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an illumination system (12) for generating projection light 
(13) and a projection lens (20; 220; 320; 420; 520; 620; 720; 
820; 920; 1020; 1120) With Which a reticle (24) that is capable 
of being arranged in an object plane (22) of the projection lens 
can be imaged onto a light-sensitive layer (26) that is capable 
of being arranged in an image plane (28) of the projection 
lens. The projection lens is designed for immersion mode, in 
Which a ?nal lens element (L5; L205; L605; L705; L805; 
L905; L1005; L1105) of the projection lens on the image side 
is immersed in an immersion liquid (34; 334a; 434a; 53411). 
A terminating element (44; 244; 444; 544; 644; 744; 844; 
944; 1044; 1144) that is transparent in respect of the projec 
tion light (13) is fastened between the ?nal lens element on 
the image side and the light-sensitive layer. 
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MICROLITHOGRAPHIC PROJECTION 
EXPOSURE APPARATUS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a continuation of International 
Application PCT/EP04/005816, With an international ?ling 
date of May 28, 2004. The full disclosure of this International 
Application is incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 
[0003] The present invention relates to microlithographic 
projection exposure apparatuses such as are used for the 
production of microstructured components. The invention 
relates, in particular, to projection exposure apparatuses With 
a immersion projection lens. 
[0004] 2. Description of RelatedArt 
[0005] Integrated electric circuits and other microstruc 
tured components are conventionally produced by several 
structured layers being applied onto a suitable substrate, 
Which may be, for example, a silicon Wafer. In order to struc 
ture the layers, the latter are ?rstly covered With a photoresist 
that is sensitive to light of a particular Wavelength range, for 
example light in the deep ultraviolet spectral region (DUV). 
Subsequently the Wafer that has been coated in this Way is 
exposed in a projection exposure apparatus. In this process, a 
pattern of diffracting structures contained in a mask is imaged 
onto the photoresist With the aid of a projection lens. Since the 
lateral magni?cation in this case is generally less than 1, 
projection lenses of such a type are frequently also referred to 
as reduction lenses. 

[0006] After the photoresist has been developed, the Wafer 
is subjected to an etching process, as a result of Which the 
layer is structured in accordance With the pattern on the mask. 
The photoresist left behind is then removed from the remain 
ing parts of the layer. This process is repeated until all the 
layers on the Wafer have been applied. 
[0007] One of the most prominent objects in the develop 
ment of the projection exposure apparatuses is to be able to 
de?ne lithographically structures having increasingly smaller 
dimensions on the Wafer. Small structures result in high inte 
gration densities. This generally has a favorable effect on the 
performance of the microstructured components produced 
With the aid of apparatuses of such a type. 
[0008] The siZe of the de?nable structures depends, above 
all, on the resolving poWer of the projection lens that is being 
used. Since the resolving poWer of the projection lenses is 
proportional to the Wavelength of the projection light, one 
approach for the purpose of decreasing the resolving poWer 
consists in employing projection light having shorter and 
shorter Wavelengths. The shortest Wavelengths that are used 
at present are Within the deep ultraviolet spectral region 
(DUV) and amount to 193 nm or occasionally even 157 nm. 

[0009] Another approach for the purpose of decreasing the 
resolving poWer starts from the idea of introducing an immer 
sion liquid having a high refractive index into an immersion 
interspace that remains betWeen a ?nal lens of the projection 
lens on the image side and the photoresist or another light 
sensitive layer to be exposed. Projection lenses that are 
designed for immersion mode, and that are therefore also 
designated as immersion lenses, may attain numerical aper 
tures (NA) of more than 1, for example 1.3 or 1.4. HoWever, 
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the immersion not only enables high numerical apertures, and 
thereby an increased resolving poWer, but also has a favour 
able effect on the depth of focus. The greater the depth of 
focus, the less demanding are the requirements as regards an 
exact positioning of the Wafer in the image plane of the 
projection lens. In the broader sense, one also speaks of 
immersion When the light-sensitive layer is covered by an 
immersion liquid Without the ?nal optical element of the 
projection lens on the image side necessarily being immersed 
in the immersion liquid. 
[0010] The implementation of immersion mode, hoWever, 
requires considerable additional efforts in terms of structure 
and process engineering. For instance, it has to be ensured 
that the optical properties of the immersion liquid are spa 
tially homogeneous and temporally constantiat least Within 
the volume exposed to the projection lightieven When the 
Wafer With the photoresist applied thereon is moving relative 
to the projection lens. At the present time the associated 
technological problems have not been solved satisfactorily. 

SUMMARY OF THE INVENTION 

[0011] It is an object of the invention to specify a projection 
exposure apparatus designed for immersion mode that, With a 
simple structure, enables reliable and loW-maintenance 
operation. 
[0012] This object is achieved by means of a projection 
exposure apparatus With an illumination system for generat 
ing projection light. The apparatus further comprises a pro 
jection lens With Which a reticle can be imaged onto a light 
sensitive layer. The projection lens is designed for immersion 
mode, in Which a ?nal lens of the projection lens on the image 
side is immersed in an immersion liquid. According to the 
invention, a terminating element is provided that is transpar 
ent in respect of the projection light and is capable of being 
arranged betWeen the ?nal lens on the image side and the 
light-sensitive layer in such a Way that it is immersed in the 
immersion liquid, at least With its image-side boundary sur 
face. 
[0013] The provision of a terminating element in the inter 
space betWeen the ?nal lens of the projection lens on the 
image side and the light-sensitive layer has, inter alia, the 
advantage that constituents issuing from the light-sensitive 
layer, or other contaminants arising there, are able to accu 
mulate on the ?nal lens on the image side at Worst to a 
negligible extent, since the terminating element, in particular 
the side thereof facing toWards the light-sensitive layer, acts 
like a protective shield for the ?nal lens on the image side. In 
this Way the ?nal image-side lens of the projection lens does 
not have to be removed, but only the terminating element 
occasionally has to be removed and mounted again after 
cleaning or exchange. Particularly if the terminating element 
is fastened to the projection lens from outside and can be 
removed and mounted Without disassembly of the projection 
lens, the effort required for this remains comparatively loW. 
[0014] It is advantageous if an interspace that is capable of 
being ?lled up at least partially With immersion liquid 
remains betWeen the ?nal lens of the projection lens on the 
image side and the terminating element. In this further 
embodiment the terminating element is consequently 
immersed in immersion liquid on both sides, so that a slight 
refraction of light occurs also on the boundary surface of the 
terminating element on the object side. The requirements as 
regards the adjustment and the manufacturing accuracy of the 
terminating element are correspondingly loW. For, especially 
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in the case of large numerical apertures, even a terminating 
element With plane-parallel shape reacts very sensitively to 
manufacturing defects, for example deviations from the 
nominal thickness, from the parallelism of the boundary sur 
faces and ?tting errors. 
[0015] If the interspace is not ?lled completely With immer 
sion liquid but only partially, a gas-?lled region remains 
betWeen the immersion liquid and the ?nal lens on the image 
side. This may be advantageous, for example, When the pro 
jection lens is to be capable of being converted betWeen dry 
operation and immersion mode With as little effort as pos 
sible. The feWer interspaces betWeen ?xed optical elements 
such as lenses or terminating elements are ?lled With immer 
sion liquid, the less effect a change-over to immersion mode 
generally has on the adjustment of the projection lens. From 
this point of vieW it may even be advantageous not to alloW 
the projection lens to be immersed in the immersion liquid, 
but to leave a gas-?lled region betWeen the terminating ele 
ment and the immersion liquid. 
[0016] In an advantageous further embodiment of this con 
?guration the projection lens exhibits, for the purpose of 
introducing immersion liquid into the interspace betWeen the 
?nal lens on the image side and the terminating element, a 
?rst immersion device Which is independent of a second 
immersion device for introducing immersion liquid into the 
interspace betWeen the ?nal optical element and the light 
sensitive layer, so that no exchange of immersion liquid 
betWeen the interspaces is possible. In this Way it is ensured 
that contaminants issuing from the light-sensitive layer are 
unable to reach the ?nal lens of the projection lens on the 
image side via the immersion liquid. 
[0017] In another advantageous con?guration the terminat 
ing element has the same refractive index as the ?nal lens of 
the projection lens on the image side and is optically coupled 
onto this lens With its obj ect-side boundary surface in such a 
Way that projection light passing through the projection lens 
is not refracted betWeen the ?nal lens on the image side and 
the terminating element. The absence of any refraction 
betWeen the ?nal lens and the terminating element results in 
a still smaller adjustment effort in the course of exchanging 
the terminating element. This can be realiZed, for example, by 
the ?nal lens on the image side, the terminating element and 
also the immersion liquid located in betWeen them having the 
same refractive index. 

[0018] A refraction of the projection light betWeen the ?nal 
lens on the image side and the terminating element is also 
forestalled When the terminating element is optically con 
tacted With the ?nal lens on the image side and both elements 
have the same refractive index. But optical contacting is also 
useful, in appropriate circumstances, in the case of differing 
refractive indices, since in this Way the ?nal lens on the image 
side is directly protected against contaminants by the termi 
nating element Which is optically contacted thereWith. The 
terminating element can be optically contacted With the ?nal 
lens on the image side in particularly simple manner if the tWo 
boundary surfaces facing toWards one another are ?at. An 
adjustment is then super?uous, since the position of the ter 
minating element along the optical axis and also the orienta 
tion in the plane perpendicular thereto are predetermined by 
the ?at boundary surfaces. 
[0019] In an advantageous con?guration a ?rst interspace 
that is capable of being ?lled up With a ?rst immersion liquid 
remains betWeen the ?nal lens of the projection lens on the 
image side and the terminating element. A second interspace 
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that is capable of being ?lled With a second immersion liquid 
remains betWeen the terminating element and the light-sen 
sitive layer. The ?rst interspace in this con?guration is con 
sequently capable of being separated from the second inter 
space in ?uidically sealing manner. 
[0020] The ?rst immersion liquid and the second immer 
sion liquid do not necessarily have to be different. But the use 
of differing immersion liquids has the advantage, inter alia, 
that the immersion liquids can be optimally adapted to the 
speci?c conditions in the tWo interspaces. The ?rst immersion 
liquid, Which is in contact With the ?nal lens of the projection 
lens on the image side, may for example have a very loW 
surface tension, Which for the second immersion liquid com 
ing into contact With the light- sensitive layer Would no longer 
be acceptable. The ?rst immersion liquid also does not de? 
nitely have to be so easily cleanable as the second immersion 
liquid, since it cannot be contaminated by the light-sensitive 
layer. An adaptation of the tWo immersion liquids from the 
point of vieW of chemical reactivity can furthermore be 
undertaken. Since, for example, quartz glass and calcium 
?uoride crystals interact differently With adjoining liquids, 
the immersion liquids may be selected in such a Way that they 
react chemically as little as possible With the adjoining optical 
faces. 
[0021] The terminating element in this con?guration may 
be arranged in displaceable manner. This makes it possible to 
distribute the shear forces acting on the immersion liquid, 
Which arise as a result of the relative movement betWeen the 
?xed projection lens and the light-sensitive layer, betWeen the 
?rst immersion liquid and the second immersion liquid in a 
practically arbitrary ratio. 
[0022] If during a scanning operation of the projection 
expo sure apparatus the terminating element is displaced syn 
chronously With the light-sensitive layer, constant distribu 
tions of force in the immersion liquids can be achieved over 
the entire scanning operation. This favors the formation of 
laminar ?oWs of liquid, counteracting the formation of 
bubbles. This applies, in particular, if the terminating element 
is displaced in a plane parallel to the light-sensitive layer. 
[0023] With regard to minimal movements of the second 
immersion liquid, the terminating element and the light-sen 
sitive layer may have like displacement speeds and displace 
ment directions during a projection. There is then no longer 
any relative movement betWeen the terminating element and 
the light-sensitive layer. The second immersion liquid then 
remains With freedom of movement Within the second inter 
space, despite the common displacement movement of the 
light-sensitive layer and of the terminating element. For this 
reason it may also have a higher viscosity than the ?rst immer 
sion liquid. 
[0024] If ?oWs Within the second immersion liquid still 
arise, these have their origin in inertial forces Which appear in 
the course of acceleration and deceleration during a scanning 
operation. If these inertial forces are small enough, additional 
measures, Which are otherWise necessary in order to keep the 
immersion liquid in the interspace betWeen the ?nal lens on 
the image side and the light-sensitive layer, can be dispensed 
With. Since these measures generally promote bubbling, this 
con?guration of the invention permits bubbles in the region of 
the second immersion liquid to be very largely avoided. 
[0025] Although in the region of the ?rst immersion liquid 
a relative movement occurs betWeen the projection lens and 
the terminating element in the course of a scanning operation, 
and as a result shear forces also arise that act on the ?rst 
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immersion liquid, the terminating element may, unlike the 
Wafer, be provided With an edge Which prevents an undesir 
able discharging of the ?rst immersion liquid during scanning 
operation. Therefore also for the ?rst immersion liquid no 
additional measures, such as, for instance, an incident How of 
gases, are necessary in order to prevent a discharging of the 
immersion liquid. Consequently bubbles cannot arise, or can 
not arise to an appreciable extent, in the ?rst immersion liquid 
either. 
[0026] The edge may be formed directly on the terminating 
element. The edge may also be part of a tank Which is open in 
the direction toWards the ?nal lens of the projection lens on 
the image side and in the bottom of Which the terminating 
element is arranged. The tank itself may then consist of an 
opaque material, for example a metal or a crystal. Crystals 
such as crystalline silicon, for example, have the advantage of 
being very dimensionally stable. On account of their loW 
speci?c Weight, their stiffness and their loW chemical reac 
tivity, ceramics, for example based on SiC, are also highly 
suitable as material for the tank. The terminating element, 
Which, for example, may consist of quartZ glass, then forms 
merely a type of WindoW at the bottom of the tank, through 
Which the projection light can pass. 
[0027] In addition to having translational displaceability, 
the terminating element may also be capable of being tilted 
about a tilt axis parallel to the image plane. The tiltability 
constitutes an additional degree of freedom, With Which 
movements of the ?rst and second immersion liquids can be 
in?uenced. 
[0028] If the terminating element is, for example, tilted 
during a positioning movement in an exposure intermission in 
such a Way that the largest spacing betWeen the terminating 
element and the light-sensitive layer is situated at the front in 
the direction of motion, a kind of Wedge-shaped gap arises 
betWeen the terminating element and the light-sensitive layer. 
In this gap the second immersion liquid is entrained in the 
course of a positioning movement of the Wafer over and 
beyond the light-sensitive layer. The tilting movement in this 
case may be effected in such a Way that the shortest spacing 
betWeen the terminating element and the light- sensitive layer 
is so small that, as a consequence of cohesive forces, the 
second immersion liquid is unable to pass through this gap. 
By virtue of this it is possible to displace the second immer 
sion liquid over the surface of the Wafer in very simple man 
ner, also over greater distances and at greater speeds. 

[0029] If an edge is provided on the terminating element, 
said edge should be dimensioned in such a Way that in the 
course of a tilting movement of the terminating element the 
second immersion liquid is nevertheless prevented by the 
edge from discharging. Hence also in the course of position 
ing movements of the Wafer, Which are generally carried out 
at greater speeds than the displacement movements during an 
exposure, the necessity of entraining an immersion liquid 
With the aid of incident ?oWs of gases, or With similar mea 
sures, also ceases to apply. Consequently no appreciable for 
mation of bubbles can occur, even in the course of positioning 
movements. 

[0030] Alternatively, or also in addition to tiltability of the 
terminating element, there may be provision to displace the 
terminating element perpendicular to the image plane. The 
spacing betWeen the light-sensitive layer and the terminating 
element may then, for example, be reduced so far that the 
immersion liquid remains in the second interspace solely by 
virtue of cohesive forces. 
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[0031] If the second immersion liquid cannot be kept in the 
vicinity of the ?nal lens on the image side merely by virtue of 
the cohesive forces or by virtue of a tilting of the terminating 
element in the course of a movement of the Wafer relative to 
the projection lens, a holding device knoWn as such may 
additionally be provided, Which holds the second immersion 
liquid in the second interspace in non-contacting manner. For 
this purpose the holding device may comprise, for example, at 
least one gas noZZle, the discharge aperture of Which can be 
directed toWards the second immersion liquid. 

[0032] In another advantageous con?guration of the inven 
tion, at least the ?rst interspace is arranged in a sealable 
container. The container may be, for example, a type of hous 
ing Which is penetrated by the projection lens and Which 
covers the entire supporting structure for the Wafer. As a result 
of evaporation of the immersion liquid, after some time a 
saturation vapor pressure arises Within the container, Which 
prevents more immersion liquid from evaporating than con 
denses again simultaneously. In this Way, latent heat of evapo 
ration may not arise at those places Where the immersion 
liquid comes into contact With a surrounding gas. Heat-sinks 
of such a type bring about an inhomogeneous distribution of 
temperature and hence also an inhomogeneous distribution of 
refractive index of the immersion liquid, as a result of Which 
the imaging properties are impaired. 
[0033] In general, hoWever, it takes a very long time until 
the saturation vapor pressure has arisen in the container 
merely as a result of evaporation on the relatively small sur 
face. Therefore the projection exposure apparatus may com 
prise a supply device for supplying a vapor phase of the ?rst 
immersion liquid in the container. Even if the ?rst immersion 
liquid differs from the second immersion liquid, in general it 
is not necessary also to counteract an evaporation of the 
second immersion liquid, since as a consequence of the ter 
minating element the interface to a surrounding gas is very 
small. 

[0034] A minimal cooling of the ?rst immersion liquid is 
obtained When the vapor pressure of the vapor phase of the 
?rst immersion liquid in the container is capable of being 
adjusted in such a Way that it is at least approximately equal 
to the saturation vapor pres sure of the vapor phase of the ?rst 
immersion liquid at the temperature prevailing in the con 
tainer. 

[0035] Another possibility for forestalling ?uctuations of 
temperature Within the ?rst immersion liquid as a conse 
quence of local evaporation consists in covering the ?rst 
interspace in the upWard direction at least partially by means 
of a cover. The cover reduces the siZe of the interface to a 
surrounding gas, on Which cooling can occur as a result of 
evaporation. This cover may, for example, be constructed in 
such a Way that only a small interspace ?lled With a gas 
remains betWeen the cover and the ?rst immersion liquid. The 
saturation vapor pressure arises relatively quickly there as a 
result of evaporation. 
[0036] But the gas in the interspace may also be a special 
protective gas, the density of Which is greater than the density 
of a surrounding gas. As a consequence of the greater density, 
the protective gas is kept in the interspace by the force of 
gravity. The protective gas should furthermore be such that 
the solubility thereof in the second immersion liquid is as loW 
as possible, preferably loWer than 10-4 percent by volume. In 
this Way an undesirable diminution of the transmitting poWer, 
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or changes in refractive index Within the second immersion 
liquid that have their origin in protective gas that has gone into 
solution, can be counteracted. 
[0037] It is more favorable if the ?rst immersion liquid 
directly adjoins the cover, so that an interface to a surrounding 
gas or to the aforementioned protective gas remains only 
Where the cover is interrupted. 
[0038] This may be the case, for example, in the region of a 
recess Which is provided in the region of the ?nal lens on the 
image side. The cover does not then touch the projection lens; 
at the same time, an equalisation of level may take place via 
the peripheral gap betWeen the lens and the cover, so that the 
volume betWeen the terminating element and the cover is 
alWays completely ?lled With the ?rst immersion liquid. 
[0039] In this connection it is particularly favourable if the 
tank has an edge that slides in sealing manner along the 
underside of the cover during the displacement movement of 
the terminating element. The edge prevents, on the one hand, 
a lateral discharging of the ?rst immersion liquid. At the same 
time, With its upWard-pointing lateral face it forms a seal 
acting in the direction toWards the cover. 
[0040] A liquid ?lm consisting of the ?rst immersion liquid 
and acting as a lubricating seal may alWays remain betWeen 
an upWard-pointing lateral face of the edge and the cover. In 
order that this liquid ?lm does not break aWay during a move 
ment of the tank, a liquid reservoir may be sunk in the 
upWard-pointing lateral face of the edge, out of Which immer 
sion liquid can subsequently ?oW. The immersion liquid may 
be under pressure in the liquid reservoir, so that the liquid ?lm 
does not break aWay even When the relative movement 
betWeen the tank and the cover generates an underpressure in 
the marginal region of the edge. The pressure in the liquid 
reservoir may, for example, be generated by ?rst immersion 
liquid being capable of being supplied under pressure to the 
liquid reservoir from outside the tank. 
[0041] In order to collect small amounts of the ?rst immer 
sion liquid Which pass through the narroW gap betWeen the 
edge of the tank and the cover and Which display a lubricating 
action, on at least one outer side of the edge an over?oW 
channel may be arranged Which collects the over?owing ?rst 
immersion liquid and conducts it aWay. 
[0042] In addition, in all the aforementioned con?gurations 
the terminating element may have has at least approximately 
the same refractive index as the ?rst and second immersion 
liquids. In this Way it is ensured that small maladjustments of 
the terminating element barely have any effect on the optical 
properties of said liquids. For this reason the refractive index 
of the terminating element may differ from the refractive 
index of the adjoining immersion liquids by no more than 1% 
and preferably by no more than 0.5%. 
[0043] This can be obtained, for example, by the adjoining 
immersion liquids being Water and by the terminating ele 
ment consisting of LiF. 
[0044] It is particularly favorable if the terminating element 
is Without refractive poWer. “Without refractive poWer” here 
is to be understood to mean the property of an optical element 
of having no focusing or defocusing effect. An example of 
such an optical element is a plane-parallel plate made of a 
homogeneous material. Such a plate does in fact have an 
effect on the position of the image plane of the projection lens 
and on the correction of the spherical aberration and must to 
this extent be taken into account in the design of said proj ec 
tion lens. HoWever, provided that a difference in refractive 
index exists at the boundary surfaces, such a plate offsets 
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beams impinging at an angle merely in parallel, the magni 
tude of the offset depending on the angle of incidence. A 
terminating element Without refractive poWer is advanta 
geous for the reason that, in this Way, the requirements regard 
ing the adjustment thereof can be loWered further and conse 
quently the adjustment effort after a cleaning or an exchange 
of the terminating element is again reduced. 
[0045] Quartz glass, for example, enters into consideration 
by Way of material for the terminating element. Since in the 
case of very short-Wave projection light in the deep ultraviolet 
spectral region, in particular at a Wavelength of 157 nm, 
quartz glass and other conventional optical materials are no 
longer su?iciently transparent, the use of calcium-?uoride, 
barium-?uoride or strontium-?uoride crystals or even of 
mixed crystals such as calcium barium ?uoride, for instance, 
has been proposed as a substitute. These materials also enter 
into consideration for the terminating element. HoWever, 
these cubic crystals exhibit an intrinsic birefringence Which 
results in an impairment of the imaging properties of the 
projection lens unless appropriate countermeasures are taken. 
[0046] For this reason the terminating element may com 
prise at least tWo members consisting of one of the stated 
crystals, the thicknesses of Which are so chosen, and the 
crystal lattices of Which are so orientated relative to one 
another, that the in?uence of intrinsic birefringence on pro 
jection light passing through is at least approximately com 
pensated. 
[0047] The members may, for example, be joined to one 
another seamlessly or may even be spaced from one another 
in the direction of the optical axis. In the last-mentioned case 
an interspace remaining betWeen the members, Which may be 
sealed all round, can likeWise be ?lled With a liquid that is 
transparent for the projection light. The faces adjoining the 
interspace betWeen the members do not de?nitely have to be 
?at but may also exhibit a curvature. If the face of the object 
side partial element pointing toWards the interspace is con 
cave and/or if the face of the image-side members pointing 
toWards the interspace is convex, then a good compensation 
of the intrinsic birefringence can be achieved also for beams 
that pass through the terminating element inclined at large 
aperture angles. 
[0048] In another advantageous con?guration of the inven 
tion, at least one face of the terminating element passed 
through by projection light is reWorked by local removal of 
material With a vieW to correcting Wavefront errors. This 
process, Which is knoWn as such, of compensating for Wave 
front deformations by slight removal of material, of the order 
of magnitude of a feW nanometres, can be employed particu 
larly effectively in the case of the terminating element, since 
the latter is located in the immediate vicinity of the image 
plane. In this connection it is to be noted that the quotient of 
the refractive indices of the terminating element and of the 
immersion liquid is less than in dry systems Without immer 
sion liquid, so that correspondingly more material has to be 
removed in order to achieve the same effect as in dry systems. 
Particularly When the terminating element is a plane-parallel 
plate, the reWorking of one or both faces turns out to be 
particularly easy. 
[0049] In another advantageous con?guration of the inven 
tion a protective layer that is impermeable in respect of 
immersion liquid is applied onto at least one surface of the 
terminating element that is able to come into contact With 
immersion liquid. Such a protective layer is advantageous in 
particular When ?uoride crystals are used as material for the 
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terminating element, since these crystals exhibit a relatively 
high solubility in Water. As a result of the application of a 
layer of such a type, the material can be prevented from being 
corroded if Water or a substance containing Water is used by 
Way of immersion liquid. The application of such a protective 
layer is advantageous not only in conjunction With a termi 
nating element but quite generally in the case of all optical 
elements consisting of cubic ?uoride crystals, particularly in 
the case of calcium-?uoride crystals that may come into con 
tact With the immersion liquid. 
[0050] In the course of the application of a protective layer, 
care should be taken to ensure that the latter completely 
covers the face to be protected. Even extremely small open 
ings in the protective layer may result in a penetration of 
immersion liquid and in the formation of underlayer corro 
sion. From this point of vieW, an ion-assisted deposition of a 
protective layer of extremely high compactness (preferably 
greater than 98%) is advantageous, since as a result a local 
detachment of the protective layer in the course of operation 
of the projection exposure apparatus is largely prevented. The 
“compactness” of a material here is to be understood to mean, 
for a given degree of crystallinity, the ratio of the speci?c 
density of the material to a reference density at Which the 
material is perfectly free from cavities. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0051] Further advantages and features of the invention 
Will become apparent from the folloWing description of the 
exemplary embodiments on the basis of the draWing. ShoWn 
therein are: 

[0052] FIG. 1 a meridional section through a projection 
exposure apparatus according to a ?rst exemplary embodi 
ment of the invention in greatly simpli?ed, not-to-scale, sche 
matic representation; 
[0053] FIG. 2 an enlarged detail from the image-side end of 
a projection lens Which is an integral part of the projection 
exposure apparatus shoWn in FIG. 1; 
[0054] FIG. 3 a projection exposure apparatus according to 
a second exemplary embodiment of the invention in a repre 
sentation corresponding to FIG. 2, Wherein the terminating 
element is optically contacted With the ?nal lens on the image 
side; 
[0055] FIG. 4 a projection exposure apparatus With an addi 
tional horizontal partition according to a third exemplary 
embodiment of the invention in a detail representation corre 
sponding to FIG. 1; 
[0056] FIG. 5 a projection exposure apparatus With a dis 
placed terminating element according to a fourth exemplary 
embodiment of the invention in a detail representation corre 
sponding to FIG. 1; 
[0057] FIG. 6 an enlarged detail from the image-side end of 
the projection lens Which is an integral part of the projection 
exposure apparatus shoWn in FIG. 5, in a ?rst displaced 
position of the support and of the terminating element; 
[0058] FIG. 7 the image-side end of the projection lens 
from FIG. 6 in a second displaced position of the support and 
of the terminating element; 
[0059] FIG. 8 the image-side end of the projection lens 
from FIG. 6 With tilted terminating element; 
[0060] FIG. 9 an enlarged detail from the image-side end of 
a projection lens according to a ?fth exemplary embodiment 
of the invention, Wherein an additional cover covers the ?rst 
interspace; 
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[0061] FIG. 10 a further enlarged detail D from FIG. 9, in 
Which the transition betWeen the cover and an edge of a tank 
receiving the ?rst immersion liquid is shoWn; 
[0062] FIG. 11 the image-side end of a projection lens 
according to a sixth exemplary embodiment of the invention, 
Wherein the image- side face of the ?nal optical element on the 
image side is curved; 
[0063] FIG. 12 the image-side end of a projection lens 
according to a seventh exemplary embodiment of the inven 
tion, Wherein a gas-?lled interspace remains betWeen the ?nal 
optical element on the image side and the immersion liquid; 
[0064] FIG. 13 the image-side end of a projection lens 
according to an eighth exemplary embodiment of the inven 
tion, Wherein the terminating element is divided up into tWo 
members along a curved face; 
[0065] FIG. 14 the image-side end of a projection lens 
according to a ninth exemplary embodiment of the invention 
With terminating element divided up in curved manner, Which 
is completely received in immersion liquid; 
[0066] FIG. 15 the image-side end of a projection lens 
according to a tenth exemplary embodiment of the invention, 
Wherein a gas-?lled interspace remains betWeen the terminat 
ing element and the immersion liquid; 
[0067] FIG. 16 the image-side end of a projection lens 
according to an eleventh exemplary embodiment of the inven 
tion, Wherein only the interspace betWeen the ?nal optical 
element on the image side and the terminating element is 
?lled With immersion liquid. 

DESCRIPTION OF PREFERRED 
EMBODIMENTS 

[0068] FIG. 1 shoWs, in greatly simpli?ed schematic rep 
resentation, a meridional section through a microlitho graphic 
projection exposure apparatus denoted overall by 10 accord 
ing to a ?rst exemplary embodiment of the invention. The 
projection exposure apparatus 10 exhibits an illumination 
system 12 for generating projection light 13, Which, inter alia, 
comprises a light source 14, illuminating optics indicated by 
16, and a diaphragm 18. In the exemplary embodiment that is 
represented, the projection light has a Wavelength of 157 nm. 
[0069] The projection exposure apparatus 10 further 
includes a projection lens 20 Which contains a plurality of 
lenses, only a feW of Which, for the sake of clarity, are repre 
sented in exemplary manner in FIG. 1 and denoted by L1 to 
L5. By reason of the short Wavelength of the projection light 
13, the lenses L1 to L5 are fabricated from calcium-?uoride 
crystals, Which are still suf?ciently transparent even at these 
Wavelengths. The projection lens 20 serves to image, in 
reduced manner, a reticle 24 Which is arranged in an object 
plane 22 of the projection lens 20 onto a light-sensitive layer 
26 Which is arranged in an image plane 28 of the projection 
lens 20 and applied on a support 30. 
[0070] The support 30 is fastened to the bottom of a tank 
like container 32 Which is open in the upWard direction and 
Which is capable of being displaced, in a manner not repre 
sented in any detail, parallel to the image plane 28 With the aid 
of a displacing device. The container 32 is ?lled up so far With 
an immersion liquid 34 that during operation of the projection 
exposure apparatus 10 the projection lens 20 is immersed in 
the immersion liquid 34 With its ?nal lens L5 on the image 
side. In the exemplary embodiment that is represented, this 
lens L5 is a large-aperture and comparatively thick lens; but 
here a plane-parallel plate is also to be encompassed by the 
term “lens”. 
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[0071] Via a supply line 36 and a drainage line 38 the 
container 32 is connected to a conditioning unit 40 in Which a 
circulating pump, a ?lter for cleaning immersion liquid 34, 
and also a temperature-control device are contained in a man 
ner knoWn as such and therefore not represented in any detail. 
The conditioning unit 40, the supply line 36, the drainage line 
38 and also the container 32 form overall an immersion device 
denoted by 42 in Which the immersion liquid 34 is circulated 
and in the process cleaned and kept at constant temperature. 
The immersion device 42 serves, in a manner knoWn as such, 
for increasing the resolving poWer and/ or the depth of focus 
of the projection lens 20. 
[0072] In an interspace 43 remaining betWeen the ?nal lens 
L5 on the image side and the light-sensitive layer 26 an 
exchange element 44 is arranged, the details of Which Will be 
elucidated in the folloWing on the basis of FIG. 2. 
[0073] FIG. 2 shoWs the image-side end face 45 of the 
projection lens 20 in an enlarged detail from FIG. 1. In the 
enlarged representation it can be discerned that the terminat 
ing element 44 has the shape of a plane-parallel plate With, for 
example, a circular or rectangular base area and is separably 
and adjustably attached to the image-side end face 45 of the 
projection lens 20 via tWo fastening elements indicated by 46 
and 48. With a vieW to illustrating the separability, a screW 
connection 52 is indicated at the fastening element 46. For the 
purpose of adjustment, ?ne-adjustment drives are provided 
Which are indicated in FIG. 2 by micrometer screWs 54, 55, 56 
and 57. 

[0074] The terminating element 44 comprises tWo plate 
like members 4411 and 44b connected to one another, Which 
have the same dimensions and Which bear against one another 
seamlessly. By reason of the short Wavelength of the proj ec 
tion light 13, the tWo members 4411 and 44b are also each 
fabricated from calcium-?uoride crystals. The crystal lattices 
of the tWo members 44a, 44b are orientated in such a Way that 
a rotationally symmetrical distribution of intrinsic birefrin 
gence results overall for the terminating element 44. As an 
alternative to this, the terminating element 44 may also com 
prise more than tWo members With differing crystal orienta 
tions. With a total of four plane-parallel members it is, for 
example, possible to compensate for the delay caused by 
intrinsic birefringence to a very large extent for arbitrary 
directions of incidence. Examples of the crystal orientations 
considered here can be gathered, for example, from WO 
02/093209 A2, from WO 02/099450 A2 and also from US 
2003/0011896 A1 . The full disclosure ofthese applications is 
incorporated herein by reference. 
[0075] In the case of the ?rst exemplary embodiment 
shoWn in FIG. 2 the immersion liquid 34 ?oWs around the 
exchange element 44 from all sides and is located, in particu 
lar, in the tWo gap-like interspaces 64 and 66 Which remain 
betWeen the terminating element 44, on the one hand, and the 
light-sensitive layer 26 or the ?nal lens L5 on the image side, 
on the other hand. 

[0076] If emission of substances from the light-sensitive 
layer 26, or a mechanical detachment of relatively small parts 
thereof, occurs during the operation of the projection expo 
sure apparatus 10, then the terminating element 44 prevents 
contaminants contained in the immersion liquid 34 from 
being able to reach the ?at image-side boundary surface 68 of 
the ?nal lens L5 of the projection lens 20 in unhindered 
manner. Although such a contact is also not totally ruled out, 
since the tWo gap-like interspaces 64 and 66 are not com 
pletely separated from one another, an exchange of liquid 
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betWeen the gap-like interspaces 64 and 66 is at least made 
considerably more di?icult by the terminating element 44 
situated in betWeen. For this reason, contaminated immersion 
liquid 34 practically does not ascend to the ?nal lens L5 but is 
predominantly supplied via the drainage line 38 to the con 
ditioning unit 40 and cleaned therein. 
[0077] By reason of the protective effect of the terminating 
element 44 it is hardly still necessary to exchange the ?nal 
lens L5 on account of contamination by contaminated immer 
sion liquid 34 and, in connection thereWith, to adjust it in 
elaborate manner. 

[0078] An exchange of the terminating element 44, on the 
other hand, Which is exposed in far higher measure to the 
contaminants emanating from the light-sensitive layer 26, 
turns out to be comparatively easy. For, in order to do this, the 
fastening elements 46 and 48 merely have to be loosened from 
the housing of the projection lens 20 With the aid of the screW 
connections 52. The installation of the terminating element 
44, Which immediately folloWs a cleaning or an exchange, 
also requires little adjustment and is therefore easy. By reason 
of the design in the form of a plane-parallel plate, the termi 
nating element 44 is Without refractive poWer and therefore 
has only comparatively little effect on the imaging properties. 
This holds, in particular, also for the reason that the terminat 
ing element 44 ?oats in the immersion liquid 34, so that, given 
suitable choice of the immersion liquid, only a very slight or 
even in?nitesimal refractive effect arises at the boundary 
surfaces exposed to the projection light 13. 
[0079] For all the optical elements that are fabricated from 
?uoride crystals and that are able to come into contact With 
immersion liquid a protective layer is applied, preferably at 
least on the optically active faces, Which protects the sensitive 
crystals from the immersion liquid. In the ?rst exemplary 
embodiment represented in FIG. 2, protective layers 74, 76 
and 78 of such a type are therefore applied onto the ?at 
image-side boundary surface 68 of the lens L5 and also onto 
the upper side 70 and onto the underside 72 of the terminating 
element 44. 
[0080] The choice of the materials for the protective layers 
74, 76 and 78 depends, above all, on the immersion liquid that 
is employed, Which in turn is chosen taking the Wavelength of 
the projection light that is being used into account. In the case 
of light Wavelengths of 193 nm, Water, for example, enters 
into consideration by Way of immersion liquid, Which rapidly 
corrodes crystalline calcium ?uoride on account of the rela 
tively high solubility thereof in Water. In this case the protec 
tive layers 74, 76, 78 may consist of SiO2 or LaF3, since these 
materials are not soluble in Water. 

[0081] In the case ofa light Wavelength of 157 nm, as used 
in the exemplary embodiment described above, certain oils 
have a higher transparency than Water and are therefore better 
suited by Way of immersion liquid. The likeWise highly trans 
parent materials MgF2 and LaF3, for example, then enter into 
consideration as materials for the protective layers 74, 76, 78. 
[0082] The protective layers 74, 76, 78 consisting of the 
stated materials can be applied onto the boundary surfaces of 
the optical elements in question by evaporation coating in a 
vacuum. 

[0083] FIG. 3 shoWs, in a representation based upon FIG. 2, 
a second exemplary embodiment of a microlithographic pro 
jection exposure apparatus, Wherein for like parts use is made 
of the same reference numerals as in FIG. 2 and for parts 
corresponding to one another use is made of reference numer 
als augmented by 200. In the second exemplary embodiment 
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the terminating element 244 is not separated from the ?nal 
lens L205 on the image side via an interspace 66 but is 
optically contacted With said lens directly. Provided that the 
lens L205 and the terminating element 244 are fabricated 
from a material having the same refractive index, the proj ec 
tion light 13 passes through the boundary surface betWeen the 
terminating element 244 and the ?nal lens L205 Without 
being refracted. The fastening by optical contacting has the 
advantage that no fastening elements 46, 48 are required. In 
addition, after an exchange the terminating element 244 prac 
tically does not need to be adjusted, since the tWo ?at bound 
ary surfaces 270 and 268 facing toWards one another pertain 
ing to the terminating element 244 and to the lens L205, 
respectively, guarantee the correct arrangement by them 
selves in the course of optical contacting. 
[0084] The image-side face 272 of the terminating element 
244 is reworked at some points 79a, 79b-represented in FIG. 
3 on a greatly exaggerated scaleiby removal of material 
amounting to a feW nanometres in such a Way that Wavefront 
errors caused by the projection lens 220 are corrected. Since 
reworking methods of such a type are knoWn as such, a more 
detailed elucidation Will be dispensed With. 
[0085] FIG. 4 shoWs, in a representation based upon FIG. 1, 
a third exemplary embodiment of a projection exposure appa 
ratus, Wherein for like parts use is made of the same reference 
numerals as in FIG. 1 and for parts corresponding to one 
anotheruse is made of reference numerals augmented by 300. 
The projection exposure apparatus shoWn in FIG. 4 differs 
from that shoWn in FIG. 1 in that it comprises not just one but 
tWo immersion devices 342a and 3421) Which are independent 
of one another. The container 332 here is subdivided horiZon 
tally by a partition 80 into tWo partial containers 332a and 
33219 in such a Way that the gap-like interspace 366 betWeen 
the terminating element 44 and the ?nal lens L5 on the image 
side is arranged totally Within the partial container 332a, and 
the gap-like interspace 364 betWeen the terminating element 
44 and the light-sensitive layer 26 is arranged totally Within 
the partial container 33219. The terminating element 44 is sunk 
With clearance in a suitably shaped cut-out 82 in the partition 
80 betWeen the partial containers 332a and 33219. 
[0086] By virtue of the separation of the immersion liquids 
334a and 33419 in separate immersion devices 342a and 342b, 
contaminated immersion liquid from the partial container 
332!) is prevented from getting into the gap-like interspace 
366 betWeen the terminating element 44 and the lens L5 and 
from being able to contaminate the latter in this Way. 
[0087] In the folloWing a fourth exemplary embodiment 
Will be described on the basis of FIGS. 5 and 6, Which shoW 
schematically a detail from the image-side end of a projection 
lens, and an enlarged detailed representation thereof, respec 
tively. Parts similar to those in FIGS. 1 to 4 are denoted by like 
reference numerals, and parts corresponding to one another 
are denoted by reference numerals augmented by 400. 
[0088] In the fourth exemplary embodiment a terminating 
element 444 is provided parallel to the image plane 28. The 
terminating element 444 is likeWise constructed in the form of 
a plane-parallel plate Which, hoWever, is considerably larger 
than in the exemplary embodiments described above. In the 
exemplary embodiment that is represented, the terminating 
element 444 has a rectangular basic shape and is sunk into a 
bottom 486 of a tank 488. The tank 488, Which, for example, 
may be fabricated from metal, a ceramic or a crystal, serves 
for receiving a ?rst immersion liquid 43411, which in the 
exemplary embodiment that is represented is de-ionised 
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Water. An edge 490 of the tank 488 is so high that, given an 
appropriate ?lling height of the ?rst immersion liquid 43411, a 
?rst interspace 492 remaining betWeen the ?nal lens L5 on the 
image side and the terminating element 444 is ?lled out 
completely With the ?rst immersion liquid 434a. 
[0089] BetWeen the terminating element 444 and the light 
sensitive layer 26 there remains a ?atter second interspace 
494 Which is ?lled With a second immersion liquid 43419. In 
the exemplary embodiment that is represented, the second 
immersion liquid 43419 is likeWise de-ionised Water. The sec 
ond interspace 494 is so ?at that the second immersion liquid 
43419 is hindered solely by cohesive forces from discharging 
laterally out of the second interspace 494. The smaller the 
spacing betWeen the terminating element 444 and the light 
sensitive layer 26, the better do the cohesive forces hold the 
second immersion liquid 43419 in the second interspace 494. 
[0090] In order to reduce the requirements as regards the 
parallelism of the terminating element 444 relative to the 
image plane 28, a material having a refractive index that is as 
equal as possible to the refractive index of the surrounding 
immersion liquids 434a, 4341) can be chosen for the termi 
nating element 444. In the case Where use is made of Water by 
Way of immersion liquid, LiF, Which is still highly transparent 
at least at a Wavelength of 193 nm, is suitable, for example, by 
Way of material for the terminating element 444. The differ 
ence in the refractive indices then amounts to only 0.0066. 

[0091] If the projection light has a particularly short Wave 
length, for example 157 nm, the ?rst immersion liquid 434a 
may also consist of a ?uorinated hydrocarbon that has a 
higher transmission than Water at these Wavelengths. For the 
second immersion liquid 43419 the someWhat loWer transmis 
sion is not too disadvantageous, inasmuch as the height of the 
second interspace 494 Will generally be very loW. In addition, 
Water has the advantage that it corrodes the light-sensitive 
layer 26 less severely than is the case, for instance, With 
?uorinated hydrocarbons. 
[0092] In the fourth exemplary embodiment the projection 
exposure apparatus is designed for scanning operation. This 
means that the reticle 24 is displaced in the object plane 22 
during the projection. Synchronously With this, the support 
30 With the light-sensitive layer 26 applied thereon is also 
displaced parallel to the image plane 28. The lateral magni 
?cation of the projection lens 420 determines the ratio of the 
displacement speeds and the displacement directions of the 
reticle 24 and of the support 30. 

[0093] For this purpose, the support 30 is clamped, With the 
aid of clamping elements 31a, 31b Which are discernible in 
FIG. 5, on a displaceable table 33 Which is ordinarily desig 
nated as a Wafer stage. The table 33 can be displaced With 
great accuracy parallel to the image plane 28 in a manner 
knoWn as such With the aid of actuating drives. The actuating 
drives are represented in simpli?ed manner in FIG. 5 and are 
denoted by 3511 and 35b. 

[0094] Manipulators 497a, 4971) are fastened to the table 
33, so that said manipulators jointly execute displacement 
movements of the table 33. The manipulators 497a, 4971) are 
connected to the tank 488 via actuating arms 498a, 4981). The 
manipulators 497a, 4971) are constructed in such a Way that 
they are able to move the tank 488 parallel to the image plane 
28 and relative to the table 33, to displace it perpendicular 
thereto, i.e. parallel to an axis OA, and also to tilt it relative to 
the image plane 28. In the exemplary embodiment that is 
represented, tilting movements in particular are possible 










