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Description

BACKGROUND

1. Field of the Invention

[0001] The present invention relates to an immersion
type lithographic apparatus.

2. Description of the Related Art

[0002] A lithographic apparatus is a machine that ap-
plies 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 integrat-
ed circuits (ICs). In such a case, a patterning device,
which is alternatively 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 trans-
ferred onto a target portion (e.g., including part of, one,
or several dies) on a substrate (e.g., a silicon wafer).
Transfer of the pattern is typically via imaging onto a layer
of radiation-sensitive material (resist) provided on the
substrate. In general, a single substrate will contain a
network of adjacent target portions that are successively
patterned. Conventional lithographic apparatus include
so-called steppers, in which each target portion is irradi-
ated by exposing an entire pattern onto the target portion
at once, and so-called scanners, in which each target
portion is irradiated by scanning the pattern through a
radiation beam in a given direction (the "scanning"-direc-
tion) while synchronously scanning the substrate parallel
or anti-parallel to this direction. It is also possible to trans-
fer the pattern from the patterning device to the substrate
by imprinting the pattern onto the substrate.
[0003] It has been proposed to immerse the substrate
in the lithographic projection apparatus in a liquid having
a relatively high refractive index, e.g., water, so as to fill
a space between the final element of the projection sys-
tem, i.e., the bottom of the projection system, and the
substrate, thus providing an example of an immersion
type lithographic apparatus. This enables more accurate
projections and imaging of smaller features since the ex-
posure radiation will have a shorter wavelength in the
liquid. The effect of the immersion liquid may also be
regarded as increasing the effective numerical aperture
number 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) suspend-
ed therein. Thus, a lithographic apparatus may be pro-
vided with a fluid provider which is arranged to provide
the immersion liquid, or to keep the liquid in its place.
The liquid may be flowing to avoid local heating.
[0004] The substrate, or the substrate and the sub-
strate table, may be immersed in a bath of immersion
liquid. An example of such an arrangement is disclosed
in U.S. Patent No. 4,509,852. Alternatively, the immer-
sion liquid may be provided by a liquid supply system

only on a localized area of the substrate and in between
the final element of the projection system and the sub-
strate using a liquid confinement system, the substrate
generally having a larger surface area than the final el-
ement of the projection system. An example of such an
arrangement is disclosed in International Patent Appli-
cation No. 99/49,504 . The liquid is supplied by at least
one inlet on the substrate, preferably along a direction of
movement of the substrate relative to the final element
of the projection system, and the liquid is discharged by
at least one outlet which may be connected to a low pres-
sure source. Various orientations and numbers of inlets
and outlets positioned near the periphery of the final el-
ement are possible. Further, a liquid supply system may
be provided with a seal member which extends along at
least a part of a boundary of the space between the final
element of the projection system and the substrate table.
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 direction (the direc-
tion of the optical axis of the projection system). A seal
is formed between the seal member and the surface of
the substrate. Preferably the seal is a contactless seal
such as a gas seal, which may further function as a gas
bearing. An example of such an arrangement is disclosed
in European Patent Application No. 03252955.4.
[0005] European Patent Application No. 03257072.3,
discloses a twin or dual stage immersion lithography ap-
paratus. Such an apparatus is provided with two stages
for supporting the substrate. Leveling measurements are
carried out with a stage at a first position, without the
presence of an immersion liquid, and exposure is carried
out with a stage at a second position, where an immersion
liquid is present. Alternatively, the apparatus has only
one stage.
[0006] In a known implementation of a lithographic ap-
paratus making use of immersion as described above,
the liquid supply system to provide the immersion liquid
is guided with respect to the substrate and/or the sub-
strate table by a gas bearing, such as an air bearing. The
gas bearing provides for a flow of a gas in a gap between
the liquid supply system and the substrate or substrate
table. Effectively, the liquid supply system may rest on a
layer of such gas which flows in the gap. By the use of
such a gas bearing, a certain amount of safety is obtained
as the gas bearing commonly provides for a minimum
distance between the liquid supply system and the sub-
strate or substrate table. Further, to avoid a level differ-
ence between a surface of the substrate and a surface
of a surrounding part of the substrate table which sur-
rounds the substrate, a selection mechanism may have
been implemented to select a substrate on its thickness.
A substrate having a thickness which is too large or too
small may be denied access to the lithographic appara-
tus, as the processing of such a substrate in the litho-
graphic apparatus might result in a level difference be-
tween the substrate and the surface of the substrate table
surrounding the substrate, which could result in a crash
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of the liquid supply system against the substrate resp.
the substrate table, when passing from the substrate to
the substrate table or vice versa. Such a crash is likely
to occur in case that a height difference between a sur-
face of the substrate and a surface of the substrate table
surrounding the substrate amounts to a height of the gap
between the substrate resp. the substrate table and the
liquid supply system, or more.

SUMMARY

[0007] According to an embodiment of the invention,
there is provided a lithographic apparatus comprising: a
substrate table constructed to hold a substrate, a sub-
strate table position measurement system to measure a
position quantity of the substrate table, a projection sys-
tem configured to project a patterned radiation beam onto
a target portion of the substrate, a fluid supply system to
supply an immersion fluid in a space between a down-
stream lens of the projection system and the substrate,
a fluid supply system position measurement system to
measure a position quantity of the fluid supply system, a
damage control system to prevent a collision between
the fluid supply system and the substrate table holding
the substrate, the damage control system comprising a
calculator to calculate a dimensional quantity of a gap
between the fluid supply system and the substrate table
holding the substrate from the position quantity of the
substrate table and the position quantity of the fluid sup-
ply system, the damage control system to generate a
warning signal when the dimensional quantity goes be-
yond a predetermined safety level, wherein the damage
control system comprises a calibration mechanism to cal-
ibrate the dimension of the gap, the calibration mecha-
nism to calibrate a distance between the substrate table
and the fluid supply system when the fluid supply system
contacts a part of the substrate table.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] Embodiments of the invention will now be de-
scribed, by way of example only, with reference to the
accompanying schematic drawings in which correspond-
ing reference symbols indicate corresponding parts, and
in which:
[0009] Figure 1 depicts a lithographic apparatus ac-
cording to an embodiment of the invention;
[0010] Figure 2 depicts a schematic view of a part of
a lithographic apparatus according to an embodiment of
the invention;
[0011] Figure 3a and 3b schematically depicts a sub-
strate table and fluid supply system of a lithographic ap-
paratus according to another embodiment of the inven-
tion;
[0012] Figure 4 schematically depicts a positioning of
the liquid supply system and substrate table of a litho-
graphic apparatus according to still another embodiment
of the invention, for performing a calibration;

[0013] Figure 5 schematically depicts a part of a litho-
graphic apparatus according to a further embodiment of
the invention;
[0014] Figure 6a and 6b schematically depict a leak-
age detector of a lithographic apparatus.

DETAILED DESCRIPTION

[0015] Figure 1 schematically depicts a lithographic
apparatus according to one embodiment of the invention.
The apparatus includes an illumination system (illumina-
tor) IL configured to condition a radiation beam B (e.g.,
UV radiation or any other suitable radiation), a mask sup-
port structure (e.g., a mask table) MT constructed to sup-
port a patterning device (e.g., a mask) MA and connected
to a first positioning device PM configured to accurately
position the patterning device in accordance with certain
parameters. The apparatus also includes a substrate ta-
ble (e.g., a wafer table) WT or "substrate support" con-
structed to hold a substrate (e.g., a resist-coated wafer)
W and connected to a second positioning device PW
configured to accurately position the substrate in accord-
ance with certain parameters. The apparatus further in-
cludes 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., including one or more dies) of the
substrate W.
[0016] The illumination system may include various
types of optical components, such as refractive, reflec-
tive, magnetic, electromagnetic, electrostatic or other
types of optical components, or any combination thereof,
for directing, shaping, or controlling radiation.
[0017] The mask support structure supports, i.e.,
bears the weight of, the patterning device. It holds the
patterning device in a manner that depends on the ori-
entation of the patterning device, the design of the litho-
graphic apparatus, and other conditions, such as for ex-
ample whether or not the patterning device is held in a
vacuum environment. The mask support structure can
use mechanical, vacuum, electrostatic or other clamping
techniques to hold the patterning device. The mask sup-
port structure may be a frame or a table, for example,
which may be fixed or movable as required. The mask
support structure may ensure that the patterning device
is at a desired position, for example with respect to the
projection system. Any use of the terms "reticle" or
"mask" herein may be considered synonymous with the
more general term "patterning device."
[0018] 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 so 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 corre-
spond to the desired pattern in the target portion of the
substrate, for example if the pattern includes phase-shift-
ing features or so called assist features. Generally, the
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pattern imparted to the radiation beam will correspond
to a particular functional layer in a device being created
in the target portion, such as an integrated circuit.
[0019] The patterning device may be transmissive or
reflective. Examples of patterning devices include
masks, programmable mirror arrays, and programmable
LCD panels. Masks are well known in lithography, and
include mask types such as binary, alternating phase-
shift, and attenuated phase-shift, as well as various hy-
brid mask types. An example of a programmable mirror
array employs a matrix arrangement of small mirrors,
each of which can be individually tilted so as to reflect an
incoming radiation beam in different directions. The tilted
mirrors impart a pattern in a radiation beam which is re-
flected by the mirror matrix.
[0020] The term "projection system" used herein
should be broadly interpreted as encompassing any type
of projection system, including refractive, reflective, cat-
adioptric, magnetic, electromagnetic and electrostatic
optical systems, or any combination thereof, as appro-
priate for the exposure radiation being used, or for other
factors such as the use of an immersion liquid or the use
of a vacuum. Any use of the term "projection lens" herein
may be considered as synonymous with the more gen-
eral term "projection system."
[0021] As here depicted, the apparatus is of a trans-
missive type (e.g., employing a transmissive mask). Al-
ternatively, 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).
[0022] The lithographic apparatus may be of a type
having two (dual stage) or more substrate tables or "sub-
strate supports" (and/or two or more mask tables or
"mask supports"). In such "multiple stage" machines the
additional tables or supports may be used in parallel, or
preparatory steps may be carried out on one or more
tables or supports while one or more other tables or sup-
ports are being used for exposure.
[0023] The lithographic apparatus may also be of a
type wherein at least a portion of the substrate may be
covered by a liquid having a relatively high refractive in-
dex, e.g., water, so as to fill a space between the projec-
tion system and the substrate. An immersion liquid may
also be applied to other spaces in the lithographic appa-
ratus, for example, between the mask and the projection
system. Immersion techniques can be used to increase
the numerical aperture of projection systems. The term
"immersion" as used herein does not mean that a struc-
ture, such as a substrate, must be submerged in liquid,
but rather only means that a liquid is located between
the projection system and the substrate during exposure.
[0024] Referring to Figure 1, the illuminator IL receives
a radiation beam from a radiation source SO. The source
and the lithographic apparatus may be separate entities,
for example when the source is an excimer laser. In such
cases, the source is not considered to 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 including, for example, suitable
directing mirrors and/or a beam expander. In other cases
the source may be an integral part of the lithographic
apparatus, for example when the source is a mercury
lamp. The source SO and the illuminator IL, together with
the beam delivery system BD if required, may be referred
to as a radiation system.
[0025] The illuminator IL may include an adjuster AD
configured to adjust the angular intensity distribution of
the radiation beam. Generally, at least the outer and/or
inner radial extent (commonly referred to as σ-outer and
σ-inner, respectively) of the intensity distribution in a pupil
plane of the illuminator can be adjusted. In addition, the
illuminator IL may include various other components,
such as an integrator IN and a condenser CO. The illu-
minator may be used to condition the radiation beam, to
have a desired uniformity and intensity distribution in its
cross-section.
[0026] The radiation beam B is incident on the pattern-
ing device (e.g., mask MA), which is held on the mask
support structure (e.g., mask table MT), and is patterned
by the patterning device. Having traversed the mask MA,
the radiation beam B passes through the projection sys-
tem PS, which focuses the beam onto a target portion C
of the substrate W. With the aid of the second positioning
device PW and position sensor IF (e.g., an interferometric
device, linear encoder or capacitive sensor), the sub-
strate table WT can be moved accurately, e.g., so as to
position different target portions C in the path of the ra-
diation beam B. Similarly, the first positioning device PM
and another position sensor (which is not explicitly de-
picted in Figure 1) can be used to accurately position the
mask 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 mask table
MT may be realized with the aid of a long-stroke module
(coarse positioning) and a short-stroke module (fine po-
sitioning), which form part of the first positioning device
PM. Similarly, movement of the substrate table WT or
"ubstrate support" 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 con-
nected to a short-stroke actuator only, or may be fixed.
Mask MA and substrate W may be aligned using mask
alignment marks M1, M2 and substrate alignment marks
P1, P2. Although the substrate alignment marks as illus-
trated occupy dedicated target portions, they may be lo-
cated in spaces between target portions (these are
known as scribe-lane alignment marks). Similarly, in sit-
uations in which more than one die is provided on the
mask MA, the mask alignment marks may be located
between the dies.
[0027] It is noted that, where in this document the term
substrate table or wafer is used, this may be understood
as what may be referred in the art as a stage or a chuck,
i.e., an assembly of a mirror block (on which, e.g., inter-
ferometer beams of the position sensor IF may be re-
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flected) and a table which is mounted thereto, the table
to hold the substrate. The stage may further comprise
non stationary parts of the positioner PW.
[0028] The depicted apparatus could be used in at
least one of the following modes:
[0029] 1. In step mode, the mask table MT or "mask
support" and the substrate table WT or "substrate sup-
port" are kept essentially stationary, while an entire pat-
tern imparted to the radiation beam is projected onto a
target portion C at one time (i.e., a single static exposure).
The substrate table WT or "substrate support" is then
shifted in the X and/or Y direction so that a different target
portion C can be exposed. In step mode, the maximum
size of the exposure field limits the size of the target por-
tion C imaged in a single static exposure.
[0030] 2. In scan mode, the mask table MT or "mask
support" and the substrate table WT or "substrate sup-
port" are scanned synchronously while a pattern impart-
ed to the radiation beam is projected onto a target portion
C (i.e., a single dynamic exposure). The velocity and di-
rection of the substrate table WT or "substrate support"
relative to the mask table MT or "mask support" may be
determined by the (de-)magnification and image reversal
characteristics of the projection system PS. In scan
mode, the maximum size of the exposure field limits the
width (in the non-scanning direction) of the target portion
in a single dynamic exposure, whereas the length of the
scanning motion determines the height (in the scanning
direction) of the target portion.
[0031] 3. In another mode, the mask table MT or "mask
support" is kept essentially stationary holding a program-
mable patterning device, and the substrate table WT or
"substrate support" 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 "substrate support" or in be-
tween 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.
[0032] Combinations and/or variations on the above
described modes of use or entirely different modes of
use may also be employed.
[0033] Figure 2 shows a substrate table WT holding a
substrate W. A projection system PS projects, e.g., a
pattern onto a target portion of the substrate W. A fluid
supply system, in this embodiment a liquid supply system
LS provides for an immersion fluid, in this example an
immersion liquid in a space between a downstream lens
DL of the projection system PS and the substrate W.
Further, Figure 2 schematically indicates a liquid supply
system position measurement system LSP, as an exam-
ple of a fluid supply system position measurement sys-
tem, to measure a position quantity of the liquid supply
system. Interferometers IF1 and IF2 measure a beam

length between the respective interferometers IF1, IF2
and the substrate table WT. Therewith, a substrate table
position measurement system WTPM is able to deter-
mine a position of the substrate table WT. Further, a dam-
age control system is provided to prevent a collision be-
tween the fluid supply system, or more specifically, in this
example the liquid supply system LS, and the substrate
table holding the substrate. The damage control system
DCON comprises a calculator CALC to calculate a di-
mensional quantity of a GAP between the liquid supply
system and the substrate table resp. substrate. The cal-
culator CALC calculates this dimensional quantity from
the position quantity of the substrate table as provided
by the substrate table position measurement system
WTPM and the position quantity of the liquid supply sys-
tem as provided by the liquid supply system position
measurement system LSP. The damage control system
is able to generate a warning signal when the dimensional
quantity goes beyond a predetermined safety level.
Therefore, the damage control system DCON may be
provided with a comparator to compare the dimensional
quantity of the gap with the predetermined safety level.
[0034] The substrate table position measurement sys-
tem may make use of any type of position sensors, such
as encoders, capacitive position sensors, interferom-
eters, or any combination of known position measure-
ment devices. The immersion fluid may comprise an im-
mersion liquid or an immersion gas. The immersion liquid
may comprise any suitable liquid, in current implemen-
tations a water, such as an ultra-pure water, is applied,
however, also other liquids are imaginable. The liquid
supply system position measurement system, or in more
general words, the fluid supply system position meas-
urement system, makes use of any type of position sen-
sors, e.g., one or more single of multidimensional encod-
ers, one or more interferometers, one or more capacitive
position sensors, or any other position sensor which may
be known per se as well as any combination of position
sensors. The substrate table position measurement sys-
tem, fluid supply system position measurement system
and damage control system may be implemented partly
or fully in dedicated hardware, such as dedicated elec-
tronics, however, it is also possible that at least a part of
the functionality of these elements of the lithographic ap-
paratus is implemented in a form of suitable software
instructions which may be executed on a computing de-
vice, such a microprocessor, microcontroller, microcon-
troller network, computemetwork, etc. Also, it is possible
that at least a part of this functionality is implemented in
a programmable device, such as a programmable elec-
tronic circuit.
[0035] Figure 2 depicts an X, Y and Z axis. The Y and
Z axis are to be understood as being in a plane of drawing
of Figure 2. The X axis is in this highly schematic drawing,
to be understood as being perpendicular to the plane of
drawing. Further, it is to be understood that the X, Y and
Z axes refer to the substrate table WT, substrate W, liquid
supply system LS and projection system PS only, while
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further elements depicted in Figure 2 are depicted as in
a block schematic manner only, hence not having a re-
lation with the X, Y and Z axis as depicted.
[0036] The position quantity of the substrate table resp.
the position quantity of the liquid supply system may com-
prise any position quantity, including a position, a veloc-
ity, an acceleration, etc. Likewise, the dimensional quan-
tity of the gap may also include any type of dimensional
quantity, including, e.g., a distance, a velocity of change
of the distance, an acceleration of the fluid supply system
and substrate table resp. substrate with respect to each
other, etc. Further, when in this document the wording
"the substrate table holding the substrate" are applied,
such as in the context of a gap between the liquid supply
system and the substrate table holding the substrate, this
is to be understood as comprising the substrate, the sub-
strate table and/or both of them. Thus, in the example of
a gap between the liquid supply system and the substrate
table holding the substrate, this is to be understood as a
gap between the liquid supply system and the substrate
table, a gap between the liquid supply system and the
substrate table as well as the substrate.
[0037] The damage control system as described
above enables to prevent damage of the liquid supply
system resp. the substrate and/or substrate table by cal-
culating a dimensional quantity of the gap between the
liquid system and the substrate resp. substrate table. It
is possible to make use of existing, i.e., known position
measurement systems for the fluid supply system posi-
tion measurement system and the substrate table posi-
tion measurement system, i.e., make use of position
measurement systems which are already present in a
known lithographic apparatus. This reduces an amount
of additional hardware to be included in the lithographic
apparatus, thus simplifying an implementation thereof.
The lithographic apparatus as described here may pre-
vent a damage of the liquid supply system, substrate
and/or substrate table by a crash between the liquid sup-
ply system and the substrate, substrate table or both.
The embodiment as described here is especially bene-
ficial in combination with a liquid supply system, or in
general words a fluid supply system, which is positioned
actively, and does not benefit from the inherent safety
issues as present with a liquid supply system which is
guided by a gas bearing according to the state of the art.
Such active positioning of the liquid supply system may
include a positioning using any type of actuator, compris-
ing a motor, such as an electric motor, a piëzo drive, a
pneumatic positioning, etc.
[0038] The position quantity of the fluid supply system
may comprise a rotational position of the fluid supply sys-
tem with respect to a focus plane of the projection system.
The focus plane of the projection system may be located
in a plane which is substantially parallel to a plane defined
by the X and Y axis. The position quantity of the fluid
system may in this preferred embodiment further com-
prise a position of the fluid supply system along an axis
substantially perpendicular to the focus plane, i.e., along

the Z axis. In the context of this document, the term "ro-
tational position" is to be understood as a rotation with
respect to the plane as mentioned. The rotational position
may here thus comprise a rotation with respect to the X
axis and/or a rotation with respect to the Y axis. This
preferred embodiment allows a relatively simple imple-
mentation. According to the state of the art, the position
of the substrate table is commonly measured in 6 degrees
of freedom (three dimensions along a three dimensional
coordinate system comprising three axes, as well as
three rotations with respect to the respective axis). In
case that as the dimensional quantity of the gap a dis-
tance between the respective parts may be used, it is
required to obtain from the liquid supply system the po-
sition thereof along the Z axis in Figure 2 as well as the
rotation thereof with respect to a plane defined by the X
and Y axis, to obtain all necessary position information
to calculate a dimension of the gap.
[0039] Preferably, the dimensional quantity of the gap
comprises a local minimum distance between the sub-
strate table holding the substrate and the fluid supply
system, the calculator being constructed to determine
the local minimum distance from the rotational positions
of the fluid supply system and of the substrate table hold-
ing the substrate respectively, the rotational positions
with respect to a focus plane of the projection system
and from the positions of the fluid supply system and of
the substrate table holding the substrate respectively,
the positions along an axis substantially perpendicular
to the focus plane of the projection system. The term
"local minimum distance" is to be understood as a mini-
mum distance between the substrate table resp. the sub-
strate and the liquid supply system, i.e., the distance at
a location where the distance is minimum. Thus, assum-
ing that the liquid supply system is in Figure 2 rotated
slightly to the right in the plane of drawing, i.e., is rotated
with respect to the X axis in a clockwise manner, then
the local minimum distance will be found at the right side
of the liquid supply system in the plane of drawing. A
benefit of calculating the local minimum distance is that
this distance is a parameter that may be used to prevent
a crash, as at the position where the gap is minimum,
i.e., where the minimum distance occurs, safety is most
desirable, as a collision is at that position more likely than
at another position where the distance is larger.
[0040] In addition to or instead of the above preferred
embodiments, it is also possible that the position quantity
of the substrate table comprises a position of the sub-
strate table and a height map HMAP of the substrate held
by the substrate table, the dimensional quantity of the
gap comprising a distance between the substrate table
holding the substrate and the fluid supply system, the
calculator to calculate the distance from the position of
the substrate table, the height map HMAP of the sub-
strate and the position of the fluid supply system. The
height map HMAP of the substrate may have been de-
termined by a second stage in a dual stage lithographic
apparatus, or may have been determined by another
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measurement device. The height map HMAP comprises
height information or thickness information at a plurality
of locations on the substrate, thus provides a location
dependent thickness or height information of the sub-
strate. The height map may further comprise height in-
formation of a part of the substrate table surrounding the
substrate. A benefit of making use of the height map is
that it allows to take into account height variations of the
substrate: at a location where the substrate is relatively
thick, a gap between the liquid supply system and the
substrate will be smaller than a location of the substrate
where the substrate is relatively thin. Also, due to
processing and addition of layers on to the substrate, a
thickness thereof might increase during a manufacturing
process, thus leading to a decrease in gap between the
liquid supply system and the substrate.
[0041] Instead of or in addition to the use of a position
for the position quantity, thus instead of or in addition to
the position quantity of the substrate table resp. of the
liquid supply system, it is also possible that the position
quantity comprises a speed, such as a speed of the sub-
strate table resp. a speed of the liquid supply system.
The speed may have been determined by a speed meas-
urement, e.g., making use of a suitable centre to measure
a speed of the liquid supply system resp. the substrate
table, a practical implementation which is relatively sim-
ply and reliable to implement may however be to deter-
mine a position of the respective part (i.e., liquid supply
system and/or substrate table) at a first moment in time
and determine a position of the respective part at a sec-
ond moment in time and calculate, using a calculator such
as microprocessor, microcontroller, or dedicated hard-
ware, a speed from the positions measured at the two
moments in time.
[0042] A benefit of making use of speed as a position
quantity is that is allows to generate a warning message
at an early moment in time: in a situation where the liquid
supply system and the substrate table appear to have a
speed towards each other, a critical situation may already
be predicted in case that the speed exceeds a certain
value. Due to an inertia of the substrate table resp. liquid
supply system, a speed of these elements towards each
other may likely result in a crash because of the small
size of the gap. Therefore, a preferred embodiment
wherein the position quantity comprises a speed will re-
sult in a high likelihood of preventing a crash as a con-
dition wherein a crash might occur can be estimated eas-
ily on beforehand. In an embodiment, it is possible to
determine the speed by measuring the position of the
liquid supply system resp. the substrate table at two mo-
ments in time, e.g., at two consecutive sampling times,
and estimate a speed of the respective part from a posi-
tion difference between the position measurements at
the first and second moment in time. From the speeds
of the liquid supply system resp. the substrate table, a
relative speed with respect to each other can be calcu-
lated, and a warning message may be generated when
the relative speed goes beyond a predetermined safety

level.
[0043] All embodiments of the invention as described
above may also be combined with the embodiment that
the position quantity comprises a speed, providing, in
addition to the benefits of the preferred embodiments as
described above, as an additional benefit that a critical
situation may be recognized earlier, as e.g., a rotational
speed, a speed of change of a local minimum distance,
etc. may provide for an earlier recognition of a critical
situation. Further, it is possible that the position quantity
comprises a position as well as a speed, making a more
refined recognition of a critical situation possible: in case
of a large distance between the respective parts, a higher
speed towards each other may be tolerated, while the
smaller the distance between the respective parts. the
less speed towards each other the parts may have.
[0044] Figure 3a depicts a substrate W which is posi-
tioned on a substrate table WT. A liquid supply system
LS is positioned on top of the substrate W. Figure 3a
further shows a structure of WTS of the substrate table.
The structure may comprise a closing disc, a transmis-
sion image sensor, or may comprise various other ele-
ments and functions. A problem may now arise when a
surface of the structure WTS is not level with a surface
of the substrate W, such as is schematically depicted in
Figure 3a. This may namely results in a crash between
the liquid supply system LS and the structure WTS in
case that the liquid supply system LS would move to the
left in the plane of drawing of Figure 3a. To at least partly
alleviate this problem, in a preferred embodiment it is
proposed to provide a surface of the fluid liquid supply
system facing the substrate table with a skewed edge
SKFL of the fluid supply system, such as is depicted in
Figure 3b. In an embodiment, the skewed edge of the
liquid supply system comprises an inclination of 1 in a
direction perpendicular to the surface SLS of the liquid
supply system versus at least 10 in a direction parallel
to the surface SLS of the liquid supply system facing the
substrate table.
[0045] Instead of or in addition to the skewed edge of
the liquid supply system, it is also possible that a surface
of a structure of the substrate table in operation facing
the fluid supply system is confined by a skewed edge of
the structure of the substrate table SKWTS. To avoid
damage in case of a collision, it is preferred that the
skewed edge of the structure of the substrate table
SKWTS comprises an inclination of 1 in a direction per-
pendicular to the surface of the structure of the substrate
table versus at least 10 in a direction parallel to the sur-
face of the structure of the substrate table. In case that
a crash would occur, damage may be prevented as due
to the skewed edge SKFL and/or SKWTS, the respective
parts of the liquid supply system LS and the structure
WTS will slide over each other without causing any sub-
stantial damage thereto. Further, to minimize a damage
in case of a crash, the surface of the fluid supply system
and the surface of the structure of the substrate table
may each comprise a material having a substantially sim-
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ilar hardness.
[0046] Figure 4 depicts a substrate table WT holding
a substrate W. The substrate table WT has been moved
with respect to the projection system PS such that the
substrate W may be removed from the substrate table
WT by, e.g., a suitable substrate handler. It may thus be
possible that the substrate table WT has been moved to
the right in the plane of drawing or that the projection
system PS has been moved to the left in the plane of
drawing. The liquid supply system LS is now closed by
a closing disc CLD to prevent flowing away of the immer-
sion liquid held by the liquid supply system LS. In this
embodiment, the closing disc CLD comprises a separate
disc, however, it is also imaginable that the closing disc
forms an integrale part of the substrate table WT. A cal-
libration of the damage control system as depicted in
Figure 2 may now be performed as the liquid supply sys-
tem LS is pressed in this situation against the closing
disc CLD, which is pressed against the substrate table
WT. Therefore, a known position relationship between
the liquid supply system LS and the substrate table WT
exists in this situation. By now determining the position
of the liquid supply system, e.g., with the liquid supply
system position measurement system LSPS shown in
Figure 2, and determining the substrate table position by,
e.g., the substrate table position measurement system
WTPM as shown in Figure 2, a position difference may
be determined and a gap between the liquid supply sys-
tem and the substrate table calculated by, e.g., the cal-
culator CLAC as depicted in Figure 2. The outcome of
the calculation may then be compared by a comparator
(not shown) with an expected dimension of the gap which
may comprise a predetermined value, and in case that
the calculated dimension of the gap does not correspond
to the expected dimension of the gap, a suitable param-
eter may be recalibrated, e.g., the liquid supply system
position measurement system LSP.
[0047] The calibration mechanism could thus in Figure
2 be indicated in block schematic manner by a block
which comprises a first input which is provided with an
output of the calculator CALC, a second input to which
an expected damaging of the gap is provided and an
output, the output being provided to the liquid supply sys-
tem positioning system for calibration thereof. Alterna-
tively, it may be possible that the calibration mechanism
provides for a calibration of one or more other, suitable
parts, e.g., a calibration of the damage control system
DCON, or in particular the calculator CALC. Also a suit-
able offset may be provided to the calculator CALC to
compensate for a difference between the damaging of
the gap as calculated and the dimension of the gap as
was expected. In the embodiment described here, the
closing disc is used, however any other suitable part of
the substrate table may be applied also. Further, as de-
picted in Figure 4, the closing disc may be located in a
suitable recess of the substrate table.
[0048] Upon generation of the warning signal, the dam-
age control system may cut-off electrical power to an

actuator of the fluid supply positioning system. This pro-
vides for a very fast action, as it will result in a very fast
stopping of the fluid supply system, e.g., preventing a
further approaching by the fluid supply system of the sub-
strate resp. substrate table. Alternatively, it is possible
that the damage control system provides a signal to a
setpoint of the liquid supply positioning system, i.e., to
move the liquid supply positioning system away from the
substrate resp. substrate table. It will be appreciated that
it is also possible that the damage control system is able
to, upon generation of the warning signal, cut off electrical
power of a substrate table positioning.
[0049] Further, it is possible that the fluid supply sys-
tem is pushed away from the substrate table when the
actuator of the fluid supply positioning system is depow-
ered. Such a force could be provided by a gravity com-
pensator (such as a magnetic gravity compensator)
which may be over-dimensioned to provide an upward
force on the fluid supply system. Alternatively, or in ad-
dition thereto, it is possible that such a force is provided
by a gas knife which functions to seal the gap between
the liquid system and the substrate table or substrate, a
gas stream of the gas knife providing a force on the liquid
supply system pushing the liquid supply system away
from the substrate table. By such an upward force, wheth-
er caused by a gravity compensator, a gas stream, or by
any other cause, safety is increased, as the liquid supply
system will be moved away from the substrate table or
substrate in case that the liquid supply system actuator
to position the liquid supply system is depowered, e.g.,
caused by the warning signal WSIG.
[0050] Figure 5 depicts a substrate W held by a sub-
strate table WT, a projection system PS and a liquid sup-
ply system LS. Further, Figure 5 depicts a liquid supply
system position control system comprising a setpoint
generator SETP to generate a position setpoint of the
liquid supply system LS, a controller CONT, an actuator
ACT to drive the liquid supply system LS and a position
sensor SENS to measure a position of the liquid supply
system. As depicted in Figure 5, a feedback loop may be
created. An actuator drive signal ACT-DR to drive the
actuator ACT of the liquid supply system position control
system, is provided to the damage control system DCON
as schematically indicated in Figure 5. The damage con-
trol system DCON compares by a comparetor COMP the
actuator drive signal ACT-DR to a threshold THR, which
may be a predetermined threshold, and generates a
warning signal WSIG when the actuator drive signal goes
beyond the threshold. A gas stream flowing out of the
liquid supply system into the gap between the liquid sup-
ply system LS and the substrate W or substrate table
WT, (the gas stream may serve to confine the liquid in a
space determined by the liquid supply system and to pre-
vent it from leaking away into the gap between the liquid
supply system and the substrate resp. substrate table)
may result in an upward force of the liquid supply system
LS with respect to the substrate table WT and/or sub-
strate W. Therefore, the actuator ACT will under normal
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operating conditions have to apply a downward force on
to the liquid supply system LS to compensate for the up-
ward force caused by the gas stream. The closer the
liquid supply system gets to the substrate or substrate
table, the higher the force due to the gas stream will be,
and thus the higher the force by the actuator ACT has to
be to compensate for such an upward force on the liquid
supply system. This high force to be exerted by the ac-
tuator ACT is reflected in a corresponding value of the
actuator drive signal ACT-DR. Thus, when the gap gets
to a low, critical dimension, a relatively high upward force
of the liquid supply system is exerted by the gas stream,
which results in a corresponding value of the actuator
drive signal. The comparetor may, when the gap gets too
small, i.e., below a certain, critical value, detect that the
actuator drive signal goes beyond the threshold, and
therefore generates the warning signal WSIG. In the con-
text of Figure 5, the upward force on the liquid supply
system has been described as a force caused by a gas
stream, such as a gas knife, gas seal, etc., however, the
upward force might also be caused by any other mech-
anism or cause such as a flow of the immersion fluid in
a undesired event of a mechanical contact between the
fluid supply system and the substrate resp. substrate ta-
ble.
[0051] Figure 6a shows a part of a leakage detection
system to detect leakage of the immersion fluid. The leak-
age detection system comprises a first electrical conduc-
tor COND 1 and a second electrical conductor COND2.
The first and second electrical conductors COND1,
COND2 are isolated with respect to each other. Thus, no
or substantially no electrical conduction exists between
them. The two electrical conductors are located at a po-
tential leakage zone of the fluid supply system. Figure
6a may for example be understood as a top view of the
fluid supply system, in that case a reservoir for holding
the immersion liquid will be located concentric with the
conductors COND1, COND2 and will be surrounded by
the conductors. In case that some of the immersion liquid
would leak from the reservoir, and would reach the con-
ductors (examples of drop-lets of immersion liquid IML
are drawn in Figure 6a), then due to the presence of the
immersion liquid, an electrical capacitance between the
electrical conductors COND1, COND2 will change due
to di-electric properties of the immersion liquid IML. The
leakage detection system may be constructed to meas-
ure an electrical capacitance between the mutually iso-
lated electrical conductors COND1, COND2. A benefit
of making use of a capacitive leakage detector is that is
allows a contactless measurement because no electrical
contact needs to be established between the conductors
COND1, COND2 and the immersion liquid, as was the
case with conventional leakage detectors which make
use of a resistive leakage detector (which thus measured
a resistivity between a first and a second conductor,
hence requiring electrical connections between the re-
spective conductors and the immersion liquid). Because
an electrical contact may be avoided, contamination of

the immersion liquid by the conductors or by electrolytic
effects, may be avoided. A further benefit of the capaci-
tive leakage detector is that it allows to implement a fast
detector, as it omits a parasitic filter which would be
formed in a resistive leakage detector by the resistance
formed by the immersion liquid in combination with one
or more parasitic capacitances. A read-out circuit of the
capacitor formed by the two electrical conductors
COND1, COND2 may make use of, e.g., a transconduct-
ance amplifier or other read out circuitery for a capacitive
sensor which may be known per se. The electrical con-
ductors COND1, COND2 may be covered by a substan-
tially non-conductive layer, comprising, e.g., a plastic, to
avoid establishing an electrical contact between the con-
ductors COND1, COND2 and (leaking) immersion liquid,
hence avoiding electrolysis of the immersion liquid and/or
contamination thereof by the conductors.
[0052] As shown in Figure 6a, the two electrical con-
ductors COND1, COND2 may comprise two concentric
ring shaped conductors. As explained above, the con-
ductors may be located at a top side of the liquid supply
system, thus facing the downstream lens of the projection
system, however it is also possible, in addition to or in-
stead of the conductors at the top side, that the conduc-
tors are located at a bottom side of the liquid supply sys-
tem, thus facing the substrate table holding the substrate.
In the first case, leakage occurring at a top of the liquid
supply system may be detected, while in the latter case
leakage occurring at a bottom end of the liquid supply
system, i.e., in the gap between the liquid supply system
and the substrate or substrate table may be detected.
[0053] Figure 6b depicts a part of a more detailed em-
bodiment showing a cross-sectional side view of a part
of the liquid supply system LS holding immersion liquid
IML. To prevent a leakage of the immersion liquid IML
into the gap GAP a plurality of channels CHN may be
provided for sucking away immersion liquid and/or for
providing a gas stream to prevent leakage of the immer-
sion liquid etc. If nevertheless some immersion liquid IML
passes the channels CHN, the leakage detection system
LDS will detect a change in electrical capacitance be-
tween the conductors COND1, COND2 as caused by the
droplet of immersion liquid IML as drawn in Figure 6b. It
is noted that Figure 6b is not drawn at the same scale as
Figure 6a, rather Figure 6b may seem as a detailed mag-
nification of the schematic view of Figure 6a.
[0054] Where in this document the term "liquid supply
system" is mentioned, this may also be read as a fluid
supply system and vice versa. Further, it is remarked that
the substrate table WT as identified in this document may
in a practical embodiment consists of a mirror block (one
or more sides of which function as a mirror for the inter-
ferometers IF1, IF2) on which a table for the substrate
may be positioned.
[0055] Also, it is remarked that Figures 1-6, as will be
understood by the skilled person, may (in part) depict a
cross-sectional view.
[0056] Two or more of the embodiments as depicted
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in Figures 2-6 may be combined in a single lithographic
apparatus, however within the context of the invention,
each of these embodiments may also be implemented
solely.
[0057] Although specific reference may be made in this
text to the use of lithographic apparatus in the manufac-
ture of ICs, it should be understood that the lithographic
apparatus described herein may have other applications,
such as the manufacture of integrated optical systems,
guidance and detection patterns for magnetic domain
memories, flat-panel displays, liquid-crystal displays
(LCDs), thin-film magnetic heads, etc. The skilled artisan
will appreciate that, in the context of such alternative ap-
plications, any use of the terms "wafer" or "die" herein
may be considered as synonymous with the more gen-
eral terms "substrate" or "target portion," respectively.
The substrate referred to herein may be processed, be-
fore or after exposure, in for example a track (a tool that
typically applies a layer of resist to a substrate and de-
velops 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 lay-
ers.
[0058] Although specific reference may have been
made above to the use of embodiments of the invention
in the context of optical lithography, it will be appreciated
that the invention may be used in other applications, for
example imprint lithography, and where the context al-
lows, is not limited to optical lithography. In imprint lithog-
raphy a topography in a patterning device defines the
pattern created on a substrate. The topography of the
patterning device may be pressed into a layer of resist
supplied to the substrate whereupon the resist is cured
by applying electromagnetic radiation, heat, pressure or
a combination thereof. The patterning device is moved
out of the resist leaving a pattern in it after the resist is
cured.
[0059] The terms "radiation" and "beam" used herein
encompass all types of electromagnetic radiation, includ-
ing ultraviolet (UV) radiation (e.g., having a wavelength
of or about 365, 248, 193, 157 or 126 nm) and extreme
ultra-violet (EUV) radiation (e.g., having a wavelength in
the range of 5-20 nm), as well as particle beams, such
as ion beams or electron beams.
[0060] The term "lens," where the context allows, may
refer to any one or combination of various types of optical
components, including refractive, reflective, magnetic,
electromagnetic and electrostatic optical components.
[0061] While specific embodiments of the invention
have been described above, it will be appreciated that
the invention may be practiced otherwise than as de-
scribed. 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., semi-
conductor memory, magnetic or optical disk) having such
a computer program stored therein.
[0062] The descriptions above are intended to be illus-
trative, not limiting. Thus, it will be apparent to one skilled
in the art that modifications may be made to the invention
as described without departing from the scope of the
claims set out below

Claims

1. A lithographic apparatus comprising:

- a substrate table (WT) constructed to hold a
substrate (W);
- a substrate table position measurement sys-
tem (IF1, IF2, WTPM) to measure a position
quantity of the substrate table;
- a projection system (PS) configured to project
a patterned radiation beam onto a target portion
of the substrate (W);
- a fluid supply system (LS) to supply an immer-
sion fluid in a space between a downstream lens
(DL) of the projection system (PS) and the sub-
strate (W);
- a fluid supply system position measurement
system (LSP) to measure a position quantity of
the fluid supply system (LS),
- a damage control system (DCON) to prevent
a collision between the fluid supply system (LS)
and the substrate table (WT) holding the sub-
strate (W), the damage control system (DCON)
comprising a calculator (CALC) to calculate a
dimensional quantity of a gap between the fluid
supply system (LS) and the substrate table (WT)
holding the substrate (W) from the position
quantity of the substrate table and the position
quantity of the fluid supply system, the damage
control system (DCON) to generate a warning
signal (WSIG) when the dimensional quantity
goes beyond a predetermined safety level; and
- characterized in that the damage control sys-
tem (DCON) comprises a calibration mecha-
nism to calibrate the dimension of the gap, the
calibration mechanism to calibrate a distance
between the substrate table (WT) and the fluid
supply system (LS) when the fluid supply system
(LS) contacts a part of the substrate table (WT).

2. The lithographic apparatus according to claim 1,
wherein the position quantity of the fluid supply sys-
tem (LS) comprises a rotational position of the fluid
supply system (LS) with respect to a focus plane of
the projection system (PS) and a position of the fluid
supply system (LS) along an axis substantially per-
pendicular to the focus plane of the projection system
(PS).

17 18 



EP 1 739 489 B1

11

5

10

15

20

25

30

35

40

45

50

55

3. The lithographic apparatus according to claim 2,
wherein the dimensional quantity of the gap com-
prises a local minimum distance between the sub-
strate table (WT) holding the substrate (W) and the
fluid supply system (LS), the calculator (CALC) being
constructed to determine the local minimum distance
from
the rotational positions of the fluid supply system
(LS) and of the substrate table (WT) holding the sub-
strate (W) respectively, said rotational positions be-
ing rotational positions with respect to a focus plane
of the projection system (PS)
and from the positions of the fluid supply system (LS)
and of the substrate table (WT) holding the substrate
(W) respectively, said positions being positions
along an axis substantially perpendicular to the focus
plane of the projection system (PS).

4. The lithographic apparatus according to claim 1,
wherein the position quantity of the substrate table
(WT) comprises a position of the substrate table
(WT) and a height map (HMAP) of the substrate (W)
held by the substrate table (WT), wherein the dimen-
sional quantity of the gap comprises a distance be-
tween the substrate table (WT) holding the substrate
(W) and the fluid supply system (LS), the calculator
(CALC) to calculate the distance from the position
of the substrate table, the height map (HMAP) of the
substrate (W) and the position of the fluid supply sys-
tem (LS).

5. The lithographic apparatus according to claim 1,
wherein the dimensional quantity of the gap com-
prises a speed of change of a distance between the
fluid supply system (LS) and the substrate table (WT)
holding the substrate (W).

6. The lithographic apparatus according to claim 1,
wherein the position quantity of the fluid supply sys-
tem (LS) comprises a rotational speed of the fluid
supply system (LS) with respect to a focus plane of
the projection system (PS) and a speed of the fluid
supply system (LS) along an axis substantially per-
pendicular to the focus plane of the projection system
(PS).

7. The lithographic apparatus according to claim 6,
wherein the dimensional quantity of the gap com-
prises a speed of change of a local minimum distance
between the substrate table (WT) holding the sub-
strate (W) and the fluid supply system (LS), the cal-
culator (CALC) being constructed to determine the
speed of change of the local minimum distance from
the rotational speeds of the fluid supply system (LS)
and of the substrate table (WT) holding the substrate
(W) respectively, said rotational speeds being rota-
tional speeds with respect to a focus plane of the
projection system (PS)

and from the speeds of the fluid supply system (LS)
and of the substrate table (WT) holding the substrate
(W) respectively, said speeds being speeds along
an axis substantially perpendicular to the focus plane
of the projection system (PS).

8. The lithographic apparatus according to claim 1,
wherein the position quantity of the substrate table
(WT) comprises a speed of the substrate table (WT)
and a height map (HMAP) of the substrate (W) held
by the substrate table (WT), wherein the dimensional
quantity of the gap comprises a speed of change of
the distance between the substrate table (WT) hold-
ing the substrate (W) and the fluid supply system
(LS), the calculator (CALC) to calculate the speed
of change from the position of the substrate table
(WT), the height map (HMAP) of the substrate (W)
and the position of the fluid supply system (LS).

9. The lithographic apparatus according to claim 1,
wherein the part of the substrate table (WT) com-
prises a closing disk (CLD) located in a suitable re-
cess of the substrate table (WT).

10. The lithographic apparatus according to claim 1,
wherein the damage control system (DCON) is con-
structed to, upon generation of the warning signal
(WSIG), cut-off electrical power of an actuator (ACT)
to position the fluid supply system (LS).

11. The lithographic apparatus according to claim 10,
wherein the fluid supply system (LS) positioning sys-
tem comprises a gravity compensator to provide a
compensation force to compensate for a gravity
force acting on the fluid supply system (LS), the com-
pensation force being over dimensioned to provide
a resultant upward force on the fluid supply system
(LS) pushing the fluid supply system (LS) away from
the substrate table (WT).

12. The lithographic apparatus according to claim 10,
wherein the fluid supply system (LS) comprises a
gas knife to substantially seal the gap between the
fluid supply system (LS) and the substrate table (WT)
holding the substrate (W), a gas stream of the gas
knife to provide a force on the fluid supply system
(LS) pushing the fluid supply system (LS) away from
the substrate table (WT).

Patentansprüche

1. Ein lithographisches Gerät, das Folgendes beinhal-
tet:

- einen Substrattisch (WT), der konstruiert ist,
um ein Substrat (W) zu halten;
- ein Positionsmesssystem (IF1, IF2, WTPM) für
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den Substrattisch, um eine Positionsgröße des
Substrattisches zu messen;
- ein Projektionssystem (PS), das konfiguriert
ist, um einen gemusterten Strahlungsstrahl auf
einen Zielabschnitt des Substrats (W) zu proji-
zieren;
- ein Fluidzufuhrsystem (LS), um in einem Raum
zwischen einer nachgeordneten Linse (DL) des
Projektionssystems (PS) und dem Substrat (W)
ein Immersionsfluid zuzuführen;
- ein Positionsmesssystem (LSP) für das Fluid-
zufuhrsystem, um eine Positionsgröße des
Fluidzufuhrsystems (LS) zu messen;
- ein Schadenskontrollsystem (DCON), um eine
Kollision zwischen dem Fluidzufuhrsystem (LS)
und dem das Substrat (W) haltenden Substrat-
tisch (WT) zu verhindern, wobei das Schadens-
kontrollsystem (DCON) einen Rechner (CALC)
beinhaltet, um aus der Positionsgröße des Sub-
strattisches und der Positionsgröße des Fluid-
zufuhrsystems eine Dimensionsgröße einer
Lücke zwischen dem Fluidzufuhrsystem (LS)
und dem das Substrat (W) haltenden Substrat-
tisch (WT) zu berechnen, wobei das Schadens-
kontrollsystem (DCON) ein Warnsignal (WSIG)
erzeugen soll, wenn die Dimensionsgröße ein
vorbestimmtes Sicherheitsniveau überschrei-
tet; und
- dadurch gekennzeichnet, dass das Scha-
denskontrollsystem (DCON) einen Kalibrie-
rungsmechanismus beinhaltet, um die Dimen-
sion der Lücke zu kalibrieren, wobei der Kali-
brierungsmechanismus eine Entfernung zwi-
schen dem Substrattisch (WT) und dem Fluid-
zufuhrsystem (LS) kalibrieren soll, wenn das
Fluidzufuhrsystem (LS) mit einem Teil des Sub-
strattisches (WT) in Kontakt kommt.

2. Lithographisches Gerät gemäß Anspruch 1, wobei
die Positionsgröße des Fluidzufuhrsystems (LS) ei-
ne Drehposition des Fluidzufuhrsystems (LS) in Be-
zug auf eine Brennebene des Projektionssystems
(PS) und eine Position des Fluidzufuhrsystems (LS)
entlang einer Achse, die im Wesentlichen zu der
Brennebene des Projektionssystems (PS) senk-
recht ist, beinhaltet.

3. Lithographisches Gerät gemäß Anspruch 2, wobei
die Dimensionsgröße der Lücke eine örtliche Mini-
malentfernung zwischen dem das Substrat (W) hal-
tenden Substrattisch (WT) und dem Fluidzufuhrsy-
stem (LS) beinhaltet, wobei der Rechner (CALC)
konstruiert ist, um die örtliche Minimalentfernung
aus Folgendem zu berechnen:

den Drehpositionen des Fluidzufuhrsystems
(LS) bzw. des das Substrat (W) haltenden Sub-
strattisches (WT), wobei die Drehpositionen

Drehpositionen in Bezug auf eine Brennebene
des Projektionssystems (PS) sind,
und aus den Positionen des Fluidzufuhrsystems
(LS) bzw. des das Substrat (W) haltenden Sub-
strattisches (WT), wobei die Positionen Positio-
nen entlang einer Achse sind, die im Wesentli-
chen zu der Brennebene des Projektionssy-
stems (PS) senkrecht ist.

4. Lithographisches Gerät gemäß Anspruch 1, wobei
die Positionsgröße des Substrattisches (WT) eine
Position des Substrattisches (WT) und eine Höhen-
karte (HMAP) des von dem Substrattisch (WT) ge-
haltenen Substrats (W) beinhaltet, wobei die Dimen-
sionsgröße der Lücke eine Entfernung zwischen
dem das Substrat (W) haltenden Substrattisch (WT)
und dem Fluidzufuhrsystem (LS) beinhaltet, wobei
der Rechner (CALC) die Entfernung aus der Position
des Substrattisches, der Höhenkarte (HMAP) des
Substrats (W) und der Position des Fluidzufuhrsy-
stems (LS) berechnen soll.

5. Lithographisches Gerät gemäß Anspruch 1, wobei
die Dimensionsgröße der Lücke eine Geschwindig-
keit der Änderung einer Entfernung zwischen dem
Fluidzufuhrsystem (LS) und dem das Substrat (W)
haltenden Substrattisch (WT) beinhaltet.

6. Lithographisches Gerät gemäß Anspruch 1, wobei
die Positionsgröße des Fluidzufuhrsystems (LS) ei-
ne Drehgeschwindigkeit des Fluidzufuhrsystems
(LS) in Bezug auf eine Brennebene des Projektions-
systems (PS) und eine Geschwindigkeit des Fluid-
zufuhrsystems (LS) entlang einer Achse, die im We-
sentlichen zu der Brennebene des Projektionssy-
stems (PS) senkrecht ist, beinhaltet.

7. Lithographisches Gerät gemäß Anspruch 6, wobei
die Dimensionsgröße der Lücke eine Geschwindig-
keit der Änderung einer örtlichen Minimalentfernung
zwischen dem das Substrat (W) haltenden Substrat-
tisch (WT) und dem Fluidzufuhrsystem (LS) beinhal-
tet, wobei der Rechner (CALC) konstruiert ist, um
die Geschwindigkeit der Änderung der örtlichen Mi-
nimalentfernung aus Folgendem zu berechnen:

den Drehgeschwindigkeiten des Fluidzufuhrsy-
stems (LS) bzw. des das Substrat (W) haltenden
Substrattisches (WT), wobei die Drehgeschwin-
digkeiten Drehgeschwindigkeiten in Bezug auf
eine Brennebene des Projektionssystems (PS)
sind,
und aus den Geschwindigkeiten des Fluidzu-
fuhrsystems (LS) bzw. des das Substrat (W) hal-
tenden Substrattisches (WT), wobei die Ge-
schwindigkeiten Geschwindigkeiten entlang ei-
ner Achse sind, die im Wesentlichen zu der
Brennebene des Projektionssystems (PS)
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senkrecht ist.

8. Lithographisches Gerät gemäß Anspruch 1, wobei
die Positionsgröße des Substrattisches (WT) eine
Geschwindigkeit des Substrattisches (WT) und eine
Höhenkarte (HMAP) des von dem Substrattisch
(WT) gehaltenen Substrats (W) beinhaltet, wobei die
Dimensionsgröße der Lücke eine Geschwindigkeit
der Änderung der Entfernung zwischen dem das
Substrat (W) haltenden Substrattisch (WT) und dem
Fluidzufuhrsystem (LS) beinhaltet, wobei der Rech-
ner (CALC) die Geschwindigkeit der Änderung aus
der Position des Substrattisches (WT), der Höhen-
karte (HMAP) des Substrats (W) und der Position
des Fluidzufuhrsystems (LS) berechnen soll.

9. Lithographisches Gerät gemäß Anspruch 1, wobei
der Teil des Substrattisches (WT) eine Schließschei-
be (CLD) beinhaltet, die in einer geeigneten Ausspa-
rung des Substrattisches (WT) befindlich ist.

10. Lithographisches Gerät gemäß Anspruch 1, wobei
das Schadenskontrollsystem (DCON) konstruiert
ist, um bei Erzeugung des Warnsignals (WSIG) elek-
trischen Strom zu einem Aktor (ACT) zum Positio-
nieren des Fluidzufuhrsystems (LS) abzuschalten.

11. Lithographisches Gerät gemäß Anspruch 10, wobei
das Positionierungssystem für das Fluidzufuhrsy-
stem (LS) einen Schwerkraftkompensator beinhal-
tet, um eine Kompensationskraft zum Kompensieren
einer auf das Fluidzufuhrsystem (LS) wirkenden
Schwerkraft bereitzustellen, wobei die Kompensati-
onskraft überdimensioniert ist, um eine resultierende
Aufwärtskraft auf das Fluidzufuhrsystem (LS) bereit-
zustellen, die das Fluidzufuhrsystem (LS) von dem
Substrattisch (WT) weg drückt.

12. Lithographisches Gerät gemäß Anspruch 10, wobei
das Fluidzufuhrsystem (LS) ein Gasmesser beinhal-
tet, um die Lücke zwischen dem Fluidzufuhrsystem
(LS) und dem das Substrat (W) haltenden Substrat-
tisch (WT) im Wesentlichen abzudichten, wobei eine
Gasströmung des Gasmessers eine Kraft auf das
Fluidzufuhrsystem (LS) bereitstellen soll, die das
Fluidzufuhrsystem (LS) von dem Substrattisch (WT)
weg drückt.

Revendications

1. Un appareil lithographique comprenant :

- une table porte-substrat (WT) construite pour
porter un substrat (W) ;
- un système de mesure de position de table
porte-substrat (IF1, IF2, WTPM) pour mesurer
une grandeur de position de la table porte-

substrat ;
- un système de projection (PS) configuré pour
projeter un faisceau de rayonnement à motif sur
une portion cible du substrat (W) ;
- un système d’alimentation en fluide (LS) pour
alimenter en fluide d’immersion un espace entre
une lentille aval (DL) du système de projection
(PS) et le substrat (W) ;
- un système de mesure de position de système
d’alimentation en fluide (LSP) pour mesurer une
grandeur de position du système d’alimentation
en fluide (LS),
- un système de contrôle d’endommagement
(DCON) pour empêcher une collision entre le
système d’alimentation en fluide (LS) et la table
porte-substrat (WT) portant le substrat (W), le
système de contrôle d’endommagement
(DCON) comprenant un calculateur (CALC)
pour calculer une grandeur dimensionnelle d’un
intervalle entre le système d’alimentation en flui-
de (LS) et la table porte-substrat (WT) portant
le substrat (W) d’après la grandeur de position
de la table porte-substrat et la grandeur de po-
sition du système d’alimentation en fluide, le
système de contrôle d’endommagement
(DCON) devant générer un signal d’avertisse-
ment (WSIG) lorsque la grandeur dimensionnel-
le dépasse un niveau de sécurité prédéterminé ;
et
- caractérisé en ce que le système de contrôle
d’endommagement (DCON) comprend un mé-
canisme de calibrage pour calibrer la dimension
de l’intervalle, le mécanisme de calibrage de-
vant calibrer une distance entre la table porte-
substrat (WT) et le système d’alimentation en
fluide (LS) lorsque le système d’alimentation en
fluide (LS) entre en contact avec une partie de
la table porte-substrat (WT).

2. L’appareil lithographique selon la revendication 1,
dans lequel la grandeur de position du système d’ali-
mentation en fluide (LS) comprend une position de
rotation du système d’alimentation en fluide (LS) par
rapport à un plan focal du système de projection (PS)
et une position du système d’alimentation en fluide
(LS) le long d’un axe substantiellement perpendicu-
laire au plan focal du système de projection (PS).

3. L’appareil lithographique selon la revendication 2,
dans lequel la grandeur dimensionnelle de l’interval-
le comprend une distance minimum locale entre la
table porte-substrat (WT) portant le substrat (W) et
le système d’alimentation en fluide (LS), le calcula-
teur (CALC) étant construit pour déterminer la dis-
tance minimum locale d’après
les positions de rotation du système d’alimentation
en fluide (LS) et de la table porte-substrat (WT) por-
tant le substrat (W) respectivement, lesdites posi-
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tions de rotation étant des positions de rotation par
rapport à un plan focal du système de projection (PS)
et d’après les positions du système d’alimentation
en fluide (LS) et de la table porte-substrat (WT) por-
tant le substrat (W) respectivement, lesdites posi-
tions étant des positions le long d’un axe substan-
tiellement perpendiculaire au plan focal du système
de projection (PS).

4. L’appareil lithographique selon la revendication 1,
dans lequel la grandeur de position de la table porte-
substrat (WT) comprend une position de la table por-
te-substrat (WT) et une carte de hauteurs (HMAP)
du substrat (W) porté par la table porte-substrat
(WT), dans lequel la grandeur dimensionnelle de l’in-
tervalle comprend une distance entre la table porte-
substrat (WT) portant le substrat (W) et le système
d’alimentation en fluide (LS), le calculateur (CALC)
devant calculer la distance d’après la position de la
table porte-substrat, la carte de hauteurs (HMAP) du
substrat (W) et la position du système d’alimentation
en fluide (LS).

5. L’appareil lithographique selon la revendication 1,
dans lequel la grandeur dimensionnelle de l’interval-
le comprend une vitesse de changement d’une dis-
tance entre le système d’alimentation en fluide (LS)
et la table porte-substrat (WT) portant le substrat
(W).

6. L’appareil lithographique selon la revendication 1,
dans lequel la grandeur de position du système d’ali-
mentation en fluide (LS) comprend une vitesse de
rotation du système d’alimentation en fluide (LS) par
rapport à un plan focal du système de projection (PS)
et une vitesse du système d’alimentation en fluide
(LS) le long d’un axe substantiellement perpendicu-
laire au plan focal du système de projection (PS).

7. L’appareil lithographique selon la revendication 6,
dans lequel la grandeur dimensionnelle de l’interval-
le comprend une vitesse de changement d’une dis-
tance minimum locale entre la table porte-substrat
(WT) portant le substrat (W) et le système d’alimen-
tation en fluide (LS), le calculateur (CALC) étant
construit pour déterminer la vitesse de changement
de la distance minimum locale d’après
les vitesses de rotation du système d’alimentation
en fluide (LS) et de la table porte-substrat (WT) por-
tant le substrat (W) respectivement, lesdites vitesses
de rotation étant des vitesses de rotation par rapport
à un plan focal du système de projection (PS)
et d’après les vitesses du système d’alimentation en
fluide (LS) et de la table porte-substrat (WT) portant
le substrat (W) respectivement, lesdites vitesses
étant des vitesses le long d’un axe substantiellement
perpendiculaire au plan focal du système de projec-
tion (PS).

8. L’appareil lithographique selon la revendication 1,
dans lequel la grandeur de position de la table porte-
substrat (WT) comprend une vitesse de la table por-
te-substrat (WT) et une carte de hauteurs (HMAP)
du substrat (W) porté par la table porte-substrat
(WT), dans lequel la grandeur dimensionnelle de l’in-
tervalle comprend une vitesse de changement de la
distance entre la table porte-substrat (WT) portant
le substrat (W) et le système d’alimentation en fluide
(LS), le calculateur (CALC) devant calculer la vitesse
de changement d’après la position de la table porte-
substrat (WT), la carte de hauteurs (HMAP) du subs-
trat (W) et la position du système d’alimentation en
fluide (LS).

9. L’appareil lithographique selon la revendication 1,
dans lequel la partie de la table porte-substrat (WT)
comprend un disque de fermeture (CLD) situé dans
un renfoncement adéquat de la table porte-substrat
(WT).

10. L’appareil lithographique selon la revendication 1,
dans lequel le système de contrôle d’endommage-
ment (DCON) est construit pour couper, dès la gé-
nération du signal d’avertissement (WSIG), l’alimen-
tation électrique d’un actionneur (ACT) devant posi-
tionner le système d’alimentation en fluide (LS).

11. L’appareil lithographique selon la revendication 10,
dans lequel le système de positionnement du systè-
me d’alimentation en fluide (LS) comprend un com-
pensateur de gravité devant fournir une force de
compensation pour compenser une force de gravité
agissant sur le système d’alimentation en fluide (LS),
la force de compensation étant surdimensionnée
pour fournir une force ascendante résultante sur le
système d’alimentation en fluide (LS) éloignant en
le poussant le système d’alimentation en fluide (LS)
de la table porte-substrat (WT).

12. L’appareil lithographique selon la revendication 10,
dans lequel le système d’alimentation en fluide (LS)
comprend une lame de gaz pour assurer substan-
tiellement l’étanchéité de l’intervalle entre le système
d’alimentation en fluide (LS) et la table porte-substrat
(WT) portant le substrat (W), un flux de gaz de la
lame de gaz devant fournir une force sur le système
d’alimentation en fluide (LS) éloignant en le poussant
le système d’alimentation en fluide (LS) de la table
porte-substrat (WT).
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