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LITHOGRAPHIC APPARATUS AND DEVICE 
MANUFACTURING METHOD 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a continuation of US. patent 
application Ser. No. 12/073,126 ?led Feb. 29, 2008, entitled, 
Lithographic Apparatus and Device Manufacturing Method, 
Which is a continuation of US. patent application Ser. No. 
1 1/092,964 ?led Mar. 30, 2005, entitled, Lithographic Appa 
ratus and Device Manufacturing Method, now US. Pat. No. 
7,375,796, Which is a continuation-in-part of priorU.S. patent 
application Ser. No. 10/814,822, ?led Apr. 1, 2004, entitled, 
Lithographic Apparatus, Device Manufacturing Method and 
Device Manufactured Thereby, now US. Pat. No. 7,034,917, 
issued on Apr. 25, 2006, the contents of these applications are 
incorporated herein in their entirety by reference. 

FIELD 

[0002] The present invention relates to a lithographic appa 
ratus, a device manufacturing method and a device manufac 
tured thereby. 

BACKGROUND 

[0003] A lithographic apparatus is a machine that applies a 
desired pattern onto a target portion of a substrate. Litho 
graphic apparatus can be used, for example, in the manufac 
ture of integrated circuits (ICs). In that circumstance, a pat 
terning device, such as a mask, may be used to generate a 
circuit pattern corresponding to an individual layer of the IC, 
and this pattern can be imaged onto a target portion (e.g. 
comprising part of, one or several dies) on a substrate (eg a 
silicon Wafer) that has a layer of radiation-sensitive material 
(resist). In general, a single substrate Will contain a netWork of 
adjacent target portions that are successively exposed. 
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 scan 
ning the pattern through the projection beam in a given direc 
tion (the “scanning”-direction) While synchronously scan 
ning the substrate parallel or anti-parallel to this direction. 
[0004] It has been proposed to immerse the substrate in the 
lithographic projection apparatus in a liquid having a rela 
tively high refractive index, eg Water, so as to ?ll a space 
betWeen the ?nal element of the projection system and the 
substrate. The point of this is to enable imaging of smaller 
features since the exposure radiationWill have a shorter Wave 
length 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. 
[0005] HoWever, submersing the substrate or substrate and 
substrate table in a bath of liquid (see for example US. Pat. 
No. 4,509,852, hereby incorporated in its entirety by refer 
ence) means that there is a large body of liquid that must be 
accelerated during a scanning exposure. This may require 
additional or more poWerful motors and turbulence in the 
liquid may lead to undesirable and unpredictable effects. 
[0006] One of the solutions proposed is for a liquid supply 
system to provide liquid on only a localiZed area of the sub 
strate and in betWeen the ?nal element of the projection 
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system and the substrate using a liquid supply system (the 
substrate generally has a larger surface area than the ?nal 
element of the projection system). One Way Which has been 
proposed to arrange for this is disclosed in PCT Patent Appli 
cation Publication No. WO 99/49504, hereby incorporated in 
its entirety by reference. As illustrated in FIGS. 2 and 3, liquid 
is supplied by at least one inlet IN onto the substrate, prefer 
ably along the direction of movement of the substrate relative 
to the ?nal element, and is removed by at least one outlet OUT 
after having passed under the projection system. That is, as 
the substrate is scannedbeneath the element in a —X direction, 
liquid is supplied at the +X side of the element and taken up 
at the —X side. FIG. 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 FIG. 2 the liquid is 
supplied along the direction of movement of the substrate 
relative to the ?nal element, though this does not need to be 
the case. Various orientations and numbers of in- and out-lets 
situated around the ?nal element are possible; one example is 
illustrated in FIG. 3 in Which four sets of an inlet With an 
outlet on either side are provided in a regular pattern around 
the ?nal element. 
[0007] Prior to exposure, alignment and levelling of the 
substrate occurs. This may require complex and bulky appa 
ratus. The apparatus involved in providing the immersion 
?uid can also be bulky and hence the arrangement of both the 
immersion apparatus and alignment and levelling apparatus 
can be dif?cult. Additionally, the refractive index through 
Which expo sure occurs could have a different refractive index 
from the surrounding area and thus alignment and levelling 
becomes more complex. Accurate alignment and levelling in 
immersion apparatus can therefore be di?icult and problem 
atic. Further, there may be residual liquid on the substrate 
leading to erroneous measurements if ali gnment and levelling 
takes place at a nearby “dry” environment. 

SUMMARY 

[0008] Accordingly, it Would be advantageous, for 
example, to provide a lithographic projection apparatus in 
Which focusing in immersion lithography apparatus is 
improved. 
[0009] According to an aspect, there is provided a litho 
graphic apparatus, comprising: 
[0010] a substrate table con?gured to hold a substrate; 
[001 1] a projection system con?gured to project a patterned 
beam of radiation onto a target portion of the substrate; 
[0012] a ?rst liquid supply system con?gured to at least 
partially ?ll a space betWeen a ?nal element of the projection 
system and the substrate table, With a ?rst liquid; and 
[0013] a measurement system con?gured to measure a 
location of each of a plurality of points on the substrate, the 
measurement system being arranged such that measurements 
take place through a second liquid, the second liquid not 
being supplied by the ?rst liquid supply system. 
[0014] As both measurement and exposure of the substrate 
occurs through immersion liquid there Will be no errors due to 
a change in optical path lengths. Furthermore, if the measure 
ments, e. g., levelling and alignment, take place through liquid 
the problems associated With residual liquid on the substrate 
may be avoided. 
[0015] In an embodiment, the apparatus comprises a sec 
ond liquid supply system con?gured to at least partially ?ll a 
space betWeen the measurement system and the substrate 
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table, With the second liquid. The ?rst liquid supplied by the 
?rst liquid supply system and the second liquid supplied by 
the second liquid supply system may be the same type. This 
should help to eliminate errors due to differing refractive 
indices betWeen the liquids. 
[0016] In an embodiment, the measurement system com 
prises a level sensor con?gured to measure the height (i.e., 
measuring in the Z direction) and/or tilt (i.e. measuring in the 
R,C and/or Ry directions) of points on the substrate. For 
example, to measure the height of a point on the substrate, a 
beam could be projected through a grating, re?ected by a 
point on the substrate and then projected through another 
grating. The degree of overlap of the images of the gratings 
indicates the height of the point on the substrate. The relative 
location of each of a plurality of points on the substrate could 
therefore be mapped through liquid before the substrate is 
exposed using the projection system. 
[0017] According to an embodiment, the measurement sys 
tem comprises an alignment system con?gured to measuring 
the positions (in the X,Y and/or RZ directions) of a plurality of 
alignment marks on the substrate. An alignment sensor par 
ticularly suitable for use in immersion liquid is described in 
pending European patent application no. 032553950. The 
substrate may have a reference and the measurement system 
measures the location of the reference. In an embodiment, the 
location of each of a plurality of alignment marks is measured 
relative to the reference of the substrate table to enable a map 
of the alignment marks relative to the reference to be built up. 
In an embodiment, the reference comprises a transmission 
image sensor. 
[0018] According to an embodiment, there is an exposure 
station and a separate measurement station, the projection 
system being provided at the exposure station and the mea 
surement system being provided at the measurement station 
and the substrate table being moveable betWeen the exposure 
and measurement stations. Furthermore there can be a plural 
ity of substrate tables, each moveable betWeen the exposure 
station and the measurement station. The substrate tables are 
designed to support the substrate and can incorporate a device 
for moving, or alternatively could be moved by another part of 
the apparatus such as a motor or mechanical arm. 

[0019] In an embodiment, the projection station and the 
measurement station can be distinct i.e. a substrate cannot 
simultaneously be at the exposure station and the measure 
ment station. While one substrate table is being mapped, a 
second substrate table can therefore be exposed. Substrate 
throughput is therefore higher, the apparatus more ef?cient 
and the cost of oWnership improved. 
[0020] In an embodiment, the alignment system measures 
displacement in tWo linear perpendicular directions and rota 
tion Within the plane de?ned by the tWo perpendicular direc 
tions. 
[0021] In an embodiment, the ?rst liquid supply system and 
the second liquid supply system have the same liquid source. 
This can ensure that the same immersion liquid is used for 
both the ?rst and second liquid supply systems While both the 
exposure station and measurement station are supplied With 
fresh immersion liquid. Any variations in the quality or char 
acteristics of the immersion liquid could therefore be uniform 
across both the measurement station and the exposure station. 
Relative errors in the optical path length betWeen the mea 
surement station and the exposure station could therefore be 
minimized. In an embodiment, the ?rst and second liquid 
supply systems may be connected. For example, immersion 
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liquid from the outlet of the liquid supply system supplying 
the measurement station could be supplied to the inlet of the 
liquid supply system supplying the exposure station. 
[0022] According to an embodiment, the ?rst liquid supply 
system and the second liquid supply system are separate. 
They do not have the same source and are not connected. 

Particular liquids may be bene?cial for measurement, 
Whereas other liquids may be suitable for use at the exposure 
station. 

[0023] In an embodiment, the ?rst liquid supply system 
comprises a liquid con?nement structure extending along at 
least a part of the boundary of the space betWeen the proj ec 
tion system and the substrate table. Furthermore, the second 
liquid supply system may comprise a liquid con?nement 
structure extending along at least part of the boundary of the 
space betWeen the measurement system and the substrate 
table. The liquid can therefore con?ned by the liquid con?ne 
ment structure to a localiZed area and damage to the apparatus 
due to the immersion liquid could be minimized. 

[0024] In an embodiment, the liquid con?nement structure 
is actuatable in a direction substantially parallel to an optical 
axis of the projection system and/ or parallel to an optical axis 
of the measurement system. 

[0025] In an embodiment, the liquid supply system(s) com 
prises a seal con?gured to form a seal betWeen the liquid 
con?nement structure and the surface of the substrate. The 
seal may form a non-contact seal betWeen the liquid con?ne 
ment structure and the substrate table so that the liquid is 
contained in the space betWeen the projection system and/or 
the measurement system, and the substrate table, even, for 
example, as the substrate moves under the projection system 
and/or measurement system, e.g., during measurement or a 
scanning exposure respectively. The seal may be a gas seal, a 
hydrostatic seal or a hydrodynamic seal. 

[0026] The liquid con?nement structure may be provided 
in the form of a closed loop, Whether circular, rectangular, or 
other shape, around the space or maybe incomplete, e.g. 
forming a U-shape or even just extending along one side of 
the space. If the liquid con?nement structure is incomplete, it 
should be situated to con?ne the liquid as the substrate is 
moved under the projection system and/ or measurement sys 
tem. 

[0027] In an embodiment, the gap betWeen the liquid con 
?nement structure and the surface of the substrate inWardly of 
the seal is small so that capillary action draWs liquid into the 
gap. Gas from a gas seal Would also be prevented from enter 
ing the space. The balance betWeen the capillary forces draW 
ing liquid under the liquid con?nement structure and the gas 
?oW pushing out forms a particularly stable seal. 

[0028] According to an aspect, there is provided a device 
manufacturing method, comprising: 
[0029] measuring, through a ?rst liquid, a location of each 
of a plurality of points on a substrate, the ?rst liquid not being 
supplied by a liquid supply system con?gured to at least 
partially ?ll a space betWeen the substrate and a ?nal element 
of the projection system With a second liquid; and 

[0030] projecting a patterned beam of radiation, through 
second liquid supplied betWeen the substrate and the projec 
tion system, onto a target portion of the substrate. 
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[0031] According to an aspect, there is provided a litho 
graphic apparatus, comprising: 
[0032] a substrate table con?gured to hold a substrate; 
[0033] a projection system con?gured to project a patterned 
beam of radiation onto a target portion of the substrate, the 
projection system con?gured to project the patterned beam at 
an exposure station; 
[0034] a measurement system con?gured to measure a 
location of each of a plurality of points on the substrate using 
a measurement beam, the measurement system con?gured to 
measure the location of each of the plurality of points at a 
measurement station displaced from the expo sure station, the 
substrate table being movable betWeen the expo sure and mea 
surement stations and arranged not to be simultaneously in 
the path of the projection beam and the measurement beam; 
and 
[0035] a liquid supply system con?gured to at least par 
tially ?ll a space betWeen a ?nal element of the projection 
system and the substrate table and a space betWeen a ?nal 
element of the measurement system and the substrate table 
With a liquid. 
[0036] Although speci?c 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, liquid 
crystal displays (LCDs), thin-?lm 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) or a metrology or inspection tool. Where 
applicable, the disclosure herein may be applied to such and 
other substrate processing tools. Further, the substrate may be 
processed more than once, for example 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. 
[0037] The terms “radiation” and “beam” used herein 
encompass all types of electromagnetic radiation, including 
ultraviolet (UV) radiation (e.g. having a Wavelength of 365, 
248,193,157 or 126 nm). 
[0038] The term “patterning device” used herein should be 
broadly interpreted as referring to any device that can be used 
to impart a projection 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 projection 
beam may not exactly correspond to the desired pattern in the 
target portion of the substrate. Generally, the pattern imparted 
to the projection beam Will correspond to a particular func 
tional layer in a device being created in the target portion, 
such as an integrated circuit. 

[0039] A patterning device may be transmissive or re?ec 
tive. Examples of patterning devices include masks, pro gram 
mable mirror arrays, and programmable LCD panels. Masks 
are Well knoWn in lithography, and include mask types such as 
binary, alternating phase-shift, and attenuated phase-shift, as 
Well as various hybrid mask types. An example of a program 
mable mirror array employs a matrix arrangement of small 
mirrors, each of Which can be individually tilted so as to 
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re?ect an incoming radiation beam in different directions; in 
this manner, the re?ected beam is patterned. In each example 
of a patterning device, the support structure may be a frame or 
table, for example, Which may be ?xed or movable as required 
and Which may ensure that the patterning device is at a desired 
location, 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 “pattem 
ing device”. 
[0040] The term “projection system” used herein should be 
broadly interpreted as encompassing various types of proj ec 
tion system, including refractive optical systems, re?ective 
optical systems, and catadioptric optical systems, as appro 
priate for example for the exposure radiation being used, or 
for other factors such as the use of an immersion ?uid or the 
use of a vacuum. Any use of the term “lens” herein may be 
considered as synonymous With the more general term “pro 
jection system”. 
[0041] The illumination system may also encompass vari 
ous types of optical components, including refractive, re?ec 
tive, and catadioptric optical components for directing, shap 
ing, or controlling the projection beam of radiation, and such 
components may also be referred to beloW, collectively or 
singularly, as a “lens”. 
[0042] The lithographic apparatus may be of a type having 
tWo (dual stage) or more substrate tables (and/or tWo or more 
mask tables). In such “multiple stage” machines the addi 
tional tables may be used 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. For example, leveling 
measurements may be carried out at on one substrate table 
and exposure may be carried out at on another stage. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0043] 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: 
[0044] FIG. 1 depicts a lithographic apparatus according to 
an embodiment of the invention; 
[0045] FIG. 2 is a liquid supply system according to an 
embodiment of the invention; 
[0046] FIG. 3 is an alternative vieW of the liquid supply 
system of FIG. 2 according to an embodiment of the inven 
tion; 
[0047] FIG. 4 depicts an alternative liquid supply system 
according to an embodiment of the invention; 
[0048] FIG. 5 depicts a detail of a lithographic projection 
apparatus according to an embodiment of the invention; 
[0049] FIG. 6 depicts the same details of the lithographic 
projection apparatus as in FIG. 5 at a different stage in the 
exposure process according to an embodiment of the inven 
tion; and 
[0050] FIG. 7 depicts an actuatable liquid con?nement 
structure according to an embodiment of the invention. 

DETAILED DESCRIPTION 

[0051] FIG. 1 schematically depicts a lithographic appara 
tus according to a particular embodiment of the invention. 
The apparatus comprises: 
[0052] an illumination system (illuminator) IL for provid 
ing a projection beam PB of radiation (e.g. UV radiation). 
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[0053] a ?rst support structure (eg a mask table) MT for 
supporting a patterning device (eg a mask) MA and con 
nected to a ?rst positioning device PM for accurately posi 
tioning the patterning device With respect to item PL; 
[0054] a substrate table (e. g. a Wafer table) WT for holding 
a substrate (eg a resist-coated Wafer) W and connected to a 
second positioning device PW for accurately positioning the 
substrate With respect to item PL; and 

[0055] a projection system (e. g. a refractive projection lens) 
PL for imaging a pattern imparted to the projection beam PB 
by patterning device MA onto a target portion C (e.g. com 
prising one or more dies) of the substrate W. 

[0056] As here depicted, the apparatus is of a transmissive 
type (eg employing a transmissive mask). Alternatively, the 
apparatus may be of a re?ective type (eg employing a pro 
grammable mirror array of a type as referred to above). 

[0057] The illuminator IL receives a beam of radiation from 
a radiation source S0. The source and the lithographic appa 

ratus may be separate entities, for example When the source is 
an excimer laser. In such cases, the source is not considered to 
form part of the lithographic apparatus and the radiation beam 
is passed from the source S0 to the illuminator IL With the aid 
of a beam delivery system BD comprising for example suit 
able directing mirrors and/ or a beam expander. In other cases 
the source may be integral part of the 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, may be referred to as a radiation system. 

[0058] The illuminator IL may comprise adjusting means 
AM for adjusting the angular intensity distribution of the 
beam. Generally, at least the outer and/or inner radial extent 
(commonly referred to as o-outer and o-inner, respectively) 
of the intensity distribution in a pupil plane of the illuminator 
can be adjusted. In addition, the illuminator IL generally 
comprises various other components, such as an integrator IN 
and a condenser CO. The illuminator provides a conditioned 
beam of radiation, referred to as the projection beam PB, 
having a desired uniformity and intensity distribution in its 
cross-section. 

[0059] The projection beam PB is incident on the mask 
MA, Which is held on the mask table MT. Having traversed 
the mask MA, the projection beam PB passes through the 
projection system PL, Which focuses the beam onto a target 
portion C of the substrate W. With the aid of the second 
positioning device PW and location sensor IF (eg an inter 
ferometric device), the substrate table WT can be moved 
accurately, e.g. so as to situate different target portions C in 
the path of the beam PB. Similarly, the ?rst positioning device 
PM and another location sensor (Which is not explicitly 
depicted in FIG. 1) can be used to accurately situate the mask 
MA With respect to the path of the beam PB, eg after 
mechanical retrieval from a mask library, or during a scan. In 
general, movement of the object tables MT and WT Will be 
realiZed With the aid of a long-stroke module (coarse posi 
tioning) and a short-stroke module (?ne positioning), Which 
form part of the positioning devices PM and PW. HoWever, in 
the case of a stepper (as opposed to a scanner) the mask table 
MT may be connected to a short stroke actuator only, or may 
be ?xed. Mask MA and substrate W may be aligned using 
mask alignment marks M1, M2 and substrate alignment 
marks P1, P2. 
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[0060] The depicted apparatus can be used in the folloWing 
preferred modes: 
[0061] 1. In step mode, the mask table MT and the substrate 
table WT are kept essentially stationary, While an entire pat 
tern imparted to the projection 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/orY direction 
so that a different target portion C can be exposed. In step 
mode, the maximum siZe of the exposure ?eld limits the siZe 
of the target portion C imaged in a single static exposure. 
[0062] 2. In scan mode, the mask table MT and the substrate 
table WT are scanned synchronously While a pattern imparted 
to the projection beam is projected onto a target portion C (i.e. 
a single dynamic exposure). The velocity and direction of the 
substrate table WT relative to the mask table MT is deter 
mined by the (de-)magni?cation and image reversal charac 
teristics of the projection system PL. In scan mode, the maxi 
mum siZe of the exposure ?eld limits the Width (in the non 
scanning direction) of the target portion in a single dynamic 
exposure, Whereas the length of the scanning motion deter 
mines the length (in the scanning direction) of the target 
portion. 
[0063] 3. In another mode, the mask table MT is kept essen 
tially stationary holding a programmable patterning device, 
and the substrate table WT is moved or scanned While a 
pattern imparted to the projection 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 mask 
less lithography that utiliZes a programmable patterning 
device, such as a programmable mirror array of a type as 
referred to above. 

[0064] Combinations and/or variations on the above 
described modes of use or entirely different modes of use may 
also be employed. 
[0065] An immersion lithography liquid supply system 
may be provided With a liquid con?nement structure Which 
extends along at least a part of a boundary of the space 
betWeen an element of the projection system and the substrate 
table. The liquid con?nement structure is substantially sta 
tionary relative to the projection system in the XY plane 
though there may be some relative movement in the X, Y or Z 
directions (Where the Z direction is in the direction of the 
optical axis).A seal is formed betWeen the liquid con?nement 
structure and the surface of the substrate. In an embodiment, 
the seal is a contactless seal such as a gas seal. Such a system 
is disclosed in, for example, U.S. patent application Ser. No. 
10/ 705,783, hereby incorporated in its entirety by reference. 
[0066] Optical path lengths vary according to the refractive 
index of the medium through Which the optical beam is trav 
elling. Therefore, if a projection beam is being projected 
through an immersion liquid, the optical path length Will 
differ from a similar beam being transmitted through a gas. If 
alignment and/or levelling measurement using a measure 
ment beam occurs in a dry environment but exposure takes 
place through an immersion liquid then the difference in 
optical path lengths could cause alignment errors. Even if the 
difference in optical path length is compensated for, addi 
tional errors can occur if there is residual immersion liquid on 
the substrate When the substrate is being aligned and/ or lev 
eled for a second or subsequent time. 
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[0067] Accordingly, in an embodiment, a liquid supply port 
28 is provided to allow supply of liquid (eg Water) to a space 
between the measurement system 30 and the substrate table 
WT to form a liquid reservoir 20 as shoWn in FIG. 5. In this 
example, the reservoir 20 forms a contactless seal to the 
substrate around the image ?eld of the measurement system 
30 so that liquid is con?ned to ?ll a space betWeen the sub 
strate surface and a ?nal element of the projection system 30. 
A liquid con?nement structure 22, situated beloW and sur 
rounding the ?nal element of the measurement system 30, 
borders the reservoir 20 and comprises the liquid supply port 
28. The liquid con?nement structure 22 extends a little above 
the ?nal element of the measurement system and has an inner 
periphery that at the upper end closely conforms to the shape 
of the measurement system or the ?nal element thereof and 
may, eg be round. Liquid is bought into the space beloW the 
measurement system and Within the liquid con?nement struc 
ture 22 and the liquid level rises above the ?nal element of the 
measurement system 30 so that a buffer of liquid is provided. 

[0068] A gas seal 26, formed betWeen the bottom of the 
liquid con?nement structure 22 and the surface of the sub 
strate W, con?nes the liquid in the reservoir. The gas seal is 
formed by gas, e.g. air, synthetic air, N2 or an inert gas, 
provided under pressure via inlet 25 to the gap betWeen liquid 
con?nement structure 22 and the substrate W and extracted 
via ?rst outlet 24. An over pressure on the gas inlet 25, 
vacuum level on the ?rst outlet 24 and geometry of the gap are 
arranged so that there is a high-velocity air?oW inWards that 
con?nes the liquid. 
[0069] Alternatively, a hydrostatic bearing or hydrody 
namic seal could be used instead of the gas seal 16. A hydro 
static bearing is described in Us. Ser. No. 10/873,647, ?led 
Jun. 23, 2004. 
[0070] Further, a liquid con?nement structure Which is 
actuatable in at least the Z direction may be used in an 
embodiment of the present invention. For example, the inlets/ 
outlets 14, 15, 24, 25 or one or more other inlets and/or outlets 
may be used, through control of ?uid pressure, to move the 
liquid con?nement structure in an axis substantially parallel 
to the optical axis (Z direction). Additionally or alternatively, 
referring to FIG. 7, liquid is supplied by at least one inlet IN 
and removed by at least one outlet OUT Which make up a 
liquid con?nement structure according to an embodiment of 
the invention. The liquid con?nement structure 310, is posi 
tioned horiZontally in the X-Y plane, parallel to the surface of 
the substrate, by supporting members 312 Which connect the 
liquid con?nement structure 310 to a base frame BF. Support 
ing members 312 may be actuators so that if the projection 
system moves in the X-Y plane, the liquid con?nement struc 
ture can be held substantially stationary relative to the pro 
jection system PL in the X-Y plane. A further set of actuators 
314 connected betWeen the liquid con?nement structure 310 
and a reference frame RF that also supports the projection 
system PL. The actuators 314 control the position of the 
liquid con?nement structure 310 in the Z direction, parallel to 
the optical axis of the projection system PL. HoWever, the 
liquid con?nement structure could be attached to only one of 
the reference RF and base BF frames, or both, and the func 
tions of the connections to those frames could be reversed 
from What is described above. The actuators 314 can be 
pieZoelectric, LorentZ motors, excenter mechanisms, linear 
(electrical, magnetic or a combination) or other actuators. In 
the situation Where no signal is supplied to the actuators, the 
liquid con?nement structure 310 is positioned above the sub 
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strate to reduce the risk of collision. A signal is supplied to the 
actuators to move the liquid con?nement structure 310 closer 
to the surface of the substrate. The vertical movement pos 
sible is desirably of the order of several hundred microns. In 
use a feedforWard or feedback control system controls the 
actuators 314 to maintain the liquid con?nement structure 
310 at a predetermined height above the surface of the sub 
strate. This enables the clearance to be small if desired, 
enabling the liquid residue remaining on the substrate after 
scanning to be reduced Without increasing the risk of colli 
sion. The actuators 314 can also be connected betWeen the 
liquid con?nement structure 310 and the projection system 
PL or the base frame BF. An actuatable liquid con?nement 
structure for use in an embodiment of the invention is dis 
closed in more detail in Us. Ser. No. 10/844,575, ?led May 
13, 2004 (published as US 2005-0007569), Which is incorpo 
rated by reference herein in its entirety. 
[0071] Once the reservoir 20 has been ?lled With liquid, 
alignment and/or level measurement can take place at the 
measurement station. The substrate table is provided With a 
reference F1, sometimes referred to as a ?ducial, Which may 
comprise a plate etched through With a pattern corresponding 
to a standard alignment mark underneath Which is a radiation 
sensor, also knoWn as a transmission image sensor, respon 
sive to radiation. At the measurement station, the substrate 
table WT is moved to detect the reference F1 using an align 
ment system Within the measurement system 30 and then to 
detect alignment marks on the substrate W thereby enabling 
the position (Which as used herein, means in X, Y and/or R2 
directions) of the substrate alignment marks to be found. In an 
embodiment, the position of the alignment marks are mea 
sured and determined relative to the reference F1. 

[0072] Level measurement of the substrate then occurs at 
the measurement station. In order to measure the level of the 
substrate, a levelling beam (projected from the measurement 
system 30) can be used that traverses a ?rst grating prior to 
re?ection by the substrate W. A second grating is then placed 
in the path of the levelling beam after re?ection by the sub 
strate W. The extent to Which the images of the ?rst and 
second gratings coincide is measured by a level measurement 
sensor and is determined by the height (Which as used herein, 
means in the Z direction) and/or tilt (Which as used herein, 
means in the R,C and/or Ry directions) of the substrate W. For 
a further description of level measurement of a substrate, 
reference is made to European patent application publication 
no. EP 1304597. Hence, using data from the alignment of the 
substrate and the level measurement of the substrate, a map of 
the substrate can be generated. 

[0073] Once measurement of the substrate W is completed 
the liquid reservoir 20 can be emptied, for example by reduc 
ing the gas inlet pressure and alloWing the liquid to be sucked 
out by the vacuum system or, for example in the case shoWn 
in FIGS. 2, 3 and 4, by discontinuing the How of liquid onto 
the substrate through inlet(s) IN and alloWing the liquid to be 
sucked out by outlet(s) OUT. 
[0074] The substrate table WT is then moved to a separate 
exposure station as shoWn in FIG. 6. The exposure station has 
a similar liquid supply port 18 and liquid con?nement struc 
ture 12 for containing the reservoir 10 as those at the mea 
surement station. At the bottom of the liquid con?nement 
structure 12, the inner periphery closely conforms to the 
shape of the image ?eld, e. g., rectangular though this need not 
be the case. There is also a gas seal, With an inlet 15 and an 
outlet 14. Once the substrate table is at the exposure station, 
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the liquid reservoir 10 is ?lled through the liquid supply port 
18. To ascertain the exact location of the substrate table WT at 
the exposure station, the reference F1 is scanned in three 
dimensions through the aerial image of an alignment mark on 
the mask MA. The maximum signal is returned When the 
reference is aligned With the image of the mark on the mask in 
the plane of best focus. Using the map of the substrate W 
generated at the measurement station, the location (as used 
herein, the position, height and/or tilt) of each of a plurality of 
points on the substrate W are therefore knoWn. In order to 
track the movements of the substrate table WT, a suitable 
location measurement device can be used such an interferom 
eterbeam projected toWards one or more sides of the substrate 
table WT. A particular point on the substrate table can be 
placed at the focal point of the projection system PL and 
exposure of a target portion C of the substrate W can take 
place. 
[0075] The liquid is then removed from reservoir 20 in a 
similar fashion to reservoir 10. The substrate can then be 
removed for further processing and a neW substrate placed on 
substrate table WT. The substrate table With the neW substrate 
can return to the measurement station and the process be 
repeated. 
[0076] To ascertain the exact location of the substrate table 
WT, the location of the transmission image sensor described 
above can be sensed through liquid, or alternatively not 
through liquid and a correction applied. 
[0077] According to an embodiment, there are at least tWo 
substrate tables, each bearing a reference, and While one 
substrate table is at the measurement station the other is at the 
exposure station. The substrate tables are moveable betWeen 
the exposure station and the measurement station. 
[0078] Instead of using the reference mark F1 and the pro 
jection system to align the substrate, off axis measurement 
can be used. The reference mark F1 can be aligned using 
another system near the projection system PL. Alternatively, 
a different reference and a different system, for example one 
With an axis perpendicular to the projection axis of the pro 
jection system can be used. Further description of such off 
axis measurement can be found in European patent applica 
tion publication EP 0906590. 
[0079] The tWo liquid supply ports 18, 28 may be separate 
or may be connected (for example, have the same source). 
Liquid from the outlet of one reservoir may be the source for 
the liquid supply port of the other reservoir. 
[0080] If the substrate table is above the projection system 
(i.e. the projection system is upside doWn compared to FIG. 
1), the liquid in liquid reservoirs 10, 20 may not need to be 
completely removed and could just be re?lled as necessary. 
[0081] A further immersion lithography solution With a 
localiZed liquid supply system is shoWn in FIG. 4. Liquid is 
supplied by tWo groove inlets IN on either side of the proj ec 
tion 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 How of a thin ?lm of liquid betWeen the projection 
system PL and the substrate W. The choice of Which combi 
nation of inlet IN and outlets OUT to use can depend on the 
direction of movement of the substrate W (the other combi 
nation of inlet IN and outlets OUT being inactive). 
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[0082] One or more embodiments of the invention may be 
applied to any immersion lithography apparatus, inparticular, 
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 area of the substrate. A liquid supply 
system as contemplated herein should be broadly construed. 
In certain embodiments, it may be a mechanism or combina 
tion 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 option 
ally further include one or more elements to control the posi 
tion, quantity, quality, shape, ?oW rate or any other features of 
the liquid. 
[0083] The immersion liquid used in the apparatus may 
have different compositions, according to the desired proper 
ties and the Wavelength of exposure radiation used. For an 
exposure Wavelength of 193 nm, ultra pure Water or Water 
based compositions may be used and for this reason the 
immersion liquid is sometimes referred to as Water and Water 
related terms such as hydrophilic, hydrophobic, hydrostatic, 
humidity, etc. may be used. Where a liquid other than Water or 
an aqueous solution is used, terms such as hydrophilic, hydro 
phobic, etc. should be considered as referring to the similar 
proprieties of the liquid other than Water or an aqueous solu 
tion. 
[0084] While speci?c embodiments of the invention have 
been described above, it Will be appreciated that the invention 
may be practiced otherWise than as described. The descrip 
tion is not intended to limit the invention. 

1-23. (canceled) 
24. A lithographic apparatus, comprising: 
an exposure station arranged such that exposure of a sub 

strate takes place through a liquid; 
a measurement station arranged such that measurement of 

a substrate takes place through a liquid; and 
a ?rst and a second moveable substrate table that are each 

con?gured to hold a substrate, each of the ?rst and the 
second moveable substrate table moveable betWeen the 
exposure station and the measurement station so that 
exposure of a substrate held by the ?rst moveable sub 
strate table at the exposure station takes place during 
measurement of another substrate held by the second 
moveable substrate table at the measurement station. 

25. The apparatus of claim 24, Wherein the exposure station 
comprises a ?rst liquid supply system con?gured to supply a 
?rst liquid and the measurement station comprises a second 
liquid supply system con?gured to supply a second liquid. 

26. The apparatus of claim 25, Wherein the ?rst and the 
second liquid are different. 

27. The apparatus of claim 25, Wherein the ?rst and the 
second liquid supply system have a same liquid source. 

28. The apparatus of claim 25, Wherein the ?rst and the 
second liquid supply system are connected so that the second 
liquid from an outlet of the second liquid supply system is 
supplied to an inlet of the ?rst liquid supply system. 
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29. The apparatus of claim 24, wherein each of the expo 
sure station and the measurement station comprises a liquid 
con?nement structure con?gured to con?ne liquid to an area 
on the substrate. 

30. The apparatus of claim 29, Wherein the liquid con?ne 
ment structure of at least one of the exposure station and the 
measurement station is moveable along a direction substan 
tially parallel to an optical axis of the corresponding exposure 
station or measurement station. 

31. The apparatus of claim 24, Wherein the measurement 
station comprises a level sensor con?gured to measure a 
height, tilt or both of each of a plurality of points on the 
substrate. 

32. The apparatus of claim 31, Wherein the measurement 
station comprises an alignment system con?gured to measure 
a position of each of a plurality of alignment marks on the 
substrate. 

33. The apparatus of claim 24, Wherein the exposure station 
comprises a projection system and a liquid supply system 
con?gured to ?ll a space betWeen a ?nal element of the 
projection system and the substrate With the liquid. 

34. The apparatus of claim 33, comprising an actuator 
con?gured to couple the liquid supply system to a frame of the 
exposure station. 

35. A device manufacturing method comprising: 
exposing a ?rst substrate at an exposure station by project 

ing a patterned beam of radiation on the ?rst substrate 
through a liquid; and 

measuring a second substrate at a measurement station, the 
measurement taking place through a liquid, 

Wherein the measurement of the second substrate occurs 
during exposure of the ?rst substrate. 
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36. The method of claim 35, Wherein exposing comprises 
supplying a ?rst liquid With a ?rst liquid supply system on the 
?rst substrate and the measuring comprises supplying a sec 
ond liquid With a second liquid supply system to the second 
substrate. 

37. The method of claim 36, Wherein the ?rst and the 
second liquid are different. 

38. The method of claim 36, Wherein the ?rst and the 
second liquid supply system have a same liquid source. 

39. The method of claim 36, Wherein the ?rst and the 
second liquid supply system are connected so that the second 
liquid from an outlet of the second liquid supply system is 
supplied to an inlet of the ?rst liquid supply system. 

40. The method of claim 35, Wherein each of the exposure 
station and the measurement station comprises a liquid con 
?nement structure con?gured to con?ne liquid to an area on 
the ?rst and the second substrate, respectively. 

41. The method of claim 40, Wherein the liquid con?ne 
ment structure of at least one of the exposure station and the 
measurement station is moveable along a direction substan 
tially parallel to an optical axis of the corresponding exposure 
station or measurement station. 

42. The method of claim 35, Wherein the measurement 
station comprises a level sensor con?gured to measure a 
height, tilt or both of each of a plurality of points on the 
substrate. 

43. The method of claim 42, Wherein the measurement 
station comprises an alignment system con?gured to measure 
a position of each of a plurality of alignment marks on the 
substrate. 


