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 tolgéneraehic Appaitpattet Beviee ManehdnrineiMbithedal
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
wdielil Transfer of the pattern is typically via imaging onto a layer of
raggtio senstMaRtRKIASD MRdERGIR al sl saiemparsral,
a single substrate will contain a network of adjacent target portions that
argwsudadssnepdpEaened. 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
scBuigreud which each target portion is irradiated by scanting the
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portion is irradiated by scanning 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 pattem from the patterning device to the
substrate by hﬁpﬁnting 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. watet, o as to fill a space
between the final element of the projection system and the substrate. The point of this isto
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
ha\.r'e 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




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 pro{g‘ction system). One way which has been proposed to arrange
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and the substrate W. The choice of which combination of inlet IN and
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[0006] ' 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
iniet 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). '
- [0007] In Buropean patent application publication no. EP 1420300 and United ‘States



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
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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
préjentiprysystem configured to project the patterned radiation beam onto
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backwards and/or forwards only’in-a direction substantially parallel to a
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provided a lithographic apparatus comprising: a support constructed to
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projection system configured to project the patterned radiation beam onto a target portion of
tﬁe substrate through the liquid; and a controller adapted to coordinate movement of the
substrate table énd 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.
[06011] 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 pé,ttcmed 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



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 andthe
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]
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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 porﬁon 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 parailel.

[00014] 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 pattefned 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 2 substrate; a -



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;
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radiation onto a substrate through liquid provided between the projection system and the
substrate, wheréin during imaging of a central section of the substrate scan movements are
substantially pé:pcndicular to step movements and during imaging of an outer area of the
substrate step and scan movements are either combined or substantially anti-parallel.
[00018] According to a further aspect of the invention, there is provided a device
manufacturing method comprising using a projection system to project a pattetned beam of
 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 scparate movements which are substantially parallel.
{00019} According to a further aspect of the invention, there is provided a device
manufactoring 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 -



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
dusirhgtintagiherell dedng inegna el scan gV onentipse ifibpne Elﬁeffeescnptmn
of the Drawings [00020] Embodiments of the invention will now be
descrlbed by way of example only, with reference to the accompanying
gorresponding reference symbols indicate
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an embodiment of the invention;
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[00025] Figure 6 depicts, in cross-section, a further type of liquid supply system which
may be 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;

[60027] 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
mvention;

[00030] Figure 11 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; | A '

[00033] Figure 14 illustrates an imaging route according to another embodiment of the



[00030] Figure 1 lillustrate 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
apB3Faie%A%rding to one embodiment of the invention. The apparatus
copguERs: an ifigmineinhsyres an (fpngatory Hewodiiguoeddthaunditidmant of the
radiation beam B (e.g. UV radiation or DUV radiation); a support structure
(e'§V &8sk table) MT constructed to support a patterning device (e.g. a
mask) MA and connected to a first positioner PM configured to accurately

p g'%lil gttteiz(ming device in accordance with certain parameters; a
sggs{'ra%{g%ge‘%e‘g. . a wafer table) WT constructed to hold a substrate
(e[60@3Fksist-chigted Wwshsnaficalbiolepitsecidh grephie eoriepBAtRmERP (R one
CO&ﬁ%ﬁﬁ%ﬁ?ﬁﬁdﬁym@e{ioﬁﬂ%ﬁ&%yH‘-}Mﬁ%ﬁé& accordance with certain

parameters; and a projection system (e.g. a refractive %oigaption lens.
system) ®dlkwringiceavsiepr Gibenineoatd configared dasomtitionpdmdizinuhyem B

B Ry:PateIRaAH stV MAanieH;target portion C (e.g. comprising one or
more dies) of the substrate W. [000%@ The illumination system

ma ) .
include HBRRFHSISBRNE GptchPshiBRLME ConEHaIR Sy PHRACR “isEpig device
- magnatifafiertromachaiuslec U astepesaionth eMypas airepticatcurately position the
components, or any combination thereof, for directing, shaping, or
cd%‘?’t?ﬁ‘ﬁﬂ% ?ﬁﬁﬁt?&?“ﬁfrgﬁ%“f]“ﬁﬂﬁcgﬁ%@ﬁ%ﬁﬁtgﬁm holds the patterning
device in subsanresiRat depentis tibide Dkemtmicadab tvddastistiang (e.g. 2
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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
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 beaframeora
table, for example, which may be fixed or movable as required. The support structure may
ensure that the pattemning 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



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
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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”.
[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 1L receives a radiation beam from a
radiation source SO. The source and the lithographic apparatus may be separaté enfities, for

example when the source is an excimer laser. In such cases, the source is not considered to .



[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
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and position sensor IF (e.g. an interferometric device, linear encoder or

cipadmyadandeyicehinsanareatien SprERAFta o), the substrate table WT can be
moved accurately, e.g. so as to position different target portions C in the path of the radiation

beam B. Similarly, the fixst positioner PM and another position sensor (which is not explicitly
depicted in Figﬁre 1) can bé 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—strol_ce 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 M1, M2 and substrate alig:riment marks P1, P2, Although the substrate alignment



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
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module;, which form part of the second positioner PW. In the case of a
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imparted to the radiation beam is projected onto a target portion C at gne

time (i.e?a sinfleammods,shasraportsusiyedilepdihe fstetnhlhitar
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synchronously while a patfern imparted.to the radiatj eam is projected_.
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sizeight (etiexpesuimng fae-tion ofidee st prrtibe non-scanning direction) of

the targgt portig 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 radiaﬁon 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 ﬁlay also be employed.
[00048] Amnother immersion lithography solution with a localized liquid supply system
solution which has been proposed is to provide the liquid supply system with a barrier
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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 eacnp movement of the substrate table WT or i
me Rk b i A e e
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of the projection system and the substrate table.. Figure 5 illustrates, in
créss ion, such a liquid supply system JR which can be used to fill
thppgoase 11 broresRstharpraies!ion aysemdiSand inraupatlgteodbinitiquid in

liquid. This liquid supply system is an example only and._many, other t
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space 11 between a final glement leelion S¥sie 13Getember which
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some regtlve movement in the Z direction (in the direction of the optical

aufisid aftbmreninstanisientsedbaibiqnidieamBnrd sittio s Befyees tp substrate

the, hackist Pienpber hich: freesghe-tensyane Phéhpaubsiiatasapatiydormed by

surface of the substrate and may be a contactless o
the barrier member 12 positioned below and surrounding the final element of the projection
system PL. Liquid is brought into the space below the projection system and within the
barrier member 12 by liquid inlet 13 and may be removed by liquid outlet 13. The barrier
member 12 ma{y extend a litfle 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, ¢.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, N, or another inert

gas, provided under pressure via inlet 15 to the gap between barrier member 12 and the
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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
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levebshmtistly anpdertia eyriasbaneiry of the gap are arranged so that there

is de-velocky SRR RN oneasith alnaniina s e guis phiRS8aintain or confine
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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 undcsir_able as it
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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

PaLQbHe REEGHRRDSARY whihyhales maintain parallel flow of the

immersion liquid out of inlet 20 across the§§)ace and then out through
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Srerence, owever ln t at ocumen e arrangement of the extractor
awbmﬁlgas(d@eag'mtemg drawn into the chamber 97 of the liguid removal device 93.

However, when the porous material 96 comes into contact with liquid there is no meniscus o
restrict flow 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.

[60056] 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
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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 porgus material 96 js, maintaj ' SUER dds |
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[00060]. 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 méniscus 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.
[00061] 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 bairier
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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, Iin
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

thatdhises¢amnsnasaiia suhstatrWibbeseath the: haryier Jasmpeid Gis liquid is

can be increased. Capillary forces acting on the seclrgnd meniscug 320
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inFeesn inslude ifaresreinn fitid dach flengaaoss thespace (R RF20sagdntt an
th il pifld hRERIAES W uf et Bt SEGe AR STIAAINHRARAIRMAKY may or may

meniscus 320 in place. [000611 Although not specifically illustrated in = -
Frotifes STaiatie drpading PR bRt e BrojRetian e M ar At d R ion liquid
indhenevel of tﬁe&gg&s@exg}mﬁﬂ% ﬁﬂstﬂﬁhﬁﬁi%ﬁ Hlilﬁzﬁldlﬁltkiﬁ wblebame&a iba single
projectign system PS and,the barrier member 12 cap be tw n

BB P B PO TR N SR, BT AT ged by th rces
movai g (ot the domiiegal Yikaidnsioeoibiiatioprajey foch SystersidaJiquid extracted is
d ihed below, One way .of dealing with this Jiquid.is_to ide,th

bgllr%reflr rheniser a3(1)0 & 1ffllus1 v%l}é/.' rgglg%“%’hzialg%&ei}seallss%gff%\%qgrﬁf Femoved from
ptizsspiee thraujik it arbstiate pblipMes ot hetweani dreredge bEthe 2ubgtislg W and the

r%%ﬁxm%%ﬁ‘é%.bﬂﬁg 4 o qii?é‘}} RACR %%ﬁ%ﬂb%&%&%&ﬁ%ﬁ&‘@mcﬁ fas been in

In"an alternative or additional arrangement, fiquid may be removed from

ticentapt ofithe topvisizpee the sublstring, sidhesesivipraanalobrodaminaiedsy
8ingle:RbARE AGIR) SUBLa ebeiR s ARCRAOwIRRZANY Dl R as

seen that there are several ways in which immersion liquid is
described below.

[00063] United States patent application nos. US 11/472,566 and US 11/404,091,

which are incoi'porated 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.c 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

-
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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 co‘-l}&e ted hy the recess 809 ggﬂ@ {08 4 .
flUEE 8?[% ax %?Fe“@%‘%%%%‘fnoaa%%? ﬁ%asedc ei?ﬁrﬁter%%s?orﬁaﬁ’(fusld extrggted ownm

is thik el ttidne Stboopbirahticis fd majcian dotas AFinbaly airibitanlisd viremendicutar
totb%:geomf%%’a? d.rom.i0e SP?‘%?%EJH e‘é%‘ﬁg\ SUPSILAlp R VP bstrate W.

befwéerrthe é‘élgsetoo?ct??éu}su strate’ W andthe substrate table WS. This is
al Sty vikedy, theasio movghentisime plgasuhsiausialymeniicoshernsuebreafihe

W%Db?uté%é’ W ias 8hibs SeRsYRAEtd itNErEERISE) R YAIAGHIQements, but the other

contaminated by leaching so that liquid may be best treated jn a

paniraEOYRRyCHia asrag bisidhe gords Rt e Awdernefdls SHsbaissriiened

S%Qﬁ@g&@g@@@ﬂgﬁw&s. US 11/472,566 and US 11/404,091, which
are incorporated herein in their entirety referenceﬁlso disclgse quig{d
an

sUPPAGSLy stenfomrptignes destha bRy syestAte WA o TS aging is
erpRemiraen el e viendiapunpef tisw ar tykitasdnngyhietwindcasitie top surface of
member 12 is actuated j.e changes in height and/ar X or, Y iti .
GERTBB LR P ek feaa iy B ustated i
sysiars 705 (0006 4¢dn i gusag iy 0f coeerd irasenhbrrnEditsciissisoth

the time }hat tg] \eV}tl?gl e rfg. C%e(qu ri‘t? the Qﬁ}f@iﬁ l}\%ﬁ%«' ; l}’ a&ré %gf}%g%g G4ths die number

d G ad}%s?{:gﬁ movemeenttl, as wall as the time e substrate W wan
spiehiberposéd st Grlewed byrdienamdqadaition dhai b éelionadibydapuaher 37, etc.
© {48 e RUERSHMB drawings.
Wﬁl (t:%% de%ﬁ%ﬁr%%%% O B3GR G M AR Y awings

IS g ane substantially parallel to the top surface of the

sulteindl the, dirsotions praibebitiotee 14 cE SUiRtioR MREfFERRthe height of
theeadgpirate, the SHaURIW RPAROuBREL #P HOARN Ry Stedf disepliabtdh from

the optical axis and may also rotate about an_axis substantially,

pipperifionial e h die pHerhertieds 4B cBSnbTEHRRR P RaRRT A Hbich de

QR RBEBCeRtIE S WeBkpiecd) Eddpmanetnih gidTa it mes@iventhissitbarate W during

D Rl el e op e e S g o

Offa6jection 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 scannéd up (gray shading). Once the top of die number
1 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 positi_oned under the projection
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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.arepuaisierdndhs {ﬁ&rcghléefmsfﬁﬁ&gxgas?tﬁémwﬁtww@pemds of

number "1"is exposed first followed by die number "2" and that is
forspRsErdIndincratstydierg exprsurris A BEg RlaeHh, “upwards' and
dqyueayds’ refeta i etionsEriative i the dranings cAeiialtathguth of the

directions are likely to be +/- X directions, for example. [00066] The

. [ L
subsaEs W {ushtiseton A me i st he Ao SaavrP PR Ep ROt As i ine 100
' theupasl iviiclew Bicthaligadup beeskiends idp-alier heiog expeacd to elled meander

position at which die number 2 can start.to be exposed. Each individual..
il SRR B ALK R R S B b e et that
mavenenhalyeapplicilatiothe: subtirate W is moved under the

praojection system PS.and the.patternipg device IS

IR oo Ry A O O et R Bt AAAMI

[ORMh6 Zaphghaadeeneg thisfis whatehas ¢hevditmoatiy fenctongi Ehithaasireteepssarily
in.which the substrat Vet ject ]
DSBS Yo SRS A0 L) iy o
isthuouekpdt ialpediacisdusyisre in thenmhenfifiafpoierdiich 4t pradyseh),

t trate WHHREBASGSE didet8deo EneleAiiclelSin it than th
ek%@s‘yeag befo;{}#\%ge@gt%?hus, d%elgl %ESL,ﬁcanned up r%gray sha%aign??). O?l::e e

thsuakeas eephoay eomd e RiPEigRouElsTEkD a8t teetapEratdtad liquid droplets
SYRSIHAE DALsmS S BRATLIR. e IpdhRaathat heiion B¢ dlimMeraResrAlis sibdRite or

the projection system. The substrate W is then moved u lthe pa%r%% Sr? : 1id directl
tHEeEBesligd sheny syairelin Red WA PRY SYRICTIRBN IR R RS Jaud directly

dysigakIRgHIER{IN Al Be(pR ERRABIPREcwhRIDadef bbldied thnhiqeid supply
2 has been reached, the substrate W is stepped. tQ.the left sp that th
BHELR 5% L P TE 3t SHTBIE RAS E o IS EF Bk rqbles ar

Thasednmbyenestbdtigai aadompyibesmeatingusé ticheubspaténethodiioplets can

S YR R B B A e
ofsttéer liquid marks may be left behind from imaging of preceding dies that affect imaging of
later dies. Additionally or alternatively, defects may be generated (liquid marks and/or printed
particles) duriﬁg 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 may be afleviated. 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 IH. '

[00071} . ‘The control of the position of the substrate table WT and the support structure
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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

tha?}fe.sta roach and that a better approach is to optimize,the meander. .
p THSP%‘%%%? t 81?3 %ﬁ@ rut‘t}ishoé)({;{rbél3 é?ﬁ%%r(%%%} the number of ’
defettdniehtadinpeachiobelifoo0ive] Unfortmdenphiinantisiaed gafepta throughput
carries more foreign particles in it than the usual gas coupling between
thgné%%gﬁgﬁlgygs%?ngPs and the substrate W and liquid droplets ma

: y oo
al§60B@iome cFigwis|8itluTtucpaniorhedirenkefyho iBrcatonateryseliRa 11015
Sl}iﬂﬁ%@%ﬁ omy hedigidmalisystemnlibiTasaliauthsupply.ey st endicates the

may leave a trail of liquid directly behind it._Lic1uid marks may be .| ¢
préidestien miielpibteshmmerclevilks SRMASAIS H JBRFEBIBR) (g ata iggetion o

thg,taRisUsRCRRE s SRsUAlRIBAS el Rie il The-fongewihiehehd rapiatste is
are left behind, the worse j[herlﬁwd mark ma}i ecqgn}%%e use frtlale

lorgeedibtetis steppipmetection Al Re AR QTG S o top S0Hace dt ojection
the, sulsirabain dra-nat b ekkigdser fpaatitiés onaidty didividtimaskbstratially

be left behind from.imaging of preceding dies. that affect. i -thin
g R e e R R
ank{eirpiditedopaTidaapaisihy thesuhsting B wil suvstatbapvhsberemyf the die 1
surface of.the substrate W. ' ' A .

R
lemuhte duirthe pagsoidiays et ety slaineepierting isapRg 4t the same
hi%%gg&%@é%%ﬁlfgmgwmiﬁe&m'w&m@e&@waemewm the top of

Speci ring paths and scan directions to be used with immersio,

litthsghiapithes beennersbabend erasch cRRRIUSEILHARAN iy Bepafterning device
Prof %@ﬁw&ﬁbﬁﬂm-ﬂéﬁﬁﬁx at%e Wﬂ&u@%ﬁﬁﬁ@é&é&&fﬁ&ﬁhiﬁw- There
unnecessary 1or one or more parts of the substrate wher foplets .
BRSO A SR HEFRSPR o S 05 PR Ao e In i
 diy.gedQrusiara s imdfed i daIBiBhia pasG pul gy the fidies stiiycsystsithe substrate

1. [00071} The control of the position of the substrate table WT and the . .
SERIFELAGHE SRR AR TRGACBS OL DR P KRR S 1 o dies

Pigiagedsanhiataliticacpaindied of darmibsirate 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.

{00073} Turning of the meander path on the substrate and under the liquid supply
system IH is completely avoided by performing 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 tumns are
made when the substrate is not under the projection system as is illustrated by the dotted line
110. Once 2 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
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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 maoved i.e. the

stepgingheiyegion Al mavemsetsiohiehsubsisais foharmultaephe take place

projection system, are only in a directiQn backwards or forwards in or

TR R A ER S e .

pajEdEl4r substantisdhnagteparakabie: ohanitiin athdidinss diteetiampoidushat the

means that the substrate W will, moyve so that the bottom of t led |

SRR S e o VR T Bt G RO A A el

supsiitiieci\onilie mbstexddubtetME iaglsetative. o ondhesaginside sftio susirate table

PORCHORSHRIRM AR 8405 ST MG 06 ARHEHING e iaRdd Wil Phis win
ro re

scanne one e to the other. Once the top of the die | has

beedursdbtasghanttiengpdseldsingmiaiaramii sterpandupsy b Peieifid is placed on
deyicgn il e MY R BRGSO R QRANL R GXREMEE LML of the

second die can start. There_may or may not be a small step between the
erbarsicsaembaid 3ef Bewieniry 6+ erden toral hebaer spmuherlsduring substrate

IMaasdntheHEIRRSuBAS EehR HineATbE RHIIBICH gtses shaaulasiiajaout of the
is imaged with the substrate moving only, in one direction Manxg%%rallel at
oI R P85 i ar oA R e SR O S I R B TR

caphermaghste therdimplianeatdh Grpdeeresoholih & eubsingiie,danging can finish

conveniently alternate between adjacent columns. The step and scan. . . ..
RO D PRI NG O O R i o Wich direc
[OabERateTiabhingyaf dhaum Gon datepashbstiath ¢ableiskatthapliasrnden wid one simply by
liquid suppl tem Ili is. completely.avoi '

ot SR T P B R A R R A RIS
tofdGfishce of Fie meosdetpath PR Bds dporpimaighs 3AYa drssafdeianidn terms of
substrate is.nat: r ojecti is.ilust .

B R AR, g e sty
misveitteticinerdviemeveshe paitearineledes M brclo R statingrprisigadurine
the.gass O dhecsaoRdiling ahdiesfdids a0orAUSHE R REHRN OhR ¥abalate at the

movement of the substrate W has changed, the direction of scan will also
crashgBadinarfidienn e Scivin e betibrenE o e DR fag ke place
ofentd g+t Hhe: BIRRO SRR W, TiHe R Japiabibest ir emlycetppipgeding up the
taking place at the end of .
movement of the patterning device.
[00076] Figure 9 illustrates 2 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 [H
can mové 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
: 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
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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 throughouttime. A Glosingplage canNeea.
seg%eséggép usmurrﬁdfrsu éﬁglgs\mﬁghs?'sgg@meg%r{ ‘ﬁlee underside of thleg%ﬁg]uid

SUMIPN7E)stem FHihforgbxahilbetoiet ithBigemPathgsahrdoitreulg e rantrolled by the
Membetid% QOGS ot R AL LIt SFRb I ARSI IAGKclibstrate table

during substrate swap so that the liquid supply system IH can be kept full
of Wliither Shaw e sbpiimgcoltis pasisionsa rerer A Pep aviog Bleds Wit m
PSobhigdep.eb&nsuring that imaging stops at a convenient place can be
implemented for other reasons too. For example, imaging can finish near

a SEMES) whichmenratiedimemt lstisd 5y Fogen d e sBn @Al dffe sgpbodiment
‘ wiggéaﬁéaczfitﬁ&b?éaﬁﬁﬁ@&mmfmﬁ Eeogreagnem(fubifyaaed@b@e is exposed on
taestepaceo n old one siImply moving In er.the projection .

e PR e T8 PP LG SET PR LIRSS SRR which tose
mearsder paib it BigousedirsheftopissaielyaR0pleed eHitidintabieramiof in the
amount of time it takes than the standard meander path il i . .
R R e
M2 bestkpimed o ateatid dip sitimpaied by staradiggetst. dbedéeinbisl rsbipdiment is that
li i | i .
é?%‘.%‘fég’alﬁ% h %Y}‘@ L@ﬁn@%&ﬁ%@%@ XSRS UBS RIS AL BEng R PIPONRE e dic

t further in order that taming of the meander path can take

plabichdansitiexpeseitwel bsf poesibliierrapve/henstamisea drtice Méshegh tpdhe start
reghissch B BRERANG MR R MMQEP&J&BHfaH’tﬁeQ%}ﬁﬁH%‘ﬂM%. [QQR£6]

Figure 9 illustrates a meander path 120 of another embodiment._In this

erviBbRiliment apddtisyaert it BEigRbEeshekibe whsiristhln fleRby Brtantially
ghgoﬁugﬁtgéiﬁ'&\t%ﬁ _@%gﬁ&ﬁﬁ%ﬁ%ﬂhgimg@mmm@mﬂ@m
ownwards. A liquid supply system an move particles out of its w. .
aS'fRBIAE B SR HAG RO U SR OEHHP %ﬁ%a&wﬁ&&ﬁ%@@%&aﬁﬁgﬂg‘* "
hggbadchanraeatRitloy. Datsd e despefitistanpaneinigndésithad fineved back to the start
downwards scanning movement of each of the scans should result in a

SRRy action of the top surface of the substrate so that particles will
bgopered outAnctiidrentdiodiméihis sintiktr stabanadftthw enttwdiment 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. '

[00080} Another embodiment is iliustrated 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.
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 projectiqn system,
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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

thes REIBGHAT SY818RLAS iNdheaepRRRMMEa MRS [PQA 68118 Riftid supply system
embodiment illustrated in Figure 10, the same ngtgﬂ?és in tgtﬁ e bodin\%nt
deBLAMLI T e e b gerera R APl Bt i s o g kg -
sepoogiflie is expahedenibothimdiick phatrddd iaffiparEnnd eipaitbadithent each
secqnd p 132 is alsq performed in which e. dies that were nqt .. .

o BRB L 5 PRSP AR B EFD B ST T B e R T pesion and
sdfisres dixentiahmad:thdsieppidg diretbonpnldacis gies drily expysecbby die is exposed
scanning, what will be die 31 is stepped over and die 3 is.expose
B e
intre ageti e ¥a Beihiligtre &8s fitet Pesisdivsin gurd Avard wpesefeviffiescanning in an

WDl EHBR 3G I PR B SR IR A R BUEINAGI5 i sbife W s

e start position for the next scan in the same direction as the

stepptdgmdendmpaietion Byssmisdintion of mev avesatiof tog sebstpteiereversed and

sRe&S hieSUBSIERLE tRiEHs KeRhay RSt HwaRRSIRRL{Oh AtHEABII& ! line of
stage keeps moving) during mamf one line of dies so that stepping

afiFSEARPRRYEHED P AFe IPeae RdBe MRV nfECspeed and without a

Chommaln SPegRbElcBomAIEANs INEREAN & HRRBAUOT dile RbARIOg 2 circuit

device is moved back to the start_position. [0Q079] Another embodiment

isvEhsPtaTaRATS? T eoltbRRRAlslie e SaBREARIF e 0N I AP Of the

apRosit) hstdaieorithd sty &r)llhhnﬂ&ﬁ?m@& feqidjasivh lglsdt&tﬂ.:'jh ﬂiilltq.ﬁvards direction
asses 141, 142, 143 of the meander re trqverse only ev .

R SRS RPN IR DN Lo el SR e O e

eschadidrie thogsedide divitiiore Shentthe diegUret, 3G IBOGBOMdANDENE ATe exposed on a

empodi tis illustrated in.Fiqure 12 4n thi ' . .

TR FIRTEE P S i T ool SNSRI Rl (Sl during
|owpstuids(@ewitiusuisked) tsesoubpiadieiithecrciontothedice ahighgy ere not exposed
SEEP&E‘&QMPME %%@N&Eﬂ%'@ﬁﬂ% 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.

[00083] 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
the substrate W whereas particles below the central section 180 are moved downwards to
below the substrate W. This is accomplished by scanning awéy from the center of the
substrate during exposure of dies outside of the central section 180.
[00084] In ail 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.
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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

len&f%g i1t1?d tc?tb c!gwivae-rbg‘ Bégage&gg'}ég DR faﬁé]/q‘ezuﬂg gﬁgﬁg\gm&g%gﬂt ERYPOEEmbined with

ment s illustrated in Figure 13. In this embodiment each column
of eigvibaseabodivarntthe projection system PS twice, first in an upwards

dirﬁﬁ@@@; and  1Qk 3 SeAQANCHHD Celar SnEOMIV RIS AR SR Re P BRESPBBRthographic

only every second die is'exposed and it is exposed with a scanning

m@npRratie themuniserpATS e Yavid s mdveiorhitat thdiduguphie apparatus
W gdaHsdzieig hildinst RipirAiess lsaithe Rénaxpnsrrc\Wittegrated optical

scanning in an upwards direction and what will be dies 4 and, 3

{ e .
StEPPESo P aRsEAtHAetSBeR B SRS PR AL Aomatt ﬂ@ﬁ?&feﬁ%‘ﬁaﬂd displays,
. SYRd-tapsdi shians of coyemantiaf theusiiesicads, o cliey skitlandtisiesval
and 4 are exposed by being scanned in the downwards directiop, Then . »
ORISR 28 SRR R B 4 TR A 1 R vt o
[006i82 kefenpigrterohaitionahis syllusyrates it iemeofieigdnethl derms “substrate” or
empodiment a,circuit which.enc S c [es.i
ol RRELB e R SRR R R 5 G boreo
calfiemmpassa i@ trempbiection &y ek tha tipiepyarotcirdayoriapdst to a
CVab% 95@«1%&%1&%9&&&%55%&8}3 IRt RASSI3IEH I 2 heptBon tool. Where

exposed by being Scanned in the upwards direction. Then the dies 3, 4, 5
ofapidierble e disclasira hersipmay dorpelicb to sghand etprsybiyate pergssing tools.
digsiRXRASSehsih@ ARYBNRLSJUPEIANKIAGSCR Mo REat fidth GRPRHERate 2

is downwards). On the second pass of the circuit, the dies which were

t
eXpoddava ity that fetpasbimle Bd hesge I@ﬁ}salg@af%fﬁﬁt?sacﬁ%@%aﬂ@at already
7 SREXPRSRDN Brodesiadyerne upwards direction and dies 8 and 9 are

e B A S AR e
e@b@dﬂﬂ@&ﬁﬂ?ﬁﬁiﬁﬁﬁpﬁﬁﬁ&ﬁgﬁkﬂbﬁ%ﬁ@ﬂ%ﬂ%h!@&@ﬂgy%ﬁnﬁh of or
SIS ey (g5 comvenional e ussaed e 7
of@esitither. Afber¢hat tantiabbaetibnci8italidves maysefettoaay@sing
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optical components.
[00088] While specific embodiments of the invention have been described above, it
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) baving such a
computer program stored therein.
[06089] 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
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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
respeciivalsubsttshomigalsappss AepRas et ihetam faatide obrally

embodiment can he combined with any other embodimen ._[00,085]f "
AltRGHPL B SRR EpRALEnA BEA RS A ER Yo fRD i of structures that
litheevaebiclignaasalusate teempantbégebijcaion Keseih ahoted abdacemsiandubstrate
that.the lithographic appargtus,.described herein may have other .. ...
e SHE SRS B AT e Pt AL STy s auid s, one
guid amire gas dhbkétpotioor paite pas doticisagmiztioode manvm Bguadiesets that provide
flag-panel displays, liquid-crvstal displays (L. in-film.m '

: f the substr:
IO e SO DR LA D08 e e
alteiativebsipytitabiions aamfanscobiivhepicemsy vaafpletely coist heurehoiihe

be, cansiderashAS SUPREYIRUS HERG: %%%ﬂ%ﬁ%rﬁléﬁﬁ%&é%ﬁ?ﬁﬁgffib&hte table.

“"target portion”, respectively. The substraté referred to herein may

prébebiauid merlysysiemmpeoniosaty fiths wehpmaecrmac sleasninig control the
pisakn 2GRl 2JRIRY QhERRISIAR RroUPaAB AN RV IR g RKPOSSd

resist), a metrology tool and/or an inspection tool. Where  applicable, the .
dil4880ke herdiferfiespations mbaviatEReatRe Strbsilutiatixte pimiingyThus, it
to@ist bk wPastattReony BERIEMAY REMRICEESTRAING M1 ARBR HAEE 1d@ke invention as

example In order to create a multi-layer |C, so that the term substrate
R PHBTL T THE) Ao O S L T OAPRB, LTS mutiple
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
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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

C gliments of the'invention may be applied to any immersion
%phy apparatus, in particular, but not exclusively, those types

l_mentg%%gggﬁ%gﬂgmmggaﬁ{ trtpgrjggmersion liquid is provided in the

form of a bath or only on a localized surface 22 area of the substrate. A

liquicestHIPRFsyRemEedconTEPRETA o BAHEFBIRS AIRS-JRpPaERNE device being

cdRABRITHEImihARTIIAH RMBRIMRRES, Withay PN eeNanigdsPsection to form a
combination of structures that provides a liquid to a space between the

pigsesdiialerehRadtd the substrate and/or substrate table. It may
compyisdareeuRaliesmekaaachdbissuateres, one or more liquid

inlets, one. or mare gas inlets,.one or more ga I one or
i Ized A1 of a top

gas.outlets, and/
moreditatdosHRRY 5{6;5%%8@% J&e epslai lelfl. rEOa% é)rcn%g ment, a

sustidacE ofibarapace may be a portion of the substrate and/or substrate

table, or a,syrface of the space completely cover a,sur f
su bstaré%{eojfﬁtg?& %Srg%rflra‘i%gé%re? (;a}x tt?éoég(é?c@ mgiggﬁn\%l%&%%%igstratgmo ?
taeged fanrSoip ot Hite sietisleatcTtheplighidisligply; spdtem may optionally further

include one. ormore elements %}&ngogg@e&&ﬁit&nthgum_%tgqqﬂy, and the

trol
shapefafl%f{/r\/1 rate or aaﬁy other f%atures of the liquid. 100090] The

sugper iptitns i avesitinmeedits Breilingteariies proswatihg STPRiER Sygh that
{hR€ RPRAAIMeAS,SKilsd R dhe artdhaiimodiicalionsdBambepfdads Watem

Invention as described without departing from the scope of the claims set |
baskwigedsand/erdpmimds enlX i GrEsstrnapatatiRlboPartishty & i gliection
whRIASHYCIBA IR RO AR URERIRd ARy oAt Daietapnaudadce being

capable of imparting a radiation beam with a patte P in its cross-section to

¢ r
whstrinathp setBrollaT i elaptsd s abishthe tapie AR BRBIE MOVe
theWhsiale; ia Hauidsuppbtssiarhepiiiguied deopraiviatylsrididieulac adi defirst
area of g top ) . .
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 proj ection 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
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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 paralle] tg a first directi whi[ﬁh girg te tabl
m&ﬂgggtig}? i%u%taaaé%%)esh%%?g#{craﬁé E)lécrialll e”%t(fi1 SI%S{%% %%? a%rtla,_ vShélr(agliﬁatﬁea . ©
theaisiiiecda figritvd rtadhptted aperafreroffibdiigudd sipplliasssranespduesime side
ove . the s rate Ir irection in the plane and substantiall
SURSHAE, Raa Sga9 0k ine P y
© pe?psélﬁgfcau?ar to th%#?rstéﬁjrgc ion when the substrate is not under the
projection system and then, during exposure of a second line of dies

4.WhiC'Tfié‘iﬁﬁ@ﬁraﬁ?ﬁiéﬁ&?%&‘ign%ﬁﬁégiﬁﬁthfaQMHme@ﬁ&HH%ﬁ%Bﬁ%mr tahlepted

and the substrate suchthat this is accomplished by movement of the
sushifbatdaingidic drapigetitls Lpsioidiee tirsuestats detlnabaQghsy i one
difediigetion 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
5. SysteTneprdvidaphicvidjte appperietwéeithe finabaltnient@fttbiéer is adapted

projectign system and the subpstrate table. 3. The li raphic, projecti
R e PRSI SRS SR BiE, o TRReny e HREARCHRR onty
méubstraieda indageprhgrimeatingethe tadgiaglof andloralfiyrehtitsesiof disstions
Su\ggicqiﬁgfch Cross, tf{ge? n%?HFE%%nd in an order such that after the last line

1es’ Image e substrate table is positioned such that a closing
plate on the substrate table, the closing configured to shut an aperture of

6@ 194 SR RUSIRN B AL SR06r idn 9T WRGRIRHABAR P i alihted
supply system. 4. The lithographic projection apparatus of claim 1,

suglnéhein dhangormesiegiohthepting ofidirshabelgHprirate inhlsgigsmistk tder the

px%rieqic% §2§£e§ﬁ' LS tiakelRR!§iO PR TAMRR IR R0 ARSI STstam B Rast twice.

lithographic projection apparatus of claim 1, wherein the controller is
adapted

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
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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

ojection.system at least twice. 7. The lithographic projection apparatus
p%eé?gf{n{a@f% Ielzer%%%n%he controller is adapted such that consecutive dies in
the linewfstints tabdersonsicasind ipdeddafambshiatether. 8. The lithographic

projegtip EPRR;@ glaiah fowberainths &onialien's adapiad sahr a to
that all dcpé]s ont ggﬁgtrate argwifmage%l] as a pagt of a line of dies which d
swfaesebapebsiigstrate and such that the last die imaged in a line of dies is

situated At angndefeiiebna efdias prytie the fuatdiclimagaibinibadingto a
of dies and during ima ing o?the last die_in the line of dies the movement

tapgaROBnsSihe subRtrale PEreh s flr&Bon to movement of the
substrateotaRiB WtRgdaging el thierethendigslie thppsreatidiessabstrie table
direction under the jection system away from the pther dies. 9.

stgh, o iﬁ'%ﬁtﬁ%a%’iéc%ﬁﬁs%ﬁ: 4 %L%Ib%'f Oélolrllls?rﬁf()?t%%st%{) Sstﬁ'%tpl)%l@g arallel to

theatierilg e dvite thagafehindefidebainte sapsbie ohimpeartifidies crossing
radiation bea ith a pattern in its,cross-section ta for ternegl. g

thFaﬁ‘i%ﬁg%tebeaé@ . aes%@gt?atéstgb?gego%%%rutélglt%%ﬁ% ﬁ%&%%ﬂﬁs%?gﬁgga iquid st

disepisly dysterexponfigufosieh pifthddizeiquid to a localized area of a top

whatd %&92&3%&1%?@5%&9{%%@9&tgygﬁm@ﬁﬂgu&emqemg%@as B8 osed, move

pgt?erned radiation beam ontoa target portion of the substrate through

theheutieidt; Braisscondwbihstionlptbe RireoArbihgvattlinsTrRRIRpDR the first
aftadidhe subsaledable SuRh that it $HoRas BolenMavasdh, Adtek exposure

direction in a plane substantially parallel to the top surface during imagin
oot adneadbliareel sHahwbishstrarscsibelimbirare SorsEammy ofhthe B the

siRdRa PRI ih A avesususidhat e substrpieeisisc aedon Hhetfirglane and
direction during exposure of each of the djes, ) o .
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
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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
t ange and, the support is moved such 1k ' 0 L.
S A B S R R e Bion
awmp fxatubcomipeishibs aubsipiert 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
1 bubstfatdhetre ks nenuetas W HBIg s ubstrate; a liquid supply system

Conﬁgt'"g%&)t Reuideligud {aRdecalizrdaiga R omePilasriNt device being
substrate; a projection system configured to project the patterned
capahisioh BRRAIBAE AR BerbAdhiie RASE dle thrBOSH YR AR, form 2
pﬁm(pgyaﬁgpﬂ@r%pted to control movement of the support and the

substrate table such that during jmaging. of a central section of the
substatPEER @i%ﬁ?ﬁé%tgéetgim?aﬁa%ﬁrf Serpendicular to step

moveirigqiil anpplly sngeimagitftpofedntoptevideiquidhie 26 suibstladesteha top
apd sco%rll ovements are combined in one movement to scan in a

SifEEtort Avay

away %om the centre of the substrate. 11. A lithographic
appaeafusjeaiprisisignaceufiguretdngirosiediie pappordarpditbonirgam onto a
device, the patterni ' iﬁllgl ahle of imparting a radiation beam
ta\l}%? B %g)ﬁeo?ﬁﬁ %t%i) %%gigs&é%% on to %?r]?n’a patterned radiation beam; a

substatentaiilercuiaptedctedenthd enavsmsst afeths FypRISAIGIYhsy Stbprate table
stniigrERa L9 RPrayife Sewidia.file calradareaPhaRRs SHRGE&! Aportion of a

substrate; aprojection system configured to project the patterned
topnaafiass pEHe BipEtate 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 pattem 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
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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.c ed 19, SUPRA A RBURID] th
o B B e eehuen e
prajthtpayem ianiisherodwsisectivhariorm a patterned radiation beam; a

a RHPSraieanlgronRiucied s RAlda aubSiraem B igivig SRRV BSEe Mes under

configured to provide liquid to a localized area of a top surface of a
thsupeteationsysiefe bnskvaydtcmdéonigusdsenty die diffs it thigptially parallel
1o’ QHAHANDERM IR, FirtRESRLROKLIOMOS Prsmsubsitala dwquetlitiedligwg;surface

and a controller adapted to control movement of the support and the .
olsthssauebaipafisy %H%d%ﬁiﬂ&?n#&@ih@ﬁan%eaﬁan BRRTIRIG dSirgyed 0 2
sciRC RSy MABYiSRIBANMTagiNENGaINe fhopcaomittisioghesingt alirection when

projection system oject .27.a patterned beam of radiatign,onto a
TG R B PAGAT O b o e et oS Eamn B ergaed by
msubsirate wiesehstatinen dédils prbjiettionossteasukstaate asdmafed iyls only

. moyement of,the line of di der. the, projegti k -
mng él ree 101 sub Qantlfiﬁ?/ paeltr qfef’% 1%6 H%st %‘rml: ﬁ%gﬁnégglﬁé?%@g\ﬁﬁg%@gg ttl;cr)cr)]ssmg

a r'forwards only fnra diréction substantia
thekabktfatst 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

14nd, a geond ling i diGss AXRRIRDAYBRY %@P@QE%@&F&@&P%& to project

under the projection system backwards and/or forwards only in a

a e SBstankisMYiFiaRIRIR B RRsPH reERYsD tigud o ifing Braes” the
iSRG IEnS URS Hit Qubsirate, 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.
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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,
1@ sechnigine whnifswhighnetbed cominsiSnE NS 4 PEIPRIEEPFBIaRJVIRE cct a
péﬁgﬁé@ﬁ‘éﬁ%ﬂat&éﬁﬁﬁ%ﬁi&@&Bﬁ{}dﬂtm Pz!?éy? p@ﬂ%ﬁ%tﬁoéllﬁﬁrm@ through liquid

patterned beam of radiation such that the substrate is scanned in the first

praristedobetiveing b sl o ExerrbRIME B suhsirar qaliisim dHiRgcimasipe of
sJQRIREH S9NLHSIRGHSIBEBRIQISCHAY SYHRI I RiGjaGLReRaMe BRUD A Nrate

of radiation onto a substrate through liquid provided between the .
argrdfedtish BSSNTARBIGE SibSHAEWHRFEM YurrRimadhYy BPE Earthifh are
sutREHRRIGS famisubstrate 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.

1A devicé-manmitacifiingingatiedthdemppising wsing a prjjettionysystem pooject a
rojec atterned, beam of radiation, onto.a plurality of.tar rtj
SN R T B SR
piihjectiobstyatiam vihé rthin stibsingdmegirgnodusegisrgadjheem megenents arc in
o r%o&'{igggoscan movements and step movements of the substrate are at
eas parﬁy 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

29



