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(57) ABSTRACT 

An immersion lithographic apparatus and method are dis 
closed in Which measures are taken to account for dissolu 
tion of resist components, such as photo-acids or photo-acid 
generators, in immersion liquid. This may involve ensuring 
that each relevant part of the substrate is covered by liquid 
the same amount of time and/or by compensating for the 
differing amounts of time each relevant part of the substrate 
is covered by liquid by varying exposure intensity or dura 
tion based on the amount of time the substrate is covered by 
liquid. 
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LITHOGRAPHIC APPARATUS AND DEVICE 
MANUFACTURING METHOD 

[0001] This application claims priority from European 
patent application EP 032560963, ?led Sep. 29, 2003, 
Which is incorporated herein in its entirety. 

FIELD 

[0002] The present invention relates to a lithographic 
apparatus and a method for manufacturing a device. 

BACKGROUND 

[0003] 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 alter 
natively referred to as a mask or a reticle, may be used to 
generate a circuit pattern to be formed on an individual layer 
of the IC. This pattern can be transferred onto a target 
portion (e.g. comprising part of, one, or several dies) on a 
substrate (eg a silicon Wafer). Transfer of the pattern is 
typically via imaging onto a layer of radiation-sensitive 
material (resist) provided on the substrate. In general, a 
single substrate Will contain a netWork of adjacent target 
portions that are successively patterned. KnoWn lithographic 
apparatus include so-called steppers, in Which each target 
portion is irradiated by eXposing an entire pattern onto the 
target portion at one time, and so-called scanners, in Which 
each target portion is irradiated by scanning the pattern 
through a radiation beam in a given direction (the “scan 
ning”-direction) While synchronously scanning the substrate 
parallel or anti-parallel to this direction. It is also possible to 
transfer the pattern from the patterning device to the sub 
strate by imprinting the pattern onto the substrate. 

[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 radiation Will have a shorter 
Wavelength in the liquid. (The effect of the liquid may also 
be regarded as increasing the effective NA of the system and 
also increasing the depth of focus.) Other immersion liquids 
have been proposed, including Water With solid particles 
(e.g. quartZ) suspended therein. 

[0005] HoWever, submersing the substrate or substrate and 
substrate table in a bath of liquid (see, for eXample, U.S. 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 requires addi 
tional 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 
substrate and in betWeen the ?nal element of the projection 
system and the substrate (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 application 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 
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onto the substrate, preferably along the direction of move 
ment 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 
scanned beneath the element in a —X direction, liquid is 
supplied at the +X side of the element and taken up at the —X 
side. 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 positioned 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] With an immersion lithography apparatus, there 
may be undesirable non-uniformities in the printed image, 
especially in the critical dimension (CD), betWeen different 
areas of a substrate. 

SUMMARY 

[0008] Accordingly, it Would be advantageous, for 
eXample, to provide an immersion lithographic apparatus in 
Which the printed images in the resist have more uniform 
characteristics. 

[0009] According to an aspect of the invention, there is 
provided a lithographic projection apparatus arranged to 
project a radiation beam patterned by a patterning device, 
through a liquid, onto a target portion of a substrate, the 
apparatus comprising: 

0010 a ro'ection s stem con? red to ro'ect the P J y gu P J 
patterned beam onto a target portion of the substrate; 

[0011] a liquid supply system con?gured to provide a 
liquid to a space betWeen the projection system and 
the substrate; and 

[0012] a controller con?gured to operate the appara 
tus such that all target portions of the substrate to be 
projected With the patterned beam have liquid on 
them for a substantially equal length of time. 

[0013] According to an aspect of the invention, there is 
provided a lithographic projection apparatus arranged to 
project a radiation beam patterned by a patterning device, 
through a liquid, onto a target portion of a substrate, the 
apparatus comprising: 

[0014] a projection system con?gured to project the 
patterned beam onto the substrate; 

[0015] a liquid supply system con?gured to provide a 
liquid to a space betWeen the projection system and 
the substrate; and 

[0016] a controller con?gured to control an eXposure 
dose of the patterned beam on a particular target 
portion of the substrate based on an amount of time 
the particular target portion has liquid on it. 
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[0017] According to an aspect of the invention, there is 
provided a device manufacturing method, comprising: 

[0018] projecting a patterned beam of radiation, 
through a liquid provided in a space betWeen a 
projection system of a lithographic apparatus and a 
substrate, onto a target portion of the substrate; and 

[0019] operating the lithographic apparatus such that 
all target portions of the substrate projected With the 
patterned beam have liquid on them for a substan 
tially equal length of time. 

[0020] According to an aspect of the invention, there is 
provided a device manufacturing method, comprising: 

[0021] projecting a patterned beam of radiation, 
through a liquid provided betWeen a projection sys 
tem of a lithographic apparatus and a substrate, onto 
a target portion of the substrate; and 

[0022] controlling an exposure dose of the patterned 
beam on a particular target portion based on an 
amount of time the particular target portion has 
liquid on it. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0023] 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: 

[0024] FIG. 1 depicts a lithographic apparatus according 
to an embodiment of the invention; 

[0025] FIGS. 2 and 3 depict a liquid supply system for 
use in a lithographic projection apparatus; 

[0026] FIG. 4 depicts another liquid supply system for use 
in a lithographic projection apparatus; 

[0027] FIG. 5 depicts a liquid supply system according to 
an embodiment of the invention; and 

[0028] FIG. 6 depicts an apparatus in accordance With 
another embodiment of the present invention. 

DETAILED DESCRIPTION 

[0029] FIG. 1 schematically depicts a lithographic appa 
ratus according to one embodiment of the invention. The 
apparatus comprises: 

[0030] an illumination system (illuminator) IL con 
?gured to condition a radiation beam PB (e.g. UV 
radiation or DUV radiation). 

[0031] a support structure (eg a mask table) MT 
constructed to support a patterning device (eg a 
mask) MA and connected to a ?rst positioner PM 
con?gured to accurately position the patterning 
device in accordance With certain parameters; 

[0032] a substrate table (eg a Wafer table) WT 
constructed to hold a substrate (eg a resist-coated 
Wafer) W and connected to a second positioner PW 
con?gured to accurately position the substrate in 
accordance With certain parameters; and 
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[0033] a projection system (eg a refractive projec 
tion lens system) PL con?gured to project a pattern 
imparted to the radiation beam PB by patterning 
device MA onto a target portion C (e.g. comprising 
one or more dies) of the substrate W. 

[0034] The illumination system may include various types 
of optical components, such as refractive, re?ective, mag 
netic, electromagnetic, electrostatic or other types of optical 
components, or any combination thereof, for directing, 
shaping, or controlling radiation. 

[0035] The support structure supports, i.e. bears the 
Weight of, the patterning device. It 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 be a frame or a table, for example, 
Which may be ?xed 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 “mas ” herein may be 
considered synonymous With the more general term “pat 
terning device.” 

[0036] The term “patterning device” used herein should be 
broadly interpreted as referring to any device that can be 
used to impart a radiation beam With a pattern in its 
cross-section such as to create a pattern in a target portion of 
the substrate. It should be noted that the pattern imparted to 
the radiation beam may not exactly correspond to the desired 
pattern in the target portion of the substrate, for example if 
the pattern includes phase-shifting features or so called 
assist features. Generally, the pattern imparted to the radia 
tion beam Will correspond to a particular functional layer in 
a device being created in the target portion, such as an 
integrated circuit. 

[0037] The patterning device may be transmissive or 
re?ective. Examples of patterning devices include masks, 
programmable mirror arrays, and programmable LCD pan 
els. Masks are Well knoWn in lithography, and include mask 
types such as binary, alternating phase-shift, and attenuated 
phase-shift, as Well as various hybrid mask types. An 
example of a programmable mirror array employs a matrix 
arrangement of small mirrors, each of Which can be indi 
vidually tilted so as to re?ect an incoming radiation beam in 
different directions. The tilted mirrors impart a pattern in a 
radiation beam Which is re?ected by the mirror matrix. 

[0038] The term “projection system” used herein should 
be broadly interpreted as encompassing any type of projec 
tion system, including refractive, re?ective, catadioptric, 
magnetic, electromagnetic and electrostatic optical systems, 
or any combination thereof, as appropriate for the exposure 
radiation being used, or for other factors such as the use of 
an immersion liquid or the use of a vacuum. Any use of the 
term “projection lens” herein may be considered as synony 
mous With the more general term “projection system”. 

[0039] As here depicted, the apparatus is of a transmissive 
type (e. g. employing a transmissive mask). Alternatively, the 
apparatus may be of a re?ective type (eg employing a 
programmable mirror array of a type as referred to above, or 
employing a re?ective mask). 
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[0040] 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. 

[0041] Referring to FIG. 1, the illuminator IL receives a 
radiation beam from a radiation source SO. The source and 

the lithographic apparatus may be separate entities, for 
example When the source is an excimer laser. In such cases, 
the source is not considered to form part of the lithographic 
apparatus and the radiation beam is passed from the source 
SO to the illuminator IL With the aid of a beam delivery 
system BD comprising, for example, suitable directing mir 
rors and/or a beam expander. In other cases the source may 
be an integral part of the lithographic apparatus, for example 
When the source is a mercury lamp. The source SO and the 
illuminator IL, together With the beam delivery system BD 
if required, may be referred to as a radiation system. 

[0042] The illuminator IL may comprise an adjuster AD 
for adjusting the angular intensity distribution of the radia 
tion beam. Generally, at least the outer and/or inner radial 
extent (commonly referred to as o-outer and o-inner, respec 
tively) of the intensity distribution in a pupil plane of the 
illuminator can be adjusted. In addition, the illuminator IL 
may comprise various other components, such as an inte 
grator IN and a condenser CO. The illuminator may be used 
to condition the radiation beam, to have a desired uniformity 
and intensity distribution in its cross-section. 

[0043] The radiation beam PB is incident on the patterning 
device (e.g., mask MA), Which is held on the support 
structure (e.g., mask table MT), and is patterned by the 
patterning device. Having traversed the mask MA, the 
radiation 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 positioner PW and 
position sensor IF (eg an interferometric device, linear 
encoder or capacitive sensor), 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 PB. Similarly, 
the ?rst positioner PM and another position sensor (Which is 
not explicitly depicted in FIG. 1) can be used to accurately 
position the mask MA With respect to the path of the 
radiation beam PB, eg after mechanical retrieval from a 
mask library, or during a scan. In general, movement of the 
mask table MT may be realiZed With the aid of a long-stroke 
module (coarse positioning) and a short-stroke module (?ne 
positioning), Which form part of the ?rst positioner PM. 
Similarly, movement of the substrate table WT may be 
realiZed using a long-stroke module and a short-stroke 
module, Which form part of the second positioner PW. In the 
case of a stepper (as opposed to a scanner) the 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. Although the substrate alignment marks as 
illustrated occupy dedicated target portions, they may be 
located in spaces betWeen target portions (these are knoWn 
as scribe-lane alignment marks). Similarly, in situations in 
Which more than one die is provided on the mask MA, the 
mask alignment marks may be located betWeen the dies. 

[0044] The depicted apparatus could be used in at least 
one of the folloWing modes: 
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[0045] 1. In step mode, the mask table MT and the 
substrate table WT are kept essentially stationary, While 
an entire pattern imparted to the radiation beam is 
projected onto a target portion C at one time (ie a 
single static exposure). The substrate table WT is then 
shifted in the X and/or Y direction so that a different 
target portion C can be exposed. In step mode, the 
maximum siZe of the exposure ?eld limits the siZe of 
the target portion C imaged in a single static exposure. 

[0046] 2. In scan mode, the mask table MT and the 
substrate table WT are scanned synchronously While a 
pattern imparted to the radiation beam is projected onto 
a target portion C (ie a single dynamic exposure). The 
velocity and direction of the substrate table WT relative 
to the mask table MT may be determined by the 
(de-)magni?cation and image reversal characteristics 
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 determines the height (in the scanning direc 
tion) of the target portion. 

[0047] 3. In another mode, the mask table MT is kept 
essentially stationary holding a programmable pattern 
ing device, and the substrate table WT is moved or 
scanned While a pattern imparted to the radiation beam 
is projected onto a target portion C. In this mode, 
generally a pulsed radiation source is employed and the 
programmable patterning device is updated as required 
after each movement of the substrate table WT or in 
betWeen successive radiation pulses during a scan. This 
mode of operation can be readily applied to maskless 
lithography that utiliZes programmable patterning 
device, such as a programmable mirror array of a type 
as referred to above. 

[0048] Combinations and/or variations on the above 
described modes of use or entirely different modes of use 
may also be employed. 

[0049] 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 
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 How of a thin ?lm of liquid 
betWeen the projection system PL and the substrate W. The 
choice of Which combination of inlet IN and outlets OUT to 
use can depend on the direction of movement of the sub 
strate W (the other combination of inlet IN and outlets OUT 
being inactive). 
[0050] Another immersion lithography solution With a 
localiZed liquid supply system solution Which has been 
proposed is to provide the liquid supply system With a seal 
member Which extends along at least a part of a boundary of 
the space betWeen the ?nal element of the projection system 
and the substrate table. The seal member is substantially 
stationary relative to the projection system in the XY plane 
though there may be some relative movement in the Z 
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direction (in the direction of the optical axis). A seal is 
formed betWeen the seal member and the surface of the 
substrate. In an embodiment, the seal is a contactless seal 
such as a gas seal. Such a system With a gas seal is disclosed 
in US. patent application Ser. No. 10/705,783, hereby 
incorporated in its entirety by reference, and shoWn in FIG. 
5. 

[0051] The liquid supply system IH, also referred to as the 
immersion hood, is shoWn in FIG. 5. As can there be seen, 
a reservoir 10 forms a contactless seal to the substrate 
around the image ?eld of the projection system so that liquid 
is con?ned to ?ll a space betWeen the substrate surface and 
the ?nal element of the projection system. The reservoir is 
formed by a seal member 12 positioned beloW and surround 
ing the ?nal element of the projection system PL. Liquid is 
brought into the space beloW the projection system and 
Within the seal member 12. The seal member 12 extends a 
little above the ?nal element of the projection system and the 
liquid level rises above the ?nal element so that a buffer of 
liquid is provided. The seal member 12 has an inner periph 
ery that at the upper end preferably closely conforms to the 
shape of the projection system or the ?nal element thereof 
and may, e.g., be round. At the bottom, the inner periphery 
closely conforms to the shape of the image ?eld, e.g., 
rectangular though this need not be the case. 

[0052] The liquid is con?ned in the reservoir by a gas seal 
16 betWeen the bottom of the seal member 12 and the 
surface of the substrate W. The gas seal is formed by gas, e.g. 
air or synthetic air or N2 or an inert gas, provided under 
pressure via inlet 15 to the gap betWeen seal member 12 and 
substrate and extracted via ?rst outlet 14. The overpressure 
on the gas inlet 15, vacuum level on the ?rst outlet 14 and 
geometry of the gap are arranged so that there is a high 
velocity gas ?oW inWards that con?nes the liquid. 

[0053] A unique problem that may occur With a liquid 
supply system Which supplies liquid to only a localiZed area 
of the substrate (such as any of those described herein or 
otherWise knoWn noW or in the future) is if one or more areas 
of the substrate are in contact With the immersion liquid for 
different amounts of time. This problem may result because 
components of the resist (e.g., a photoresist), Which covers 
the substrate W, dissolve in or react With the immersion 
liquid With time and immersion liquid diffuses into the resist 
With time so that the properties of the resist change With time 
of immersion. A target portion Which has been in contact 
With immersion liquid for longer than another target portion 
may be patterned differently under the same exposure con 
ditions. This typically has not been a problem With previous 
types of immersion apparatus such as those in Which the 
Whole substrate or substrate table are placed in a bath of 
liquid (see, e.g., US. Pat. No. 4,509,825). 

[0054] According to an embodiment of the present inven 
tion, a controller CS is used to ensure that all areas of the 
substrate W Which are to be imaged (i.e. all target portions) 
are covered in immersion liquid for a substantially equal 
length of time. Dissolution of components of the resist 
occurs both during imaging as Well as after imaging. Dif 
fusion of immersion liquid into the resist occurs both before, 
during and after imaging. Thus, the controller needs to 
operate the apparatus such that all target portions of the 
substrate have the immersion liquid on them for substan 
tially equal length of time, perhaps even equal amounts of 

May 5, 2005 

time before, equal amounts of time during and equal 
amounts of time after imaging. 

[0055] One Way of doing this is to choose a path of the 
substrate under the projection system PL to ensure that the 
criterion is met. This path is unlikely to be the optimal path 
Which maximiZes throughput of substrates but this disad 
vantage may be more than offset by the fact that all target 
portions can have the same exposure dose of projection 
beam Which can be chosen for the particular pattern to be 
imaged and type of resist, duration of immersion, pattern to 
be imaged, Wavelength etc. 

[0056] An alternative or additional Way in Which it can be 
ensured that all parts of the substrate resist are covered by 
immersion liquid so that the criteria are met is to use a 
supplementary liquid supply system SLSS1, SLSS2 Which 
can be used to place extra immersion liquid on the substrate 
W in areas outside of the localiZed area. This embodiment 
Will be described With reference to FIG. 6. As can be seen 
from FIG. 6, a liquid supply system Which has a liquid 
con?nement system LCS is positioned around the ?nal 
element of the projection system PL and forms a seal With 
the surface of the substrate W. In an embodiment, the seal is 
a gas seal 10 such as is shoWn in FIG. 5. The liquid 
con?nement system LCS is in a stationary position in the 
XY plane relative to the projection system PL and the 
substrate W moves underneath the projection system PL 
such that the target portions on the substrate W are moved 
under the projection system PL. Liquid is supplied to the 
space betWeen the ?nal element of the projection system PL 
and the substrate W through inlet 20 in the liquid con?ne 
ment system LCS. 

[0057] TWo types of supplementary liquid supply systems 
SLSS1, SLSS2 are illustrated in FIG. 6. The ?rst of the 
supplementary liquid supply systems SLSS1 is a liquid 
supply system similar to that illustrated in FIGS. 2 and 3 
and described in detail in PCT patent application WO 
99/49504, hereby incorporated in its entirety by reference. 
The second supplementary liquid supply system SLSS2 is 
similar to the liquid supply system positioned under the 
projection system PL in FIG. 6. 

[0058] The apparatus may comprise any number of 
supplementary liquid supply systems SLSS1, SLSS2. The 
type of supplementary liquid supply system SLSS1, SLSS2 
does not matter. In an embodiment, the supplementary liquid 
supply systems SLSS1, SLSS2 are localiZed liquid supply 
systems With liquid con?nement systems LCS as illustrated 
in FIG. 6 Which deposit and take up liquid thereby circu 
lating the liquid and giving the opportunity to turn the liquid 
supply on and off. In this Way the portions of the substrate 
W Which are exposed to immersion liquid can easily be 
selected to achieve the desired result. The supplementary 
liquid supply system may be moveable in the XY plane and 
may be turned on and off (i.e. so that one or more of them 
are either full of liquid or empty) under the control of the 
controller. 

[0059] A third Way of accounting for the dissolution of 
components of the resist in the immersion liquid is for the 
controller to calculate the effect that the immersion liquid 
has had or Will have on the resist based on data in a database 

(Which may be experimental results) i.e. feed forWard con 
trol. The controller, based on these calculations, adjusts the 
exposure dose (imaging parameters) so that all target por 
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tions, once the resist has been developed, Will be optimally 
exposed (i.e. compensated for degree of dissolution of 
components of the resist). For a positive resist, longer 
immersion in immersion liquid is likely to require a higher 
exposure dose. 

[0060] The imaging parameters or exposure characteris 
tics Which is/are changed to vary the exposure dose is/are 
likely to be the exposure intensity and/or duration of expo 
sure. In this Way the substrate can be moved under the 
projection system PL in a path Which is optimum for 
throughput but Which does not suffer from certain areas of 
the substrate being exposed more or less than average to the 
immersion liquid. Of course, the apparatus can be pro 
grammed in such a Way that exposure doses are chosen as a 
function of location of the target portion on the substrate W. 
This data may be based on experimental, such as CD, 
measurements or modeling results so that the controller does 
not actually perform any calculation. The exposure dose 
might be controlled on another basis in a closed loop such 
as by analysis of the immersion liquid composition or pH for 
example Which Will be dependent on the amount of disso 
lution of components of the resist in or diffusion into the 
resist of immersion liquid. 

[0061] It is possible that all three or any combination of 
the Ways of compensating for dissolution of components of 
the resist or diffusion of liquid into the resist are employed 
at one time. 

[0062] Thus, according to an embodiment of the present 
invention, the dissolution of components of the resist on the 
surface of the substrate in the immersion liquid and/or 
diffusion of immersion liquid into the resist may be 
accounted for. A problem is that as the components of the 
resist dissolve, the characteristics of the effect of impinge 
ment of the patterned beam on the target portion changes, so 
that there is a change in the critical dimension achievable 
With time of contact With immersion liquid. The apparatus 
according to an embodiment of the present invention 
attempts to solve this problem by tWo means: 

[0063] the apparatus ensures that each part of the 
substrate Which is to be imaged (i.e. each target 
portion) is immersed in immersion liquid for sub 
stantially the same amount of time; and/or 

[0064] the apparatus takes into account hoW long the 
target portion of the substrate has been immersed in 
immersion liquid and applies a correction to the 
projected patterned beam to account for this. Thus, if 
a particular target portion has been immersed longer 
than average for the substrate, the intensity or dura 
tion of projection of the patterned beam on that target 
portion Will need to be increased or decreased 
according to the particular circumstance (e.g. type of 
feature, type of immersion liquid, type of resist etc.). 
If the target portion has been immersed less than 
average, the projected patterned beam Will also need 
to be adjusted. 

[0065] One Way for the controller to ensure that the 
apparatus compensates for critical dimension changing due 
to immersion of the resist in immersion liquid is by oper 
ating the apparatus by moving the substrate such that each 
target portion on the substrate has immersion liquid pro 
vided by the liquid supply system on it for the substantially 
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equal length of time. Thus the path of the substrate under the 
projection system Which is chosen ensures that the substrate 
meanders under the projection system PL such that each 
target portion is part of the localiZed area for the same 
amount of time as all other target portions. 

[0066] Another Way of ensuring that each target portion is 
immersed for the same amount of time in immersion liquid 
is to provide a supplementary liquid supply system con?g 
ured to provide immersion liquid to the substrate outside of 
the localiZed area and Wherein the controller is for operating 
the apparatus by applying the immersion liquid outside of 
the localiZed area using the supplementary liquid supply 
system. In this Way target portions Which, for some reason, 
are under the projection system and thereby immersed in 
immersion liquid by the liquid supply system less than 
average, can have their exposure to immersion liquid 
“topped up” to a certain level by use of the supplementary 
liquid supply system. 

[0067] In European Patent Application No. 032570723, 
the idea of a tWin or dual stage immersion lithography 
apparatus is disclosed. Such an apparatus is provided With 
tWo stages for supporting the substrate. Leveling measure 
ments are carried out With a stage at a ?rst position, Without 
immersion liquid, and exposure is carried out With a stage at 
a second position, Where immersion liquid is present. Alter 
natively, the apparatus has only one stage. 

[0068] 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 appa 
ratus described herein may have other applications, such as 
the manufacture of integrated optical systems, guidance and 
detection patterns for magnetic domain memories, ?at-panel 
displays, 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 pro 
cessed, before or after exposure, in for example a track (a 
tool that typically applies a layer of resist to a substrate and 
develops the exposed resist), a metrology tool and/or an 
inspection tool. Where applicable, the disclosure herein 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. 

[0069] 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). 

[0070] The term “lens”, Where the context alloWs, may 
refer to any one or combination of various types of optical 
components, including refractive and re?ective optical com 
ponents. 

[0071] While speci?c embodiments of the invention have 
been described above, it Will be appreciated that the inven 
tion 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 
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above, or a data storage medium (e.g. semiconductor 
memory, magnetic or optical disk) having such a computer 
program stored therein. 

[0072] The present invention can be applied to any immer 
sion lithography apparatus, in particular, but not exclusively, 
those types mentioned above. 

[0073] The descriptions above are intended to be illustra 
tive, not limiting. Thus, it Will be apparent to one skilled in 
the art that modi?cations may be made to the invention as 
described Without departing from the scope of the claims set 
out beloW. 

1. Alithographic projection apparatus arranged to project 
a radiation beam patterned by a patterning device, through 
a liquid, onto a target portion of a substrate, the apparatus 
comprising: 

a projection system con?gured to project the patterned 
beam onto a target portion of the substrate; 

a liquid supply system con?gured to provide a liquid to a 
space betWeen the projection system and the substrate; 
and 

a controller con?gured to operate the apparatus such that 
all target portions of the substrate to be projected With 
the patterned beam have liquid on them for a substan 
tially equal length of time. 

2. The apparatus according to claim 1, Wherein the 
controller is con?gured to operate the apparatus by moving 
the substrate such that each target portion of the target 
portions of the substrate to be projected With the patterned 
beam has liquid provided by the liquid supply system on it 
for the substantially equal length of time. 

3. The apparatus according to claim 1, further comprising 
a supplementary liquid supply system con?gured to provide 
a liquid on the substrate outside of a localiZed area to Which 
the liquid supply system provides the liquid to the space and 
Wherein the controller is con?gured to operate the apparatus 
to apply liquid outside of the localiZed area using the 
supplementary liquid supply system. 

4. The apparatus according to claim 1, Wherein the 
substantially equal length of time is time before, time after 
or both time before and time after projection of the patterned 
beam on the target portion. 

5. The apparatus according to claim 1, Wherein the 
controller is con?gured to control an eXposure dose of the 
patterned beam on a particular target portion of the substrate 
based on an amount of time the particular target portion has 
liquid on it. 

6. The apparatus according to claim 5, Wherein the 
controller is con?gured to control an eXposure intensity of 
the patterned beam, a duration of eXposure using the pat 
terned beam, or both. 

7. Alithographic projection apparatus arranged to project 
a radiation beam patterned by a patterning device, through 
a liquid, onto a target portion of a substrate, the apparatus 
comprising: 

a projection system con?gured to project the patterned 
beam onto the substrate; 

a liquid supply system con?gured to provide a liquid to a 
space betWeen the projection system and the substrate; 
and 
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a controller con?gured to control an eXposure dose of the 
patterned beam on a particular target portion of the 
substrate based on an amount of time the particular 
target portion has liquid on it. 

8. The apparatus according to claim 7, Wherein the 
amount of time is time before, time after or both time before 
and time after projection of the patterned beam on the 
particular target portion. 

9. The apparatus according to claim 7, Wherein the 
controller is con?gured to control an eXposure intensity of 
the patterned beam, a duration of eXposure using the pat 
terned beam, or both. 

10. The apparatus according to claim 7, Wherein control 
ler is con?gured to chose the eXposure dose as a function of 
the location of the particular target portion on the substrate. 

11. The apparatus according to claim 7, Wherein the 
controller is con?gured to chose the eXposure dose based on 
an analysis of the liquid. 

12. The apparatus according to claim 7, Wherein the 
controller is con?gured to calculate an effect that the liquid 
has had or Will have on a resist on the substrate. 

13. A device manufacturing method, comprising: 

projecting a patterned beam of radiation, through a liquid 
provided in a space betWeen a projection system of a 
lithographic apparatus and a substrate, onto a target 
portion of the substrate; and 

operating the lithographic apparatus such that all target 
portions of the substrate projected With the patterned 
beam have liquid on them for a substantially equal 
length of time. 

14. The method according to claim 13, Wherein operating 
the lithographic apparatus comprising moving the substrate 
such that each target portion of the target portions of the 
substrate projected With the patterned beam has liquid 
provided by a liquid supply system on it for the substantially 
equal length of time. 

15. The method according to claim 13, Wherein operating 
the lithographic apparatus comprises applying a liquid out 
side of a localiZed area on the substrate to Which the liquid 
is or Was provided to the space. 

16. The method according to claim 13, Wherein the 
substantially equal length of time is time before, time after 
or both time before and time after projecting the patterned 
beam of radiation onto the target portion. 

17. The method according to claim 13, further comprising 
controlling an eXposure dose of the patterned beam on a 
particular target portion of the substrate based on an amount 
of time the particular target portion has liquid on it. 

18. The method according to claim 17, Wherein control 
ling the eXposure dose comprises controlling an eXposure 
intensity of the patterned beam, controlling a duration of 
exposure using the patterned beam, or both. 

19. A device manufacturing method, comprising: 

projecting a patterned beam of radiation, through a liquid 
provided betWeen a projection system of a lithographic 
apparatus and a substrate, onto a target portion of the 
substrate; and 

controlling an eXposure dose of the patterned beam on a 
particular target portion based on an amount of time the 
particular target portion has liquid on it. 
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20. The method according to claim 19, wherein the 
amount of time is time before, time after or both time before 
and time after projecting the patterned beam of radiation 
onto the target portion. 

21. The method according to claim 19, Wherein control 
ling the exposure dose comprises controlling an exposure 
intensity of the patterned beam, controlling a duration of 
exposure using the patterned beam, or both. 

22. The method according to claim 19, Wherein control 
ling the exposure dose comprises choosing the exposure 
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dose as a function of the location of the particular target 
portion on the substrate. 

23. The method according to claim 19, Wherein control 
ling the exposure dose comprises choosing the exposure 
dose based on an analysis of the liquid. 

24. The method according to claim 19, Wherein control 
ling the exposure dose comprises calculating an effect that 
the liquid has had or Will have on a resist on the substrate. 

* * * * * 


