
P0410020  Lithographic Apparatus and Device Manufacturing Method The
present invention relates to a lithographic projection apparatus
comprising: - a reticle-stage module comprising a support structure for
supporting a patterning means and a  5 short-stroke module for
fine-postioning said support structure, the patterning means serving to
pattern a projection beam according to a desired pattern; - a substrate
table for holding a substrate; and - a projection system for projecting the
patterned beam onto a target portion of the substrate,  said projection
system having an optical axis. 10 The term "patterning means" as here
employed should be broadly interpreted as re- ferring to means that can be
used to endow an incoming radiation beam with a patterned cross- section,
corresponding to a pattern that is to be created in a target portion of the
substrate; the  term "light valve" can also be used in this context.
Generally, the said pattern will correspond 15 to a particular functional
layer in a device being created in the target portion, such as an inte-
grated circuit or other device (see below). Examples of such patterning
means include: - A mask. The concept of a mask is well known in
lithography, and it includes mask types  such as binary, alternating
phase-shift, and attenuated phase-shift, as well as various hybrid  mask
types. Placement of such a mask in the radiation beam causes selective
transmission (in 20 the case of a transmission mask) or reflection (in the
case of a reflective mask) of the radiation  impinging on the mask,
according to the pattern on the mask. In the case of a mask, said sup- port
structure for holding a patterning means will also be referred to
hereinafter as "mask ta- ble"; the mask table ensures that the mask can be
held at a desired position in the incoming  radiation beam, and it can be
moved relative to the beam if so desired; 25 - A programmable mirror array.
One example of such a device is a matrix-addressable sur- face having a
visco-elastic control layer and a reflective surface. The basic principle
behind  such an apparatus is that (for example) addressed areas of the
reflective surface reflect incident  light as diffracted light, whereas
unaddressed areas reflect incident light as non-diffracted light.  Using an
appropriate filter, the said non-diffracted light can be filtered out of
the reflected 30 beam, leaving only the diffracted light behind; in this
manner, the beam becomes patterned ac- cbrding to the addressing pattern of
the matrix-addressable surface. An alternative embodiment  



of a programmable mirror array employs a matrix arrangement of tiny
mirrors, each of which   P-0410.020 -2 can be individually tilted about an
axis by applying a suitable localised electric field, or by em- ploying
piezoelectric actuation means. Once again, the mirrors are
matrix-addressable, such that  addressed mirrors will reflect an incoming
radiation beam in a different direction to unad dressed mirrors; in this
manner, the reflected beam is patterned according to the addressing  5
pattern of the matrix-addressable mirrors. The required matrix addressing
can be performed using suitable electronic means. In both of the situations
described here above, the patterning  means can comprise one or more
programmable mirror arrays. More information on mirror ar- rays as here
referred to can be gleaned, for example, from United States Patents US
5,296,891  and US 5,523,193, and PCT patent applications WO 98/38597 and WO
98/33096. In the case 10 of a programmable mirror array, the said support
structure may be embodied as a frame or ta- ble, for example, which may be
fixed or movable as required; and - A programmable LCD array. An example of
such a construction is given in United States  Patent US 5,229,872. As
above, the support structure in this case may be embodied as a frame  or
table, for example, which may be fixed or movable as required. 15 For
purposes of simplicity, the rest of this text may, at certain locations,
specifically direct  itself to examples involving a mask and mask table;
however, the general principles discussed  in such instances should be seen
in the broader context of the patterning means as set forth here  above.
Lithographic projection apparatus can be used, for example, in the
manufacture of integrated  20 circuits (ICs). In such a case, the
patterning means may generate a circuit pattern corresponding  to an
individual layer of the IC, and this pattern can be imaged onto a target
portion (e.g. com- prising one or more dies) on a substrate (silicon wafer)
that has been coated with a layer of ra- diation-sensitive material
(resist). In general, a single wafer will contain a whole network of
adjacent target portions that are successively irradiated via the
projection system, one at a time. 25 In current apparatus, employing
patterning by a mask on a mask table, a distinction can be  made between
two different types of machine. In one type of lithographic projection
apparatus,  each target portion is irradiated by exposing the entire mask
pattern onto the target portion in  one go; such an apparatus is commonly
referred to as a wafer stepper or step-and-repeat appa- 



ratus. In an alternative apparatus - commonly referred to as a
step-and-scan apparatus - each 30 target portion is irradiated by
progressively scanning the mask pattern under the projection  beam in a
given reference direction (the "scanning" direction) while synchronously
scanning the  substrate table parallel or anti-parallel to this direction;
since, in general, the projection system P-0410.020 -3 will have a
magnification factor M (generally < 1), the speed V at which the substrate
table is  scanned will be a factor M times that at which the mask table is
scanned. More information  with regard to lithographic devices as here
described can be gleaned, for example, from US 6,046,792. 5 In a
manufacturing process using a lithographic projection apparatus, a pattern
(e.g. in a  mask) is imaged onto a substrate that is at least partially
covered by a layer of radia- tion-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, such as a post-exposure bake (PEB),
development, a hard bake 10 and measurement/inspection 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 thereof, will have to be repeated for
each 15 new layer. Eventually, an array of devices will be present on the
substrate (wafer). These de- vices are then separated from one another by a
technique such as dicing or sawing, whence the  individual devices can be
mounted on a carrier, connected to pins, etc. Further information re-
garding 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  20 Publishing Co., 1997,
ISBN 0-07-067250-4. For the sake of simplicity, the projection system may
hereinafter be referred to as the "lens";  however, this term should be
broadly interpreted as encompassing various types of projection  system,
including refractive optics, reflective optics, and catadioptric systems,
for example. The  radiation system may also include components operating
according to any of these design types 25 for directing, shaping or
controlling the projection beam of radiation, and such components may  also
be referred to below, collectively or singularly, as a "lens". Further, the
lithographic appa- ratus may be of a type having two or more substrate
tables (and/or two or more mask tables). In  



such "multiple stage" devices 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 ex 30 posures. Dual stage
lithographic apparatus are described, for example, in US 5,969,441 and  WO
98/40791. P-0410.020 -4 The mask as introduced in the present text is also
known as a "reticle", which term may be  used hereinafter. Also, the mask
table as described above may be referred to hereinafter as the  "reticle
stage". The position of the reticle stage and the substrate table are
generally measured  with one or more laser interferometers to obtain the
necessary accuracy for positioning of the 5 substrate during exposure and
for mutual alignment of successive patterned layers of a device.  A reticle
can be protected by a soft and/or thin pellicle to prevent damage to the
pattern  plane on the reticle. Such a soft pellicle typically comprises a
thin polymer foil which is sub- stantially parallel to the surface of the
reticle, displaced at some substantially perpendicular  distance to the
reticle's surface. 10 For example, particles on the reticle could
disadvantageously affect the pattern image gener- ated by radiation
impinging on the reticle. By intercepting particles on the pellicle on a
surface  which is not in the focal plane of the projection system, the
quality of the image generated from  the (clean) reticle can be
substantially preserved. It has been observed that short-wavelength
radiation, such as deep ultraviolet radiation (e.g.,  15 126 and 157 nm)
and extreme ultraviolet radiation (EUV) (e.g., 5 - 20 nm) deteriorate the
soft  pellicle so rapidly that the use of a soft pellicle in combination
with (deep) UV (or EUV) radia- tion is not practical at this moment. A
replacement pellicle is being considered for reticles used in (deep) UV/EUV
lithography  applications. This replacement pellicle can withstand the
(deep) UV/EUV radiation and com- 20 prises a thin glass plate which is
transparent for the (deep) UV/EUV radiation. Due to the refracting
properties of a glass plate (based on Snell's law), the radiation beam is
refracted in such a way that an offset of the focal plane of a projection
system for the generated  pattern image occurs, and the location of the
reticle relative to the projection system is changed  accordingly. 25
However, such a change of the reticle location adversely affects the
ability to use reticles  without a pellicle during some procedures. For
example, in wafer fabs for IC production many  lithography tests are
performed (some even on a routinely basis) which require the use of a pel- 



licle-free reticle. A reticle without a pellicle may be used in such
circumstances because the  pattern may be more accurate without a pellicle.
30 The switching between reticles with or without a pellicle requires
cumbersome and time- consuming modification of a lithographic projection
apparatus and a reduction in the opera P-0410.020 -5 tional up-time of the
apparatus. Preferably, an exchange of reticles with and without a pellicle
should be performed within a few minutes (say, less than 10 min). It is an
object of the present invention to reduce the effort for switching between
reticles  with and without a pellicle in a lithographic projection
apparatus. 5 . This and other objects are achieved according to the
invention in a lithographic projection  apparatus as specified in the
opening paragraph, characterised in that said lithographic projec- tion
apparatus further comprises a compensator constructed and arranged to adapt
a position of  a part of said reticle-stage module, said part of the
reticle-stage module comprising at least the  short-stroke module and the
support structure, along said optical axis to compensate a virtual 10 shift
of a pattern plane of said patterning means due to a pellicle of said
patterning means. By providing a compensator as described above, a simple
and relatively quick adaptation of  the lithographic projection apparatus
with respect to the position of the pattern plane can be  achieved. Also,
the application of a compensator reduces the possibility of errors and
mistakes  by operators in case it is necessary to exchange reticles with
and without a pellicle. 15 The distance between the projection system and -
in use - the reticle is changed by a change  of the position of the
short-stroke module. The optical setting of the projection system and its
position relative to the wafer can remain unaltered but can equally well be
used as further pa- rameters for use to compensate for the virtual shift.
With lithographic projection apparatus  suitable for use with deep
ultraviolet radiation, apparatus-internal space traversed by the pro 20
jection beam is generally purged using a purge-gas which is substantially
transmissive for said  radiation (in contrast to, for example, air of the
enviromnent). A further advantage of the pres- ent invention is that the
size of one or more purge-gaps (i.e., the size along a direction perpen-
dicular to a purge-gas flow-direction in a purge-gap and substantially
determining the flow rate  of the purge-gas through the gap) between the
reticle stage and wall-elements ( provided to the 25 short-stroke module
and constructed and arranged for embodying part of a cavity to be purged
adjacent to the reticle) is independent of an adaptation of position along
the optical axis, as pro- vided by the compensator. Control of said size of
said one or more purge-gaps is of importance  



since the flow rate of the purge-gas through the one or more purge-gaps is
directly related to  said size. Narrowing a purge-gap reduces said flow
rate, widening a purge-gap increases said 30 flow rate. In particular at
reduced flow rates there is the problem of diffusion of environmental
gases (such as air) into the cavity which is to be purged. P-0410.020 -6 In
one embodiment, the compensator further comprises a spacer arrangement for
adapting  the position of the pattern plane along the optical axis. In this
embodiment, the spacer arrange- ment is used to compensate for the virtual
change of the pattern plane in dependence on the  presence of a pellicle. 5
In a second embodiment, the compensator comprises an adjusting device for
adjusting the  projection system to adapt a position of its focal plane to
coincide with the relative position of  the pattern plane of the reticle.
In this embodiment lower-order optical aberrations introduced  by a
pellicle or by the combination of the pellicle and the compensation for the
virtual change  of the pattern plane can be reduced and/or balanced to
minimize the impact on quality of the 10 projected pattern. The embodiment
is of particular relevance for use with lithographic projec- tion apparatus
comprising a non-telecentric projection system. In such an apparatus the
pres- ence of a pellicle generally introduces several different lower-order
aberrations simultaneously,  and correction and/or balancing of these
aberrations is possible by adjusting the optical setting  of the projection
system. 15 Additionally, a lithographic projection apparatus may be
provided wherein the adjusting de- vice adjusts the projection system's
focal plane by modifying a position of an optical element of  the
projection system, relative to another optical element of the projection
system. Within the  projection system the optical setting is changed in
order to adapt to a virtual shift of the pattern  plane of the reticle in
dependence on the presence of a pellicle. 20 Moreover, a lithographic
projection apparatus may be provided wherein the adjusting device  adjusts
the projection system's focal plane by inserting an optical element or a
layer of trans- missive material acting as a dummy pellicle in the optical
path to create a correction of the focal  plane of the projection system.
Additionally, a lithographic projection apparatus may be provided wherein
the apparatus 25 comprises a sensor, the sensor being constructed and
arranged to detect a position of the pattern  plane, and the actuator is
constructed and arranged to adjust the position of the pattern plane in
response to the presence or absence of the pellicle. 



Furthermore, a lithographic projection apparatus may be provided wherein
the apparatus  comprises a further sensor, the further sensor being
constructed and arranged to detect a pres- 30 ence or absence of a
pellicle, and the actuator is constructed and arranged to adjust the
position of the pattern plane in response to the presence or absence of the
pellicle as detected by the  further sensor. P-0410.020 -7 According to a
further aspect of the invention there is provided a device manufacturing
method  A device manufacturing method for use with a lithographic
projection apparatus comprising - a reticle-stage module comprising a
support structure for supporting a patterning means and a  short-stroke
module for fine-postioning said support structure, the patterning means
serving to  5 pattern a projection beam according to a desired pattern; - a
substrate table for holding a substrate; and - a projection system for
projecting the patterned beam onto a target portion of the substrate,  said
projection system having an optical axis, the method comprising the steps
of: 10 - providing a substrate that is at least partially covered by a
layer of radiation-sensitive ma- terial; - providing a projection beam of
radiation using a radiation system; - using patterning means to endow the
projection beam with a pattern in its cross-section; and  15 - projecting
the patterned beam of radiation onto a target portion of the layer of
radiation sensitive material using a projection system,  characterised by
further comprising the step of adapting a position of said short-stroke
module along said optical axis to compensate a virtual  shift of a pattern
plane of said patterning means due to a pellicle of said patterning means.
20 Although specific reference may be made in this text to the use of the
apparatus according to  the invention in the manufacture of ICs, it should
be explicitly understood that such an appara- tus 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 person skilled in the art will 25 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 portion", respectively. In the present
document, the terms "radiation" and "beam" are used to encompass all types
of electromagnetic radiation, including ultraviolet (UV) radiation (e.g.
with a wavelength of  30 365, 248, 193, 157 or 126 nm) and extreme
ultra-violet (EUV) radiation (e.g. having a wave- length in the range 5-20
nm). P-0410.020 -8 Embodiments of the invention will now be described, by
way of example only, with refer- ence to the accompanying schematic
drawings in which corresponding reference symbols indi- cate corresponding
parts, and in which: Figure 1 depicts a lithographic projection apparatus
according to an embodiment of the in- 5 vention; Figure 2 shows
schematically a cross-section of a reticle fitted with a pellicle; Figure 3
shows schematically an influence of optical refraction in the pellicle on
light paths  created on the reticle plane; Figure 4 shows a first
embodiment of a lithographic projection apparatus according to the  10
present invention for a reticle without a pellicle; Figure 5 shows a first
embodiment of a lithographic projection apparatus according to the  present
invention for a reticle with a pellicle; Figure 6 shows a second embodiment
of a lithographic projection apparatus according to the  present invention;
and 15 Figure 7 shows a third embodiment of a lithographic projection
apparatus according to the  present invention. Figure 8 shows an embodiment
of a cavity to be purged adjacent to the reticle, with wall- elements
provided to a short-stroke module. Figure 9 shows an embodiment of a cavity
to be purged adjacent to the reticle, with wall- 20 elements provided to a
support frame. Figure 10 illustrates an adjusting device for adjusting a
projection system Figure 1 schematically depicts a lithographic projection
apparatus according to a particular  embodiment of the invention. The
apparatus can comprise: 25 - a radiation system Ex, IL, for supplying a
projection beam PB of radiation (e.g. deep UV  radiation such as for
example generated by an excimer laser operating at a wavelength of 193  nm
or 157 nm, or EUV radiation as generated by a laser-fired plasma source
operating at 13,6  



nm). In this particular case, the radiation system also comprises a
radiation source LA; - a first object table (mask table, reticle stage) MT
provided with a mask holder for holding  30 a mask MA (e.g. a reticle), and
connected to first positioning means PM for accurately posi- tioning the
mask with respect to item PL; first interferometric measuring means IF1 is
provided P-0410.020 -9 for measuring the position of the mask table. The
mask holder is not shown in Figure 1; it can  be embodied, for example, as
means for holding the mask by attraction or vacuum. - a second object table
(substrate table) WT provided with a substrate holder for holding a
substrate W (e.g. a resist-coated silicon wafer), and connected to second
positioning means PW  5 for accurately positioning the substrate with
respect to item PL; and - a projection system ("lens") PL (e.g. a quartz
and/or CaF2 lens system or a catadioptric  system comprising lens elements
made from such materials, or a mirror system) for imaging an  irradiated
portion of the mask MA onto a target portion C (e.g. comprising one or more
dies) of  the substrate W. 10 As here depicted, the apparatus is of a
transmissive type (i.e. has a transmissive mask).  However, in general, it
may also be of a reflective type (with a reflective mask). Alternatively,
the apparatus may employ another kind of patterning means, such as a
programmable mirror  array of a type as referred to above. The source LA
(e.g. a mercury lamp or a UV excimer laser, a laser-fired plasma source, a
15 discharge source, or an undulator or wiggler provided around the path of
an electron beam in a  storage ring or synchrotron) produces a beam of
radiation. This beam is fed into an illumination  system (illuminator) IL,
either directly or after having traversed conditioning means, such as a
beam expander Ex, for example. The illuminator IL may comprise adjusting
means AM for  setting the outer and/or inner radial extent (commonly
referred to as a-outer and a-inner, re 20 spectively) of the intensity
distribution in the beam. In addition, it will generally comprise vari- ous
other components, such as an integrator IN and a condenser CO. In this way,
the beam PB  impinging on the mask MA has a desired uniformity and
intensity distribution in its  cross-section. It should be noted with
regard to figure 1 that the source LA may be within the housing of  25 the
lithographic projection apparatus (as is often the case when the source LA
is a mercury  lamp, for example), but that it may also be remote from the
lithographic projection apparatus,  the radiation beam which it produces
being led into the apparatus (e.g. with the aid of suitable  



directing mirrors); this latter scenario is often the case when the source
LA is an excimer laser.  The current invention and claims encompass both of
these scenarios. 30 'The beam PB subsequently intercepts the mask MA, which
is held on a mask table MT.  Having been selectively transmitted by the
mask MA, the beam PB passes through the projec- tion system PL, which
focuses the beam PB onto a target portion C of the substrate W. With the
P-0410.020 _10 aid of the second positioning means PW (and second
interferometric measuring means 1172), the  substrate table WT can be moved
accurately, e.g. so as to position different target portions C in  the path
of the beam PB. Similarly, the first positioning means PM can be used to
accurately  position the mask MA with respect to the path of the beam PB,
e.g. after mechanical retrieval of 5 the mask MA from a mask library, or
during a scan. In general, movement of the object tables  MT, WT will be
realised with the aid of a long-stroke module (coarse positioning) and a
short- stroke module (fine positioning), which are not explicitly depicted
in figure 1. However, in the  case of a wafer stepper (as opposed to a
step-and-scan apparatus) the mask table MT may just  be connected to a
short stroke actuator, or may be fixed. Mask MA and substrate W may be 10
aligned using mask alignment marks M1, M2 and substrate alignment marks P1,
P2.  The depicted apparatus can be used in two different modes: 1. In step
mode, the mask table MT is kept essentially stationary, and an entire mask
image  is projected in one go (i.e. a single "flash") onto a target portion
C. The substrate table WT is  then shifted in the X and/or Y directions so
that a different target portion C can be irradiated by  15 the beam PB; and
2. In scan mode, essentially the same scenario applies, except that a given
target portion C is  not exposed in a single "flash". Instead, the mask
table MT is movable in a given direction (the  so-called "scan direction",
e.g. the Y-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 20 moved in the same or opposite direction at a speed V = M
v, in which M is the magnification of  the lens PL (typically, M = 1/4 or
1/5). In this manner, a relatively large target portion C can be  exposed,
without having to compromise on resolution. Figure 2 shows schematically a
cross-section of a reticle fitted with a pellicle. The reticle RE comprises
a supporting body B 1, a pattern plane CP, a pellicle frame PF and  25 a
pellicle TP. The pattern plane CP comprises in this case of a patterned
layer located on a por- tion of a surface of the supporting body B 1. The
pellicle frame PF is positioned on the sup- 



porting body B 1 and surrounds the pattern plane, e.g., the patterned layer
CP. The pellicle TP is  located on the pellicle frame PF displaced from the
pattern plane CP for protecting the pattern  plane CP from contamination by
particles, etc. The pellicle TP comprises a material which is 30
transparent for the radiation and resistant to decay by the radiation. Such
a material may be a  glass compound as known to persons skilled in the art.
P-0410.020 - II  Figure 3 shows schematically an influence of optical
refraction in the pellicle on light paths  created on the reticle plane. In
Figure 3 a part of the reticle RE as depicted in Figure 2 is shown. The
refraction by the pellicle TP will be explained for a transmissive reticle
RE. An incom- ing beam of radiation, indicated by arrows Rad, (e.g., in the
(deep) UV range, 157 or 126 nm) is  5 aimed at the pattern plane CP of the
reticle RE. On the pattern plane CP the incoming beam is locally diffracted
(depending on the pattern) into schematically a first outgoing beam BM I
and  a second outgoing beam BM2. The optical path of the incoming beam BM 1
enters the pellicle TP at a first location Q 1.  Upon entry in the pellicle
TP at Q 1, the beam BM 1 refracts and traverses along path BM 1 " to  10
point Q2 where the beam exits the pellicle TP and continues along path
BM1"' towards the projection system PL (not shown here) which is set to
have its focal plane coinciding with the  pattern plane of the reticle,
with the pellicle TP in place. The second outgoing beam BM2 enters the
pellicle TP along path BM2 at point Rl, refracts  in the pellicle material,
traverses the pellicle along path BM2", exits at point R2, and continues
15 along path BM2"' also towards the projection system PL. Due to the
refraction at the pellicle TP (given its refractive index for the
wavelength of the  radiation), a virtual z-offset (z-shift) Z of the image
of pattern plane CP occurs. Apparently, the  beams BM1 and BM2 have
followed (in this figure 3) the virtual paths BM I' and BM2', re-
spectively, which intersect on a virtual pattern plane CPV, located at a
distance Z closer to the 20 location where the pellicle TP is actually
located. Since the focal plane of the projection system  PL is set to
coincide with the pattern plane CP of the reticle, changing from a reticle
with a pel- licle to a reticle without one (or vice versa), necessitates a
change of the z-position of the reticle  relative to the focal plane of the
projection system PL to obtain a focussed pattern image on the  target
portion C of the substrate W. 25 Typically, for a pellicle TP with a
thickness of 800 m, a radiation wavelength of 157 nm, an  index of
refraction of the pellicle material of fused silica and an entry angle of
the radiation  



beam BM 1, BM2 above the critical angle, a shift of about 312 m is required
to restore focus  when exchanging a reticle with a pellicle TP and a
reticle without one. For another combination  of parameters for the
pellicle TP the required shift will change accordingly as will be known by
30 persons skilled in the art. According to an embodiment of the present
invention means for relatively quick adaptation  of the z-position of the
reticle are provided to, for example, allow for exchange of a reticle with
P-0410.020 -12 a pellicle for a reticle without a pellicle and vice versa.
It is noted that the position of the pro- jection system as a whole is not
to be changed for this purpose since this would require a fur- ther major
effort to re-calibrate the lithographic projection apparatus relative to
the projection  plane at the target portion C. 5 Figure 4 shows a first
embodiment of a lithographic projection apparatus according to the  present
invention, for a reticle RE 1 without a pellicle. The lithographic
projection apparatus shown in Figure 4 is of a transmissive type. The illu-
mination system (not shown here) directs radiation in the direction of the
reticle, as indicated by  arrow Rad. 10 The lithographic projection
apparatus comprises a base frame BF, a reticle-stage module  RSMF, the
projection system PL, adjusting means PLAM, and a wafer-stage module WSMF.
The base frame BF supports the wafer-stage module WSMF. The wafer-stage
module WSMF comprises a short-stroke wafer-stage module WSSS and a
long-stroke wafer-stage  module WSLS for positioning a wafer supported on
the wafer stage WT. The short-stroke wa- 15 fer-stage module WSSS is
supported by the long-stroke wafer-stage module WSLS to allow a  combined
fine- and coarse-positioning operation of the wafer stage WT. Also, on the
base frame BF the adjustment means PLAM for isolating the projection system
PL from vibrations are positioned. On top of the adjustment means PLAM, the
projection sys- tem PL is located above the wafer-stage module WSMF for
projecting a pattern image on target  20 portions of the wafer supported on
the wafer stage WT. Further, the reticle-stage module RSMF is supported on
the base-frame BF. The reticle-stage  module RSMF comprises a mount RSM, a
support frame RSF, a long-stroke module RSLS, a  short-stroke module RSSS,
and the reticle stage MT. For clarity, said long-stroke module RSLS  and
said short-stroke module RSSS will also be referred to hereinafter as the
long-stroke reti 25 cle-stage module RSLS and the short-stroke
reticle-stage module RSSS. 



The mount RSM is located on the base frame BF. The support frame RSF is
provided on top  of the mount RSM. Here too, for clarity, said mount RSM
and said suport frame RSF will also  be referred to hereinafter as the
reticle-stage mount RSM and the reticle-stage support frame  RSF. 30 The
short-stroke reticle-stage module RSSS and the long-stroke reticle-stage
module RSLS  are supported on the support frame RSF: the short-stroke
reticle-stage module RSSS is located  within the long-stroke reticle-stage
module RSLS in order to allow a combined fine- and P-0410.020 -13
coarse-positioning operation of the reticle stage MT. The reticle RE1 is
positioned on the reticle  stage MT which is carried by the short-stroke
reticle-stage module RSSS. In Figure 4 a reticle RE 1 without a pellicle TP
is positioned on the reticle stage MT. The  projection system PL is set to
have its focal plane on the pattern plane CP. 5 Figure 5 shows a first
embodiment of a lithographic projection apparatus according to the  present
invention for a reticle RE2 with a pellicle TP (not shown). In Figure 5 a
reticle RE2 with a pellicle TP (not shown) is provided on the reticle stage
MT.  The projection system PL is still set to have its focal plane on the
pattern plane CP. According  to the first embodiment of the present
invention, the virtual z-offset caused by the pellicle TP is 10 compensated
by introducing a spacer arrangement SPC in between the reticle stage MT and
the  reticle RE2. The thin spacer arrangement SPC may be arranged as a
separate insert in which the spacer  arrangement.is positioned at the
periphery of the reticle. Also, the spacer arrangement SPC may  be attached
to the-reticle RE2 in a fixed position. 15 To account for different
pellicles, varying sizes of spacer arrangements may be provided.
Alternatively, the spacer arrangement may be adjustable. The appropriate
spacer arrangement  can be determined by detection, e.g., determining the
pellicle size from reticle bar code infor- mation. Preferably, the spacer
arrangement SPC can be handled in an automated manner by the mask  20
handling system, since the spacer arrangement SPC for the reticle RE2 is
typically required  during operation of the lithographic projection
apparatus during a production phase. The detec- tion of the presence or
absence of a pellicle will be described later in more detail.
Alternatively, it is conceivable to have a spacer arrangement SPC during
testing procedures  (i.e., the projection system PL is set with its focal
plane coinciding with the pattern plane CP of  



25 a reticle RE2 equipped with a pellicle TP). In that case, the spacer
arrangement SPC is arranged in such a way that a reticle RE1 without a
pellicle TP is positioned closer to the projection sys- tem PL. It is noted
that no major modification to the lithographic projection apparatus is
needed in  this case. Possibly, some modification may be needed for
handling the automated transport of  30 reticles RE 1, RE2 to/from a mask
library. In some occasions where exchanging a reticle with a pellicle for a
reticle without one, and vice versa, may occur relatively infrequently, it
is con P-0410.020 - 14  ceivable that the adaptation of the pattern plane
relative to the focal plane of the projection  system PL is done by a
manual mounting/unmounting of the spacer arrangement SPC. Figure 6 shows a
second embodiment of a lithographic projection apparatus according to the
present invention. 5 In Figure 6 a reticle RE2 with a pellicle TP (not
shown) is provided on the reticle stage MT  which is carried by the
short-stroke reticle-stage module RSSS. According to the second embodiment
of the present invention, the z-offset caused by the  pellicle TP is
compensated by adjusting device OS for an adjustment of the optical setting
of  the projection system PL. As described above, the projection system PL
may be an arrangement 10 of a plurality of optical components, shown here
in this example schematically by just three  elements ELi, EL2, EL3. The
adjusting device OS is capable of adjusting the optical setting of  the
projection system by, for example, setting the position of one or more
optical components  ELI, EL2, EL3, relative to each other, along the
optical axis OA of the projection system PL.  By changing the optical
setting the focal plane of the projection system PL can be modified in  15
such a way that the focal plane coincides with the pattern plane CP (see
Figure 3). When a reticle RE2 with a pellicle TP is exchanged for a reticle
RE 1 without a pellicle, and  vice versa, the optical setting of the
projection system PL is changed in such a way that the fo- cal plane of the
projection system PL again coincides with the pattern plane CP of the
reticle  RE1 and vice versa. The present embodiment is of particular use in
the presence of a non 20 telecentric projection system, because
compensation for a pellicle by adapting a position of part  of the
reticle-stage module introduces, in the presence of non-telecentricity,
additional lower  order aberrations that can be corrected preferably as
described above by adjusting the optical  setting of the projection system.
The change of the optical setting occurs after detecting the presence or
absence of a pellicle,  



25 e.g., by a sensor (not shown here). In response to the detection, the
optical setting is modified  by the adjusting device OS. Modifying the
optical setting can be done in any conceivable way  known to persons
skilled in the art, for example by a change from one predetermined configu-
ration of the optical elements ELI, EL2, EL3 for a first optical setting
for a reticle without a  pellicle to another predetermined configuration
for a second optical setting for a reticle with a 30 pellicle. Also a new
optical setting may be obtained by a computation using some optical the-
ory. Furthermore, the configuration of the optical elements ELI, EL2, EL3
may be adapted by  detecting some (optical) marker or a change thereof.
P-0410.020 -15 In a preferred embodiment a shutter TPL, comprising an
optical element acting as a dummy  pellicle, is provided at the top of the
projection system PL to achieve the adjustment of the opti- cal setting. By
inserting or closing the shutter TPL in the optical path a z-offset
correction can  be created for the projection system PL. An advantage of
this embodiment is that the optical 5 pathlength along the optical axis of
the projection system, between the pattern plane and the  substrate is a
constant optical pathlength, independent of the the use of a reticle with
or without  pellicle, respectively a reticle RE2 and RE1. The optical
pathlength comprises in both cases the  pathlength through the pellicle and
the pathlength through the projection system. This allows  for optimal
aberration correction in the nominal design of the projection system, and
hence, for 10 optimal lithographic imaging performance of the apparatus. A
constant optical pathlength as  described here can also be obtained by
disposing in the path traversed by the (in use patterned)  projection beam
downstream of the reticle a pathlength-compensation optical system con-
structed and arranged for adjusting its optical pathlength along the
optical axis of the projection  system by variation of its thickness. For
example, the pathlength-compensation system may 15 comprise a liquid layer
102, between two transmissive elements 100 and 103, as illustrated in
Figure 10, whereby the transmissive elements are movable along the optical
axis 110 with re- spect to each other. When switching from the use of a
reticle RE1 without pellicle TP to the use  of a reticle RE2 with pellicle
TP, the thickness of the pathlength-compensation system is re- duced to
compensate for the presence of said pellicle. And, vice versa, when
switching from the 20 use of a reticle RE2 to the use of a reticle RE1 the
thickness of the pathlength-compensation  system is increased to compensate
for the absence of said pellicle TP. The latter increase of  thickness
required to maintain equal optical pathlength is indicated as T in Figure
10. If npel and  tpei are the refractive index and the thickness of the
pellicle, and nliq is the refractive index of the  



liquid layer 102, than optical pathlength is maintained when 25 T nliq =
tpel npel. The transmissive elements can be embodied as plane parralel
plates to provide a simple and  cost-efficient structure. However, the
shape of the elements is in principle free and can for ex- ample comprise
spherical surfaces and/or aspherical surfaces. The use of a liquid layer of
variable thickness provides additional flexibility with mimicking  30 a
thickness variation of a pellicle or with compensating for different
thicknesses of corre- sponding different pellicles. A dummy (solid)
pellicle does not offer such flexibility. P-0410.020 -16 Another advantage
of a liquid film is that global thickness variations can be compensated by
introducing a liquid film thickness variation. For example, the elements
100 and 103 could be  tilted with respect to each other. Hence, this degree
of freedom can, for example, either be used  to mimick a wedge error of a
pellicle for which compensation is to be provided, or it can be 5 used to,
for example, compensate any residual comatic aberration. It is noted that
the position of the projection system PL as a whole is preferably not
changed  during an adjustment of the optical setting. Figure 7 shows a
third embodiment of a lithographic projection apparatus according to the
present invention. 10 In Figure 7 reticle RE2 with a pellicle TP (not
shown) is provided on the reticle stage MT  carried by the short-stroke
reticle-stage module RSSS. According to the third embodiment, the z-offset
caused by the pellicle TP is compensated by  an adjustment of the position
of the part of the reticle-stage module RSMF comprising the  short-stroke
module RSSS and the reticle stage MT in the direction of the z-offset. The
distance 15 between the projection system and - in use - the reticle is
changed by a change of the position of  the short-stroke module RSSS. The
optical setting of the projection system and its position  relative to the
wafer can remain unaltered but can equally well be used as further
parameters for  use to compensate for the virtual shift. With lithographic
projection apparatus suitable for use  with deep ultraviolet radiation
apparatus-internal space traversed by the projection beam is gen 20 erally
purged using a purge-gas which is substantially transmissive for said
radiation (in con- trast to, for example, the air of the enviromnent). In
Figure 8 an embodiment of wall-elements  88 forming part of cavities 82 and
83 to be purged is shown. The cavities 82 and 83 are adja- cent to the
reticle RE2. The wall-elements 88 are connected to the short-stroke module
RSSS  



using mounting elements 89. The wall-elements 88 are positioned slightly
away from the reticle 25 stage MT to create purge-gaps 840, 850, 860, and
870. Due to an overpressure of the purge gas  in the cavities 83 and 84,
out-bound purge-gas flows in the purge gaps 840, 850, 860, and 870  occur,
with corresponding purge-gas flow-directions 84, 85,86, 87. Here, the size
along a direc- tion perpendicular to a purge-gas flow-direction 84, 85,86,
87, in a corresponding purge-gap  840, 850, 860, and 870 substantially
determines the flow rate of the purge-gas through the cor 30 responding
purge-gap. An advantage of the present invention is that the size of one or
more of  the purge-gaps 840, 850, 860, and 870 between the reticle stage MT
and wall-elements 88 is  independent of an adaptation of position along the
optical axis of the system comprising the P-0410.020 -17 reticle stage MT,
the short-stroke module RSSS, and short-stroke actuators/guides 81, as pro-
vided by the compensator. Control of said size of the purge-gaps is of
importance since the flow  rate of the purge-gas through the one or more
purge-gaps 840, 850, 860, and 870 is directly  related to said size.
Narrowing a purge-gap reduces said flow rate, widening a purge-gap in 5
creases said flow rate. In particular at reduced flow rates there is the
possibility of diffusion of  environmental gases (such as air) into the
cavities 82 and 83 which may, for example, render  the transmission along
the path of the projection beam traversing the cavities 82 and 83 out of
tolerance. In the present embodiment, this possibility is avoided
effectively; the size of the  purge-gaps 840, 850, 860, and 870 is fixed
mechanically, for any reticle and for any compensa- 10 tion of said
z-offset. The reticle-stage module RSMF according to the third embodiment
comprises one or more  actuators AR and sensor Si for measuring a presence
of the pellicle TP of an installed reticle.  The actuators AR are part of
the compensator constructed and arranged to adapt a position of a  part of
the reticle-stage module. 15 In the present embodiment, the actuators AR
can be provided between the mount RSM and  the support frame RSF so that
the reticle-stage support frame RSF can be moved by an action of  the
actuators AR in the direction of the z-offset for compensating a change of
the position of the pattern plane of the reticle relative to the focal
plane of the projection system PL. This em- bodiment is of advantage for
scanning lithographic projection apparatus; an embodiment of the  20
cavities 82 and 83 to be purged for a scanning lithographic projection
apparatus is shown sche matically in Figure 9. Between wall-elements 88
which move during scanning with the short- stroke module and wall-elements
98 which are mechanically connected through mounting ele- 



ments 980 with the support frame RSF there are purge-gaps 940, 950, 960,
and 970. Corre- sponding outbound purge-gas flows 94, 95, 96, and 97 are
illustrated. As described above, 25 control of the size of these purge-gaps
is necessary. In the present embodiment, the size of the  purge-gaps 940,
950, 960, and 970 is fixed mechanically through the mounting elements 980,
the mounting elements 911 connecting the long-stroke module to the
shit-stroke module and  the guides 91 for guiding the scanning motion of
the long-stroke module RSLS, in addition to  the corresponding elements in
Figure 8. By adaptation of the z-position of the whole assembly 30
comprising the support frame RSF, the long-stroke module RSLS, the
short-stroke module  RSSS and the mask table MT, the size of the purge-gaps
940, 950, 960, and 970 is fixed me chanically, for any reticle and for any
compensation of said z-offset. Such an adaptation is pos P-0410.020 - 18
sible without affecting the position of the illumination system IL and the
projection system PL  by employing flexible walls 92 and 93. It is possible
to install the actuators AR at various other positions: e.g., between the
support  frame RSF and long-stroke reticle-stage module RSLS, between the
long-stroke reticle-stage 5 module RSLS and short-stroke reticle-stage
module RSSS, and between the short-stroke reticle- stage module RSSS and
the reticle stage MT. It is also possible to move the wall elements 98
with separate actuators to keep the size of the purge-gaps 940, 950, 960,
and 970 substantially  constant. The sensor S 1 for measuring the relative
(or absolute, if desired) position of the reticle RE2  10 is preferably
provided on the reticle-stage support frame RSF and/or on the short-stroke
reticle- stage module RSSS. (In Figure 7 the sensor Si is only depicted
with a link to the short-stroke  reticle-stage module RSSS.) Alternatively,
the sensor Si may be provided on the projection  lens frame. Further, the
actuators AR and sensor Si are each connected to a signal processing module
15 SPM for controlling movements of at least a part of the reticle-stage
module RSMF. In use, the movement generated by the actuators AR is measured
by the sensor S 1. The sig- nals from the sensor are used as input to the
signal processing module SPM which is arranged  to compare the input
signals to a reference signal representing predetermined z-offset values
stored in memory linked to (or embedded in) the signal processing module
SPM and to control 20 the movement of the actuators based on the result of
the comparison. It is noted that the signal  processing module SPM may be
implemented as a digital processing device, an analog proc- 



essing device, or as a software module executable by a computer. The
actuators AR may be arranged to provide a pneumatic two-state adjustment,
or a con- tinuous adjustment by stepper motors, or servo motors, each type
of actuator being equipped  25 with its respective control. It is noted
that other types of sensors that are capable of sensing the presence of a
pellicle  with the reticle may be applied in the present invention. The
sensor S 1 may also comprise a  barcode reader for reading a barcode on a
reticle, from which code the presence of a pellicle can  be derived.
Further, the sensor Si may be provided as a weight sensor that derives the
presence 30 of f-a pellicle from the weight of the reticle. For example,
such a weight sensor may be incorpo- rated in the short-stroke
reticle-stage module RSSS. Also, the sensor S 1 may be provided as an
optical sensor which determines during an alignment procedure of the
reticle stage MT the re P-0410.020 -19 suit of an effort to focus the
reticle while in contact with the short-stroke reticle-stage module  RSSS.
The result of the focussing procedure determines the information the
optical sensor ob- tains about the presence of a pellicle. Such a sensor
may also provide for the control of the ac- tuators AR when moving at least
a part of the reticle-stage module RSMF. 5 It is further noted that in the
second and third embodiments an automatic sensing of the pres- ence of a
reticle REI without pellicle or a reticle RE2 with pellicle TP may
preferably be done  by an additional sensor system S3, which is only shown
schematically in Figure 7. Such a sen- sor system S3 may be connected to a
further signal processing module SPM2 which is arranged  to control the
adjustment of projection system PL, and the reticle-stage module RSMF,
respec 10 tively, in an automated manner upon detection of a reticle RE2
with a pellicle or a reticle RE 1  without one. In the third embodiment,
further signal processing module SPM2 is preferably connected to  signal
processing module SPM for controlling the actuators AR in further
dependence of the  signals of sensor system S3. 15 In the second
embodiment, further signal processing module SPM2 is preferably connected
to adjusting means OS for adjusting the optical setting of the projection
system by setting the  position of one or more of the optical components
EL1, EL2, EL3, relative to each other, along  the optical axis OA of the
projection system PL. Also, it is possible that the adjusting means OS  are
arranged for modifying the individual shape of optical elements to bring
about a desired 20 change of the optical setting of the projection system
PL. 



Alternatively, in case of the third embodiment, sensor system S3 can also
be connected di- rectly to the signal processing module SPM already
present. Furthermore, it is noted that alter- natively sensor Si may also
provide for the sensing of the presence of a reticle RE 1 without a
pellicle or a reticle RE2 with a pellicle TP. 25 It is noted that in the
second and third embodiments that on some occasions an automated
adaptation of the lithographic projection apparatus in relation to the
presence or absence of a  pellicle may not be required. In such cases it is
conceivable that the adaptation of the pattern  plane relative to the focal
plane of the projection system PL is done by a manual control of the
respective element, e.g., adjusting device OS, shutter TPL and/or actuator
AR. 30 Persons skilled in the art will appreciate that other alternative
and equivalent embodiments  of the invention can be conceived and reduced
to practice without departing from the true spirit  of the invention, the
scope of the invention being limited only by the appended claims.
P-0410.020 -20 Claims  1 A lithographic projection apparatus comprising: -
a reticle-stage module comprising a support structure for supporting a
patterning means and a  short-stroke module for fine-postioning said
support structure, the patterning means serving to  5 pattern a projection
beam according to a desired pattern; - a substrate table for holding a
substrate; and - a projection system for projecting the patterned beam onto
a target portion of the substrate,  said projection system having an
optical axis, characterised in that said lithographic projection apparatus
further comprises a compensator  10 constructed and arranged to adapt a
position of a part of said reticle-stage module, said part of  the
reticle-stage module comprising at least the short-stroke module and the
support structure,  along said optical axis to compensate a virtual shift
of a pattern plane of said patterning means  due to a pellicle of said
patterning means. 15 2 Lithographic projection apparatus according to claim
1, wherein said part of the reti- cle-stage module further comprises a
long-stroke module for coarse positioning the patterning  means and a
support frame for supporting the long-stroke module. 3 Apparatus according
to claim 1 or 2, wherein said virtual shift is dependent on at  20 least
one of a thickness of said pellicle and a wavelength of said projection
beam. 4 Apparatus according to any of the claims 1 - 3, wherein said
compensator further  



comprises a spacer arrangement for adapting said position of said pattern
plane along said opti- cal axis. i 25 5 Apparatus according to any of the
claims 1 - 4, wherein said compensator further  comprises an adjusting
device for adjusting said projection system to adapt a position of its
focal plane to coincide with said pattern plane. P-0410.020 - 21  6
Apparatus according to claim 5, wherein said adjusting device adjusts said
projection  system's focal plane by modifying a position of an optical
element of said projection system,  relative to another optical element of
said projection system. 5 7 Apparatus according to claim 5, wherein said
adjusting device adjusts said projection  system's focal plane by disposing
a layer of transmissive material acting as a dummy pellicle in  said
optical path to create a correction of said focal plane of said projection
system. 8 Apparatus according to claim 5, wherein said adjusting device
adjusts said projection  10 system's focal plane by disposing an optical
element acting as a dummy pellicle in said optical  path to create a
correction of said focal plane of said projection system. 9 Apparatus
according to any of the claims 1 - 8, wherein said compensator comprises
an actuator for adapting said position of said pattern plane along said
optical axis. 15 10 Apparatus according to claim 9, wherein said apparatus
comprises a sensor, said sen- sor being constructed and arranged to detect
a position of the pattern plane, and said actuator is  constructed and
arranged to adjust the position of the pattern plane in response to
presence or  absence of the pellicle. 20 11 A lithographic projection
apparatus according to claim 9 or 10, wherein said appa- ratus comprises a
further sensor, said further sensor being constructed and arranged to
detect a  presence or absence of a pellicle, and said actuator is
constructed and arranged to adjust the  position of the pattern plane in
response to the presence or absence of the pellicle as detected by  25 the
further sensor. 12 A device manufacturing method for use with a
lithographic projection apparatus  comprising - a reticle-stage module
comprising a support structure for supporting a patterning means and a  



30 short-stroke module for fine-postioning said support structure, the
patterning means serving to  pattern a projection beam according to a
desired pattern; - a substrate table for holding a substrate; and
P-0410.020 - 22  - a projection system for projecting the patterned beam
onto a target portion of the substrate,  said projection system having an
optical axis, the method comprising the steps of: - providing a substrate
that is at least partially covered by a layer of radiation-sensitive ma- 5
terial; - providing a projection beam of radiation using a radiation
system; - using patterning means to endow the projection beam with a
pattern in its cross-section; and projecting the patterned beam of
radiation onto a target portion of the layer of radiation- 10 sensitive
material using a projection system, characterised by further comprising the
step of adapting a position of a part of said reticle-stage  module, said
part of the reticle-stage module comprising at least the short-stroke
module and  the support structure, along said optical axis to compensate a
virtual shift of a pattern plane of  said patterning means due to a
pellicle of said patterning means. 15 13 A device manufacturing method
according to claim 12, characterised by further adjusting said projection
system to adapt a position of its focal plane to  coincide with said
pattern plane to compensate for said virtual shift. 


