 37, wherein the first
electrical potential is applied to a first object.

39. An apparatus according to claim 38, wherein the first
object is in contact with the immersion liquid.

40. An apparatus according to claim 38, wherein the first
object forms a border of the space.

41. An apparatus according to claim 38, wherein the first
object is in contact with the immersion liquid in a supply
channel upstream of the space.
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42. An apparatus according to claim 34, further compris-
ing an illumination system configured to provide a projection
beam of radiation.

43. An apparatus according to claim 34, further compris-
ing a support configured to support a patterning structure, the
patterning structuve configured to impart a projection beam
with a pattern in its cross-section.

44. A lithographic apparatus, comprising:

a substrate table configured to hold a substrate;

a projection system configured to project a patterned beam

onto a target portion of the substrate;

a liquid supply system configured to at least partly fill a
space between the projection system and the substrate
with an immersion liquid; and

a force applicator constructed and arranged to move par-
ticles in the immersion liquid independent of the flow or
pressure of the immersion liquid and from the substrate,
from an optical axis of the projection system, or from
both the substrate and the optical axis, the particles
being of different material than the immersion liquid.

45. A lithographic apparatus, comprising:

a substrate table configured to hold a substrate;

a projection system configured to project a patterned beam
onto a target portion of the substrate;

a liquid supply system configured to at least partly fill a
space between the projection system and the substrate
with an immersion liquid; and

a force applicator constructed and arranged in a supply
channel upstream of the space to move particles, when in
the space, in the immersion liquid independent of the
flow or pressure of the immersion liquid, the particles
being of different material than the immersion liquid.
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