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Lithographic Äpparatus and Device Manufacturing Method

The invention relates to a lithographic apparatus and a method for

manufachrring a device.

BackEormd

t00021 A lithographic apparatus is a machine that applies a desired pattem onto a

substrate, usually oflto ¿ target portion ofthe substrate. A lithographic appafatus can be useq

for examplq in the manufacture ofintegrated circuits QCs). ln that instance, a patteming

device, which is altematively referred to as a mask or a ¡eticle, may be used to gene'Íate a

circuit pattem to be formed on an individual layer ofthe IC. This pattem can be transferred

onto a target portion (e.g. comprising part of, onq or sweral dies) on a substrate (e'g' a

silicon wafer). Tmnsfer of tho pattem is typicatly via imaging onto a layer ofradiation-

sensitive material (resist) provide.d on the subshate. In g€,neral, a single subsFate will contain

a network of arljacent target portions that are zuccessiveþ pattemed. Known lithogra.phic

apparatus include so-called steppers, in which eâch t¿¡get portion is irradiated by exposing an

entire pattem onto the target portion at one timg and so-called sca¡ners, in which each target

portio4 is irradiated by scanning the pattem through a radiation beam in a given direction (the

.bcanning"-direction) while synchronously scaruring the subshate parallel or anti-parallel to

this di¡ection. It is also possible to tansfef the patt€rn ftom the patteming device to the

substrate by imprinting the pattem onto the substrate.

10003] It has been proposed to imm€tse the substrate in the lithographic projection

apparatus in a liquid having a relatively high refractíve index, e'g' wat€r, so as to fill a space

betwe€n the final element of the p¡ojection systern 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 liquict. (The effect of the liquid may also be regartled as increasing the

effective NA of the systøm and also increasiog the depth of focus.) other immersion líquids

havo been proposed, including water with solid particles (e'g' quartz) suspended therein'

t00041 However, submersing fhe substrate or substrato and substrate table in a bath of

liquid (see, for example, Unitod States patent no. US 4,509,852) means that there is a large

Lithographic Apparatus and Device Manufacturing Method  Field [0001]
The invention relates to a lithographic apparatus and a method for
manufacturing a device. Background  [0002] A lithographic apparatus is a
machine that applies a desired pattern onto a  substrate, usually onto a
target portion of the substrate. A lithographic apparatus can be used,  for
example, in the manufacture of integrated circuits (ICs). In that instance, a
patterning  device, which is alternatively referred to as a mask or a reticle,
maybe used to generate a  circuit pattern to be formed on an individual
layer of the IC. This pattern can be transferred  onto a target portion (e.g.
comprising part of, one, or several dies) on a substrate (e.g. a  silicon
wafer). Transfer of the pattern is typically via imaging onto a layer of
radiation- sensitive material (resist) provided on the substrate. In general,
a single substrate will contain  a network of adjacent target portions that
are successively patterned. Known lithographic  apparatus include
so-called steppers, in which each target portion is irradiated by exposing
an  entire pattern onto the target portion at one time, and so-called
scanners, in which each target  portion is irradiated by scanting the
pattern through a radiation beam in a given direction (the
"scanning"-direction) while synchronously scanning the substrate parallel
or anti-parallel to  this direction. It is also possible to transfer the pattern
from the patterning device to the  substrate by imprinting the pattern onto
the substrate. [0003] 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. (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.  [0004] However, submersing the substrate or substrate and
substrate table in a bath of  liquid (see, for example, United States patent
no. US 4,509,852) means that there is a large 1 



body ofliquid that must be accele¡ated during a scanning exposure. This requires additíonal

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

unpredictable effects.

t00051 one ofthe solutions proposed is for a liquid suppiy system to provide liquid

on only a locaüzed are¿ of the substrate and in between the ûnal element of the projection

systøh 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 beøt

proposed to afrange for this is disclosed in PCT patent application publication no. wo
ggl4g5}4.As illustrated in Figures 2 and 3, liquid is zupplied by at le¿st one inlet IN onto the

subsûrate, preferably along the direction ofmovønent of the substrate relative to the final

ele,ment, and is removed by at least one outlet OUT after having passed under the projection

system. That is, as the substate is scanned beneath the element in a -x direction, Iiquíd is

supplied at the +X side of the element and taken up at the -X side' Figure 2 shows the

anangement schematically in which liquid is supplied via inlet IN and is taken up on the

other side of the êlement by outlet OUT which is cormected to a low pressue source- In the

illushation ofFigure 2 the liquid is supplied along the direction ofmovement ofthe substrate

¡elative to the final elemen! thougb this does not need to be the c¿se. Various odentations

and numbefs of i,1- and out-lets positioned a¡ormd the final element are possiblg one example

is illusfated itr Figure 3 in which four sets ofan iñlet with an outlet on either side are

provided in a regular pattem around the final element-

100061 A fi¡rther immersion lithography solution with a localized liquid supply system

is shown in Figue 4. Liquid is supplied by two groove inlets IN on eittrer side of the

pfojection system PL and is removed by a plurality ofdiscrete outlets ouT arranged radially

outwardly ofthe inlets IN. The inlets IN and ouT can be arranged in a plate with a hole in its

center and through which the projection beam is projected. Liquid is supplied by one groove

inlet IN on one side ofthe projection system PL and f€rnoved by a plurality ofdiscrete outlets

OUT on the other side of the projection system PL, causing a flow of a thin film of liquid

benrveen the projection system PL and the substrate w. The choice ofwhich combination of

inlet IN and outlets ouT to use can depend on the direction ofmovement ofthe substrate w

(the other combination ofinlet IN and outlets OUT being inaotive).

l0q07l In Europear patent application public¿tion no. EP 1420300 and United 6tates

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. [0005] One of the
solutions proposed is 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 is disclosed in PCT patent application publication no. WO
99/49504. As illustrated in Figures 2 and 3, liquid is supplied by at least
one inlet IN onto the  substrate, preferably along the direction of
movement of the substrate relative to the final  element, and is removed
by at least one outlet OUT after having passed under the projection
system. That is, as the substrate is scanned beneath the element in a X
direction, liquid is  supplied at the +X side of the element and taken up at
the -X side. Figure 2 shows the  arrangement schematically in which liquid
is supplied via inlet IN and is taken up on the  other side of the element by
outlet OUT which is connected to a low pressure source. In the  illustration
of Figure 2 the liquid is 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 in- and out-lets positioned
around the final element are possible, one example  is illustrated in Figure
3 in which four sets of an inlet with an outlet on either side are  provided in
a regular pattern around the final element. 100061 A further immersion
lithography solution with a localized liquid supply system  is shown in
Figure 4. Liquid is supplied by two groove inlets IN on either side of the
projection system PL and is removed by a plurality of discrete outlets OUT
arranged radially  outwardly of the inlets IN. The inlets IN and OUT can be
arranged in a plate with a hole in its  center and through which the
projection beam is projected. Liquid is supplied by one groove  inlet IN on
one side of the projection system PL and removed by a plurality of
discrete outlets  OUT on the other side of the projection system PL,
causing a flow of a thin film of liquid  between the projection system PL
and the substrate W. The choice of which combination of  inlet IN and
outlets OUT to use can depend on the direction of movement of the
substrate W  (the other combination of inlet IN and outlets OUT being
inactive). 



patent application publication no. US 2004-0136494, each hereby incorporated in their

entirety by reference, the ideaofa twin or dual stage immersion líthography apparatus is

disclosed- Such an apparatus is províded with two tablès for supporting a substrate. Leveling

measurements are c¿r¡ied out with a table at a first position, without immsrsion liquid, and

exposure is carried out with a table at a second positior¡ where immersion liquid is present,

Altemativel¡ the apparatus has only one table.

t00081 A.problern with immersion lithography is the introduction ofimaging defects

in ihe product due to the use of immersion liquid on the top surfac€ of the substrate. Most of

these imaging defects are introduced through particles in the immersion fiçid.

Summary

t00091 It is desirable to reduce the defects introduced by use ofimmersion liquid in an

ímmersion lithographío projection apparatus. In an embodimen! both particle printing and

liquid clroplets left behind after imaging which lead to liqui<l marks are reduced.

[000101 According to an aspect ofthe inveritior¡ there is provided a lithographic

apparatus comprising: a support constructed ûo support a patteming device, the patterning

devíce being capable of ímparting a radiation beam with a pattem in its cross-section to form

a patterned radiation beam; a substate table consFucted to hold a substrate; a liquid supply

sysfem conñgured to provide liquid to a locâlized Brea ofa top surface ofa substrate; a

projection system configured to project the pattemed radiation beam onto a target portion of

the subshate tbrougþ the liquid; and a contollor adapted to coordinate movement ofthe

substrate t¿ble and the support during imaging ofa line ofdies across the subsúate such that

this is accomplished by movement of the line of dies wrder the projection system backwards

antVo¡ foru'ards only in a direction subsøntially parallel to a fi¡st direction which first

direction is in a plane substantially parallel to the top surface.

f000fll According to a frrther aqrect ofthe invention, there is provided a lithographic

apparatus comprising: a support constructed to support a patterning device, the patteming

device being capable of imparting a radiation beam with a pattem in its cross'sectíotr to form

a pattemed radiation beam; asubstrate table constructed to hold a substrate; a liquid supply

syste.m configured to provide liquid to a loc¿lized are¿ ofa top surface ofa substate; a

projection system configured to project the pattemed radiation be¿m onto a targot portion of

100071 In European patent application publication no. EP 1420300 and
United States  2 patent application publication no. US 2004-0136494,
each hereby incorporated in their  entirety by reference, the idea of a twin
or dual stage immersion lithography apparatus is  disclosed. Such an
apparatus is provided with two tables for supporting a substrate. Leveling
measurements are carried out with a table at a first position, without
immersion liquid, and  exposure is carried out with a table at a second
position, where immersion liquid is present.  Alternatively, the apparatus
has only one table. [0008] A problem with immersion lithography is the
introduction of imaging defects  in the product due to the use of immersion
liquid on the top surface of the substrate. Most of  these imaging defects
are introduced through particles in the immersion liquid. Summary  [0009]
It is desirable to reduce the defects introduced by use of immersion liquid
in an  immersion lithographic projection apparatus. In an embodiment,
both particle printing and  liquid droplets left behind after imaging which
lead to liquid marks are reduced. [00010] According to an aspect of the
invention, there is provided a lithographic  apparatus comprising: a
support constructed to support a patterning device, the patterning  device
being capable of imparting a radiation beam with a pattern in its
cross-section to form  a patterned radiation beam; a substrate table
constructed to hold a substrate; a liquid supply  system configured to
provide liquid to a localized area of a top surface of a substrate; a
projection system configured to project the patterned radiation beam onto
a target portion of  the substrate through the liquid; and a controller
adapted to coordinate movement of the  substrate table and the support
during imaging of a line of dies across the substrate such that  this is
accomplished by movement of the line of dies under the projection system
backwards  and/or forwards only in a direction substantially parallel to a
first direction which first  direction is in a plane substantially parallel to the
top surface. [00011] According to a further aspect of the invention, there is
provided a lithographic  apparatus comprising: a support constructed to
support a patterning device, the patterning  device being capable of
imparting a radiation beam with a pattern in its cross-section to form  a
patterned radiation beam; a substrate table constructed to hold a
substrate; a liquid supply  



the substrate th¡ough the liquid; and a controller adapted to conhol movement ofthe suPpo¡t

and the substfate table such that the subskate table moves in a fust direction in a plane

substantially parallel to the top surface during imaging ofa line ofdies on the substrate and

the support is moved such that the substrate is sca¡ned in the first direction during exposure

ofe¿ch ofthe dies.

1000121 Accordíng to a further aspect ofthe invention, there is provided a lithographic

apparafirs comprising; a support constructed to suppori a patterning device, the patteming

device being capable of imparting a radiation beam with a pattem in its cross-section to form

a pattemed radiation beam; a substfate table constucted to hold a substrate; a liquid supply

system configufed to provide liquid to a localized a¡e¿ ofa top surface ofâ substratel a

projection system configUred to proje.ct the pattemed radiation beam onto a tafget portion of

the zubstrate through the liquid; and a cont¡oller adapted to conhol move.rrent of the zupport

a.nd the substrate table such that during inaging of a central section ofthe substrafe scan

movements a¡e substantially perpendicular to step movemørts and during imaging of an outer

atea ofthe substrate step aod scan movements are either combined or zubstantially anti-

parallel.

t000ßl According to a further aspect of the inventioq there is provided a lühogra.phic

apparatus comprísirg: a support construcÛed to support a patteming device, the paüeming

device being capable of imparting a radiation beam with a pattem in its cross-section to folm

a pattemetl radiation beam; a substrate table constructed to hold a substrate; a liquid supply

system configured to provide liquid to a localized area ofa top surface ofa subshate; a

projection system configured to project the pattemed fadiation bean onto a target portion of

the substrate tb¡ough the liquitl; and a controller adapted to control movernent of tåe support

and the subshate table such that during imaging of at least a portion of a top srrface of the

substrate scan movements ând step movønents of the substrate table are at least paltly

c¡mbined as one movement or sepafate movernents which are substantially parallel.

f000r4l According to a further aspect ofthe invention, there is provided a lithographic

apparatus comprising: a support conshucted to support a patteming device, the patteming

device being cøpable ofimparting a radiatiòn beam with a pattem in its cross-section to forrn

a pattemed radiation beam; a substate table constructed to hold a substate; a Iiquid supply

system configured to provide liquid to a localized area of a top surface of a subsEate; a . .

system configured to provide liquid to a localized area of a top surface of
a substrate; a  projection system configured to project the patterned
radiation beam onto a target portion of 3 the substrate through the liquid;
and a controller adapted to control movement of the support  and the
substrate table such that the substrate table moves in a first direction in a
plane  substantially parallel to the top surface during imaging of a line of
dies on the substrate and  the support is moved such that the substrate is
scanned in the first direction during exposure  of each of the dies. [00012]
According to a further aspect of the invention, there is provided a
lithographic  apparatus comprising; a support constructed to support a
patterning device, the patterning  device being capable of imparting a
radiation beam with a pattern in its cross-section to form  a patterned
radiation beam; a substrate table constructed to hold a substrate; a liquid
supply  system configured to provide liquid to a localized area of a top
surface of a substrate; a  projection system configured to project the
patterned radiation beam onto a target portion of  the substrate through
the liquid; and a controller adapted to control movement of the support
and the substrate table such that during imaging of a central section of the
substrate scan  movements are substantially perpendicular to step
movements and during imaging of an outer  area of the substrate step and
scan movements are either combined or substantially anti- parallel.
[000131 According to a further aspect of the invention, there is provided a
lithographic  apparatus comprising: a support constructed to support a
patterning device, the patterning  device being capable of imparting a
radiation beam with a pattern in its cross-section to form  a patterned
radiation beam; a substrate table constructed to hold a substrate; a liquid
supply  system configured to provide liquid to a localized area of a top
surface of a substrate; a  projection system configured to project the
patterned radiation beam onto a target portion of  the substrate through
the liquid; and a controller adapted to control movement of the support
and the substrate table such that during imaging of at least a portion of a
top surface of the  substrate scan movements and step movements of the
substrate table are at least partly  combined as one movement or
separate movements which are substantially parallel. [00014] According
to a firrther aspect of the invention, there is provided a lithographic  



projectiotr system configured to project the pattemed radiation beam onto a target portion of

the substrate though the liquid; and a conholler ad¿pted to control movement of the support

and the substate table such that during imaging all scan movements are in one direction.

[000f51 According to a further aspect ofthe invention, there is provided a device

manufacturing method comprising using a projection system to project a pattemed beam of

radiation onto a substrate through liquid provided between the projection system and the

subshatg wherein a line of dies across a substrate is imaged by movement of the line of dies

under the projection system backwards and/or forwa¡ds only in a direction substantially

parallel to a first direction which first direction is in a plane subsøntially parallel to a top

surface of the subshate.

100016ì According to a furflrer aspect ofthe invention, there is provided a device

manufacturing method comprising using a projection system to project a pattemed beam of

radiation onto a substrate tìrough liquid provided between the projection system and the

substate, wherein a line ofdics is imaged by moving the substrate in a first direction in a

plane substantially parallel to a top surface ofthe subst¡ate and controlling the pattemed beam

ofradiation such that the substrate is scanned in the first direction during exposure of each of

the dies.

1000171 According to a firther aspect ofthe invention, there is provided ¿ device

manufacturing method comprising using a projection system to project a patterned beam of

radiation onto a substrate through liquid provided between the projection syst€m and the

zubstratg wherein during imaging of a central section of the subshate sc€n movements are

substantially perpendicular to step movernents and during imaging of an outer area ofthe

substrate st€p and scatr movements are either combined or substantially anti-parallel.

t0001Sl According to a fufher aspect ofthe invention" there is provided a device

manufacturing method comprising using a projection system to Project a pattemed beam of

radiation onto a substate through liquid provided between the projection system and the

substrate, wherein soan movemef¡ts and stqr movements of the substrate a¡e at least partly

combined as one movement or separâte mov€úrents which are substantially parallel.

t000191 According to a further aspect ofthe invention, there is provided a devioe

rnanufacturing method comprising using a projection system to Project a pattemed beam of

radiation onto a substrate througb liquid provided between the proj".ction system and the

apparatus comprising: a support constructed to support a patterning
device, the patterning  device being capable of imparting a radiation beam
with a pattern in its cross-section to form  a patterned radiation beam; a
substrate table constructed to hold a substrate; a liquid supply  system
configured to provide liquid to a localized area of a top surface of a
substrate; a 4 projection system configured to project the patterned
radiation beam onto a target portion of  the substrate through the liquid;
and a controller adapted to control movement of the support  and the
substrate table such that during imaging all scan movements are in one
direction.  [000151 According to a further aspect of the invention, there is
provided a device  manufacturing method comprising using a projection
system to project a patterned beam of  radiation onto a substrate through
liquid provided between the projection system and the  substrate, wherein
a line of dies across a substrate is imaged by movement of the line of dies
under the projection system backwards and/or forwards only in a direction
substantially  parallel to a first direction which first direction is in a plane
substantially parallel to a top  surface of the substrate. [00016] According
to a further aspect of the invention, there is provided a device
manufacturing method comprising using a projection system to project a
patterned beam of  radiation onto a substrate through liquid provided
between the projection system and the  substrate, wherein a line of dies is
imaged by moving the substrate in a first direction in a  plane substantially
parallel to a top surface of the substrate and controlling the patterned
beam  of radiation such that the substrate is scanned in the first direction
during exposure of each of  the dies. [000171 According to a further
aspect of the invention, there is provided a device  manufacturing method
comprising using a projection system to project a patterned beam of
radiation onto a substrate through liquid provided between the projection
system and the  substrate, wherein during imaging of a central section of
the substrate scan movements are  substantially perpendicular to step
movements and during imaging of an outer area of the 11 substrate step
and scan movements are either combined or substantially anti-parallel.
[00018] According to a fiuther aspect of the invention, there is provided a
device  manufacturing method comprising using a projection system to
project a patterned beam of  



subsfrate, wherein during imaging all scan movements are in one direcúon'

Brief Description of the Drawings

t000201 Embodiments of the invention will now be described, by way of example only,

w,ith ¡eference to the accompanlng schematic drawings in which corresponding reference

s'rynbols indicate corresponding parts, and in which:

t0002U Figure I depicts a lithographic apparatus according to an embodiment ofthe

invention;

t000221 Figures 2 and 3 depict a liquid zupply systøn for use in a lithographic

projection apparatus;

t000231 Figure 4 depicts another liquid zupply system for use in a lithographic

projection apparatus;

1000241 Fþre 5 depicts, in cross-sectior¡ a liquid zupply system which can be used in

an embodiment ofthe ínvention;

t000251 Figure 6 depicts, in cross-sectior¡ a further tyþe ofliquid supply system which

may be used with an embodiment of the invention;

100026] Figure 7 dçicts a schematic diagram illustrating a conventional route ofa

substrate under the projection system during imaging;

í000271 Figure 8 iltustrates an ímaging routo according to an embodiment ofthe

invention;

t00028J Eigure 9 illusfiates an imaging route accorcling to another embodiment of the

invention;

t000291 Figure 10 illustrate an imaging route according to another embodiment ofthe

invention;

1000301 Figure I I illustrate aû imagiúg ¡oute according to another embodiment ofthe

invention;

t000311 Figure 12 illustrates an imaging route according to another embodiment of the

invention;

t00032] Figure 13 illust¡ates an imaging route according to another embodiment of the

invention;

1000331 Figure 14 illus¡ates an imaging route according to another e¡nbodimetrt oftlÉ

radiation onto a substrate through liquid provided between the projection
system and the  substrate, wherein scan movements and step
movements of the substrate are at least partly  combined as one
movement or separate movements which are substantially parallel.
[00019] According to a further aspect of the invention, there is provided a
device  manufacturing method comprising using a projection system to
project a patterned beam of  radiation onto a substrate through liquid
provided between the projection system and the 5 substrate, wherein
during imaging all scan movements are in one direction.  Brief Description
of the Drawings [00020] 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: [00021] Figure l depicts a lithographic
apparatus according to an embodiment of the  invention; [00022] Figures
2 and 3 depict a liquid supply system for use in a lithographic  projection
apparatus; [00023] Figure 4 depicts another liquid supply system for use
in a lithographic  projection apparatus; [00024] Figure 5 depicts, in
cross-section, a liquid supply system which can be used in  an
embodiment of the invention; [00025] Figure 6 depicts, in cross-section, a
further type of liquid supply system which  maybe used with an
embodiment of the invention; [00026] Figure 7 depicts a schematic
diagram illustrating a conventional route of a  substrate under the
projection system during imaging; [00027] Figure 8 illustrates an imaging
route according to an embodiment of the  invention; [00028] Figure 9
illustrates an imaging route according to another embodiment of the
invention; [00029] Figure 10 illustrate an imaging route according to
another embodiment of the  invention; 



invention; and

[000341 Fþre 15 illustrates an imaging route according to another embodiment of the

invention-

Detailed Description

t00035ì Figure I schematically depicts a lithographic apparatus according to one

embodiment of the invention. The apparatus comprises:

an illumination system (illuminator) IL con-figured to condition a radiaton beam B

(e.g. UV radiatíon or DUV radiation);

a support struchue (e.g. a mask table) MT constructed to support a patterning device

(e.g. a mask) MA and co¡urected to a füst positioner PM configured to accurately position the

patteming device in accordance with c€rtain parameter;

a subshate table (e.g. a wafer tabþ WT constructed to hold a substrate (e.g. a

resist-coated wafer) w and connected !o a second positioner PW configured to accufately

position the subsbate in accordancé with certain parameters; and

a projection system (e.g. a refractive projection lens system) PS configured to project

a pattem impafted to the radiation beam B by patteming device MA onto a target portion c

(e.g. comprising one or more dies) of the substrate W.

1000361 The illumination system rnay include various gæes ofoptical components,

such as reftactive, reflectivq magr.etic, elecüomagnetic, elecûostatic of other tytr es ofoptic¿l

components, or any combination thereof, for directíng shaping, or controlling radiation'

t000371 The suppoft structure holds the patterning device in a manner that depends on

the orientation ofthe patteming device, the desigr of the lithographic apparatus, and othe¡

conditions, such as for example whether o¡ not the patteming device is held in a vacuum

environment. The support structure c¿n use mechanical, vacuum, electrostatic or Other

olamping techniques to hold the patteming device. The support sfi'uchne may be a frame or a

tablg for examplg which may be fixed or movable as required. The sup,port sü.uctufe may

ensure tha.t the patteming device is at a desired position, for example with lqspect to the

projection system. Any use of the terms "reticle" or "maslC' herein may be considered

synonynr.ous with the more general term "patteming device."

t0003SI . The term ':pâtteming device" used herein should be broadly interpreted as

[00030] Figure 1 l illustrate an imaging route according to another
embodiment of the  invention; [00031] Figure 12 illustrates an imaging
route according to another embodiment of the  invention; [00032] Figure
13 illustrates an imaging route according to another embodiment of the
invention; [00033] Figure 14 illustrates an imaging route according to
another embodiment of the  6 invention; and [00034] Figure 15 illustrates
an imaging route according to another embodiment of the  invention.
Detailed Description [00035] Figure 1 schematically depicts a lithographic
apparatus according to one  embodiment of the invention. The apparatus
comprises: an illumination system (illuminator) IL configured to condition a
radiation beam B  (e.g. UV radiation or DUV radiation); a support structure
(e.g. a mask table) MT constructed to support a patterning device  (e.g. a
mask) MA and connected to a first positioner PM configured to accurately
position the  patterning device in accordance with certain parameters; a
substrate table (e.g. a wafer table) WT constructed to hold a substrate
(e.g. a  resist-coated wafer) W and connected to a second positioner PW
configured to accurately  position the substrate in accordance with certain
parameters; and a projection system (e.g. a refractive projection lens
system) PS configured to project  a pattern imparted to the radiation beam
B by patterning device MA onto a target portion C  (e.g. comprising one or
more dies) of the substrate W. [00036] The illumination system may
include various types of optical components,  such as refractive, reflective,
magnetic, electromagnetic, electrostatic or other types of optical
components, or any combination thereof, for directing, shaping, or
controlling radiation.  [00037] The support structure holds the patterning
device in a manner that depends on  the orientation of the patterning
device, the design of the lithographic apparatus, and other  



refening to any device that can be used to impart a radiation beam with a pattem in its cross-

section such as to create a pattem in a target portion ofthe substrate. It should be noted that

the pattem imparted to the ¡adiation beam may not exactly correspond to the desired pattem

in tle target portion of the substrate, for example if the pattern includes phase-shifting

featu¡es or so called assist featues. Generally, the pattem imparted to the radiation beam will

correspond to a particular functional layer in a dwíce being created in the ta¡get portion, such

as an integrated circuit.

t000391 The patteming device may be transmissìve o¡ ¡eflective. 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 minor array employs a matrix arrangem€'nt of small mirrors,

each ofwhich can be individually tilted so as to reflect an incoming radiation beam in

different di¡ections. The tilted mirrors impart a pattern in a radiation beam which is reflected

by the mirror matrix,

t000401 The term "projection system" used herein should be broadly interprete'd as

encompassing any type of projection systen¡ including reftactivq reflective, catadioptrig

magnetic, electromagrretic and electrostâtic optical systexns, or any combination thereof, as

appropriate for the exposure radiation being used, or for other factors such as the use ofan

immersion liquid or the use of a vacuum. Any use of the tem "projection lens" herein may be

considered as synonymous with the more general term "projection s¡stern".

t000411 As here depicted, the apparatus is ofa hansmissive t¡pe (e.g. employing a

transmissive mask). Alternatívely, the apparatus may be ofa reflective type (e.9. ernploying a

prognrmmable mirror array of a t¡pe as referred to abovg or ernploying a reflective mask).

[000421 The lithogra.phic apparatus may be ofa type having two (dual stage) or more

substrate tables (andlor two or more support structu¡es). 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.

t000431 Referring to Figure 1, the illumbatol IL receives a ratliation beam from a

r¿diation source SO. The source and the lithographic apparatus may be sçarate entities, for

exarnple when the Soqrce is an excimer laser. In such cases, the source is not considered tO .

conditions, such as for example whether or not the patterning device is
held in a vacuum  environment. The support structure can use
mechanical, vacuum, electrostatic or other  clamping techniques to hold
the patterning device. The support structure may be a frame or a  table,
for example, which may be fixed or movable as required. The support
structure may  ensure that the patterning device is at a desired position,
for example with respect to the  projection system. Any use of the terms
"reticle" or "mask" herein may be considered  synonymous with the more
general term "patterning device." [00038] The term "patterning device"
used herein should be broadly interpreted as  7 referring to any device
that can be used to impart a radiation beam with a pattern in its cross-
section such as to create a pattern in a target portion of the substrate. It
should be noted that  the pattern imparted to the radiation beam may not
exactly correspond to the desired pattern  in the target portion of the
substrate, for example if the pattern includes phase-shifting  features or so
called assist features. Generally, the pattern imparted to the radiation
beam will  correspond to a particular functional layer in a device being
created in the target portion, such  as an integrated circuit. [00039] The
patterning device 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,  alternating phase-shift, and
attenuated phase-shift, as well as various hybrid mask types. An  example
of a programmable mirror array employs a matrix arrangement of small
mirrors,  each of which can be individually tilted so as to reflect an
incoming radiation beam in  different directions. The tilted mirrors impart a
pattern in a radiation beam which is reflected  by the mirror matrix.
[00040] The term "projection system" used herein should be broadly
interpreted as  encompassing any type of projection system, including
refractive, reflective, catadioptric,  magnetic, electromagnetic and
electrostatic optical systems, or any combination thereof, as  appropriate
for the exposure radiation being used, or for other factors such as the use
of an  immersion liquid or the use of a vacuum. Any use of the term
"projection lens" herein may be  considered as synonymous with the more
general term "projection system". 



form part ofthe 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 examplq

suitable directing mirrors and/or a bean expander. In other cases thp source may be an

integral part ofthe lithographic apparatus, for example when the sou¡ce is a mercury lamp.

The source SO and the illuminator IL, together with the beam delivery system BD ìfrequired,

may be referred to as a radiation systern.

t000441 The illuminator IL may comprise an adjuster AD for adjusting the angular

intensity distribution of the radiation beam. Generally, at least the outer and/o¡ irurør radial

extent (commonly referred to as o-outer and o-inner, respectively) of the intensity

dishibution in a pupil plane ofthe illuminator can be adjusted. In addition, the illuminator IL

may comprise various other components, such as an integrator IN and a condense¡ CO' The

illuminator may be used to condition the radiation beam, to have a desired uniformity and

intensity distribution in its cross-section.

t000451 The radiation beam B is incident on the patterning device (e'g., mask) MA'

which is held on the support struchre (e.g., mask table) MT, and is pattemed by the

patteming device. Having traversed the patteming device MA, the radiation beam B passes

through ttre projection system PS, which focuses the beam onto a target portion C ofthe

substate W. With the aid of the second positioner PW and position sensor IF (e'g. an

interfefometic device, Iinear encoder or capacitive sensor), the substrate table wT car¡ be

moved accurately, e.g. so as to position different target portions C in the path ofthe radiation

beam B. similælf the firstpositioner PM and another position seffor (which is not explicitly

depicted in Figure 1 ) can be used to accurately position the patteming device MA with

respect to the path ofthe ¡adiation beam B, e.g. after mechanical rehieval from a mask

library, or during a scan. In general, movement ofthe support structure MT may be realized

with the aid of a long-stoke module (coarse positioning) and a short-stroke module (fine

positioning), which form part of the first positioner PM. Similarly, movement of the substrate

table WT may be realized using a long-sÍoke module and a sho¡t-stroke module, which fo¡m

part ofthe.second positioner PW. In the case ofa stepper (as opposed to a scanner) the

support structure MT may be cormected to a short-stroke actuator only, or may be füed'

Patterning device MA and substrate W may be alþed using patteming device alignment

ma¡ks Ml, M2 and subsEate alignment marks P1, P2. Although the subsfate atignment

[00041] 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, or employing a reflective mask).  [00042] The
lithographic apparatus may be of a type having two (dual stage) or more
substrate tables (and/or two or more support structures). 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. [00043] Referring to
Figure 1, the illuminator IL receives a radiation beam from a  radiation
source SO. The 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 . 8 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 an  integral part of the lithographic apparatus, for example
when the source is a mercury lamp.  The source SO and the illuminator
IL, together with the beam delivery system BD if required,  maybe referred
to as a radiation system. [00044] The illuminator IL may comprise an
adjuster AD for adjusting the angular  intensity distribution of the radiation
beam. Generally, at least the outer and/or inner radial  extent (commonly
referred to as a-outer and v-inner, respectively) of the intensity
distribution in a pupil plane of the illuminator can be adjusted. In addition,
the illuminator IL  may comprise various other components, such as an
integrator IN and a condenser CO. The  illuminator may be used to
condition the radiation beam, to have a desired uniformity and  intensity
distribution in its cross-section. [000451 The radiation beam B is incident
on the patterning device (e.g., mask) MA,  which is held on the support
structure (e.g., mask table) MT, and is patterned by the  patterning device.
Having traversed the patterning device MA, the radiation beam B passes
through the projection system PS, which focuses the beam onto a target
portion C of the  substrate W. With the aid of the second positioner PW
and position sensor IF (e.g. an  interferometric device, Iinear encoder or
capacitive sensor), the substrate table WT can be  



marks as illustrated occupy dedicated target pofions, theymaybe located in spaces between

target portions (these a¡e known as scribeJane alignment marks). Similarly, in situations in

which more than one die is provided on the patterning device MA, the patterning device

alignment marks may be located between the dies.

t000461 The depicted apparatus could be used in at least one ofthe following modes:

1. In step mode, the support structure MT and the substrate table 
.WT 

are kept

essentially stationary, while an entire pattem imparted to the radiation beam is projected onto

a target portion C at one time (í.e. a single static exposure). The substrate t¿ble WT is then

shifted in the X and/or Y direction so that a different target portion C can be exposed. Il step

modg the maximum size of the exposure field limíts the size of the target portion C imaged

in a single static exposure.

2. fn scan modg the support stucture MT and the substrate table V/T are

scanned synchronously while a pattern imparted to the radiation beam is projected onto a

target pofion C (i.e. a single dynamic exposure). The velocity and direction of the subshate

t¿ble WT relative to the suppoÍ stucture MT may be determined by the (de-)magnification

and image reversal oharacteristics ofthe projection system PS. In sc¡n mode, the maximum

size ofthe exposure fi€ld limits the \^'idth (in the non-scanning direction) ofthe tafget poftion

in a single dynamíc expozure, whereas the length of the scaming motion determines the

height (in the soanning direction) of the target portion.

3. In another mode, the support struchre MT ìs kept essentially stationuy

holding a programmable patteming device, and the zubstrate table WT is moved or sc¿nned

while a pattern imparted to the radiation bearn is projected onto a target portion C. In this

modg gørerally a pulsed radiation source is employed aûd the programmable patteming

device is updated as required after each movement ofihe substrate table WT or in between

successive ¡adiation pulses during a scan. This mode ofoperation can be readily applied to

maskless lithography that utilizes programmable patterning devicg zuch as a prograrnmable

mirror array ofa type as referred to above.

.100041 Combinations and/or variations on the above described modes ofuse o¡

entirely different modes ofuse may also be employed.

t0004Sl Another immersion lithography solution with a localized liquid supply sysÛem

solution which has been proposed is to provide the liquid zupply system with a barrier

l0

moved accurately, e.g. so as to position different target portions C in the
path of the radiation  beam B. Similarly, the first positioner PM and
another position sensor (which is not explicitly  depicted in Figure 1) can
be used to accurately position the patterning device MA with  respect to
the path of the radiation beam B, e.g. after mechanical retrieval from a
mask  library, or during a scan. In general, movement of the support
structure MT may be realized  with the aid of a long-stroke module
(coarse positioning) and a short-stroke module (fine  positioning), which
form part of the first positioner PM. Similarly, movement of the substrate
table WT may be realized using a long-stroke module and a short-stroke
module, which form  part of the second positioner PW. In the case of a
stepper (as opposed to a scanner) the  support structure MT may be
connected to a short-stroke actuator only, or may be fixed.  Patterning
device MA and substrate W may be aligned using patterning device
alignment  marks Ml, M2 and substrate alignment marks P1, P2. Although
the substrate alignment 9 marks as illustrated occupy dedicated target
portions, they maybe located in spaces between  target portions (these
are known as scribe-lane alignment marks). Similarly, in situations in
which more than one die is provided on the patterning device MA, the
patterning device  alignment marks may be located between the dies.
[00046] The depicted apparatus could be used in at least one of the
following modes:  1. In step mode, the support structure MT and the
substrate table WT are kept  essentially stationary, while an entire pattern
imparted to the radiation beam is projected onto  a target portion C at one
time (i.e. a single static exposure). The substrate table WT is then  shifted
in the X and/or Y direction so that a different target portion C can be
exposed. In step  mode, the maximum size of the exposure field limits the
size of the target portion C imaged  in a single static exposure. 2. In scan
mode, the support structure MT and the substrate table WT are  scanned
synchronously while a pattern imparted to the radiation 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 support structure MT
may be determined by the (de-)magnification  and image reversal
characteristics of the projection system PS. In scan mode, the maximum
size of the exposure field limits the width (in the non-scanning direction) of
the target portion  



member which extends along at least a part ofa boundary of the space between the final

element of the projection system and the substrate table.. Figure 5 illustrates, in cross-section,

.such 4 liquid supply system IH which can be used to fill Ûre space I 1 between the projection

system PS and the substrate w with liquid- This liçid supply system is an example only and

many other types of liquid supply system which provide liquid to a local area of the substrate

(i.e. not over the whole top surface of ihe subsFate at any one time) cao be used instead,

particularly those without a gas knife and which rely on meniscus pinning features to contain

the liquid.

t000491 Refening to Figwe 5, the barrier member 12 at least paftly contains liquid in

the space I I between a tnal element of the projection system PL and the substrate W. The

barrier member 12 surrounds the bottom edge ofthe projection system PS. The barrier

member is substantially stationary retative to the pdection system in the xY plane thougt

there may be some relative movement in the Z dìrection (in the direction ofthe optical axis).

In an embodimenl a seal is foimed betweeri the bottom surface of the ba¡rier mernber which

facos the top surface ofthe substrate and the surface ofthe substrate and may be a contactless

seal such as a gas seal. A contactless seal 16 to the substrate may be formed atound the image

field of the projeøion system so that liquid is confined within the spac€ between the substat€

surface and the final elerrent ofthe projection system. The space is at least partly formed by

the ba¡¡ier member I 2 positioned below and surrounding the final element of the projection

system PL. Lþid is brought into the space below the projection system and within the

barrier member 12 by liquid inlet l3 and may be rernoved by liquid outlet 13. The barrier

member 12 may extend a little above tho final element ofthe projection system and the liquid

level rises abovo the final element so that a buffer ofliquid is provided. The barrier membsr

12 has an inner periphery that at the upper end in an embodimen! closely conforms to the

shape ofthe ptojection system or the final element thereof and maÍ e.g., be round. At the

bottom, the irurer periphery closely conforms to the shape of the imago field, e.g,, rectangular

though this need not be the case.

t000501 The liquid is contained in the space I I by a gas seal 16 which, during use, is

forned b€tween the bottom of the barrier member I 2 and the surface of the substrate w. The

gasSeal is forrred by gas, 
".g. 

air or synthetic air but, in an embodimen! Nz or another i¡ert

gas, provided under pressure via inlet I 5 to the gap betw€eû barier member 1 2 and the

in 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 support structure MT is kept essentially stationary
holding a programmable patterning device, and the substrate table WT is
moved or scanned  while a pattern imparted to the radiation beam is
projected onto a target portion C. In this  mode, generally a pulsed
radiation source is employed and the programmable patterning  device is
updated as required after each movement of the substrate table WT or in
between  successive radiation pulses during a scan. This mode of
operation can be readily applied to  maskless lithography that utilizes
programmable patterning device, such as a programmable  mirror array of
a type as referred to above. [00047] Combinations and/or variations on
the above described modes of use or  entirely different modes of use may
also be employed. [00048] Another immersion lithography solution with a
localized liquid supply system  solution which has been proposed is to
provide the liquid supply system with a barrier 10 member which extends
along at least a part of a boundary of the space between the final  element
of the projection system and the substrate table.. Figure 5 illustrates, in
cross-section,  such a liquid supply system JR which can be used to fill
the space 11 between the projection  system PS and the substrate W with
liquid. This liquid supply system is an example only and  many other types
of liquid supply system which provide liquid to a local area of the substrate
(i.e. not over the whole top surface of the substrate at any one time) can
be used instead,  particularly those without a gas knife and which rely on
meniscus pinning features to contain  the liquid. [00049] Referring to
Figure 5, the barrier member 12 at least partly contains liquid in  the
space 11 between a final element of the projection system PL and the
substrate W. The  barrier member 12 surrounds the bottom edge of the
projection system PS. The barrier  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).  In an embodiment, a seal is formed between the bottom surface of
the barrier member which  faces the top surface of the substrate and the
surface of the substrate and may be a contactless  



substrate and extracted via outLet 14. The overpressure on the gas inlet 15, vacuum level on

the outlet 14 and geometry ofthe gap are an-anged so that there ís a high-velocity gas flow

inwa¡ds that confines the liquid. Those inlets/outlets may be annular grooves which surround

the space I I a¡rd the flow ofgas 16 is effective to contain the liquid in the space 1 i. Such a

system is disclosed in United States patent application publication no. US 2004-0207824,

hereby incorporated in its entirety by reference.

t0005U Figure 6 illustrates another 5æe ofliquid supply system IH. The bar¡ier

member 12 extends around the periphery ofthe final element of the projection system PS

such that the barrier member (which is sometimes cslled a seai melnber) is, for example,

substantíally annular in overall shape.

t000521 The fi¡nction ofthe barrier member 12 is to at least partly maintain or confine

liquid in the space berween the projection systern PS and the substraæ W so that the

projection beam may pass through the liquid. The top level ofliquid is simply contained by

the presence ofthe barrier member 12 and the level ofliquid in the space is maintained such

that the tiqùid does not overflow over the top of the barrier membff I 2. A seal is provided

between the bottom ofthe ba¡rie¡ member 12 and the substate W. In Figure 6 the seal is a

contactless seal and is mado up ofseveral components. Working radially outwardly from the

optical axis of the projection system PS, there is provided a (optional) flow plate 50 which

exlends into the space (ihough not into the patl of the projectioo beam) vhich heþs maintain

parallel flow of the immersion liquid out ofinlet 20 across the spac€ aûd then out through an

outlet (not illustrated) opposite and at the same level as the inlet (so that the immersion lþid
flows across the space between the final element of the projection system and the substrate).

The flow conkol plate has one o¡ more through holes 55 in it to reduce the resistance to

moveme¡t in the direction of the optic¿l axis of the ba¡rier member 12 relative to the

projection sysiem PS and/o¡ substrate W. Moving radially outwardly along the bottom ofthe

barrier membet I 2 there is then provided an inlet 60 which provides a flow of liquid in a

direction subst¿ntially parallel to the optical axis towards the subshat€. This flow oflíquid is

used to help fill any gaps between the edge of the zubstrate W a¡d the subst¡ate t¿ble WT

which supports the substate. Ifthis gap is not filted with liqui4 bubbles may be nrore likely

to be included in the liquid in the space between the projection system PS and the substate W

when an edge of the substrate W passes under the ba¡rie¡ member I 2. This is undesirable æ.it

t2

seal such as a gas seal. A contactless seal 16 to the substrate may be
formed around the image  field of the projection system so that liquid is
confined within the space between the substrate  surface and the final
element of the projection system. The space is at least partly formed by
the barrier member 12 positioned below and surrounding the final element
of the projection projection system system PL. Liquid is brought into the
space below the pro~ and within the barrier member 12 by liquid inlet 13
and may be removed by liquid outlet 13. The barrier  member 12 may
extend 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 barrier member  12 has an inner periphery that at the upper
end, in an embodiment, closely conforms to the  shape 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 not be the case. [00050] The
liquid is contained in the space 11 by a gas seal 16 which, during use, is
formed between the bottom of the barrier member 12 and the surface of
the substrate W. The  gas seal is formed by gas, e.g. air or synthetic air
but, in an embodiment, N2 or another inert  gas, provided under pressure
via inlet 15 to the gap between barrier member 12 and the 11 substrate
and extracted via outlet 14. The overpressure on the gas inlet 15, vacuum
level on  the outlet 14 and geometry of the gap are arranged so that there
is a high-velocity gas flow  inwards that confines the liquid. Those
inlets/outlets may be annular grooves which surround  the space 11 and
the flow of gas 16 is effective to contain the liquid in the space 11. Such a
system is disclosed in United States patent application publication no. US
2004-0207824,  hereby incorporated in its entirety by reference. [000511
Figure 6 illustrates another type of liquid supply system Ili. The barrier
member 12 extends around the periphery of the final element of the
projection system PS  such that the barrier member (which is sometimes
called a seal member) is, for example,  substantially annular in overall
shape. [000521 The function of the barrier member 12 is to at least partly
maintain or confine  liquid in the space between the projection system PS
and the substrate W so that the  projection beam may pass through the
liquid. The top level of liquid is simply contained by  



can lead to deterioration ofthe image quality.

[000531 Radially outwardly ofthe outlet 60 is an extractor assembly 70 configured to

extract liquid from between the barrier member 12 and the substrate W. The extractor 70 will

be described in more detail below and forms part ofthe conøctless seal which is created

between the barrier member 12 and the substrate W.

t000541 Radially oufwædly of the extractor assembly is a recess 80 which is corurected

through an outlet 82 to th€ atmosphere and via an inlet 84 to a low pressure source. Radially

outwardly of tho recess 80 is a gas knife 90. An arrangernent ofthe extractor, recess and gas

knife is disclosed in detail in United States pâtent application publication no. US 2006-

0158627, incorporated herein its entirety by reference. However, in that document the

arrangement of the extractor assembly is different.

t000551 The exEactor assembly 70 comprises a liquid removal device or extractor or

outlet 95 such as the one disclosed in United States p¿tent application publication no. US

2006-0038968, incorporated herein its entirety by reference. Any t¡pe of liquid extractor can

be used. ln an ernbodimen! the liquid removal device 95 comprises an outlet which is

covered in a porous material 96 which is used to separate liquid from gas to enable single-

Iiqui<l phase lþid extraction. A chamber 97 downstearn of the porous maferial 9ó is

maintainod at a slight under pressure and is filled with liquid. The under pressure in the

chamber 97 is such that the meniscuses formed in the holes of the porous material prevent

ambient gas (e.g., air) being drawn into the chambe¡ 97 ofthe liquid removal device 95'

However, when the porous material 96 comes into contact with liquid there is no meniscus to

restrict-flow and the liquid can flow freely into the chaurber 97 of the liquid removal device

95. The porous material 96 extends radially inwardly along the barrier meinber 12 (as well as

around the space) and its rate ofextraction varies according to how much ofthe porous

material 96 is covered by liquid.

t000561 A plate 200 is provided between the liquid removal device 95 and the substrate

w so that the function of liquid extraction and the function of meniscus control can be

separated from one another and the ba¡rier me¡¡rbe¡ 12 can be optimized for each'

[00057] The plate 200 is a divider or any other element which has the fr¡nction of

splitting the space between the liquid removal devíce 95 and the substrate w into flryo

charmels, an upper channel220 and a lowor cha¡mel230 wherein the upper channel 220 is 
.

t3

the presence of the barrier member 12 and the level of liquid in the space
is maintained such  that the liquid does not overflow over the top of the
barrier member 12. A seal is provided  between the bottom of the barrier
member 12 and the substrate W. In Figure 6 the seal is a  contactless
seal and is made up of several components. Working radially outwardly
from the  optical axis of the projection system PS, there is provided a
(optional) flow plate 50 which  extends into the space (though not into the
path of the projection beam) which helps maintain  parallel flow of the
immersion liquid out of inlet 20 across the space and then out through an
outlet (not illustrated) opposite and at the same level as the inlet (so that
the immersion liquid  flows across the space between the final element of
the projection system and the substrate).  The flow control plate has one
or more through holes 55 in it to reduce the resistance to  movement in
the direction of the optical axis of the barrier member 12 relative to the
projection system PS and/or substrate W. Moving radially outwardly along
the bottom of the  barrier member 12 there is then provided an inlet 60
which provides a flow of liquid in a  direction substantially parallel to the
optical axis towards the substrate. This flow of liquid is  used to help fill
any gaps between the edge of the substrate W and the substrate table
WT  which supports the substrate. If this gap is not filled with liquid,
bubbles may be more likely  to be included in the liquid in the space
between the projection system PS and the substrate W  when an edge of
the substrate W passes under the barrier member 12. This is undesirable
as it 12 can lead to deterioration of the image quality. [00053] Radially
outwardly of the outlet 60 is an extractor assembly 70 configured to
extract liquid from between the barrier member 12 and the substrate W.
The extractor 70 will  be described in more detail below and forms part of
the contactless seal which is created  between the barrier member 12 and
the substrate W. [00054] . Radially outwardly of the extractor assembly is
a recess 80 which is connected  through an outlet 82 to the atmosphere
and via an inlet 84 to a low pressure source. Radially  outwardly of the
recess 80 is a gas knife 90. An arrangement of the extractor, recess and
gas  knife is disclosed in detail in United States patent application
publication no. US 2006- 0158627, incorporated herein its entirety by
reference. However, in that document the  arrangement of the extractor
assembly is different. 



between the upper surface ofthe plate 200 and the liquid removal device 95 and the lower

channel 230 is betweer¡ the lowe¡ surface ofthe plate 200 and the substrate Vy'. Each cha¡nel

is open, at its radially innermost end, to the space.

t0005sl An uuder pressure can be applied in the upper channel220, rather than leaving

it opm to the atmosphere through one or more breathing holes 250, e.g., one or more tl.t¡ough

holes 250. In this way the upper channel 220 can be made wider.

[00059] Thus, with the pl ate 200, thefe afetwo meniscuses 310, 320. A first meniscus

3 10 is positioned above the plate 200 and extends between the porous material 96 and the top

surface of the plate 200 and a second meniscus 320 ïvhich is positioned undemeath the plate

200 and which extends betwee¡r the plate 200 and the substrate w. In this way, for examplg

the extractor assembly 70 can be config¡[ed for control of the first meniscus fof optimum

extraction of liquid and for positional control ofthe second meniscus 320 such that the

viscous drag length for the second meniscus 320 is reduced. For example, the cha¡acteristics,

in pafioular of the plate 20Q may be optimized to make it energeticelly favorable for the

meniscus 320 to remain adhered to the plate 200 such that the scan spe€d of the substrate W

beneath the ba¡rier mernber 10 can be increased. capillary forces acting on the second

menisous 320 are outwards and are balanced by an untlø pressure in the liquid adjacent the

meniscus so thal the meniscus stays still. Higher loading on the meniscus, for example by

viscous drag and inerti4 results in a lowering of the contåct angle ofthe meniscus with the

surface.

t000601. As noted abov€, one or more hreathing holes 250 may be provided at the

radially outward most end of the plate 200 such that the fi¡st meniscus 3 I 0 is f¡ee to move

inwardly and outwardly beneath the porous material 96 so that the extraction rate of the liquid

removal device 95 can vary according to how much of the porous material 96 is covered by

tiquid. As illustrated in Fi.gure 6 the second meniscus 320 is adhered to a lower iÍnermost

edge of the plate 200. In Figwe 6, ihe innermost lower edge of the plate 200 is provided with

a sha¡p edge so as to pin the second meniscus 320 in place.

t000611 Althougþ not specifically illushated in Figure 6, the liquid supply system has a

means for dealing with variations in the level of the liquid This is so that liquid which builds

up between the projection system PS and the ba¡riø member 12 can be dealt with and does

not spill. Such a build-up ofliquid migþt ocour during relative movement ofthe barrier
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[00055] The extractor assembly 70 comprises a liquid removal device or
extractor or  outlet 95 such as the one disclosed in United States patent
application publication no. US  2006-0038968, incorporated herein its
entirety by reference. Any type of liquid extractor can  be used. In an
embodiment, the liquid removal device 95 comprises an outlet which is
covered in a porous material 96 which is used to separate liquid from gas
to enable single- liquid phase liquid extraction. A chamber 97 downstream
of the porous material 96 is  maintained at a slight under pressure and is
filled with liquid. The under pressure in the  chamber 97 is such that the
meniscuses formed in the holes of the porous material prevent  ambient
gas (e.g., air) being drawn into the chamber 97 of the liquid removal
device 95.  However, when the porous material 96 comes into contact
with liquid there is no meniscus to  restrictflow and the liquid can flow
freely into the chamber 97 of the liquid removal device  95. The porous
material 96 extends radially inwardly along the barrier member 12 (as well
as  around the space) and its rate of extraction varies according to how
much of the porous  material 96 is covered by liquid. [00056] A plate 200
is provided between the liquid removal device 95 and the substrate  W so
that the function of liquid extraction and the function of meniscus control
can be  separated from one another and the barrier member 12 can be
optimized for each. [00057] The plate 200 is a divider or any other
element which has the function of  splitting the space between the liquid
removal device 95 and the substrate W into two  channels, an upper
channel 220 and a lower channel 230 wherein the upper channel 220 is
13 between the upper surface of the plate 200 and the liquid removal
device 95 and the lower  channel 230 is between the lower surface of the
plate 200 and the substrate W. Each channel  is open, at its radially
innermost end, to the space. [00058] An under pressure can be applied in
the upper channel 220, rather than leaving  it open to the atmosphere
through one or more breathing holes 250, e.g., one or more through
holes 250. In this way the upper channel 220 can be made wider. [00059]
Thus, with the plate 200, there are two meniscuses 310, 320. A first
meniscus  310 is positioned above the plate 200 and extends between the
porous material 96 and the top  surface of the plate 200 and a second
meniscus 320 which is positioned underneath the plate  



member 12 to a projection system PS described below. One way of dealing with this liquid is

to provide the barrie¡ member 12 so that it is very large so that there is hardly any pressure

gradient over the periphery ofthe ba¡¡ier mernber 12 during movement ofthe barrier member

12 relative to the projection system PS. I¡r an altemative or additional arrangement, liquid

may be removed from the top of the ba¡rier member 12 using for exanple, ari extractor such

as a single phase extactor similar to the extractor 96.

t000621 Thus, it ca¡ be seen that there are several ways in which immersion iiquid is

removed from the space between the final element ofthe projection system and the substrate-

These include immersion liquid which flows aqoss the space out of inlet 20 a¡d into an

outlet opposite the inlet 20 (the outlet is not illustrated). This imrnersion liquid may or may

not be irradiated depending upon when the projection bearn PB is activafed. Inmersion Iiquid

is removed by the ext¡actor 70 and this immersion liquid is likeþ to be extracted as a single

phase. Other immersion liquid which escapes the extacto¡ 70 c¡uld be collected by the recess

80 and gas (or fluid-inert gas) knife 90 combination' Any such immersion liquid extracted is

líkeiy to be a combination of liquid and gas. Finally, liquid is also likely to be removed Aom

the space tbrough the substrate table WS from between the edge ofthe subsEate W and the

subsfrate table WS. This is also likely to have a h¡gh amount of gas' Liquíd which has been in

contact with a top surface of the substrate (i.e. the resist) may also be contaminated by

leaching so that liquid may be best treated in a particular way different to other liquid' as

described below.

[000631 United States patent applic¡ttion nos. US 111472,566 and US 11/404'091,

which are incorporated herein in their entirety by reference, also disclose iiquid suppty

systems. Any of those liquid supply sysûems may be used in atr embodiment of the inventiorl

particularly those in which the barrier member 12 is actuated i.o changes in height and/or X or

Y position or rotation about oither or both ofthose axos with respect to the projection systeri

PS.

1000641 During imaging ofa substrate W (v'/hich includes both the time that the top

surf¿cæ ofthe substrate is actually i¡radiated e.g. during a scan movement, as well as the time

whioh the subsEate W spends moving in order to arrive at a position at which imaging can

start e.g. during a step movement), the substrate W moves tbrougþ a path which is generally

in a plane substantialty parallet to the top surface of the substrate W. However, in order to
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200 and which extends between the plate 200 and the substrate W. In this
way, for example,  the extractor assembly 70 can be configured for control
of the first meniscus for optimum  extraction of liquid and for positional
control of the second meniscus 320 such that the  viscous drag length for
the second meniscus 320 is reduced. For example, the characteristics,  in
particular of the plate 200, may be optimized to make it energetically
favorable for the  meniscus 320 to remain adhered to the plate 200 such
that the scan speed of the substrate W  beneath the barrier member 10
can be increased. Capillary forces acting on the second  meniscus 320
are outwards and are balanced by an under pressure in the liquid
adjacent the  meniscus so that the meniscus stays still. Higher loading on
the meniscus, for example by  viscous drag and inertia, results in a
lowering of the contact angle of the meniscus with the  surface. [000601.
As noted above, one or more breathing holes 250 may be provided at the
radially outward most end of the plate 200 such that the first meniscus
310 is free to move  inwardly and outwardly beneath the porous material
96 so that the extraction rate of the liquid  removal device 95 can vary
according to how much of the porous material 96 is covered by  liquid. As
illustrated in Figure 6 the second meniscus 320 is adhered to a lower
innermost  edge of the plate 200. In Figure 6, the innermost lower edge of
the plate 200 is provided with  a sharp edge so as to pin the second
meniscus 320 in place. [000611 Although not specifically illustrated in
Figure 6, the liquid supply system has a  means for dealing with variations
in the level of the liquid. This is so that liquid which builds  up between the
projection system PS and the barrier member 12 can be dealt with and
does  not spill. Such a build-up of liquid.might occur during relative
movement of the barrier 14 member 12 to a projection system PS
described below. One way of dealing with this liquid is  to provide the
barrier member 12 so that it is very large so that there is hardly any
pressure  gradient over the periphery of the barrier member 12 during
movement of the barrier member  12 relative to the projection system PS.
In an alternative or additional arrangement, liquid  may be removed from
the top of the barrier member 12 using, for example, an extractor such  as
a single phase extractor similar to the extractor 96. [00062] Thus, it can be
seen that there are several ways in which immersion liquid is  



acÆount for changes in the height of the substrate, the substrate may also shift up and down in

the direction of the optical axis and may also rotate about an axis subst¿ntially perpendicuiar

to the optical axis to account for changes in height in the top surface ofthe substate w.

However, the main movernent is in a plane zubstantially parallel to the top surface of the

substrate. An embodiment of the invention is directed to the main movements, but the other

minor movements to account for the non-smooth top sudac€ of the substate mentiofied

above may also be taking place.

t000651 Conventionally the path which the substrate W traverses during imaging is

optimized to minimize the amount of time it takes to image the whole of the top surface of

the substrate. In the so calted step and scan method, a t¡rical path might be that illusfiated in

Figrre 7. As can be seen, the substrate W is covered in a number ofdies which are

rertangulai ánd which are numbered in the oider in which they are exposed. Thus die numbe¡

"1" is exposed first followed by die numb e¡'2" anð that ís followed by die number "3", etc'

In this description, .upwards' and downwards' refer to directions relative to the drawingS.

Actually, the directíons are likely to be +/- X directions, fo¡ example.

t000661 The substrate W is moved under the projection system in a step motion from

the position at qrhich die numbe¡ 1 ends up after being exposed to a position at which die

number 2 c¿n sta¡t to be exposed. Each individual die is sca¡ned over the sÙbstrate w during

exposure. During a scan movement, for example, both the subst¡ate W is moved under the

projection system PS and the patteming device MA is moved above the projection systern by

the zupport structure MT as described above.

1000671 In rhe example ofFigure 7, the direction of scan (i.e. the direction in which the

substate W moves relative to the projection system) is illustrated by the shading of the

respective die. Thus when die number 1 is exposed (the projection systern PS is søtionary

relative to the page), the substrate rW moves down the page so that the bottom ofdie 1 is

exposed before the top. Thus, die 1 is scaaned up (gray shading). Once the top ofdie number

I has been exposed, exposure stops and the substrate W is stepped to the left so that the top of

die number 2 is under the projection system. The substrate W is then moved up the page so

that the substrate is sca¡ned in a downwards di¡ection in die nurnber 2 during exposure of

that die (no shading). Once the bottom ofdie number 2 has been reached the substrate W is

stepped to the left so that the bottom ofdie number 3 is positioned under the projection
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removed from the space between the final element of the projection
system and the substrate.  These include immersion liquid which flows
across the space out of inlet 20 and into an  outlet opposite the inlet 20
(the outlet is not illustrated). This immersion liquid may or may  not be
irradiated depending upon when the projection beam PB is activated.
Immersion liquid  is removed by the extractor 70 and this immersion liquid
is likely to be extracted as a single  phase. Other immersion liquid which
escapes the extractor 70 could be collected by the recess  80 and gas (or
fluid-inert gas) knife 90 combination. Any such immersion liquid extracted
is  likely to be a combination of liquid and gas. Finally, liquid is also likely
to be removed from  the space through the substrate table WS from
between the edge of the substrate W and the  substrate table WS. This is
also likely to have a high amount of gas. Liquid which has been in  contact
with a top surface of the substrate (i.e. the resist) may also be
contaminated by  leaching so that liquid may be best treated in a
particular way different to other liquid, as  described below. [00063] United
States patent application nos. US 11/472,566 and US 11/404,091,  which
are incorporated herein in their entirety by reference, also disclose liquid
supply  systems. Any of those liquid supply systems may be used in an
embodiment of the invention,  particularly those in which the barrier
member 12 is actuated i.e changes in height and/or X or  Y position or
rotation about either or both of those axes with respect to the projection
system  PS. [00064] During imaging of a substrate W (which includes both
the time that the top  surface of the substrate is actually irradiated e.g.
during a scan movement, as well as the time  which the substrate W
spends moving in order to arrive at a position at which imaging can  start
e.g. during a step movement), the substrate W moves through a path
which is generally  in a plane substantially parallel to the top surface of the
substrate W. However, in order to 1 account for changes in the height of
the substrate, the substrate may also shift up and down in  the direction of
the optical axis and may also rotate about an axis substantially
perpendicular  to the optical axis to account for changes in height in the
top surface of the substrate W.  However, the main movement is in a
plane substantially parallel to the top surface of the  substrate. An
embodiment of the invention is directed to the main movements, but the
other  



system. These movements together comprise imaging of the substrate i.e. both periods of

exposure and periods where exposure is not taking place.

t000681 The dotted line labeled 100 in Figure 7 illustrates the overall path of the

substrate W (iust the step movements) and the scan movements are not illustrated in line 100

but are indicated by the shading ofeach individual die. As can be seen, a so called meandsr

path which has been optimized for minimum imaging time has scan and step directions that

are zubstantially per¡rendicular to one another.

t00069] In principte a similar sort of meander path can be used in immersion

lithography and indeed this is what has conventionally be€fr done. This may not necessarily

be the best approach and that a better approach is to optimizo the meander path not only fol

throughput but also for a reduction in tlte number ofdefeots which are produced.

t000701 Unfortunately ímmersion liquid carries more foreign paficles in it than the

usual gas coupling between the pmjection system PS and the subsF¿te W and liquid droplets

may also become a problern. The paficles are likety to be of materials on the substrate or

from the tiquid supply system IH. The liquid supply system may leave a trail ofliquid directly

behind it. Liquid marks may be producæd by droplets which a¡e left behind the liquid supply

syste¡n as the top surface ofthe substrate passes under it. The long€r these droplets are left

bohind, the worse the tiquid mark may become because of the longer time the droplets can

interact with the resist on tho top surface ofthe substrate W. In the path ofFigure 7, particles

and/or liquid marks may be lefr behind from imaging of preceding dies that affect imaging of

later dies. Additionally or altematively defects may be generated (liquid maks and/or printed

particles) during the tuming of the subshate W on the top surface of the subsfate W. The

path of Figwe 7 results in both x and Y movements of the substfate under the liquid supply

systeil which cøn lead to a higher vecúorial speed/cenriflrgal force which mígþt lead to a

higher chance ofparticle deposition or ofliquid droplets being left behind. Specific

meandering palhs a¡d scan directions to be used with immersion lithographic are disclosed

herein in which .one or more of or other problems may be alleviated- Ideally the meander

paths are such tlat it is unnecessary for one or more parts of tho substrato where dropleb and

particles have been left behind for a long time aad have had a chanc€ to dry anÜo¡ ínteract

with the resist to pass under the liquid supply system IH.

100071¡ The control of tho position of the subsEate table wT and the support stfucture
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minor movements to account for the non-smooth top surface of the
substrate mentioned  above may also be taking place. [00065[
Conventionally the path which the substrate W traverses during imaging is
optimized to minimize the amount of time it takes to image the whole of
the top surface of  the substrate. In the so called step and scan method, a
typical path might be that illustrated in  Figure 7. As can be seen, the
substrate W is covered in a number of dies which are rectangular and
which are numbered in the order in which they are exposed. Thus die
number  "1" is exposed first followed by die number "2" and that is
followed by die number "3", etc.  In this description, `upwards' and
downwards' refer to directions relative to the drawings.  Actually, the
directions are likely to be +/- X directions, for example. [00066] The
substrate W is moved under the projection system in a step motion from
the position at which die number 1 ends up after being exposed to a
position at which die  number 2 can start to be exposed. Each individual
die is scanned over the substrate W during  exposure. During a scan
movement, for example, both the substrate W is moved under the
projection system PS and the patterning device MA is moved above the
projection system by  the support structure MT as described above.
[00067] In the example of Figure 7, the direction of scan (i.e. the direction
in which the  substrate W moves relative to the projection system) is
illustrated by the shading of the  respective die. Thus when die number 1
is exposed (the projection system PS is stationary  relative to the page),
the substrate W moves down the page so that the bottom of die 1 is
exposed before the top. Thus, die 1 is scanned up (gray shading). Once
the top of die number I has been exposed, exposure stops and the
substrate W is stepped to the left so that the top of  die number 2 is under
the projection system. The substrate W is then moved up the page so
that the substrate is scanned in a downwards direction in die number 2
during exposure of  that die (no shading). Once the bottom of die number
2 has been reached, the substrate W is  stepped to the left so that the
bottom of die number 3 is positioned under the projection 16 system.
These movements together comprise imaging of the substrate i.e. both
periods of  exposure and periods where exposure is not taking place.
[00068] The dotted line labeled 100 in Figure 7 illustrates the overall path
of the  



MT is coordinated by a controller which can be preprogrammed with a selected meander

path. In an embodiment of the i¡vention" the meander path is optimized for both tbrougþput

and reduction in defects.

1000721 Figure 8 illushates an embodiment of the inventíon' An overall path 110 is

illustrated in dotted lines and the shading of each individual die, as in Figure 7, indicates the

direction in which it is scan¡red. It will be immecliately apparent that the scan direction of

e¿ch die is in a direction substantially parallel to a first dírection in which the $bstrâte is

moved i.e. the stepping direction. All movements ofthe subsfate when under the projection

system are only in a direction backwards or forwa¡ds in or along a direction substantially

pa&llel to the first direction (substantiaþ parallel or substantially anti-parallel to or within

the first direction). This means that the substrate w will move so that the bottom ofthe die 1

is at a position at which exposure can start Once exposure has st¿rted, the substrate W will

move down the page relative to the imaginary stationary projection system and at the same

time the patteming ilevice MA will be scanned from one extreme to the other. once the top of

the die I has been reached and exposed, er<posure will stop and then the patterning devic€

will be moved back to its sta¡t position and then exposure of the second die ca¡r start. The¡e

may or may nòf be a small step between the end of die 1 and the begirming of die 2. In this

way the substrate is imaged in columns i.e. a (skaight) line ofdies which crosses the substrate

is im¿ged 1r'ith the substrate moving only in one direction. Many parallel columns of dies a¡o

imaged such that all the top surface offhe subshate c¿n be imaged. The di¡ection ofthe

movement ofthe substrate can convelriently altemate between adjacent columns. The step

and scan movements ofthe subshate can be seen to have been combined.

t000731 Turning of the meander path on the substrate and under the liquid supply

system IH is completely avoided by performing those tums outside ofthe subshate (and those

tums would effectiveþ be made on a top surface of the substrate table wT) i.e. the tums are

made when the substrate is not under the projection system as is illustrated by the doüed line

1 I 0. Once a first line of dies I 12 has been imaged, the substrate W mov€rnent is reversed by

180" and a second line ofdies 1 14 is imaged. In the case of the second line ofdies 114,

bec¿use the di¡ection ofoverall movement ofthe substate W has changed, the direction of

scan will also change so that both the scan and stop directio¡s are the same- One way of

looking at the meander path in Figure 8 is that there is onty stepping taking place at the end pf
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substrate W (just the step movements) and the scan movements are not
illustrated in line 100  but are indicated by the shading of each individual
die. As can be seen, a so called meander  path which has been optimized
for minimum imaging time has scan and step directions that  are
substantially perpendicular to one another. [00069] In principle a similar
sort of meander path can be used in immersion  lithography and indeed
this is what has conventionally been done. This may not necessarily  be
the best approach and that a better approach is to optimize the meander
path not only for  throughput but also for a reduction in the number of
defects which are produced. [00070] Unfortunately immersion liquid
carries more foreign particles in it than the  usual gas coupling between
the projection system PS and the substrate W and liquid droplets  may
also become a problem. The particles are likely to be of materials on the
substrate or  from the liquid supply system 1H. The liquid supply system
may leave a trail of liquid directly  behind it. Liquid marks may be
produced by droplets which are left behind the liquid supply  system as
the top surface of the substrate passes under it. The longer these droplets
are left  behind, the worse the liquid mark may become because of the
longer time the droplets can  interact with the resist on the top surface of
the substrate W. In the path of Figure 7, particles  and/or liquid marks may
be left behind from imaging of preceding dies that affect imaging of  later
dies. Additionally or alternatively, defects maybe generated (liquid marks
and/or printed  particles) during the turning of the substrate W on the top
surface of the substrate W. The  path of Figure 7 results in both X and Y
movements of the substrate under the liquid supply  system which can
lead to a higher vectorial speed/centrifugal force which might lead to a
higher chance of particle deposition or of liquid droplets being left behind.
Specific  meandering paths and scan directions to be used with immersion
lithographic are disclosed  herein in which-one or more of or other
problems maybe alleviated. Ideally the meander  paths are such that it is
unnecessary for one or more parts of the substrate where droplets and
particles have been left behind for a long time and have had a chance to
dry and/or interact  with the resist to pass under the liquid supply system
III. [00071} The control of the position of the substrate table WT and the
support structure  17 MT is coordinated by a controller which can be
preprogrammed with a selected meander  



eâch line of dies 112, 114. However, it may be necessary for a small step to take place

between the end of exposing of one die and beginning of exposing the next die.

[00074] It is advantageous to ensure that once all dies have been exposed that the

substrate table WT is so positioned under the projection system such that a closing plate

positioned on the substrate table WT is close by (i.e. is on the same side of the subshate table

WT as the liquid supply system IH is at the end of imaging of the substrate W). This will

reduce throughput time. A closing plate can be seen as a dummy substrate which is placed on

the underside of the liquid supply systern IH, for example over the central aperture of the

ba¡rier mernber 12 of Figures 5 or 6, in order to seal the barrier member 12 during substrate

swap so that the liquid supply system IH can be kept fuIl of liquid to prevent drying out ofthe

final element ofthe projection system PS. This idea ofensuring that imaeing stops at a

convenient place can be implemented for other re¿sons too. For example, imaging can finish

near a sersor which needs to be illuminated by the beam B or nea¡ an edge at which direct

substrate table swap occr¡rs (e.g. a new substrate table takes the place of an old one simply by

moving in under the projection system behind the old substrate t¿ble as it moves out).

t000751 The meander path ofFigure 8 is approximately 30% less efficíent in terrns of

amorüt of time it t¿kes than the søndard meander path illustrated in Figure 7. Thís is partly to

do with the need to move the patteming device MA back to its starting position during

imaging ofconsecutive dies in a line ofdies as well as the need to move the substate at the

end of a line of dies a little bit further in ofder that tuming of the meander path can take place

outside of the area of the substrate W. The throughput loss can be reduced by speeding up the

movement of the patteming device.

t000761 Figwe 9 illustrates a meander paih 120 of ariother embodiment In this

embodimen! the order ofthe dies to be exposed e,nsures that the top of tlte substfate W is

exposed first and that all of the sc¿n movements a¡e downwards' A liquid supply syst€n IH

can move particles out ofits way as the substrate travels underneath it so long as the particles

have not had a chance to dry. Thus the idea of this embodiment is that the downwa¡ds

sca¡rning movement of each of the scans should ¡esult in a swe€.ping action of the top surface

of the substrate so that particles will be pushed out to either side of the substrate and towa¡ds

the bottom ofthe substrate. Of course the sca¡ning and stePping could bo upwards, for

example if the geometry of the substate table suited that. ln an embodiment, the substratè
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path. In an embodiment of the invention, the meander path is optimized
for both throughput  and reduction in defects. [00072] Figure 8 illustrates
an embodiment of the invention. An overall path 110 is  illustrated in
dotted lines and the shading of each individual die, as in Figure 7,
indicates the  direction in which it is scanned. It will be immediately
apparent that the scan direction of  each die is in a direction substantially
parallel to a first direction in which the substrate is  moved i.e. the
stepping direction. All movements of the substrate when under the
projection  system are only in a direction backwards or forwards in or
along a direction substantially  parallel to the first direction (substantially
parallel or substantially anti-parallel to or within  the first direction). This
means that the substrate W will move so that the bottom of the die 1  is at
a position at which exposure can start. Once exposure has started, the
substrate W will  move down the page relative to the imaginary stationary
projection system and at the same  time the patterning device MA will be
scanned from one extreme to the other. Once the top of  the die I has
been reached and exposed, exposure will stop and then the patterning
device  will be moved back to its start position and then exposure of the
second die can start. There  may or may not be a small step between the
end of die 1 and the beginning of die 2. In this  way the substrate is
imaged in columns i.e. a (straight) line of dies which crosses the substrate
is imaged with the substrate moving only in one direction. Many parallel
columns of dies are  imaged such that all the top surface of the substrate
can be imaged. The direction of the  movement of the substrate can
conveniently alternate between adjacent columns. The step and scan
movements of the substrate can be seen to have been combined.
[000731 Turning of the meander path on the substrate and under the
liquid supply  system Ili is completely avoided by perforating those turns
outside of the substrate (and those  turns would effectively be made on a
top surface of the substrate table WT) i.e. the turns are  made when the
substrate is not under the projection system as is illustrated by the dotted
line  111 0. a first line of dies 112 has been imaged, the substrate W
movement is reversed by  180 and a second line of dies 114 is imaged. In
the case of the second line of dies 114,  because the direction of overall
movement of the substrate W has changed, the direction of  scan will also
change so that both the scan and step directions are the same. One way
of  looking at the meander path in Figure 8 is that there is only stepping
taking place at the end of 



does not pass under the liquid supply system IH afte¡ the last die has been exposed.

Í000771 Although not illustrated in Figure 9, the substrate W could be controlled by the

. controller such that tums ofthe meander path are only carried out when the substrate table

WT rather tha¡ the substrate W is positioned under the projection system as ìn the

embodiment above.

t0007Sl In an embodiment itlustrated in Figure 10, the same path as in the embodiment

described with respect to Figwe 8 is traversed. Howwer, only every second die is exposed on

the first pass 131 of the meander path and a second pass 132 is also performed in which those

dies that were not exposed in the first pass 13 1 are exposed (each time by scanning in the

same direction as the stepping direction). Thus die 1 is exposed by scanning what will be die

31 is stepped over a¡rd die 3 is exposed by scaruring, etc. The idea in this embodiment is that

throughput should be inc¡eased because while the substrate W is being moved over the die

which is not.exposed it will be possible to move the patterning device MA back to the start

position for the next scan in the same direction as the stepping mov€ment' ln this

embodiment and the next ifi pafticulaf, the speed of the substrate table is kept substantially

coûstånt (or at least the stage keeps moving) during imaging of one line of dies so that

ste,pping aud scanning motions are perfo¡med at tle same spoed and without a change in

speed at the transition, During the step period, the patterning device is moved back to the start

position.

t000791 Anothe¡ ernbodimont is simila¡ to that of the ernbodimelrt described with

respect to Figure 10 and is illushated in Figwe 11. As can be seen from Figure 11, three

passes l4l, 742,143 ofthe meander path are traversed and only every third die is exposed.

Otherwise the principles are the samo as for the embodiment desoribed with respect to Figure

10.

t000S0l Another embodiment is illustrated in Figure 12. In this embodiment columns

ofdies are imaged. Each ofthe dies ofa column (line) ofdies except for the lowest die (as

illushated) is exposed during a combined scan aûd st€pping motion in an upwards direction-

The direction ofthe substate W: is then reversed and each ofthe dies passes under the

projection systeur (as a step) until tho bottom die ofthe line ofdies is reached at which point

it is scanned in a downwards direction as it is exposed. This is c¿rried out for all ten colum¡s

of dies and me¡¡s that the final pass of all areas of the subsfate under the projection s¡atem.
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18 each line of dies 112, 114. However, it may be necessary for a small
step to take place  between the end of exposing of one die and beginning
of exposing the next die. [00074] It is advantageous to ensure that once
all dies have been exposed that the  substrate table WT is so positioned
under the projection system such that a closing plate  positioned on the
substrate table WT is close by (i.e. is on the same side of the substrate
table  WT as the liquid supply system IH is at the end of imaging of the
substrate W). This will  reduce throughput time. A closing plate can be
seen as a dummy substrate which is placed on  the underside of the liquid
supply system IH, for example over the central aperture of the  barrier
member 12 of Figures 5 or 6, in order to seal the barrier member 12
during substrate  swap so that the liquid supply system IH can be kept full
of liquid to prevent drying out of the  final element of the projection system
PS. This idea of ensuring that imaging stops at a  convenient place can be
implemented for other reasons too. For example, imaging can finish  near
a sensor which needs to be illuminated by the beam B or near an edge at
which direct  substrate table swap occurs (e.g. a new substrate table
takes the place of an old one simply by  moving in under the projection
system behind the old substrate table as it moves out).  [00075] The
meander path of Figure 8 is approximately 30% less efficient in terms of
amount of time it takes than the standard meander path illustrated in
Figure 7. This is partly to  do with the need to move the patterning device
MA back to its starting position during  imaging of consecutive dies in a
line of dies as well as the need to move the substrate at the  end of a line
of dies a little bit further in order that taming of the meander path can take
place  outside of the area of the substrate W. The throughput loss can be
reduced by speeding up the  movement of the patterning device. [00076]
Figure 9 illustrates a meander path 120 of another embodiment. In this
embodiment, the order of the dies to be exposed ensures that the top of
the substrate W is  exposed first and that all of the scan movements are
downwards. A liquid supply system IH  can move particles out of its way
as the substrate travels underneath it so long as the particles  have not
had a chance to dry. Thus the idea of this embodiment is that the
downwards  scanning movement of each of the scans should result in a
sweeping action of the top surface  of the substrate so that particles will
be pushed out to either side of the substrate and towards  



is downwards and the aim is that all particles are pushed in &ont of the liquid supply system

IH and towards the part of the substrate table WT at the bottom of the substrate W-

[0008f1 Another embodiment is illustated in Figure 13. In this embodiment each

column ofdies passes under the projection system PS twicg first in an upwards direction and

for a second time in a downwards direction. On each pass only every second die is exposed

and it is exposed with a scønning motion in the same direction as the general movement of

the substate W. Thus in Fígure 13 in a first pass dies I and 2 are exposed with scanning in an

upwæds direction and what wilt be dies 4 and 3 are stepped over. After the substrate W has

passed under the projection system the di¡ection ofmovement of the substrate is ¡eversed and

dies 3 and 4 are exposed by being scanned in the downwards direction. Then the next line of

dies comprising dies 5-9 are imaged in the same way, eûc.

t000S2l Another embodiment is illustrated in Fígure 14. In this embodiment a ci¡cuit

which encompasses two columns ofdies is traversed twice in a row. In a first pass of the

circuig the dies of the first column pass under the projection system in an upwards direction

and every second die is exposed, Thus on the first pass dies 1 and 2 are exposed by being

scanned in the upwa¡ds direction. Then the dies 3, 4, 5 of the second column are exposed on a

rehrm path (e.g. every second die is ø<posed) in a downwards di¡eotion (the scanning during

exposure is downwards). On the second pass ofthe circui! the dies which were not exposed

during the first pass ofthe circuit are orposed Thus dies 6 and 7 are exposed with a scan in

the upwards direction and dies 8 and 9 are exposed with a sc¿n in the downwards direction.

t000S3l Another ernbodiment is íllustrated in Figure 15. This embodiment is a hytrid

ernbodiment which includes a ce,ntral portion marked by box 180 which is scanned in the

same way as fhe conventional scan illustrated in Figure 7. That is, the scan and step directions

are substantially perpendicular to one another. After that c€ntral section 180 has been imaged

a sweeping path is followed in which particles above ihe central settion 180 is moved above

the substrâte W whereas particles below the cenhal section 180 are moved downwards Ûo

below the substrate W. This is accomplished by scanning aw¿y ûom the center of the

substate during exposure of dies outside of the cenhal section 180.

[00084] In all ofthe e¡¡bodiments the imaging can start and end anywherg for

example, in the embodiment described with respect to Fígure 8, imaging could start at the top

rigþt or top left or bottom left and end at the top Ieft or top right or bottom right respectively-
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the bottom of the substrate. Of course the scanning and stepping could be
upwards, for  example if the geometry of the substrate table suited that. In
an embodiment, the substrate 19 does not pass under the liquid supply
system IH after the last die has been exposed. [00077] Although not
illustrated in Figure 9, the substrate W could be controlled by the
controller such that turns of the meander path are only carried out when
the substrate table  WT rather than the substrate W is positioned under
the projection system as in the  embodiment above. [00078] In an
embodiment illustrated in Figure 10, the same path as in the embodiment
described with respect to Figure 8 is traversed. However, only every
second die is exposed on  the first pass 131 of the meander path and a
second pass 132 is also performed in which those  dies that were not
exposed in the first pass 131 are exposed (each time by scanning in the
same direction as the stepping direction). Thus die 1 is exposed by
scanning, what will be die  31 is stepped over and die 3 is exposed by
scanning, etc. The idea in this embodiment is that  throughput should be
increased because while the substrate W is being moved over the die
which is not exposed it will be possible to move the patterning device MA
back to the start  position for the next scan in the same direction as the
stepping movement. In this  embodiment and the next in particular, the
speed of the substrate table is kept substantially  constant (or at least the
stage keeps moving) during imaging of one line of dies so that  stepping
and scanning motions are performed at the same speed and without a
change in  speed at the transition. During the step period, the patterning
device is moved back to the start  position. [00079] Another embodiment
is similar to that of the embodiment described with  respect to Figure 10
and is illustrated in Figure 11. As can be seen from Figure 11, three
passes 141, 142, 143 of the meander path are traversed and only every
third die is exposed.  Otherwise the principles are the same as for the
embodiment described with respect to Figure  10. 1000801 Another
embodiment is illustrated in Figure 12. In this embodiment columns  of
dies are imaged. Each of the dies of a column (line) of dies except for the
lowest die (as  illustrated) is exposed during a combined scan and
stepping motion in an upwards direction.  



It should ofcourse be appreciated that any feature of any embodiment can be combìned with

any other embodiment.

[000S5] Although specifrc 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 may havo other applications, such as the manufacture ofintegrated optical

systems, guidance and detection pattems for magnetic do¡nain memories, flat-panel displays,

liquìd-crystal displays (LCDs), thin-film maenetic heads, etc. The skilled artisan will

âppreciate that, in the context ofsuch alternative applications, any use of the terms "wafer" or

"die" herein may be considered as syrionymous Y¡ith the more general ten¡rs "substrate" or

"target portion", respectively. The substrate referred to herein may be processd befo¡e or

after exposure, ín for examplè a track (a tool that gæically applies a layer ofresist to a

substrate and develops the exposed resist), a meFolory tool and/or an inspection tool. Where

applicablg the disclosure herein may be applied to zuch and other subshate processing tools.

Further, the substrate may be processed more than once, for example in order to create a

multi-layer IC, so that the term substrate used herein may also refer to a substate that already

contains multiple processed layers.

1000S6l The terms "radiation" and "be¿m" used herein encompass all types of

electromagnetic radiation, including ultaviolet (UV) radíation (e.g. having a wavelength ofor

abottt365,248, 193,157 or 726 nrl.
f00084 The term "lens", where the contort allows, may refer to any otre or

combination ofvarious g4res ofoptical components, including reftactive and reflective

optical components.

t000881 While specific embodiments of the invention have been described abovg it

will be appreciated that the invention may be practiced otherwise than as described. For

example, the invention may take the forrn of a computer Þrogram containing one or more

sequences ofmachine-readable instructions desctibing a method as disclosed above, or a data

storage medium (e.g. semiconductor memory, magnetic or optical disþ having such a

computer program stored therein.

[000891 One or mo¡e embodimenb of the'invention may be applied to any imrnersion

lithography appa¡atus, in particular, but not exclusively, those t)'pes mentioned above and

whether the immersion liquid is provided in the form of a bath or only on a loc¡lized surface
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The direction of the substrate W is then reversed and each of the dies
passes under the  projection system (as a step) until the bottom die of the
line of dies is reached at which point  it is scanned in a downwards
direction as it is exposed. This is carried out for all ten columns  of dies
and means that the final pass of all areas of the substrate under the
projection system. 20 is downwards and the aim is that all particles are
pushed in front of the liquid supply system  1H and towards the part of the
substrate table WT at the bottom of the substrate W. [000811 Another
embodiment is illustrated in Figure 13. In this embodiment each  column
of dies passes under the projection system PS twice, first in an upwards
direction and  for a second time in a downwards direction. On each pass
only every second die is exposed  and it is exposed with a scanning
motion in the same direction as the general movement of  the substrate
W. Thus in Figure 13 in a first pass dies 1 and 2 are exposed with
scanning in an  upwards direction and what will be dies 4 and 3 are
stepped over. After the substrate W has  passed under the projection
system the direction of movement of the substrate is reversed and  dies 3
and 4 are exposed by being scanned in the downwards direction. Then
the next line of  dies comprising dies 5-9 are imaged in the same way, etc.
[000821 Another embodiment is illustrated in Figure 14. In this
embodiment a circuit  which encompasses two columns of dies is
traversed twice in a row. In a first pass of the  circuit, the dies of the first
column pass under the projection system in an upwards direction  and
every second die is exposed. Thus on the first pass dies 1 and 2 are
exposed by being  scanned in the upwards direction. Then the dies 3, 4, 5
of the second column are exposed on a  return path (e.g. every second
die is exposed) in a downwards direction (the scanning during  exposure
is downwards). On the second pass of the circuit, the dies which were not
exposed  during the first pass of the circuit are exposed. Thus dies 6 and
7 are exposed with a scan in  the upwards direction and dies 8 and 9 are
exposed with a scan in the downwards direction.  [000831 Another
embodiment is illustrated in Figure 15. This embodiment is a hybrid
embodiment which includes a central portion marked by box 180 which is
scanned in the  same way as the conventional scan illustrated in Figure 7.
That is, the scan and step directions  are substantially perpendicular to
one another. After that central section 180 has been imaged  a sweeping
path is followed in which particles above the central section 180 is moved
above  



are¿ ofthe substrate. A liquid supply system as contemplated herein should be broadly

construed. In certain embodiments, it may be a mechanism or combination of st¡uctu¡es that

provides a liquid to a space between the projection system and the substrate and/or substrate

table. It may comprise a combination of one or more structures, one or more liquid inlets, one

or more gas inlets, one or mo¡e gas outlets, and/or one or more liquid outlets that provide

liquid to the space. In an e¡nbodimen! a surface of the space may be a portion of the substrate

andlor substrate table, o¡ a surface of the space may completely cover a surface ofthe

substrate andlor substrate tablg or the space may envelop the substate andlor substrate table.

The liquid supply system may optionally furtlrer include one or more elemenb to control the

positior¡ qu?mtíty, quality, shapg flow rale or any oftrer features ofthe liquid.

[00090] The descriptions above are intended to be illushative, not limiting. Thus, it

will be apparent to one skilled in the art thal modiûcations may be made to the invention as

desc¡ibed without departing ûom tho scope of the claims set out below.
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the substrate W whereas particles below the central section 180 are
moved downwards to  below the substrate W. This is accomplished by
scanning away from the center of the  substrate during exposure of dies
outside of the central section 180. [000841 In all of the embodiments the
imaging can start and end anywhere, for  example, in the embodiment
described with respect to Figure 8, imaging could start at the top  right or
top left or bottom left and end at the top left or top right or bottom right
respectively.  21 It should of course be appreciated that any feature of any
embodiment can be combined with  any other embodiment. [00085]
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 may have other
applications, such as the manufacture of integrated optical  systems,
guidance and detection patterns for magnetic domain memories,
flat-panel displays,  liquid-crystal displays (LCDs), thin-film magnetic
heads, etc. The skilled artisan will  appreciate that, in the context of such
alternative applications, any use of the terms "wafer" or  "die" herein may
be considered as synonymous with the more general terms "substrate" or
"target portion", respectively. The substrate referred to herein may be
processed, before or  after exposure, in for example a track (a tool that
typically applies a layer of resist to a  substrate and develops the exposed
resist), a metrology tool and/or an inspection tool. Where  applicable, the
disclosure herein maybe applied to such and other substrate processing
tools.  Further, the substrate may be processed more than once, for
example in order to create a  multi-layer IC, so that the term substrate
used herein may also refer to a substrate that already  contains multiple
processed layers. [00086] The terms "radiation" and "beam" used herein
encompass all types of  electromagnetic radiation, including ultraviolet
(UV) radiation (e.g. having a wavelength of or  about 365, 248, 193, 157
or 126 nm). [00087] The term "lens", where the context allows, may refer
to any one or  combination of various types of optical components,
including refractive and reflective  optical components. [00088] While
specific embodiments of the invention have been described above, it  



CLAIMS

1. A lithographic apparatus comprising:

a support constructed to support a patteming device, the patterning device being

capable of imparting a radiation beam with a pattem in its cross-section to form a

pattemed radiation beam;

a substrate table constructed to hold a substrate;

a liquid supply system configured to provide liquid to a localized area of a top

surface of a substrate;

a projection system configured to project the pattemed radiation beam onto a

target portion of the substrate through the liquid; and

a controller adapted to coordinate movement of the substrate table and the

support during imaging of a line of dies, the line of dies crossing the substrate such that

this is accomplished by movement of the line of dies under the projection system

backwards and,/or forwards only in a direction substantially parallel to a first direction

which first direction is in a plane substantially parallel to the top surface,

wherein the controller is further adapted to, after the line ofdies has been exposed, move

the substrate in a second direction in the plane and substantially perpendicular to the frrst

direction when the substrate is not under the projection system and then, during exposure

ofa second line ofdies which crosses the substrate, coordinate movement ofthe substrate

table and the substrate such that this is accomplished by movement of the substrate under

the projection system backwards and/or forwa¡ds only in a direction substantially parallel

to the first direction.

2. The lithographic projection apparatus ofclaim 1, wherein the controller is adapted

such that movement in the second direction occurs when the liquid supply system

provides liquid to a space between the final element of the projection system and the

substrate table.

3. The lithographic projection apparatus ofclaim 1, wherein the controller is adapted

such that the substrate is imaged by repeating the imaging of a plurality of lines of dies

which each cross the substrate and in an order such that after the last line of dies is
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will be appreciated that the invention may be practiced otherwise than as
described. For  example, the invention may take the form of a computer
program containing one or more  sequences of machine-readable
instructions describing a method as disclosed above, or a data  storage
medium (e.g. semiconductor memory, magnetic or optical disk) having
such a  computer program stored therein. [00089] One or more
embodiments of the'invention may be applied to any immersion
lithography apparatus, in particular, but not exclusively, those types
mentioned above and  whether the immersion liquid is provided in the
form of a bath or only on a localized surface  22 area of the substrate. A
liquid supply system as contemplated herein should be broadly
construed. In certain embodiments, it may be a mechanism or
combination of structures that  provides a liquid to a space between the
projection system and the substrate and/or substrate  table. It may
comprise a combination of one or more structures, one or more liquid
inlets, one  or more gas inlets, one or more gas outlets, and/or one or
more liquid outlets that provide  liquid to the space. In an embodiment, a
surface of the space may be a portion of the substrate  and/or substrate
table, or a surface of the space may completely cover a surface of the
substrate and/or substrate table, or the space may envelop the substrate
and/or substrate table.  The liquid supply system may optionally further
include one or more elements to control the  position, quantity, quality,
shape, flow rate or any other features of the liquid. 100090] The
descriptions above are intended to be illustrative, not limiting. Thus, it  will
be apparent to one skilled in the art that modifications may be made to the
invention as  described without departing from the scope of the claims set
out below. 23 CLAIMS  1. A lithographic apparatus comprising: a support
constructed to support a patterning device, the patterning device being
capable of imparting a radiation beam with a pattern in its cross-section to
form a  patterned radiation beam; a substrate table constructed to hold a
substrate; a liquid supply system configured to provide liquid to a localized
area of a top  



imaged, the substrate table is positioned such that a closing plate on the substrate table,

the closing conhgured to shut an aperture ofthe liquid supply system, is on the same side

ofthe substrate as the liquid supply system.

4. The lithographic projection apparatus ofclaim l, wherein the controller is adapted

such that during the imaging of the line of dies, the substrate table only moves in one

direction.

5. The lithographic projection apparatus ofclaim 1, wherein the controller is adapted

such that the whole top surface of the substrate is ìmaged by the substrate table only

moving under the projection system backwards and/or forwards in directions

substantially parallel to the f,rrst direction.

6. The lithographic projection apparatus ofclaim 1, wherein the controller is adapted

such that, during imaging of the line of dies, the substrate table is moved under the

projection system so that each die passes under the projection system at least twice.

7. The lithographic projection apparatus ofclaim 6, wherein the controller is adapted

such that consecutive dies in the line ofdies are not scanned one after the other.

8. The lithographic projection apparatus ofclaim 1, wherein the controller is adapted

such that all dies on the substrate are imaged as a parl of a line of dies which crosses the

substrate and such that the last die imaged in a line of dies is situated at an end ofthe line

ofdies next to the first die imaged in the line of dies and during imaging ofthe last die in

the line of dies the movement of the substrate table is in an opposite direction to

movement of the substrate table during imaging ofthe other dies in the line ofdies and in

direction under the projection system away from the other dies.

9. A iithographic apparatus comprising:

a support constructed to support a patteming device, the patterning device being

capable of imparting a radiation beam with a pattern in its cross-section to form a
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surface of a substrate; a projection system configured to project the
patterned radiation beam onto a  target portion of the substrate through
the liquid; and a controller adapted to coordinate movement of the
substrate table and the  support during imaging of a line of dies, the line of
dies crossing the substrate such that  this is accomplished by movement
of the line of dies under the projection system  backwards and/or forwards
only in a direction substantially parallel to a first direction  which first
direction is in a plane substantially parallel to the top surface, wherein the
controller is further adapted to, after the line of dies has been exposed,
move  the substrate in a second direction in the plane and substantially
perpendicular to the first  direction when the substrate is not under the
projection system and then, during exposure  of a second line of dies
which crosses the substrate, coordinate movement of the substrate  table
and the substrate such that this is accomplished by movement of the
substrate under  the projection system backwards and/or forwards only in
a direction substantially parallel  to the first direction. 2. The lithographic
projection apparatus of claim 1, wherein the controller is adapted  such
that movement in the second direction occurs when the liquid supply
system  provides liquid to a space between the final element of the
projection system and the  substrate table. 3. The lithographic projection
apparatus of claim 1, wherein the controller is adapted  such that the
substrate is imaged by repeating the imaging of a plurality of lines of dies
which each cross the substrate and in an order such that after the last line
of dies is  24 imaged, the substrate table is positioned such that a closing
plate on the substrate table,  the closing configured to shut an aperture of
the liquid supply system, is on the same side  of the substrate as the liquid
supply system. 4. The lithographic projection apparatus of claim 1,
wherein the controller is adapted  such that during the imaging of the line
of dies, the substrate table only moves in one  direction. 5. The
lithographic projection apparatus of claim 1, wherein the controller is
adapted  



pattemed radiation beam;

a substrate table constructed to hold a substrate;

a tiquid supply system configured to provide liquid to a localized area of a top

surface of a substrate;

a projection system configured to proj ect the pattemed radiation beam onto a

target portion of the substrate through the liquid; and

a controller adapted to control movement of the support and the substrate table

such that the substrate table moves in a hrst direction in a plane substantially parallel to

the top surface during ìmaging of a line of dies on the substrate, the line of dies crossing

the substrate, and the support is moved such that the substrate is scanned in the first

direction during exposure ofeach ofthe dies,

wherein the controller is further adapted to, after the line of dies has been exposed, move

the substrate in a second direction in the plane and substantially perpendicular to the first

direction when the substrate is not under the projection system and then, during exposure

of a second line of dies which crosses the substrate, movement of the support and the

substrate table such that the substrate table moves in the first direction in the plane and

the support is moved such that the substrate is scanned in the first direction during

exposure of each ofthe dies.

10. A lithographic apparatus comprising:

a support constructed to support a patteming device, the patterning device being

capable of imparting a radiation beam with a pattem in its cross-section to fom a

pattemed radiation beam;

a substrate table constructed to hold a substrate;

a liquid supply system configured to provide liquid to a localized area of a top

surface of a substrate;

a projection system configured to project the pattemed radiation beam onto a

target portion of the substrate through the liquid; and

a controller adapted to control movement of the support and the substrate table

such that during imaging of a central section of the substrate scan movements are

substantially perpendicular to step movements and during imaging ofan outer area of the
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such that the whole top surface of the substrate is imaged by the
substrate table only  moving under the projection system backwards
and/or forwards in directions  substantially parallel to the first direction. 6.
The lithographic projection apparatus of claim 1, wherein the controller is
adapted  such that, during imaging of the line of dies, the substrate table
is moved under the  projection system so that each die passes under the
projection system at least twice. 7. The lithographic projection apparatus
of claim 6, wherein the controller is adapted  such that consecutive dies in
the line of dies are not scanned one after the other. 8. The lithographic
projection apparatus of claim 1, wherein the controller is adapted  such
that all dies on the substrate are imaged as a part of a line of dies which
crosses the  substrate and such that the last die imaged in a line of dies is
situated at an end of the line  of dies next to the first die imaged in the line
of dies and during imaging of the last die in  the line of dies the movement
of the substrate table is in an opposite direction to  movement of the
substrate table during imaging of the other dies in the line of dies and in
direction under the projection system away from the other dies. 9. A
lithographic apparatus comprising: a support constructed to support a
patterning device, the patterning device being  capable of imparting a
radiation beam with a pattern in its cross-section to form a  25 patterned
radiation beam; a substrate table constructed to hold a substrate; a liquid
supply system configured to provide liquid to a localized area of a top
surface of a substrate; a projection system configured to project the
patterned radiation beam onto a  target portion of the substrate through
the liquid; and a controller adapted to control movement of the support
and the substrate table  such that the substrate table moves in a first
direction in a plane substantially parallel to  the top surface during imaging
of a line of dies on the substrate, the line of dies crossing  the substrate,
and the support is moved such that the substrate is scanned in the first
direction during exposure of each of the dies, 



substrate step and scan movements are combined in one movement to scan in a direction

away from the centre of the substrate.

I l. A lithographic apparatus comprising:

a support constructed to support a patteming device, the patterning device being

capabie of impafing a radiation beam with a pattem in its cross-section to form a

pattemed radiation beam;

a substrate table constructed to hold a substrate;

a liquid supply system configured to provide liquid to a localized area of a top

surface of a substrate;

a projection system configured to project the pattemed radiation beam onto a

target portion of the substrate through the liquid; and

a controller adapted to cont¡ol movement of the support and the substrate table

such that during imaging of sequential adjacent target portions on at least a portion of a

top surface of the substrate scan movements and step movements of the substrate table

are at least partly combined as one movement or separate movements which are

substantially parallel.

12 A lithographic apparatus comprising:

a support constructed to support a patterning device, the patteming device being

capable of imparting a radiation beam with a pattem in its cross-section to form a

pattemed radiation beam;

a substrate table constructed to hold a substrate;

a liquid supply system conf,rgured to provide liquid to a localized area of a top

surface of a substrate;

a projection system configured to project the pattemed radiation beam onto a

target portion ofthe substrate thlough the liquid; and

a controller adapted to control movement of the support and the substrate table

such that during imaging all scan movements a¡e in one direction.

13. A device manufacturing method comprising using a projection system to project
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wherein the controller is further adapted to, after the line of dies has been
exposed, move  the substrate in a second direction in the plane and
substantially perpendicular to the first  direction when the substrate is not
under the projection system and then, during exposure  of a second line of
dies which crosses the substrate, movement of the support and the
substrate table such that the substrate table moves in the first direction in
the plane and  the support is moved such that the substrate is scanned in
the first direction during  exposure of each of the dies. 10. A lithographic
apparatus comprising; a support constructed to support a patterning
device, the patterning device being  capable of imparting a radiation beam
with a pattern in its cross-section to form a  patterned radiation beam; a
substrate table constructed to hold a substrate; a liquid supply system
configured to provide liquid to a localized area of a top  surface of a
substrate; a projection system configured to project the patterned
radiation beam onto a  target portion of the substrate through the liquid;
and a controller adapted to control movement of the support and the
substrate table  such that during imaging of a central section of the
substrate scan movements are  substantially perpendicular to step
movements and during imaging of an outer area of the  26 substrate step
and scan movements are combined in one movement to scan in a
direction  away from the centre of the substrate. 11. A lithographic
apparatus comprising: a support constructed to support a patterning
device, the patterning device being  capable of imparting a radiation beam
with a pattern in its cross-section to form a  patterned radiation beam; a
substrate table constructed to hold a substrate; a liquid supply system
configured to provide liquid to a localized area of a top  surface of a
substrate; a projection system configured to project the patterned
radiation beam onto a  



a pattemed beam of radiation onto a substrate through liquid provided between the

proj ection system and the substrate, wherein

a line of dies which crosses a substrate is imaged by movement of the line of dies under

the projection system backwards and,/or forwards only in a direction substantially parallel

to a first direction which first direction is in a plane substantially parallel to a top surface

of the substrate, after the line of dies has been exposed, the substrate is moved in a

second direction in the plane and substantially perpendicular to the first direction when

the substrate is not under the projection system and, a second line of dies is exposed by

movement of the substrate under the projection system baclavards and./or forwards only

in a direction substantially parallel to the first direction, the second line of dies crossing

the substrate.

14. A device manufachrring method comprising using a projection system to project

a pattemed beam of radiation onto a substrate through iiquid provided between the

projection system and the substrate, wherein a line of dies which crosses the substrate is

imaged by moving the substrate in a first direction in a plane substantially parallel to a

top surface of the substrate, after the line of dies has been exposed, the substrate is moved

in a second direction i-n the piane and substantially perpendicular to the first direction

when the substrate is not under the projection system and, a second line of dies which

crosses the substrate is exposed by moving the substrate in the first direction in the plane

and controlling the patterned beam of radiation such that the substrate is scanned in the

first direction during exposure of each ofthe dies.

15. A device manufacturing method comprising using a projection system to project a

pattemed beam of radiation onto a substrate through liquid provided between the

proj ection system and the substrate, wherein during imaging of a central section of the

substrate scan movements are substantially perpendicular to step movements and during

imaging of an outer area of the substrate step and scan movements are either combined in

one movement.
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target portion of the substrate through the liquid; and a controller adapted
to control movement of the support and the substrate table  such that
during imaging of sequential adjacent target portions on at least a portion
of a  top surface of the substrate scan movements and step movements of
the substrate table  are at least partly combined as one movement or
separate movements which are  substantially parallel. 12 A lithographic
apparatus comprising: a support constructed to support a patterning
device, the patterning device being  capable of imparting a radiation beam
with a pattern in its cross-section to form a  patterned radiation beam; a
substrate table constructed to hold a substrate; a liquid supply system
configured to provide liquid to a localized area of a top  surface of a
substrate; a projection system configured to project the patterned
radiation beam onto a  target portion of the substrate through the liquid;
and a controller adapted to control movement of the support and the
substrate table  such that during imaging all scan movements are in one
direction. 13. A device manufacturing method comprising using a
projection system to project  27 a patterned beam of radiation onto a
substrate through liquid provided between the  projection system and the
substrate, wherein a line of dies which crosses a substrate is imaged by
movement of the line of dies under  the projection system backwards
and/or forwards only in a direction substantially parallel  to a first direction
which first direction is in a plane substantially parallel to a top surface  of
the substrate, after the line of dies has been exposed, the substrate is
moved in a  second direction in the plane and substantially perpendicular
to the first direction when  the substrate is not under the projection system
and, a second line of dies is exposed by  movement of the substrate
under the projection system backwards and/or forwards only  in a
direction substantially parallel to the first direction, the second line of dies
crossing  the substrate. 



16. A device manufacturing method comprising using a projection system to project a

pattemed beam of radiation onto a plurality of target portion on a substrate through liquid

provided between the projection system and the substrate, wherein during imaging of

sequential adjacent target portions scan movements and step movements of the substrate

are at least partly combined as one movement or separate movements which are

substantially parallel.

17. A device manufacturing method comprising using a projection system to project a

pattemed beam of radiation onto a substrate through liquid provided between the

proj ection system and the substrate, wherein during imaging all scan movements are in

one direction.
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14. A device manufacturing method comprising using a projection system
to project  a patterned beam of radiation onto a substrate through liquid
provided between the  projection system and the substrate, wherein a line
of dies which crosses the substrate is  imaged by moving the substrate in
a first direction in a plane substantially parallel to a  top surface of the
substrate, after the line of dies has been exposed, the substrate is moved
in a second direction in the plane and substantially perpendicular to the
first direction  when the substrate is not under the projection system and,
a second line of dies which  crosses the substrate is exposed by moving
the substrate in the first direction in the plane  and controlling the
patterned beam of radiation such that the substrate is scanned in the  first
direction during exposure of each of the dies. 15. A device manufacturing
method comprising using a projection system to project a  patterned beam
of radiation onto a substrate through liquid provided between the
projection system and the substrate, wherein during imaging of a central
section of the  substrate scan movements are substantially perpendicular
to step movements and during  imaging of an outer area of the substrate
step and scan movements are either combined in  one movement. 28 16.
A device manufacturing method comprising using a projection system to
project a  patterned beam of radiation onto a plurality of target portion on
a substrate through liquid  provided between the projection system and
the substrate, wherein during imaging of  sequential adjacent target
portions scan movements and step movements of the substrate  are at
least partly combined as one movement or separate movements which
are  substantially parallel. 17. A device manufacturing method comprising
using a projection system to project a  patterned beam of radiation onto a
substrate through liquid provided between the  projection system and the
substrate, wherein during imaging all scan movements are in  one
direction. 29 


