
1  Lithographic Device, Device Manufacturing Method and Device Manufactured
Thereby The invention relates to a lithographic projection apparatus
comprising:   a radiation system for supplying a projection beam of
radiation;  a mask table for holding a mask;  a substrate table for holding
a substrate; 5  a projection system for imaging an irradiated portion of
the mask onto a target portion of  the substrate. An apparatus of this type
can be used, for example, in the manufacture of integrated  circuits (ICs).
In such a case, the mask (reticle) may contain a circuit pattern
corresponding to  10 an individual layer of the IC, and this pattern can
then be imaged onto a target area (die) on a substrate (silicon wafer),
which has been coated with a layer of photosensitive material  (resist). In
general, a single wafer will contain a whole network of adjacent dies,
which are  successively irradiated through the reticle, one at a time. In
one type of lithographic projection  apparatus, each die is irradiated by
exposing the entire reticle pattern onto the die in one go; 15 such an
apparatus is commonly referred to as a waferstepper. In an alternative
apparatus - which is commonly referred to as a step-and-scan apparatus -
each die is irradiated by  progressively scanning the reticle pattern under
the projection beam in a given reference  direction (the "scanning"
direction) while synchronously scanning the wafer table parallel or
anti-parallel to this direction; since the projection system will have a
magnification factor M 20 (generally < 1), the speed v at which the wafer
table is scanned will be a factor M times that at  which the reticle table
is scanned. More information with regard to lithographic devices as  here
described can be gleaned from International Patent Application WO 97/33205.
Up to very recently, apparatus of this type contained a single mask table
and a single  substrate table. However, machines are now becoming available
in which there are at least  25 two independently movable substrate tables;
see, for example, the multi-stage apparatus described in International
Patent Applications WO 98/28665 and WO 98/40791. The basic  operating
principle behind such multi-stage apparatus is that, while a first
substrate table is  underneath the projection system so as to allow
exposure of a first substrate located on that  table, a second substrate
table can run to a loading position, discharge an exposed substrate, 30
pick up a new substrate, perform some initial alignment measurements on the
new substrate, 2  



and then stand by to transfer this new substrate to the exposure position
underneath the  projection system as soon as exposure of the first
substrate is completed, whence the cycle  repeats itself; in this manner,
it is possible to achieve a substantially increased machine 5 throughput,
which in turn improves the cost of ownership of the machine In currently
available lithographic devices, the employed radiation is generally ultra-
violet (UV) light, which can be derived from an excimer laser or mercury
lamp, for example;  many such devices use UV light having a wavelength of
365 nm or 248 nm. However, the  rapidly developing electronics industry
continually demands lithographic devices which can 10 achieve ever-higher
resolutions, and this is forcing the industry toward even shorter-
wavelength radiation, particularly UV light with a wavelength of 193 rim or
157 rim. Beyond  this point there are several possible scenarios, including
the use of in-band extreme UV light  (EUV: wavelength - 50 nm and less,
e.g. 13.4 nm, 13.5nm or 11 nm), X-rays, ion beams or  electron beams. All
of these so-called next-generation radiations undergo absorption in air, so
15 that it becomes necessary to at least partially evacuate the environment
in which they are  employed. This introduces considerable problems. A
general discussion of the use of EUV in lithographic projection apparatus
can be  found, for example, in the article by J.B. Murphy et al. in Applied
Optics 32 (24), pp 6920- 6929 (1993). Similar discussions with regard to
electron-beam lithography can be found in US 20 5,079,112 and US 5,260,151,
as well as in EP-A 98201997.8 (P-0113.000-EP). The European patent
application EP 0 957 402 A2 describes a lithographic apparatus,  whereby a
projection system is separated from a substrate table by an intervening
space. The  intervening space can at least partially be evacuated. The
intervening space contains a hollow  tube, which is continually flushed by
a flow of gas, to reduce cross-contamination between the  25 substrate
table and the projection system. The gas does not substantially absorb EUV
radiation. According to EP 0 957 402 A2, the gas is Ar or Kr. During use,
radiation is directed  through the tube, from the projection system to a
substrate which is held by the substrate table.  An advantage of the use of
argon is that the 'removability or'pumpability of argon is relatively good.
For instance, in typical vacuum pumps used in lithographic apparatus, such
as  30 turbomolecular pumps, the pumping speed for argon (relative
molecular mass 40) is relatively  large compared to the pumping speed for
very light gases, such as hydrogen (relative molecular mass 2), or very
heavy gases like Xenon (relative molecular mass 131).  International
application WO 01/84241 Al describes a lithographic apparatus and  



method, comprising a non-contact seal using a purge gas. Therein, a purged
optical path 35 between an optical source surface and an optical target
surface is provided, as well as relative 3  movement between the optical
source surface and the optical target surface. A purge gas of a  controlled
purity is used. WO 03/087867 describes an EUV source for us with a
lithographic apparatus that  contains a debris controller in the form of a
shield and a buffer gas of He, Ne, Ar, N2 or H2.  5 EP 1 389 747 A2 also
discloses a debris collector in the form of a gas barrier structure with
gas injection members injecting buffer gases of He, Ne, Ar, N2 or H2. US
2003/0190012  describes an arrangement for the suppression of particle
emission in the generation of  radiation based on hot plasma in X-ray
radiation sources, particularly EUV radiation sources.  The generation of
radiation is based on a hot plasma having a vacuum chamber for generating
10 the plasma in that the outlet opening of the vacuum chamber is followed
by means for  generating an electric field, wherein the electric field is
oriented orthogonal to the central  propagation direction of a divergent
beam bundle exiting in a defined solid angle, and means  for generating a
gas sink so that a resulting particle flow is oriented parallel to the
direction of  the electric field. The particle flow is reinforced in the
direction of the gas sink by an 15 oppositely arranged gas supply device.
It is an object of the invention to improve a lithographic projection
apparatus as stated  in the opening paragraph, which apparatus is
compatible for use in a vacuum or semi-vacuum  environment. In particular,
it is an object of the invention that such an apparatus should be 20
compatible with the use of radiation comprising EUV, charged particles or
X-rays. More  specifically, it is an object of the invention that such an
apparatus should not suffer from  significant "down-time" due to decrease
of operational performance caused by degeneration  of the projection
system. A further object of the invention is to provide at least one seal
for  sealing different apparatus zones from each other, this seal helping
to prevent cross 25 contamination between the zones. The basic apparatus to
achieve these objects comprises an apparatus as specified in the  opening
paragraph, including the features of a) the projection system is separated
from the substrate table by an intervening space which  can be at least
partially evacuated and which is delimited at the location of the
projection  30 system by a solid surface from which the employed radiation
is directed toward the  



substrate table; b) the intervening space contains a hollow tube located
between the said solid surface and the  substrate table and situated around
the path of the radiation, the form and size of the tube  being such that
radiation focused by the projection system onto the substrate table does
not  35 intercept a wall of the hollow tube; 3a  c) means are provided for
continually flushing the inside of the hollow tube with a flow of  gas.
This is known as a dynamic gas lock and is described, for example, in US
6,459, 472  5 B I and EP 0 957 402, upon which the precharacterising
portions of the independent claims is  based. Further features that improve
the apparatus are described below. The "solid surface" referred to under
point (a) is, for example, the final mirror in the  projection system from
which the radiation is directed toward the substrate, or a (thin) optical
flat (i.e. optical window) comprised of a vitreous material. The term
vitreous should here be 10 interpreted as encompassing such materials as
silicates, quartz, various transparent oxides and  fluorides (such as
magnesium fluoride, for example) and other refractories. In experiments
leading to the invention, the inventors built a prototype device in which
the radiation system delivered EUV (with a wavelength of approx. 13.4 mn).
A projection  system (comprising various mirrors) was used to focus the
laser radiation onto a substrate  table, onto which a test wafer could be
mounted. A substantially evacuated enclosure, 4  delimited (bounded) at one
end by the exit aperture of the laser and at the other end by the
substrate table, was provided around the projection system, so that the
path of the radiation  from source to substrate was substantially airless,
including therefore the intervening space  between the projection system
and the substrate table. This intervening space was delimited 5 on the side
facing the substrate table by the last mirror in the projection system (the
"solid  surface" referred to hereabove). Such evacuation was necessary
because of the fact that EUV  undergoes significant absorption in air, and
was aimed at avoiding substantial light-loss at  substrate level. In
working with this prototype system, the inventors observed rapid
degeneration of  10 the resolution and definition of fine (submicron-sized)
images projected onto a resist-coated  wafer on the substrate table. Many
different possible sources of this problem were sought and  



investigated before the inventors finally observed that the final optical
surface (minor) in the  projection system had become unacceptably
contaminated. Further analysis demonstrated that  this contamination was
caused by the presence of a spurious coating of organic material, 15 which
was subsequently identified as consisting of debris and bye-products from
the resist  layer on the wafer. Evidently, such material was being
"sputtered" loose from the wafer by the  EUV beam, and the evacuated
intervening space between the wafer and the projection system  allowed the
released material to migrate toward the projection system (and other
vicinal  surfaces) without undergoing substantial scattering or deflection.
Once arrived at the 20 projection system, the material was adsorbed onto
the highly accurate optical surfaces of the  system, causing the said
optical surface degradation. In an effort to combat this problem, the
inventors increased the distance between the  substrate table and the
projection system, but rapid contamination of the final optical surface  of
the projection system was still observed. Subsequent calculations (see
"Resist 25 Contaminants" below) revealed that such an approach was in fact
doomed to be  unsatisfactory, and that a more radical anti-contamination
measure was required. Eventually,  after trying various other approaches,
the inventors arrived at the solution described in steps  (b) and (c)
above. In the inventive solution, the flush of gas prevents resist debris
from  reaching the projection system in the first place. 30 The gas
employed in the flush should be a substance that does not substantially
absorb  the radiation in the projection beam (e.g. EUV), while having a
substantially low diffusion  coefficient for contaminants. Examples of such
gases that have been used in dynamic gas  locks are Ar and Kr. According to
a first aspect of the present invention, there is therefore provided a  35
lithographic apparatus configured to project a pattern from a patterning
device onto a 5 substrate, the lithographic  apparatus comprising at least
one gas purged sealing aperture extending between different zones of  the
apparatus, characterised in that the apparatus comprises at least one gas
supplying system which is 5 configured to supply, to the sealing aperture,
one or more gases from a group consisting of hydrogen,  deuterium, helium,
deuterated hydrogen, krypton and a mixture of argon and hydrogen, and said
sealing aperture extends between a substrate zone for a substrate table
configured for  holding at least one substrate, and an optics zone,
containing projection optics, of the apparatus.  



A dynamic gas lock that uses gases such as Ar is described in US 6,198,792
BI, which 10 describes a hole in a membrane, the membrane separating the
projection system area from the  substrate area, the hole being for
allowing the projected radiation to impinge on the substrate. The  inert
gas flows across the transmission direction of the radiation beam. A
dynamic gas lock which describes a flow going in the same direction as the
projected  radiation, which further has a membrane or window through which
the projected radiation must be  15 transmitted is described in US
6,683,936 B2, US 6,642,996 B2 and EP 0 532 968 Al. The hollow tube of these
latter documents that directs the inert gas may be cone-shaped and is
covered at its top  end by a membrane through which the radiation must
travel before impinging on the substrate. The  membrane prevents the inert
gas from flowing upwards towards the projection system. The problem with
having a membrane to prevent upward flow of the inert gas is that the  20
amount of projected radiation going through the membrane is inevitably
absorbed or deflected. A  typical loss is as much as half of the EW
radiation intensity. A problem with using heavy gases such  as Ar is that a
greater pressure is required to create a desired flow of heavier gases
because of the  greater mass to move. The present invention seeks to
prevent the loss of EUV radiation, while optimizing the  25 benefits of a
dynamic gas lock. The apparatus of the present invention may comprise a
hollow tube having the form of a cone,  which tapers inwards in a direction
extending from the said solid surface towards the substrate table.  Seeing
as the projection system serves to focus an image onto the substrate, the
radiation emerging  from the projection system will taper inwards toward
the final image on the wafer. If the employed 30 hollow tube is of a
conical form that imitates this said tapering, then the tube will have the
minimal  volume necessary to encapsulate the said emergent radiation. This
is advantageous because it  minimizes the flow of gas required to produce
an effective flush, leading to materials savings; in  addition, the gas
load to the system is reduced. The gas may be introduced into the hollow
tube via at least one opening in a wall of the tube.  35 Alternatively, the
gas can, for example, be introduced over a top rim of the tube. In a
particular  version of the former embodiment, the opening is a region that
is porous to the employed gas. The flush of gas in the hollow tube maybe at
least partially. directed towards  the substrate table. The very presence
of gas at all (whether static or dynamic) between the 6  substrate and the
projection system provides a scattering barrier to debris migrating from
the  



substrate. However, if such gas is additionally directed toward the
substrate, then this provides  an additional safeguard against such debris
reaching the projection system. It should be noted  that the flush need not
be directed in its entirety towards the substrate: for example, if the gas
5 is introduced via an opening in the wall of the tube located at some
point (e.g. half way)  between its upper and lower limits (rims), then some
of the gas can flow from the hole  upwards (toward the projection system)
and the rest can flow downwards (toward the  substrate). A dynamic gas lock
may be provided as described above, wherein the gas used is  10 hydrogen,
heavy hydrogen or deuterium, deuterated hydrogen, or another light gas. The
dynamic gas lock may have no member separating the intervening space from
the  space including the hollow tube, and the hollow tube may contain a
region in which flow of  contaminants issuing from the substrate and a flow
of the gas are opposed. The solid surface may be a reflecting surface and
the optic path from this reflecting  15 surface to the target portion of
the substrate held in the substrate table may traverse only fluid;  i.e.
there may be no member separating the intervening space from the space
including the  hollow member. The second embodiment is based on the
inventive notion that a purge gas mixture  comprising at least argon and
hydrogen provides an extra good sealing effect of the sealing  20 aperture,
compared to the use of argon alone. Following from the invention, a
suitably chosen mixture of argon and hydrogen provides a relatively high
figure of merit concerning the  sealing of the aperture, whereas this
mixture is relatively easy to pump from the apparatus,  compared to the use
of pure argon. Besides, by using a mixture of hydrogen and argon,  thermal
conductivity of the sealing gas is increased. Also, ionisation effects that
could 25 emanate from the use of pure argon can be potentially quenched by
the present invention.  When the gas flow into the system is chosen to
achieve a particular level of sealing  performance, a suitably-chosen
mixture of argon and hydrogen can cause lower absorption of  illumination
energy than either argon or hydrogen alone. Similarly, in vacuum
applications where argon may be considered, a mixture of  30 hydrogen and
argon may be advantageously used because of the quenching effect of the
hydrogen. Such applications include gas curtains to reduce contamination,
use of a  background level of an inert gas within a vacuum chamber, and use
of an inert gas for  purging. 



The invention is also based upon the inventive idea that neither the use of
pure argon  35 as a sealing gas, nor the use of pure hydrogen is
advantageous. According to the invention, a 7  suitable mixture of argon
and hydrogen has to be used, which combines the advantages of the  use of
pure hydrogen and argon and diminishes the disadvantages thereof.
Surprisingly, this  mixture provides an improved reduction of
cross-contamination, for instance of moisture and  hydrocarbons, whereas
the mixture can be removed from the apparatus relatively easily and 5
effectively, for instance by one or more turbomolecular pumps, even when
using relatively  high supply rates of the hydrogen and argon. For
instance, as a non-limiting example, for a  typical turbomolecular pump,
the pumping speed for argon is about 2800 litres/s, while the
corresponding pumping speed for hydrogen is only about 1800 litres/s. To a
good approximation, the pumping speed of a 50% / 50% mixture of the two
gases will be halfway  10 between, i.e. about 2300 litres/s. The invention
can be explained by the following inventive notions. Firstly, the
performance of the sealing arrangement depends, amongst others, on the type
of sealing gas  used, and the flow rate of the gas. Also, a sealing gas
species has molecules with a  characteristic mass and collision
cross-section with a contaminating species, which is to be 15 blocked or
removed, for instance, by the sealing gas species. The characteristic mass
and  collision cross-section, as well as said flow rate, determine the
effectiveness of the sealing gas  for suppressing a contaminant flow. This
effectiveness may be quantified for each gas by a  diffusion constant D..
Secondly, following from the present invention, the more gas is used for
sealing said  20 aperture, the more radiation, for instance EUV radiation,
may be absorbed by that gas at a  given pump capacity. For instance,
excessive gas flow may lead to an undesired attenuation of  EUV projection
radiation. Therefore, following from the present invention, a figure of
merit F. of a sealing gas  species may be calculated as F. = 1/(22.5 . a.
Dc). It follows, according to the present 25 invention, that argon has a
relatively low figure of merit concerning the sealing of the  aperture.
Hydrogen has a relatively high figure of merit, at least higher than that
of argon  when a projection beam having a small wavelength, for instance an
EUV beam. However, hydrogen has a relatively low molecular mass. Therefore,
hydrogen is  relatively difficult to remove from the apparatus, compared to
argon, for instance when using  



30 one or more turbomolecular pumps having low compression ratio at low
molecular mass. The low molecular mass of hydrogen, however, does lead to
smaller conductance losses for gas  flow within the apparatus. Thus, a
suitable mixture of hydrogen and argon is used as a sealing fluid, which
mixture provides a better sealing than argon by itself at a given
absorption ratio, which 35 mixture can be removed better than hydrogen by
itself. Until the present invention, no one has come up to the simple  5
idea to use a mixture of argon and hydrogen as a sealing gas mixture.
Preferably, the mixture contains such an amount of argon and that the
mixture contains as much hydrogen as possible, wherein the  possibility of
explosion of the hydrogen is still prevented. According to a further
embodiment of the invention, there is provided a device manufacturing
method comprising projecting a patterned beam of radiation onto a substrate
in a lithographic 10 apparatus, wherein at least two zones of the apparatus
are sealed from each other by at least one gas  purged sealing aperture,
characterised in that the method further comprises purging said sealing
aperture by at least one of hydrogen, helium, deuterated hydrogen,
deuterium krypton or a mixture of  at least argon and hydrogen, and said
sealing aperture extends between a substrate zone for a substrate table for
15 holding at least one substrate, and on optics zone, containing
projection optics, of the apparatus.  According to a further embodiment of
the invention, there is provided a seal for a lithographic apparatus
comprising a gas purged sealing aperture extending between two zones of the
apparatus,  wherein the seal is provided with at least one supplier which
is configured to supply a light gas to the  sealing aperture. 20 A further
embodiment of the invention provides the use of at least one of: hydrogen,
helium,  deuterated hydrogen, deuterium, krypton and a mixture containing
substantially hydrogen and argon  for flushing a sealing aperture of a
lithographic projection apparatus. According to a further embodiment of the
invention, there is provided a computer program  containing one or more
sequences of machine-readable instructions describing a method described
25 above and a data storage medium having such a computer program stored
therein. In a manufacturing process using a lithographic projection
apparatus, a pattern in a mask is  imaged onto a substrate, which is at
least partially covered by a layer of energy-sensitive material  (resist).
Prior to this imaging step, the substrate may undergo various procedures,
such as priming,  resist coating and a soft bake. After exposure, the
substrate may be`subjected to other procedures, 



30 such as a post-exposure bake (PEB), development, a hard bake and
measurementlinspection of the  imaged features. This array of procedures is
used as a basis to pattern an individual layer of a device,  e.g. an IC.
Such a patterned layer may then undergo various processes such as etching,
ion- implantation (doping), metallization, oxidation, chemo-mechanical
polishing, etc., all intended to  finish off an individual layer. If
several layers are required, then the whole procedure, or a variant 35
thereof, will have to be repeated for each new layer. Eventually, an array
of devices will be  present on the substrate (wafer). These devices are
then separated from one another by a  technique such as dicing or sawing,
whence the individual devices can be mounted on a 9  carrier, connected to
pins, etc. Further information regarding such processes can be obtained,
for example, from the book "Microchip Fabrication: A Practical Guide to
Semiconductor  Processing", Third Edition, by Peter van Zant, McGraw Hill
Publishing Co., 1997, ISBN 0- 07-067250-4. 5 Although specific reference
has been made hereabove to the use of the apparatus  according to the
invention in the manufacture of ICs, it should be explicitly understood
that  such an apparatus has many other possible applications. For example,
it may be employed in  the manufacture of integrated optical systems,
guidance and detection patterns for magnetic  domain memories,
liquid-crystal display panels, thin-film magnetic heads, etc. The skilled
10 artisan will appreciate that, in the context of such alternative
applications, any use of the terms  "reticle", "wafer" or "die" in this
text should be considered as being replaced by the more  general terms
"mask", "substrate" and "target area", respectively. Although the
discussion in this text concentrates somewhat on the use of EUV, it  should
be explicitly noted that the invention is also applicable in systems
employing other  15 radiation types. For example, in the case of a
lithographic apparatus employing UV light in combination with a (partially)
evacuated environment - aimed, for example, at reducing  substrate
contamination - the current invention combats the built-up of resist debris
on the  UV projection optics. Similarly, in the case of electron or ion
beam lithography, the present  invention combats the build-up of
substrate-produced contaminants on field-lens electrodes. 20 In all cases,
the present invention also combats the migration of debris from the
substrate to  the mask, radiation source, etc. The invention and its
attendant advantages will be further elucidated with the aid of  exemplary
Embodiments and the accompanying schematic drawings, whereby: 



25 Figure 1 depicts a schematic view of a lithographic projection
apparatus; Figure 2 depicts a cross-sectional view of part of an apparatus
as depicted in Figure 1;  Figure 3 depicts a second schematic view of a
lithographic projection apparatus; and  Figure 4 depicts a cross-sectional
view of a part of an apparatus as depicted in Figure  2. 30 In the figures,
like reference symbols denote corresponding features.  Overview of
Apparatus Figure 1 renders a schematic perspective view of a lithographic
projection apparatus  35 suitable for use with the current invention. The
apparatus comprises: 10   a radiation system SO, IL for supplying a
projection beam PB of radiation (e.g. EUV light with a wavelength in the
range 10-15 nm, or a flux of electrons, ions or X-rays);   a mask table MT,
for holding and positioning a mask MA (e.g. a reticle);  a substrate table
WT, for holding and positioning a substrate W (e.g. a resist-coated silicon
5 wafer);  a projection system PS (e.g. a reflective system (mirror group)
or a field lens) for imaging  an irradiated portion of the mask MA onto a
target portion C (die) of the substrate W.  The radiation system comprises
a source SO (e.g. a synchrotron, undulator or laser, or a charged particle
or X-ray source) which produces a beam of radiation. This beam is  10
passed through the beam shaping system IL, so that the resultant beam PB is
substantially  collimated and uniformly intense throughout its
cross-section. 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 15 illuminator
IL with the aid of a beam delivery system comprising, for example, suitable
directing mirrors and/or a beam expander. In other cases the source may be
an integral part of  the lithographic apparatus, for example when the
source is a mercury lamp. The source SO  and the illuminator IL, together
with the beam delivery system if required, may be referred to  as a
radiation system. 20 The illuminator IL may comprise an adjuster for
adjusting the angular intensity  distribution of the radiation beam.
Generally, at least the outer and/or inner radial extent  (commonly
referred to as a-outer and a-inner, respectively) of the intensity
distribution in a  



pupil plane of the illuminator can be adjusted. In addition, the
illuminator IL may comprise  various other components, such as an
integrator and a condenser. The illuminator may be used 25 to condition the
radiation beam, to have a desired uniformity and intensity distribution in
its  cross-section. The beam PB subsequently intercepts the mask MA which
is held in a mask  holder on a mask table MT. From the mask MA, the beam PB
passes through the projection  system PL, which focuses the beam PB onto a
target area C of the substrate W. 30 With the aid of the second positioner
PW and position sensor 1F2 (e.g. 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 first positioner PM and another position
sensor IN can be used to  accurately position the mask MA with respect to
the path of the radiation beam PB, e.g. after 11  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 positioning), which form part
of the first positioner PM. Similarly,  movement of the substrate table WT
may be realized using a long-stroke module and a short 5 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 fixed. Mask MA and substrate W may be aligned
using mask alignment marks Ml,  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 10 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. The depicted apparatus can be used
in two different modes:  In step mode, the mask table MT is fixed, and an
entire mask image is projected in one go  15 (i.e. a single "flash") onto a
target area C. The substrate table WT is then shifted in the x  and/or y
directions so that a different target area C can be irradiated by the
(stationary)  beam PB;  In scan mode, essentially the same scenario
applies, except that a given target area C is not  exposed in a single
"flash". Instead, the mask table MT is movable in a given direction (the  



20 so-called "scan direction", e.g. the x direction) with a speed v, so
that the projection beam  PB is caused to scan over a mask image;
concurrently, the substrate table WT is simultaneously moved in the same or
opposite direction at a speed V= Mv, in which M is  the magnification of
the projection system PS (e.g. M= 1/4 or 1/5). In this manner, a
relatively large target area C can be exposed, without having to compromise
on resolution. 25 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.  30 The support structure may be
a frame or a table, for example, which may be fixed or movable  as
required. The support structure may ensure that the patterning device is at
a desired  position, for example with respect to the projection system. Any
use of the terms "reticle" or  "mask" herein may be considered synonymous
with the more general term "patterning  device." 12  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 5 the target
portion of the substrate, for example if the pattern includes
phase-shifting features  or so called assist features. Generally, the
pattern imparted to the radiation beam will  correspond to a particular
functional layer in a device being created in the target portion, such  as
an integrated circuit. The patterning device maybe transmissive or
reflective. Examples of patterning  10 devices include masks, programmable
mirror arrays, and programmable LCD panels. Masks  are well known in
lithography, and include mask types such as binary, alternating
phase-shift,  and attenuated phase-shift, as well as various hybrid mask
types. An example of a programmable mirror array employs a matrix
arrangement of small mirrors, each of which can  be individually tilted so
as to reflect an incoming radiation beam in different directions. The  15
tilted mirrors impart a pattern in a radiation beam which is reflected by
the mirror matrix. The term "projection system" used herein should be
broadly interpreted as  



encompassing any type of projection system, including refractive,
reflective, catadioptric,  magnetic, electromagnetic and electrostatic
optical systems, or any combination thereof, as  appropriate for the
exposure radiation being used, or for other factors such as the use of an
20 immersion liquid or the use of a vacuum. Any use of the term "projection
lens" herein maybe  considered as synonymous with the more general term
"projection system". As here depicted, the apparatus is of a reflective
type (e.g. employing a reflective  mask). Alternatively, the apparatus may
be of a transmissive type (e.g. employing a  transmissive mask). 25 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  additional tables may be used in parallel, or preparatory
steps may be carried out on one or  more tables while one or more other
tables are being used for exposure. The lithographic apparatus may also be
of a type wherein at least a portion of the  30 substrate may be covered by
a liquid having a relatively high refractive index, e.g. water, so as  to
fill a space between the projection system and the substrate. An immersion
liquid may also  be applied to other spaces in the lithographic apparatus,
for example, between the mask and  the projection system. Immersion
techniques are well known in the art for increasing the  numerical aperture
of projection systems. The term "immersion" as used herein does not mean 13
that a structure, such as a substrate, must be submerged in liquid, but
rather only means that  liquid is located between the projection system and
the substrate during exposure. If the projection beam PB comprises
radiation such as EUV, charged particles or X- rays, it will generally be
necessary to at least partially evacuate the depicted apparatus, at least
5 along the path of the beam PB from the source SO to the wafer W. Such
evacuation has the disadvantage that it allows the migration of resist
debris from the wafer W over relatively long  distances, and particularly
into the projection system PL, whence such debris can accumulate  on
optical surfaces (e.g. mirrors) and cause serious degradation of their
quality. It is known to provide a window or translucent membrane to
separate the substrate  10 from the optical surfaces of the projection
system in order to prevent debris from  accumulating on those optical
surfaces. However, debris accumulates on the membrane  instead; and the
radiation is attenuated by the same membrane, so the problem is not really
solved in this way. 



This problem can be tackled using the current invention, for example as
described in  15 the embodiments described later. Resist Contaminants
Resist contamination as hereabove described can be divided in two parts:
solvents and  20 exposure products. The solvents are necessary for spinning
the resist onto the wafer, but after  baking for a few hours at
temperatures of the order of 160-175 C, for example, they will  generally
have evaporated. It is not very likely that complete molecules of the
resist will  evaporate during exposure, because the molecular mass is too
high. However, it is possible  that parts of the resist molecules evaporate
after they have been cracked by the beam during  25 exposure. When resist
is illuminated by energetic radiation, the long chains of resist molecules
can interconnect or break depending on the type of resist used: negative or
positive resist. In  the case of breaking, short chains of organic material
will be created, and these may evaporate  from the resist. In a vacuum
system, these particles can travel through the system freely and 30 reach
those optical elements of the projection system which are "visible" from
the illuminated  wafer, even though the distance between resist and optics
can be quite large (e.g. about 0.5  meter). Carbon- and oxide-containing
molecules will adsorb relatively easily onto the mirror  surfaces. The mean
free path of the contamination molecules is:  35 14  k _ (kB T) / (42 p n
d2)  where: kB = Boltzmann constant [1.38 x 10-23 J/K]  5 T = temperature
of gas [e.g. 300 K] p = pressure of background gas inside the camera [Pa]
d = effective diameter of a contamination molecule On average, a debris
molecule can reach a surface at 0.5 m without scattering if the 10
environmental pressure is lower than 3 x 10-4 mbar. This pressure is equal
to, or even higher  than, the pressure in an EUV system, so that we may
assume that the debris molecules will  reach the last projection-system
mirror without obstruction. The contamination molecules are  assumed to be
emitted with a cos(0) angular distribution. Therefore, at least all
molecules that  



are emitted within a solid angle the same as that of the EUV beam will
reach the last mirror.  15 For NA (numeric aperture) = 0.1, this fraction
of the total yield is: 27[ a 1/7[ cos(0) sin(0) d& d4 ~ 1%  0 0 20 where a
is the half opening angle of the EUV beam [NA 0.1 => a - 5.5]. A fraction
of these  molecules reaching the last mirror will be adsorbed. The result
of this adsorption can be a  decrease of the mirror's reflectivity and/or a
degradation of its surface smoothness, which  results in enhanced
scattering of the EUV light. 25 The Total Integrated Scatter (TIS) is of
the order of (4ita/%) , where a is the  RMS surface roughness and k the
wavelength of the incident light. Allowing a TIS due to  surface roughness
of the order of 1 %, we obtain a maximum acceptable RMS surface  roughness
of the order of 0.1 nm. In the assumption that 50 % of this roughness is
due to  contamination adsorption, one obtains: 30 contamination-induced
roughness (RMS) = 0.05 nm = (E Az' / N)1"2 = I (f Az2)  where: Az:
effective thickness of adsorbed contamination 15  E: summation over
particles in illuminated footprint on mirror N: number of monolayer
particles in illuminated footprint on mirror  f: fractional monolayer
coverage 5 In the assumption that the diameter of an adsorbed molecule is
of the order of 0.25 nm (e.g.  0.23 run for CO2) it can be calculated that
the maximum allowed fractional monolayer  coverage is about 5%. In other
words, after deposition of 0.05 monolayer of contamination,  the optics do
not comply with roughness requirements anymore. This implies a permitted
maximum of 1014 adsorbed debris molecules/cm2 inside the EUV footprint of
the beam on the 10 last mirror of a projection system (e.g. a "Jewell-type"
projection system as described in US  5,063,568). In order to calculate the
time it takes before the maximum allowed debris layer is  deposited onto
the exposed mirror, one has to know the flux of debris due to the 13.4 nm  



bombardment. The photodesorption yield of neutrals emitted after
irradiation by EUV with A. 15 = 13.4 nm EUV (92.7 eV) or 11 nm (109 eV) can
be estimated from measurements of the  yield after impact of 4.9 eV photons
(254 mn radiation) or 25 eV electrons [see G. Hiraoka,  IBM Journal of
Research and Development, 1977, pp 121-130]. This is done assuming that
the yield over this small energy range scales purely with excitation energy
and is independent  of the type of excitation [G.D. Kubiak et al., J. Vac.
Sci. Technol. B 10(6), 1992, pp 2593 20 2599]. From the data presented in
Table 1(obtained from the above-mentioned Hiraoka  article) we infer that,
for PMMA resist, of the order of one hydrocarbon molecule  (disregarding
the CO2 production) is released per incident photon of 100 eV. If we assume
a  PMMA sensitivity to 13.4-run radiation of 75 mJ/cm2, we find from the
tabulated data that the  total photodesorption yield per exposure with EUV
radiation is of the order of 5x 1015 25 molecules/cm for PMMA. For AZ.PN
114 resist, this should be two orders of magnitude less.  Dedicated EUV
resists are being developed by several manufacturers. Outgassing to some
degree is expected. If 40% of the area of a 300 mm wafer is exposed, the
produced hydrocarbon amount is  of the order of 1018 molecules/wafer for
PMMA and 1016 molecules/wafer for AZ.PN 114. 30 Above, it has already been
shown that 1 % of these hydrocarbon molecules retraces the optical  path
and coats the last mirror. The footprint on the last mirror is -1 002 cm,
which implies that,  per illuminated wafer using PMMA resist, 1010. debris
molecules/cm2 will hit the exposed  mirror. In other words, assuming all
molecules stick, after exposure of only one wafer the  debris coverage of
the last mirror already exceeds the maximum allowed value. 35 16  Table 1.
Contamination from PMMA resist due to radiation and electron bombardment
Product Quantum efficiency (%) of Yield for 25-eV UV photolysis at 254 am
electron beam exposure  5 and T = 297 K (molec./100 eV] CH3  + CH4 0.8 not
measured  CO 0.7 not measured  CHO not measured not measured  10 CH3O  +
CH3OH 0.9 0.01 CH3CH=CH2 none 0.08  



CO2 0.8 0.18  (CH3)2C=CH2 none 0.08  HCOOCH3 none 0.004 15 (CH3)2CHCO2CH3
none 0.02  (CH3)3CO2CH3 none 0.01  CH3C(=CH2)CO2CH3 not measured 0.22  M"
/M". * not measured 0.79 20 * Monomeric compounds such as methyl
methacrylate, methyl pivalate, and methyl  isobutyrate. Although the above
calculation is only a rough approximation, it is clear that the
demonstrated contamination cannot be tolerated. Therefore it is important
to find methods to  25 increase the lifetime of the optical elements.
Embodiments 1 and 2 Table 2 below relates to the use of a gas flush
according to the invention, and shows  30 calculated pressure distributions
and contamination distributions for various amounts and  positions of gas
introduction. The background pressure is 2.5 Pa. The gas loads are given
per  steradian; therefore, the actual gas load on the system is 2n larger.
Table 2. Suppression of debris due to gas flow in tube.  35 17  Gas load
Introduction height above wafer Suppression factor of debris  [mbar.l/s]
[cm] (fraction debris in buffer gas)  3.17 3 10-8 5 5.34 3 < 10112  6.97 3
< 10-12  3.25 6 104  5.65 6 10-8  6.98 6 10-10  10 The above figures were
obtained using Computer Fluid Dynamics calculations. The lowest  background
pressure in these calculations to ensure reliable results is 2.5 Pa.
However, in an  actual system the pressure may be lower. 



The efficiency and the gas path both increase with increasing height of gas
15 introduction above the wafer, for constant gas pressure at the entrance
position. This is  because, in general, only gas flowing toward the wafer
is sufficiently effective in preventing  debris from entering the (vacuum)
enclosure in which the projection system is located, and  such prevention
occurs over a larger distance when the gas is introduced at a higher
position.  The change of absorption resulting from the change of gas path
is not very significant. The  20 absorption is less than 10% for all but
the highest introduction points. A reasonable result is achieved for 35 Pa
gas pressure at an introduction point which is  about 50 mm above the
wafer, corresponding to 30 mm into the tube, since a final distance
between the wafer and the bottom of the tube of 20 mm is assumed. At that
working point, a  debris suppression efficiency of 1011 is possible
(increasing the average time-lapse between 25 having to clean the optics by
four orders of magnitude, or more) with only 9 % EUV light  absorption.
Generally, for the same absorption of EUV, the stopping efficiency of both
H2 and Ar  are comparable. However, the configuration of the complete
system does not allow sufficient  pressure of heavy gases such as Ar
throughout the system. Lighter gases such as H2, D, HD 30 and He do not
pose such a problem. This is because a larger amount of lighter gas can be
pumped through the same opening in a molecular regime than a heavier gas.
Molecule  velocities are directly proportional to the square root of the
mass of the molecules. In other  words, light gases are easier to pump at
the acceptable pressure level for the system. According to the
above-mentioned state of the art, it would not be obvious to use 35 lighter
elements such as hydrogen or helium because heavier gases are more likely
to firstly 18  flow in the correct direction and secondly intercept the
contamination molecules that are being  issued from the substrate.
Embodiment I  5 Figure 2 shows part of an apparatus as depicted in Figure
1, and demonstrates how the  first embodiment of current invention can be
applied therein. The projection beam PB coming (e.g. reflected) from the
mask MA passes through the  projection system PS before impinging on the
substrate W located on the substrate table WT.  10 In this case, the
projection system PS comprises four reflectors (mirrors) R1, R2, R3, R4,
which 



serve to focus the beam PB according to given specifications. In this
particular instance, the  projection system PS is located in an enclosure
B, which is provided with an entrance aperture  I and an exit aperture 0 to
allow entrance and exit of the beam PB. Although the presence of  the
enclosure B helps to prevent the accumulation of resist debris on the
surfaces of the 15 minors R, - R4, it is still possible for reduced
quantities of such debris to reach these minors,  e.g. via the aperture 0.
There is, however, no membrane or window covering the aperture 0.  Although
a membrane or window might prevent debris from the substrate going up in to
the  enclosure B, a membrane attenuates large amounts of the projected
beam, which would give a  further potential area for error in the
projection beam intensity and also require a greater 20 starting intensity
for the light source supplying the radiation beam. Furthermore, the
membrane or window would accumulate debris itself, reducing its
transparency to the  radiation beam. The projection system PS is separated
from the substrate table WT by an intervening  space L. This space L is
delimited at the location of the projection system PS by the solid 25
reflecting surface S of the "final" minor R4 in the system PS. It is noted
that it is from the  mirror R4 that radiation is finally directed toward
the substrate W. The space L contains a hollow tube T, which is positioned
around the path of the  radiation beam PB on its way from the surface S to
the substrate table WT. This tube T is thus  formed, sized and positioned
so that its walls do not intercept the beam PB. In this particular 30 case,
the tube T is embodied as a continuation of the enclosure B, projecting
outward from the  exit aperture 0. Moreover, as here depicted, the tube T
tapers in the direction of the substrate  table WT. According to the first
embodiment of the invention, the tube T contains a gas which  does not
substantially absorb EUV, e.g. H2, He, Ar or Kr. Preferably, this gas is
flushed 35 . through the tube T in the direction of the substrate W. This
can be achieved, for example, by 19  introducing a downward flow of the gas
into the tube T in proximity to its top rim (E1) or at  some point (E2)
between its top and bottom rims; in the case of introduction at such a
latter  intermediate point (E2), part of the flow may be downward and part
may be upward, for  example. The advantage of using smaller molecules like
H2 is that the gas is more likely to fit 5 through the porous opening
through which the gas is to be introduced into the hollow tube.  The hollow
tube is in fluidic communication with space B. This is in order to allow  



the radiation beam PB to reach the substrate without being attenuated by an
extra window or  membrane at the top end of the hollow tube. This allows
greater accuracy in the final  intensity of the beam PB. However, the inert
gas G may be angled in such a way as to ensure 10 that the inert gas flows
in a direction which is most suitable for eliminating contamination of  the
projection system (e.g. R4) by contaminants from the substrate surface W.
At least a  region of the inert gas flow therefore flows in the opposite
direction to the flow of the  contaminants from the substrate surface, i.e.
downwards towards the substrate surface W. For example, rifling may be used
in the tube, forcing the gas flow downwards and therefore the  15
contaminant flow outwards away from the hollow tube. A further advantage of
using a light molecule rather than Ar, for instance, is  that it reacts
more favorably to being ionized by the EUV radiation (or other radiation
used).  Ar will etch minor surfaces and decrease the mirror lifetime,
whereas He, HD, D and H2 etch  very little if at all because the molecule
size is smaller. 20 Furthermore, an advantage of using H2 or its isotopes
is that it can form  hydrogen radicals or active H2 molecules or other
active species when illuminated by EUV  radiation (for example), which can
counteract hydrocarbon or Sn contamination in situ by  reacting with the
contaminants and carrying them along in the gas flow. 20  Embodiment 2
Figure 3 further schematically shows the apparatus of Figure 1 adapted to
comprise a  gas supply system 10 for supplying a mixture of argon (Ar) and
hydrogen (H) to the apparatus.  5 Also schematically depicted is a pumping
system 20, comprising one or more gas pumps, for removing the gasses at
least partially from the apparatus. The gas supply system 10 is  configured
to supply a mixture of at least argon and hydrogen to a sealing aperture of
the  apparatus, to provide a gas purged sealing aperture. The sealing
aperture is not specifically  shown in Figure 1, for clarity. The sealing
aperture serves for sealing different zones of the  10 apparatus from each
other using said argon and hydrogen mixture. Figure 4 schematically depicts
a further example of an embodiment of the invention,  comprising a gas
purged sealing aperture 2 that extends between two neighbouring zones 1, 3.
In Figure 4, the sealing aperture 2 is a fluid passage that extends between
two substantially  separated zones 1, 3 of the apparatus. The sealing
aperture can also be referred to a dynamic 15 gas lock, a dynamic gas seal,
or the like. Each sealing aperture may have various dimensions,  



orientations and forms. The apparatus may comprise various gas purged
sealing apertures 2, each of which  may extend between various zones of the
apparatus. One or more of the gas purged sealing  apertures may be used,
for instance, for transmitting said projection beam of radiation between 20
parts of the apparatus, such as disclosed in said European patent
application EP 0 957 402 A2.  Also, the gas purged sealing aperture 2 may
be used as part of a vibration isolator sealing  assembly, such as or
similar to the sealing assembly as is described in the United States patent
US 6,333,775, or to the arrangement disclosed by said international
application WO 01/84241  Al. Furthermore, a source zone, including the
above-mentioned radiation source SO, maybe 25 sealed by one or more sealing
apertures according to the invention. For example, the sealing  aperture
can extend between an optics zone, including projection optics, the
projection system  PS, and an illuminator zone, including the illuminator
IL; or the sealing aperture can extend  between a source zone, including
said radiation source SO, and an illuminator zone, including  said
illuminator IL. 30 For example, the sealing aperture 2 may extend between
apparatus regions that are  chosen from the following: an illumination zone
for an illumination system which is configured to condition a  radiation
beam; 21  a patterning device zone for the support which is constructed to
support the patterning device MA, the patterning device MA being capable of
imparting the radiation beam with a  pattern in its cross-section to form a
patterned radiation beam PB; a substrate zone 3 for the substrate table WS
which is constructed to hold a substrate  5 W; a source zone which includes
the radiation source SO; and a projection optics zone 1 for the projection
system PS configured to project the  patterned radiation beam onto a target
portion of the substrate. In Figure 4, for instance, the sealing aperture 2
extends in the interface between an  10 optics zone 1, containing
projection optics, and a substrate zone 3, configured for holding at  least
one substrate W. Alternatively, for example, said sealing aperture extends
between a  patterning device zone, comprising support means for a pattering
device, and the optics zone,  containing projection optics, of the
apparatus. 



The pumping system 20 is particularly designed and configured for removing
the 15 hydrogen and argon from respective areas of the apparatus, to
prevent a certain pressure build  up therein. The pumping system 20 may
comprise, for instance, at least one pump, preferably  at least a
turbomolecular pump which is suitable for evacuating one or more relevant
zones of  the apparatus to relatively low pressures. In the embodiment of
Figure 4, one or more first  vacuum pumps V1 are coupled to the optics zone
1, for removing gasses therefrom. 20 Furthermore, one or more second vacuum
pumps V2 are coupled to the sealing aperture 2, for  removing gasses
therefrom as well. The apparatus further comprises, for instance, one or
more third vacuum pumps V3, for evacuating the substrate zone 3. One or
more of said  vacuum pumps V I, V2, V3 may also be integrated. Besides,
pumping means may be applied  for evacuating other regions of the
apparatus. Each vacuum pump V I, V2, V3 may be 25 coupled at various
positions to a respective zone of the apparatus. According to an aspect of
the invention, said gas mixture comprises 99 % to 1 % argon  and I % to 99
% hydrogen. Good results can be obtained when said mixture comprises 79 %
to 39 % argon and 21 % to 61 % hydrogen. For  example, said mixture can
include 69 % to 49 % argon and 31 % to 51 % hydrogen. Such a  30 gas
sealing mixture provides a surprisingly effective suppression of
cross-contamination which may reach the sealing aperture 2. Besides, this
gas mixture can be removed from the  apparatus relatively well, for
instance using one or more turbomolecular pumps. Also, the  application of
hydrogen in the gas mixture leads to smaller conductance losses of gas flow
within the apparatus, since hydrogen has a relatively low molecular mass.
35 Table 3 compares a number of properties or argon and hydrogen. 22  Gas
EUV absorption coefficient a (mbar.m)-1 Diffusion constant Dc (m /s), at
20C at X=13.5 mn and I mbar  Argon 3.41 0.01216  Hydrogen 0.12 0.04549
Table 3: properties of argon and hydrogen. The diffusion constant was
calculated, following Dayton (see Dayton, B.B., 5 Foundations of Vacuum
Science and Technology, Ed. J. Lafferty, Wiley, 1998). From table 3,  it
follows that argon has a relatively high absorption coefficient, in case
EUV radiation of a  wavelength X of 13.5 nm is used. Hydrogen has a lower
absorption coefficient. Besides, argon  



has a lower diffusion constant than hydrogen. Following from the present
invention, the  above-mentioned figure of merit 1/(22.5 . a . D.) of
hydrogen is higher than the same of 10 argon, in the present example by a
factor 7.4. Argon, on the other hand, can be removed more  easily by vacuum
pumps from the apparatus than hydrogen. Therefore, the present invention
provides the use of said mixture of argon and hydrogen for purging the
sealing aperture 2,  which leads to a good reduction of cross-contamination
between respective zones of the  apparatus, wherein one or more of these
zones may be maintained at relatively low vacuum  15 pressures. As has been
shown in the embodiment of Figure 4, said gas supply system 10 may
comprise for instance at least one argon supplier comprising an argon
reservoir 11, at least one  hydrogen supplier comprising a hydrogen
reservoir 12 and one or more supply channels 13, 15  for interconnecting
said argon and hydrogen reservoir 11, 12 to the sealing aperture 2. The gas
20 supply system may be configured, for instance, to supply a mixture
containing substantially  argon and hydrogen to the sealing aperture. In
the present embodiment, the apparatus further  comprises a gas flow
controller 14, which is arranged between the argon and hydrogen  suppliers
11, 12. The flow controller 14 is configured to mix suitable flows of the
hydrogen  and argon, and to supply the resulting hydrogen/argon mixture via
a channel 15 to the sealing 25 aperture 2. Alternatively, the gas supplying
system may be configured to supply the hydrogen  and argon separately to
said sealing aperture 2, such that a desired hydrogen/argon mixture is
formed in the aperture 2. Said gas suppliers may be configured in various
other ways, as will  be clear to the skilled person. During operation, the
apparatus of Figure 3 and/or 4 may be used in a device 30 manufacturing
method comprising projecting a patterned beam of radiation onto a substrate
23  W, wherein at least two zones 1, 3 are sealed from each other by at
least one gas purged  sealing aperture 2. Then, according to the invention,
said sealing aperture is purged by a  mixture of at least argon and
hydrogen. The mixture preferably contains substantially argon  and hydrogen
only. For example, as follows from the above, said gas mixture can comprise
99 5 throughput% to I throughput% argon and I throughput% to 99throughput%
hydrogen, for  example 79 throughput% to 39 throughput% argon and 21
throughput% to 61 throughput%  hydrogen, particularly 69 throughput% to 49
throughput% argon and 31 throughput% to 51  throughput% hydrogen. 



In a method according to the invention, said sealing aperture may extend at
least 10 between a substrate zone 3, configured for holding at least one
substrate, and an optics zone 1,  containing projection optics, of the
apparatus, for preventing that contamination can reach the  optics zone
from the substrate zone 3. Preferably, during use, the at least one
turbomolecular  pump is pumping at least one of said zones and/or said
sealing aperture to a certain desired or  suitable pressure level. In the
embodiment of Figure 4, said hydrogen and argon are being 15 mixed by the
gas flow controller 14 before being supplied to said sealing aperture 2.
Alternatively, said hydrogen and argon may be supplied separately to said
sealing aperture, to  form a suitable sealing gas mixture in said
aperture.. When the mixture is pumped by one or  more turbomolecular pumps,
undesired high temperatures of the rotors of the pumps can be  prevented
because of the use of a hydrogen/argon mixture, particularly compared to
the 20 known use of pure argon as a sealing gas. This can be explained by
the relatively low thermal  conductivity of argon, compared to a higher
thermal conductivity of the argon/hydrogen  mixture (for reference, the
thermal conductivity of argon is 0.0174 W/mK while that for  hydrogen is
0.175 W/mK). Besides, when pure argon would be used, ionisation effects can
occur which may be damaging to optics of the apparatus. By using said
mixture of argon and 25 hydrogen, such ionisation effects can be avoided,
or at least be reduced. Preferably, the flow rate of the mixture of argon
and hydrogen is in the range of  about 3x102 ro I00x102Pa.litres/min. Said
flow rate is relatively high, for providing  suppressing contamination
flows effectively. On the other hand, said flow rate still provides  for
relatively low vacuum pressures in the apparatus, if desired and depending
on the capacity  30 of any installed vacuum pumping means. Although
specific reference may be made in this text to the use of lithographic
apparatus in the manufacture of ICs, it should be understood that the
lithographic apparatus  described herein may have other applications, such
as the manufacture of integrated optical  systems, guidance and detection
patterns for magnetic domain memories, flat-panel displays, 35
liquid-crystal displays (LCDs), thin-film magnetic heads, etc. The skilled
artisan will. 24  appreciate that, in the context of such alternative
applications, any use of the terms "wafer" or  "die" herein may be
considered as synonymous with the more general terms "substrate" or
"target portion", respectively. The substrate referred to herein may be
processed, before or  after exposure, in for example a track (a tool that
typically applies a layer of resist to a 



5 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 maybe
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. 10 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 rim) and extreme ultra-violet (EUV) radiation
(e.g. having a  wavelength in the range of 5-20 nm, for instance 13.5 rim),
as well as particle beams, such as  ion beams or electron beams. 15 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. While
specific embodiments of the invention have been described above, it will be
appreciated that the invention may be practiced otherwise than as
described. For example, the  20 invention may take the form of a computer
program containing one or more sequences of machine-readable instructions
describing a method as disclosed above, or a data storage  medium (e.g.
semiconductor memory, magnetic or optical disk) having such a computer
program stored therein. The descriptions above are intended to be
illustrative, not limiting. Thus, it will be  25 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. For example,
a gas purification system can be included, which is configured to  perform
a gas purification step on the argon, on the hydrogen and/or on the
argon/hydrogen  mixture. Figure 4 shows schematically a gas purification
system 51, being included 30 downstream of the gas flow controller 14 to
purify the hydrogen/argon mixture. The gas supplier can be configured in
various ways, and can, for example, be  configured to mix a predetermined
gas ratio of hydrogen and argon, and to keep a  predetermined pre-set gas
ratio of hydrogen and argon for a desired time period. Besides, the gas
supplier can include one or more valves 52 (see Figure 4) or  35 similar
flow control means to control gas flows, as will be clear to the skilled
person. 25  



Also, the apparatus can include a suitable control 50, for example a
computer or a  controller, to control gas mixture and gas flows. The
control 50, which can be connected to the gas supply system in various
ways, can be  configured to control the at least one supplier to supply a
mixture of at least argon and 5 hydrogen to the sealing aperture. Such a
control 50 can operate, for example, using an above- mentioned computer
program, when that program has been loaded into the control. Besides, the
sealing aperture can operate at various pressure regimes, for example  a
pressure regime wherein flow is molecular or transitional, or in other
pressure regimes,  depending for example on dimensions of the sealing
aperture. 10 26  Claims 1. A lithographic apparatus configured to project a
pattern from a patterning device (MA)  onto a substrate (W), the
lithographic apparatus comprising at least one gas purged sealing 5
aperture (0;2) extending between different zones of the apparatus,
characterised in that the  apparatus comprises at least one gas supplying
system (FU; 10) which is configured to supply,  to the sealing aperture (0;
2), a mixture of argon and hydrogen, and said sealing aperture (0;2)
extends between a substrate zone for a substrate table (WT)  configured for
holding at least one substrate (W), and an optics zone (PS), containing 10
projection optics (Rl, R2, R3, R4), of the apparatus. 2. A lithographic
apparatus according to claim 1, wherein said mixture comprises 99
throughput% to 1 throughput% argon and 1 throughput% to 99 throughput %
hydrogen.  15 3. A lithographic apparatus according to claim 1, wherein
said mixture comprises 79 throughput% to 39 throughput% argon and 21
throughput% to 61 throughput% hydrogen.  4. A lithographic apparatus
according to any one of claims 1 to 3, wherein a further  sealing aperture
extends: 20 - between a patterning device zone, comprising support means
(MT) for a patterning device  (MA), and an optics zone (PS), including
projection optics (RI, R2, R3, R4), of the apparatus;  or - between an
optics zone (PS), including projection optics (R1, R2, R3, R4), and an
illuminator zone (IL), including an illuminator; or 25 - between a source
zone (SO), including a radiation source, and an illuminator zone (IL),  



including an illuminator. 5. A lithographic apparatus according to any one
of claims 1 to 4, wherein the apparatus  comprises at least one pump (V 1,
V2, V3) for evacuating at least one of said zones and/or at  30 least part
of said sealing aperture (0;2), wherein said at least one pump preferably
comprises  at least a turbomolecular pump. 6. A lithographic apparatus
according to any one of claims 1 to 5, wherein said gas  supply system (FU;
10) comprises at least one hydrogen reservoir (12), at least one argon 27
reservoir (11) and at least one supply channel (15) for interconnecting
said hydrogen and  argon reservoir to the sealing aperture (0;2). 7. A
lithographic apparatus according to any one of claims 1 to 6, wherein said
gas supply  5 system (FU; 10) is configured to supply a mixture containing
argon and hydrogen to the  sealing aperture. 8. A lithographic apparatus
according to any one of claims 1 to 7, comprising at least one  fluid
passage (15) extending between at least two separate zones of the
apparatus. 10 9. A lithographic apparatus according to claim 8, wherein
said gas supplying system  (FU;10) comprises means (14) for mixing hydrogen
and argon before supplying the hydrogen  and argon to said fluid passage
(15). 15 10. A lithographic apparatus according to claim 9, wherein said
gas supplying system  (FU; 10) is arranged to supply the hydrogen and argon
separately to said fluid passage (15).  11. A lithographic apparatus
according to any one of claims 1 to 10, comprising a gas  purification
system for purifying the argon, the hydrogen and/or the argon/hydrogen
mixture.  20 12. A lithographic apparatus according to any one of claims I
to 9 and 11, wherein the gas  supplying system (FU;10) is arranged to mix a
predetermined gas ratio of hydrogen and argon,  and/or to keep a
predetermined pre-set gas ratio of hydrogen and argon for a desired time
period. 25 13.. A lithographic apparatus according to any preceding claim,
wherein the gas supplying  system (FU; 10) includes one or more valves (52)
to control one or more gas flows. 14. A lithographic apparatus according to
any one of claims 1 to 13, comprising a control  



30 (50) for controlling at least one gas supplying system to supply a
mixture of argon and  hydrogen to the sealing aperture (0;2). 15. A seal
for a lithographic apparatus comprising a gas purged sealing aperture (2)
extending between two zones of the apparatus (1;3), wherein the seal is
provided with at least 28  one gas supplying system (10) which is
configured to supply, to the sealing aperture, a  mixture of argon and
hydrogen, and said sealing aperture (0;2) extends between a substrate zone
for a substrate table (WT)  for holding at least one substrate (W), and on
optics zone (PS), containing projection optics 5 (RI, R2, R3, R4), of the
apparatus. 16. A device manufacturing method comprising projecting a
patterned beam of radiation  (PB) onto a substrate (W) in a lithographic
apparatus, wherein at least two zones (1,3) of the  apparatus are sealed
from each other by at least one gas purged sealing aperture (2), 10
characterised in that the method further comprises purging said sealing
aperture by at least one  of hydrogen, deuterated hydrogen, deuterium or a
mixture of at least argon and hydrogen, and  said sealing aperture (0;2)
extends between a substrate zone for a substrate table (WT) for holding at
least one substrate (W), and on optics zone (PS), containing projection
optics  (R I, R2, R3, R4), of the apparatus. 15 17. A device manufacturing
method according to claim 16, wherein gas is a mixture of  argon and
hydrogen and wherein the flow rate of the mixture of at least argon and
hydrogen is  in the range of about 3x102 to 100x102 Pa litre/min. 20 18.
The use of a mixture containing substantially hydrogen and argon for
flushing a  sealing aperture (2) of a lithographic projection apparatus,
wherein said sealing aperture (0;2) extends between a substrate zone for a
substrate table (WT)  for holding at least one substrate (W), and on optics
zone (PS), containing projection optics  (RI, R2, R3, R4), of the
apparatus. 25 19. A computer program containing one or more sequences of
machine-readable  instructions describing a method according to claim 16 or
17. 20. A data storage medium having such a computer program according to
claim 19 stored  30 therein. 



Lithographic Device Device Manufacturing Method and Device Manufactured
Thereby  ABSTRACT:   A lithographic projection apparatus comprising:  a
radiation system for supplying a projection beam of radiation;   a mask
table provided with a mask holder for holding a mask;  a substrate table
provided with a substrate holder for holding a substrate;  a projection
system for imaging an irradiated portion of the mask onto a target portion
of  the substrate, whereby:  a) the projection system is separated from the
substrate table by an intervening space which  can be at least partially
evacuated and which is delimited at the location of the projection  system
by a solid surface from which the employed radiation is directed toward the
substrate table; b) the intervening space contains a hollow tube located
between the solid surface and the  substrate table and situated around the
path of the radiation, the form and size of the tube  being such that
radiation focused by the projection system onto the substrate table does
not  intercept a wall of the hollow tube; c) means are provided for
continually flushing the inside of the hollow tube with a flow of  gas,
wherein the gas is hydrogen, helium, deuterated hydrogen, deuterium or a
mixture of  argon and hydrogen and the flow of the gas is opposed to the
flow of contaminants from  the substrate and/or the hollow tube is in
fluidic communication with the intervening space.   Figure 3 


