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PROJECTION ARRANGEMENT

The present invention relates to a projection arrangement, such as, for example, for
1maging lithographic structures. This application claims priority to the German
Patent Application No. 10 2011 077 784.9 filed on June 20, 2011. The entire disclo-
sure of this patent application is incorporated into the present application by refer-

ence.

The industrial fabrication of integrated electrical circuits and also other micro- or
nanostructured components 1s generally effected by means of lithographic methods.
In this case, a plurality of patterned layers are applied to a suitable substrate, for
example a semiconductor wafer. For patterning the layers, the latter are firstly cov-
ered with a photoresist that is sensitive to radiation in a specific wavelength range.
It 1s expedient to use light having as short a wavelength as possible for the expo-
sure, since the lateral resolution of the structures to be produced 1s directly depend-
ent on the wavelength of the light. At the present time, particularly light or radia-
tion in the deep ultraviolet (DUV: deep ultraviolet, VUV: vacuum ultraviolet) or in
the far, extreme ultraviolet spectral range is used. This 1s also referred to as EUV =

extreme ultraviolet.

Customary light wavelengths for DUV or VUV systems are currently 248 nm,

193 nm and occasionally 157 nm. In order to obtain even higher lithographic resolu-
tions, radiation through to soft X-ray radiation (EUV) having a wavelength of a few
nanometers 1s used. For light having the wavelength of 13.5 nm, it is possible to
manufacture, for example, radiation sources and optical units for lithographic pur-

poses.

The corresponding wafer coated with photoresist 1s therefore exposed by an expo-
sure apparatus. In this case, a pattern of structures that 1s produced on a mask or a
reticle 1s imaged onto the photoresist with the aid of a projection lens. Since the
EUV radiation is greatly absorbed by matter, reflective optical units and masks are
increasingly being used. Refractive optical units are usually used for radiation to

approximately 193 nm.
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After the photoresist has been developed, the wafer 1s subjected to chemical proc-
esses, as a result of which the surface of the wafer 1s patterned according to the pat-
tern on the mask. The residual photoresist that has not been processed is then
rinsed away from the remaining parts of the layer. Further known methods for
semiconductor fabrication or processing, such as doping, etc., can follow. This proc-
ess 1s repeated until all layers have been applied to the wafer for forming the semai-

conductor structure.

During the imaging of the lithographic micro- or nanostructures onto the wafer sur-
face, usually 1t 1s not the entire wafer that 1s exposed, but rather only a narrow re-
gion. The wafer surfaces are generally exposed piece by piece or slot by slot. In this
case, both the wafer and the reticle or the mask are scanned step by step and moved
antiparallel relative to one another. In this case, the exposure area 1s often a rec-

tangular region.

It 1s possible for imaging aberrations to arise as a result of absorption of the projec-
tion light in the lens elements or mirrors forming the optical system. Light-induced
effects, such as non-uniform heating, can lead to local alteration of optical proper-
ties of the lens elements or mirrors. In order that, in particular, microlithographic
structures can be imaged onto wafers as flawlessly as possible, mechanisms for

compensating for such imaging aberrations are desired.

By way of example, EP 1 921 505 proposed applying, in the vicinity of pupil planes,
heating wires to the surfaces of optical elements, which are individually drivable.
WO 2007/0 333 964 Al proposes an adaptive optical element in the manner of a
mirror having, below the reflection layer, a correction layer that can be thermally

manipulated.

It would be desirable, however, to have measures which, particularly in transmit-
ted-light operation, make 1t possible to compensate for imaging aberrations induced

by projection light, and accomplish this preferably without causing shading.
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Therefore, 1t 1s an object of the present invention to provide an improved projection

arrangement.

This object 1s achieved by means of a projection arrangement comprising the fea-

tures of Patent Claim 1.

Accordingly, a projection arrangement for imaging lithographic structure informa-
tion 1s proposed, which comprises: an optical element, which has at least partly a
coating composed of an electrically conductive layer material, wherein the coating
comprises a continuous region, which has no elements that shade projection light,
and the layer material and/or the optical element change(s) an optical property, in
particular a refractive index or an optical path length, depending on a temperature
change. The projection arrangement further comprises at least one means for cou-
pling energy into the layer material in such a way that the layer material converts

coupled-in energy into thermal energy.

The layer material 1s, for example, selected from the group consisting of graphene,

chromium and molybdenum sulfide (MoSy).

The optical element provided with a coating can act in the manner of a wavefront
manipulator and makes possible, particularly within the continuous region, a local
change in the optical properties. The optical element can be inserted into an optical
system for example in proximity to the field. Shading in the beam path of the pro-
jection arrangement by structures on the optical element preferably does not occur.
The 1imaging of the lithographic structure information i1s therefore not disturbed by
the coating even in transmitted-light operation. Since the layer material converts
coupled-in energy, in particular into thermal energy, the coupling-in means makes
possible, in particular, a targeted and manipulated energy or heat distribution in
the continuous region which 1s covered by the layer material. The projection ar-
rangement therefore comprises a precisely locally drivable heating layer that is

transparent to the projection light.
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Electrically conductive material can be excited in a cost-effective manner and con-
sequently generate heat locally in a targeted manner. The coating is arranged in
the beam path of the projection arrangement, but does not lead to diffraction or
shading, as occurs for example in the case of heating wire grids of conventional ap-

proaches.

It 1s furthermore possible to cover parts of the optical element from a plurality of
continuous regions. Since the layer material is substantially transparent, no shad-

ing arises at the interfaces between coated regions.

In one embodiment, the coupling-in means is arranged laterally outside the con-
tinuous region. The lateral coupling-in means preferably provided outside the beam
path makes it possible to manipulate, 1n particular, lens elements or plane plates in
a targeted manner with regard to their temperature distribution. The projection ar-
rangement thus provides a particularly good imaging property, since light-induced

effects can be compensated for.

In other embodiments, the optical element 1s arranged 1in proximity to the field. In
contrast to conventional wavefront manipulators, which usually have to be provided
1n proximity to the pupil, since shading elements are present, the proposed projec-
tion arrangement allows positioning in proximity to the field. This is the case, in
particular, because the coating material has preferably no or only slight absorption
of the light used. In this respect, it is possible to provide the optical element with
the coating in the continuous region in the vicinity of an image plane or intermedi-
ate 1image plane. In particular, an optical element can also be used for retrofitting
an existing projection arrangement. Consequently, a universally usable wavefront

manipulator arises.

In the case of the projection arrangement, the continuous region preferably has no
elements that shade projection light. Conventional conductor arrangements at or on
optical elements can lead to diffraction patterns or are concomitantly imaged in a

disturbing manner particularly during use in an image plane.
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In one embodiment of the projection arrangement, the layer material 1s arranged
homogeneously in the continuous region on a surface of the optical element. The
layer material can, for example, be applied by vapor deposition or be applied al-
ready in the manner of a film onto the surface of the optical element. Materials are
known, in particular, which comprise only a few atomic monolayers and can be ap-

plied, for example, to mirrors or lens element surfaces.

In another embodiment, the optical element is configured in such a way that the
coating is present between two outer surfaces. By way of example, the coating can

also be provided as one of a plurality of intermediate layers between plane plates.

The layer material preferably has a linear electrical resistance. In the case of a lin-
ear electrical resistance, the heat manipulation by coupled-in electrical energy can

be established particularly cost-effectively and in a precisely localized manner.

In the case of the projection arrangement, the layer material preferably comprises
graphene, chromium and/or molybdenum sulfide. The materials mentioned have

suitable transparences to projection light used in microlithography.

Preferably, the absorption at wavelengths of 248 nm or 193 nm is not more than
10%. Absorptances at said wavelengths for projection light of less than 5% are par-

ticularly preferred.

It 1s also conceivable to use a reflective optical element, wherein the layer material

can also be non-transparent to the radiation to be reflected.

The materials mentioned, in particular graphene, can be applied homogeneously
over continuous geometrical regions. In the case of metals as layer materials, it 1s
additionally possible to couple in energy in a simple manner for example by electri-

cal transport via contacts or else by irradiation by microwaves, for example.

In one embodiment, the layer material exclusively comprises single- and/or multi-

layered graphene. Graphene is sufficiently transparent and electrically conductive
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at wavelength ranges of 193 nm. Furthermore, graphene is a particularly smooth
material exhibiting roughness values of only a few nanometers. Particularly a coat-
ing with graphene can comprise, for example, thicknesses of between 0.3 nm and
25 nm. In this case, the transparency 1s preferably above 80%. Particularly prefera-
bly, the coating is in the manner of a graphene monolayer. It i1s thereby possible to
obtain transparencies of above 95% and particularly preferably above 97% in the

case of projection light for lithographic applications.

The layer material can furthermore comprise doped conductive graphene. The dop-
ing can be effected as n- type or p-type dopings. A corresponding transparent coat-
ing by graphene mono- or multilayers has a good electrical conductivity, such that
evolution of heat as a result of electrical or electromagnetic energy being coupled in
leads to a targeted and localized temperature development in the continuous region
on or in the optical element. A targeted and expedient manipulation of the wave-
fronts can thus be achieved. A graphene heating layer can also be mentioned as

coating.

It 1s conceivable for the graphene to be produced with the aid of chemical vapor

deposition.

In one embodiment of the projection arrangement, the coating has grooves. Particu-
larly in the case of multilayered graphene coatings, it is possible to provide grooves
or fissures. In one embodiment, the grooves or fissures have a smaller lateral extent
than the wavelength of the projection light used. The grooves have, for example, a
smaller width than the wavelength. As a result, no disturbance occurs optically as a
result of the grooves or fissures. On the other hand, it 1s possible to define regions
within the continuous region by means of the grooves or fissures. In this respect, a

temperature development can be effected with more targeted localization.

The electrical properties change in the region of the fissures since, for example, the
graphite layer thickness i1s reduced. In this respect, an increased electrical resis-
tance arises there. Such grooves or fissures are also designated as sub-lambda in-

dentations, wherein lambda (A) denotes the wavelength of the projection light. By
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way of example, groove widths of 100 nm down to one or a few graphene monolayers
are possible. Such sub-lambda grooves make possible a particularly targeted altera-
tion of the temperature of the coating or of the regions of the optical element for

compensating for imaging aberrations.

In one embodiment, the coupling-in means is embodied as electrical contacts at the
edge of the continuous region with a plurality of electrodes. By way of example, it 1s
possible to produce metal electrodes running in circular or ring-shaped fashion
around the continuous region with the coating. In principle, two electrodes suffice in
order to inject an electric current along the coating material. The coating material
1s heated by the electrical resistance by which the electrical energy 1s converted into
thermal energy. As a result, by way of example, the respective medium adjacent to
the graphene 1s heated and obtains altered optical properties, such as an altered re-
fractive index or a different optical path length. Electrical contacts can be produced
comparatively cost-effectively and can be applied, for example, by vapor deposition
or by adhesive bonding. In this case, the electrodes can be laterally in electrical con-

tact with the coating.

It 1s also possible to equip the projection arrangement with means for coupling in
for magnetic energy. By way of example, the coupling-in means can comprise a coil
arrangement. A coil arrangement induces eddy currents in the coating for example
in the manner of an induction hob, as a result of which heat can be generated in
turn. One advantage of induced currents in the layer material or of induction heat-
ing 1s that the coupling-in means can be used outside the beam path of the projec-

tion arrangement and have no direct contact with the layer material.

It 1s furthermore possible to introduce electromagnetic radiation, such as micro-
waves, by a suitable coupling-in means. Particularly precisely localized heating of
the coating 1s effected, for example, by the generation of desired interference pat-

terns, such that individual regions can be locally heated.

It 1s also possible to configure the means for coupling in energy with a material

property in such a way that the electron structure of the coating material changes
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and 1ts optical properties become controllable for compensating for imaging aberra-

tions.

In another embodiment of the projection arrangement, a device for cooling the coat-
ing 1s furthermore provided. A corresponding cooling device serves as a heat sink.
Cooling means likewise provided at the edge of the coating, for example, make it
possible to control in a targeted manner a heat flow arising as a result of energy be-
ing coupled into the coating material. By way of example, in the case of an embodi-
ment of the optical element as a substantially circular lens element or plate, it is
possible to use a cooling ring running around the edge of the optical element, for
example with Peltier elements. A cooling contact then produces a heat sink, such

that a targeted thermal influencing of the coating can take place.

In one embodiment of the projection arrangement, the continuous region comprises
at least an area of 20 mm?2. In one particularly preferred embodiment, the continu-
ous region comprises, in particular, at least 24 mm?2. The continuous region 1s con-
figured, for example, in round or rectangular fashion or with the geometry of a slot.
Particularly in the case where the projection arrangement is used in steppers or
scanners for lithographic exposures, a rectangular region is particularly favorable.
Furthermore, rectangular surfaces or films of graphene, for example, can be pro-
duced comparatively easily. Coated regions of the optical element which are embod-
1ed 1n sickle-shaped or crescent-shaped fashion are furthermore conceivable. Such
last-mentioned geometries can be present in the case of use in reflective EUV sys-

tems.

The coating for the projection light preferably has a transparency of at least 80% at
the wavelength of 193 nm. In particular, the transparency of the coating is at least

95%. Graphene coatings attain corresponding transparencies.

Preferably, the projection arrangement is adapted in such a way that heating of the
layer material with the aid of the coupling-in means is greater than the heating of
the optical element by absorption of projection light. Imaging aberrations induced

by projection light can therefore be compensated for in a simple manner if heating
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of the layer material is greater in a targeted manner than an aberration originating
from undesired heated optical material such as glass or reflection surfaces of optical

elements.

The optical element 1s, for example, a refractive element such as a lens element.

The optical element can also be a reflective element such as a mirror. The mirror
then generally comprises a substrate, on which the coating is applied, and further
reflective layers for example for reflecting extreme ultraviolet light, DUV light or
VUV light, in particular with a wavelength in the range around 193 nm. For reflec-
tive optical elements, too, graphene is particularly expediently suitable as a mate-
rial which can be heated externally, for example with the aid of electrical or mag-
netic energy. In the case of the use as a mirror, it is also advantageous that the op-
tical element can be driven by electrodes which are fitted laterally, that 1s to say are

not present in the beam path.

Since graphene as coating material 1s present in particularly thin fashion and with
little roughness, that is to say can be arranged homogeneously relative to the coat-
ing surface, hardly any layer stresses arise, which 1s advantageous particularly in
the case of EUV optical units. In contrast to matrix-like heating wire arrangements,

the graphene coating does not lead to deformations.

In one development of the projection arrangement, a sensor device 1s furthermore
provided, which i1s adapted for detecting imaging properties of the projection ar-

rangement and/or detects a position of the optical element.

A control device 1s provided, for example, for controlling the coupling-in means de-
pending on a sensor signal generated by the sensor device. In particular, it is possi-
ble to drive, for example, current sources depending on imaging properties of the
optical element or of other optical elements in the projection arrangement. An
automatic adaptation of the heat input with the aid of the coating can thus be ef-

fected in a controlled manner by means of a control device. In this case, the imaging
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property of the entire optical projection arrangement that is detected by the sensor

can be optimized.

By way of example, a CCD detector 1s appropriate as sensor. Furthermore, it 1s pos-
sible to provide a position-sensitive sensor that detects a relative position of optical
elements, for example, with respect to predetermined positions. With the aid of de-
tected interference patterns, by way of example, a lens element surface of optical
elements or else a mirror surface can be detected and measured. Furthermore, tem-

perature sensors can be used.

Furthermore, a method for operating a corresponding projection arrangement is
proposed. In this case, energy 1s successively coupled into the layer material,
wherein a resulting temperature distribution of the coating changes an optical
property of the optical element in such a way that alterations of the imaging prop-
erties of the projection arrangement that are induced by radiation light, in particu-

lar, are at least partly compensated for.

In this case, the method can comprise one or more of the following steps:

producing a plurality of electric current densities in the coating material over a re-
spective predetermined period of time;

detecting a disturbance temperature distribution of the optical element, in particu-
lar with the aid of a thermal model; and/or

producing a temperature distribution in the layer material for compensating for
changes in the optical properties of the optical element induced by the detected dis-

turbance temperature distribution.

By way of example, currents are sequentially injected into the coating, said currents
in each case heating predetermined regions. On account of only limited thermal
conduction properties of the coating and of the material of the optical element, a re-
sultant geometrical temperature distribution arises. Consequently, virtually any
desired temperature distribution patterns can be produced. The resultant tempera-
ture distribution can be continuously adapted to the conditions. By way of example,

the coupling of energy into the coating is adapted depending on detected imaging
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properties of the projection arrangement, thus resulting in a reduction of imaging

aberrations.

Further possible implementations or variants of the projection arrangement or of
the method also encompass combinations — not explicitly mentioned — of features or
aspects described above or below with regard to the exemplary embodiments. In
this case, the person skilled in the art will also add individual aspects as an 1m-

provement or supplementations to the respective basic form.

Further configurations of the invention are the subject matter of the dependent
claims and of the exemplary embodiments of the invention described below. The in-
vention is explained in greater detail hereinafter on the basis of exemplary em-

bodiments with reference to the accompanying figures.

In this case, in the figures:

figure 1 shows a schematic illustration of an exemplary embodiment for a lithog-

raphy apparatus comprising a projection arrangement;

figure 2 shows a schematic illustration of a first exemplary embodiment of an op-

tical element;

figure 3 shows a schematic illustration of a second exemplary embodiment of an

optical element;

figure 4 shows a schematic illustration of a third exemplary embodiment of an op-

tical element;

figure 5 shows a schematic illustration of a fourth exemplary embodiment of an

optical element;

figure 6 shows a schematic illustration of a fifth exemplary embodiment of an op-

tical element;
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figure 7

figure 8

figure 9

figure 10

figure 11

figure 12

figure 13

figure 14

shows a schematic illustration of a sixth exemplary embodiment of an op-

tical element;

shows a schematic illustration of a seventh exemplary embodiment of an

optical element;

shows a schematic illustration of an eighth exemplary embodiment of an

optical element;

shows a schematic illustration of a ninth exemplary embodiment of an

optical element;

shows a schematic illustration of a first exemplary embodiment of an op-

tical system comprising a wavefront manipulator;

shows a schematic illustration of a second exemplary embodiment of an

optical system comprising a wavefront manipulator;

shows a schematic illustration of a third exemplary embodiment of an op-

tical system comprising a wavefront manipulator; and

shows a schematic illustration of a fourth exemplary embodiment of an

optical system comprising a wavefront manipulator.

Identical or functionally identical elements are provided with the same reference

signs in the figures, unless indicated otherwise.

Figure 1 shows a schematic illustration of an exemplary embodiment for a lithogra-

phy apparatus comprising a projection arrangement. In this case, the lithography

apparatus 1 comprises an illumination device 8, which generates projection light L.

Wavelengths in the deep ultraviolet spectral range are increasingly being used for

micro- or nanolithographic applications. In particular, wavelengths of 193 nm are
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customary. A corresponding UV projection light L is supplied by an argon fluoride
excimer laser, for example. The 1llumination device 8 comprises optical devices for
concentrating the light, these optical devices not being illustrated in more specific

detail.

The lithography apparatus 1 serves to image lithographic structure information
stored or reproduced in masks or reticles 7 onto a suitable photoresist of wafers 11
to be processed. An exposure of the wafer 11 1s often effected section by section, by
the reticle or the mask 7 being moved step by step in the object plane OE. A move-
ment in the direction of the arrow R1 is indicated in figure 1. At the same time, the
wafer 11 to be exposed 1s moved antiparallel in the image plane BE with the aid of
the wafer station 12. The direction is indicated by R2 in figure 1. Striped or usually
rectangular sections of the wafer 11 can thus be exposed successively. This is also

referred to as scanning or stepping.

The actual optical unit 1s realized in an optical system 4 comprising various optical
elements 2, 5, 6. By way of example, lens elements 5, mirrors 6 or else plane plates
are appropriate as optical elements. A multiplicity of optical components such as
refractive, reflective or other types of optical elements can be used in the corre-

sponding optical system 4.

The material of the optical elements used in the optical system 4 can be heated non-
uniformly by the projection light beam L. In particular, a thermal expansion of the
materials respectively used, such as glass or ceramics, can take place. This can
therefore be accompanied by an undesired change in imaging properties. In order to
compensate for corresponding effects induced by projection light, an optical element
2 having at least partly an areal coating composed of a layer material 1s provided in
the optical system or the projection arrangement 4. Furthermore, coupling-in
means 3 for coupling energy into the coating or the layer material of the optical
element 2 are provided. The layer material at the optical element 2 is configured in
such a way that it firstly changes its refractive index or the optical path length as a
result of a temperature change and secondly converts energy coupled in by the

means 3 into thermal energy. In this case, the means for coupling in energy, for ex-



10

15

20

25

30

WO 2012/175501 _ 14 _ PCT/EP2012/061718

ample contacts or irradiation means 3, are arranged laterally outside the beam

path, that 1s to say distinctly outside the optical axis A.

The coating, which can be, for example, a graphene layer on a lens element surface,
allows a targeted thermal input into the layer material and indirectly into the ma-
terial from which the optical element 2 is produced. Since graphene, in particular,
1s substantially transparent to projection light around 193 nm, it is also possible to
talk of a wavefront manipulator in transmitted-light operation. Since a coating such
as one composed of graphene can be realized particularly easily areally and homo-
geneously, there 1s the possibility of arranging the optical element 2 or the wave-

front manipulator 2 in proximity to the field.

The lithography apparatus furthermore comprises a sensor device 9, which 1s con-
figured as a CCD camera, for example. The CCD camera 9 detects, for example, 1m-
aging properties of the optical system 4 and supplies corresponding sensor signals S
to a control device 10, which 1s designed to perform a method for operating the pro-
jection arrangement or the lithography apparatus 1. By means of suitable control
signals CT, the control device 10 controls the means for coupling energy into the
coating of the optical element 2 in such a way that imaging aberrations can be re-
duced or compensated for. Alternatively, it 1s also possible to provide a sensor de-
vice 9 which directly detects the position of surfaces, of the lens elements and/or
mirrors provided in the optical system 4. Overall, the control device 10 effects an
optimization of the imaging properties of the lithography apparatus with the aid of
the wavefront manipulator 2, 3. The sensor 9 can detect lens element aberrations,
for example, and the control device 10 controls a temperature or heat input into the

areal and transparent coating of the wavefront manipulator in the beam path.

In principle, sensor devices 9 are suitable which detect variables which influence
1maging-relevant properties of the optical element 2. By way of example, the

weight, the position, the temperature and the like can be detected.

Possible exemplary embodiments of optical elements 2 are elucidated in greater de-

tail in figures 2-9.
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Figure 2 shows a schematic illustration of a first exemplary embodiment of an opti-

cal element which can be configured as a wavefront manipulator.

Figure 2A reveals a cross section, and figure 2B a plan view. The optical element 2
used 1n a beam path of an optical system, as illustrated in figure 1, for example, can
have refractive properties. However, it 1s also conceivable for a wavefront manipu-
lation merely to be effected by thermal influencing of the materials used. By way of
example, a plane quartz glass plate 13 is inserted into the beam path of a lithogra-

phy apparatus (cf. figure 1) in proximity to the field.

Figure 2A 1illustrates a glass body 13, which is transparent in particular to the UV
radiation at 193 nm. A thin transparent layer 100 1s applied to a surface 113 of the
glass body 13. The transparent layer 100 can comprise, in principle, metal such as
chromium or else molybdenum sulfide. Preferably, however, graphene 1s used as
coating material. In this case, a continuous region 100 is provided with the gra-
phene coating 14. The continuous region 100 comprises the optically used region of
the optical element 2 and corresponds, for example, to a rectangular slot of 20 to

24 mm?2. The size of this homogeneous coating, which is designated hereinafter as
graphene coating or graphene heating layer, makes it possible to insert the wave-
front manipulator 2 in the beam path in proximity to the field. Depending on meth-
ods for producing the graphene layer, larger elongate strip-like regions are also con-
ceivable. By way of example, 1t 1s possible to perform narrow elongate strip coatings
in such a way that projection light used for imaging purposes passes in each case
through the coating. Particularly in the case of steppers as lithography appara-
tuses, only narrow rectangular regions of the lens elements or mirrors are used op-
tically. However, geometries are also conceivable where the graphene heating layer
1s embodied in circular fashion with radi of between 40 mm and 160 mm. Particu-
larly in the case of VUV applications, complex geometries of the optical “footprint”

are also possible.

It 1s furthermore possible to provide only those surface regions with a graphene

heating layer which require particularly high compensation of undesired thermal
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effects. These are, for example, outer edge regions of an optically used region of a

lens element.

In the illustration and embodiment in figure 2, the wavefront manipulator 2 fur-
thermore has two electrodes 3A, 3B, which are electrically conductively connected
to the coating 14. The plan view in figure 2B reveals two areal electrodes 3A, 3B ar-
ranged at opposite edges of the circular glass plate 13. By means of the electrical
contacts or electrodes 3A, 3B, an electric current having a current density j can be
generated in the conductive graphene layer 14. A targeted heating of the graphene
layer 14 arises as a result of the conversion of electric current into thermal energy
W. As a result of a targeted heating or as a result of a targeted coupling-in of the
electrical energy as current density distribution j, firstly the graphene can be
heated, but secondly also the glass body 13 in the region of the current j, as a result
of which overall the optical properties are altered. By way of example, an optical

path length or the refractive index changes as a result of the heating.

The layer material or the graphene coating is firstly transparent and secondly elec-
trically conductive. Furthermore, the graphene material is particularly smooth and
has a roughness of only a few nanometers. In this respect, the graphene serves as a
transparent, electrically conductive coating, the temperature distribution of which
can be set. WO 2011/016837, to which reference 1s made in the entire scope thereof,
mentions production methods and properties of graphene layers. The graphene can
preferably be applied as a monolayer having a thickness of less than 1 nm, wherein
a transparency to the light having the wavelength of 193 nm 1s above 97%. How-
ever, it 1s also conceivable to provide a plurality of layers of graphene as coating.
Preferably, the graphene coating has a thickness of up to 24 nm. Corresponding
graphene coatings or films have electrical conductivities of up to 375 S/cm. Investi-
gations have revealed that graphene coatings of, in particular, between 8 nm and

24 nm can easily be applied to quartz glasses.

The lateral arrangement of the electrodes now allows an electric current to be ap-
plied to the areal, homogeneous coating 14. In order to alter the conductivity or

electrical properties of the graphene coating, a doping of the graphene material 1s
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also possible. The graphene coating can be effected, in particular, by chemical vapor
deposition (CVD). In this case, a catalyst layer is usually provided, to which a hy-
drocarbon-containing gas is applied. The respective catalyst, such as a nickel-
chromium layer, for example, has the effect that graphene grows on the surface of
the catalyst. The graphene layer, which can comprise one or a plurality of layers, 1s
subsequently applied to the actual carrier, such as a glass plate or a lens element
surface. Corresponding methods for transferring grown graphene layers to further

substrates are known.

The graphene heating layer or coating 14 transparent to the projection light can be
modeled, for example, as a rectangular or parallelepipedal material layer. In order
that lithography apparatuses as steppers or scanners generally image strip-shaped
1mages onto wafer structures with edge acuity, a continuous region 100 of approxi-
mately 20 mm? suffices, in principle. By way of example, the region or the coating
material has a width b, a length 1 and a height or thickness h. If electric current is
injected from an edge or marginally, a cross-sectional strip F =b X 1 arises. On the
basis of an electrical conductivity o in [S/m] of graphene, an electrical resistance

R =1(0 F) arises. In general, an ohmic resistance can be assumed in the case of a
graphene layer. Therefore, a thermal power of P = U%/R generated in the graphene
strip 100 and an area-related thermal power density of P/(b 1) = ¢ h U212 are ob-
tained. Given a thickness h = 8 nm, an assumed electrical conductivity ¢ = 375 S/cm
and an electrical voltage of U =52V, a thermal power density of 80 W/m? arises. In
this case, the graphene strip or parallepiped is assumed to have a width of

b =1 mm and a length of 1 = 10 cm. In the case of only a small number of graphene
layers or, for example, one monolayer of only one nanometer, although higher volt-
ages are necessary, this i1s approximately 146 V particularly in the case of the
abovementioned computation example giving a thickness h = 1 nm. Such voltages
are manageable in lithography apparatuses. In this respect, energy can be coupled
into the coating cost-effectively by means of current or voltage sources which can be

driven 1n a simple manner.

Figure 3 illustrates a development of an optical element as a wavefront manipula-

tor. The optical element 102, for example in the manner of a quartz glass plate or a
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lens element with a graphene coating 14, is provided marginally with a plurality of
electrodes 15, 16, 17, 18, 19, 20. The contacts or electrodes 15-20 are arranged on
the circumference of the circular glass plate 13 in electrical contact with the coating
14. Furthermore, a controllable current source 22 1s provided, which 1s coupled to
the six electrodes 15-20. By means of the controllable current source 22, it is possi-
ble to inject a respective current J1-J6 for generating corresponding current densi-
ties in the graphene to the contacts 15-20 or into the coating 14, which 1s configured
as a preferably homogeneous graphene layer. The controllable current source 22 is

controlled by a control device 10 by means of suitable control signals C1.

Furthermore, by way of example, a controllable cooling element 21 is likewise pro-
vided in thermal contact with the coating 14 or the glass body 13. This cooling de-
vice 21, which can be configured as a Peltier element, for example, also lies outside

the beam path of the respective lithography apparatus.

Electric field lines E are indicated in the graphene heating layer 14 in the plan view
in figure 3, said field lines running between the contacts 15-20. By way of example,
an electric current density j between the electrode 15 and the electrode 18 is indi-
cated as a dashed arrow. When the controlled current sources 22 are switched on,
this results in a particularly high thermal power in regions of high electric field line
densities. A corresponding region 23 in the vicinity of the contact electrode 15 1s in-
dicated in a dotted manner in figure 3. If currents are injected uniformly, greater
heating takes place in the region 23 of the graphene layer 14. Since the cooling con-
tact 21 can furthermore operate as a heat sink, a heat flow designated by q and rep-
resented by a dotted arrow arises, for example. In this respect, by means of a plu-
rality of electrodes 15-20 and a targeted injection of currents J1-J6 it 1s possible to
produce a targeted manipulated heat conversion in the graphene layer and thus to
alter the temperature in a localized manner. It is thus possible, by way of example,
by means of the control device 10, to ensure a compensation of imaging aberrations
which can occur as a result of heating of the optical elements in the respective pro-

jection system or of the optical element as a result of absorption of projection light.
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As an alternative to the exemplary illustration in figure 3, the control device 10 can
control the current source 22 for example also in such a way that an electric current
substantially flows between the electrodes 17 and 18. That is to say that, in the ori-
entation of figure 3, a conversion of the electrical energy into thermal energy occurs
in the region at the top right of the glass disk 13. If cooling 1s simultaneously ef-
fected by means of the cooling device 21 embodied as a Peltier element, a heat flow
(not illustrated here) arises at the upper edge of the glass plate 13 or of the gra-
phene coating 14. In this respect, the transparent and electrically conductive gra-
phene layer 14 enables a targeted thermal manipulation of the optical element em-

bodied, for example, as a lens element 102.

Figure 4 illustrates a third exemplary embodiment of a corresponding optical ele-
ment as a wavefront manipulator. The optical element 202 1s configured, for exam-
ple, as a graphene layer 14 between two quartz glass plates or else calcium fluoride

plates 24, 25. Figure 4A shows a cross-sectional view, and figure 4B a plan view.

A graphene layer, for example a 1 nm thick trilayer, is once again assumed. In the
exemplary embodiment, 14 electrodes 15-20, 26-33 are arranged marginally in elec-
trical contact with the graphene coating 14. Electric current is injected into the gra-
phene layer 14 in a manner controlled by a control device (not illustrated in fig-

ure 4) and corresponding current or voltage sources. The thermal power distribu-
tion and thus the heating of the graphene layer 14 are dependent on the respective

electric currents through the layer.

Energy is then successively coupled into the layer material in such a way that a re-
sultant temperature distribution of the coating alters an optical property of the op-
tical element such that undesired changes in the imaging properties are compen-
sated for. For this purpose, suitable resultant temperature distribution patterns
can be generated by the superposition of individual temperature distribution pat-

terns.

In order to generate a ring-shaped thermal power distribution, for example, it 1s

possible to generate sequentially, that is to say successively, current densities be-
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tween pairs of electrodes. Figure 4B shows, by way of example, a current density j1
between the electrodes 19 and 15, a current j2 between the electrodes 15 and 31.
Currents between the electrodes 30 and 28 (j3), between the electrodes 30 and 26
(j4), between the electrodes 27 and 19 (j5) and between the electrodes 20 and 17 (j6)
are furthermore indicated. In order to achieve a desired heat distribution or a de-
sired manipulated heating of the graphene layer 14, the currents are injected suc-
cessively, that 1s to say the current density j1 at the instant t1, the current density
j2 at the instant or over a predetermined time period t2, and the current densities
13, 14, 15 and j6 over further instants or time periods t3-t6. The respective thermal
powers add up to form a desired thermal power distribution. In this case, the heat
capacity of the concomitantly heated quartz glass plates 24, 25 can be utilized. In
principle, by means of the large number of marginally arranged electrodes 15-20,
26-33 and virtually arbitrarily injectable currents and current directions, it is pos-
sible to generate any desired geometrical thermal power distribution in the coating
and the adjacent lens element material. The individual thermal powers as a result
of the injected current densities j1-j6 add up even though the latter are fed in se-

quentially.

It 1s also possible to provide more than the 14 electrodes illustrated in figure 4B. In
this respect, 1n specific embodiments and implementations of the wavefront ma-
nipulator, sequential driving of different pairs of electrodes 1s effected by a control
device. Since graphene 1s electrically conductive, contact-connection via contact
electrodes such as have been mentioned in the previous exemplary embodiments

can be realized cost-effectively.

Figure 5 shows a fourth exemplary embodiment of a wavefront manipulator 302
that can be used in the field, that is to say in proximity to the field. Figure 5A
shows a cross-sectional view, while figure 5B shows a plan view. By way of example,
a calcium fluoride or quartz glass plate 13 with a graphene coating 14 is once again
provided. In the embodiment in figure 5 of a wavefront manipulator 302, no contact
electrodes are provided. Rather, energy is input into the graphene layer 14 by in-
duction with the aid of controllable magnets. Therefore, magnet coils 34-41 are ar-

ranged around the glass disk 13 with the graphene coating 14.
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Figure 5B reveals that the magnet coils 34-41 are arranged around the circumfer-
ence of the, for example circular, glass plate 13. The magnet coils 34-41, which are
individually drivable, for example, generate alternating magnetic fields. By way of
example, a magnetic field B is indicated in figure 5A. As in the case of induction
hobs, eddy currents are generated, for example, in the graphene layer 14 by induc-
tion. Through selection of the temporal and geometrical configuration of the mag-
netic fields B, it 1s possible to set precise eddy current generation locally in the gra-

phene layer 14.

The contactless supply of magnetic energy for generating electric currents in the
graphene layer 14 and subsequent conversion into thermal energy 1s suitable, in
particular, for example if the respective optical element 302 has to be used 1n an ul-
tra high vacuum. The magnetic fields can then be generated externally outside the
vacuum region, without for example electrode material, which can have impurities,
having to be present directly on the optical element 302. In this respect, the optical
element 13 can also be understood as a mirror. Reflective optical units are used, in
particular, in the case of projection using deep ultraviolet light. The currents gener-
ated in the graphene layer 14 in turn supply heating of the graphene layer 14 and
thus alteration of the optical properties both of the graphene layer 14 and poten-
tially of the concomitantly heated glass plate 13.

Figure 6 illustrates yet another embodiment of a wavefront manipulator, wherein
energy is input by means of electromagnetic radiation. Figure 6A shows a cross-
sectional view of an optical element 402 with, for example, a graphene layer 14 ar-
ranged between two glass layers 24, 25. Figure 6B shows a plan view of the glass
plates with the graphene coating 14 that are used in the beam path. Since the gra-
phene 14 1s electrically conductive and transparent, in particular to the used wave-
lengths of between 190 nm and 250 nm, for example, energy can be coupled in for
example by means of microwave irradiation. The microwaves MW generate cur-
rents and thus heat in the graphene layer 14. For this purpose, four microwave an-
tennas 42, 43, 44, 45 suitable for introducing microvave radiation MW are provided

around the glass plates 24, 25 coated with graphene. The used wavelength or fre-
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quency of the microwaves MW can be adapted to the electronic properties of the

graphene.

Figure 6B furthermore shows a control device 10, which drives the microwave an-
tennas 42, 43, 44, 45 by means of control signals C1, C2, C3, C4. With the aid of the
introduction of electromagnetic radiation, in particular in the form of microwaves,
regions in the graphene layer 14 can be heated in a targeted manner, for example.
In this respect, a manipulated heat input can be performed locally in a targeted
manner. With the use of a plurality of microwave antennas 42, 43, 44, 45, it 1s fur-
thermore possible, for example by means of interference patterns, to obtain a de-

sired heating of the graphene locally and with a predeterminable geometry.

It 1s also conceivable for the electron structure of the material used as coating ma-

terial to be altered by the introduction of specific electromagnetic radiation.

Moreover, the presented mechanisms for coupling energy into the coating material
can also be used in combination with one another. By way of example, it is conceiv-
able to use electrode arrangements, such as are indicated in figure 4, and also mag-
net coils as well as microwave generators. Overall, particularly in the case where
graphene 1s used, this results in a simple and flexible possibility for setting heat

generation locally.

Figure 7 illustrates one possibility for defining locally in a coating subsegments
which can be heated substantially separately from one another. No shadings or dif-

fractions of projection light in transmitted-light operation arise in this case.

Figure 7 therefore shows a sixth exemplary embodiment of an optical element 502
embodied as a wavefront manipulator. Figure 7A shows an excerpt from a cross-

sectional illustration, and figure 7B a plan view.

Figure 7A reveals once again a glass body 25 in an excerpt, a graphene coating 14
being applied on said glass body. The graphene layer 14 i1s embodied in multilay-
ered fashion, illustrated with three layers 14A, 14B, 14C in the example 1n fig-
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ure 7A. An electrode 15 for electrical coupling to the graphene is illustrated mar-
ginally. It 1s possible to incorporate grooves into the multilayered graphene layer.
Figure 7A shows in cross section a groove, fissure or indentation 46. The grooves 46
can be achieved chemically or else mechanically, for example by mechanical stress.
In the region of the groove 46, the top two monolayers 14C and 14B are removed,
for example, such that only one monolayer 14A remains directly on the glass body

25.

In this case, an extent f of the groove 46 1s f <A, wherein A 1s the wavelength of the
projection light used. With the use of ultraviolet light where A = 193 nm, fis be-
tween 50 and 100 nm, for example. By virtue of the grooves, also designated here as
sub-lambda indentations, the light 1s not diffracted, and so the layer remains sub-
stantially transparent optically and does not bring about any disturbance in the
beam path. However, the electrical resistance i1s increased in the region of the
groove 46, such that the individual layer regions or segments 50-54, as are indi-

cated in figure 7B, can be better driven independently of one another.

The grooves 46 can, as illustrated in figure 7B, for example, define regions or seg-
ments 50-54 within the boundaries of which, through the grooves 46-49, an in-
creased heat input by means of electric current is possible in a targeted manner.
Figure 7B shows marginally nine electrodes 15-20, 26, 27, 28 and four sub-lambda
indentations 46, 47, 48, 49, which delimit five segments 50, 51, 52, 53, 54 from one
another in or on the coating 14. Suitable driving of the electrodes 15-20, 26, 27, 28
makes 1t possible, 1n particular, to heat the partial regions or segments 50-54 of the

coating independently of one another.

By virtue of the increased resistance of the grooves 46, 47, 48, 49, the segments can
also be heated more easily individually by a respective current flow. It is also con-
ceivable for a groove to be produced completely down to a surface 125 of the carrier
material, that is to say of the glass body 25. An electric field strength then arises
transversely with respect to the groove, however. By way of example, given a groove

width f = 100 nm and a potential difference of 1 V between adjacent segments, a
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field strength of 107 V/m can arise. Preferably, therefore, single- or multilayered

layers are left, rather, in the groove bottoms or valleys.

Figure 8 shows yet another exemplary embodiment of a wavefront manipulator 602.
In this case, a graphene layer 14 is once again arranged between two quartz glass
plates 24, 25. By way of example, the graphene layer 14 is a trilayer. An electrode
arrangement 15-20, 26-33 1s provided laterally in the interspace. In a manner simi-
lar to that in figure 4, the electrodes 15-20, 26-33 can be driven in a targeted man-
ner individually and separately from one another, such that substantially any de-
sired current distribution and thus heat flow geometry can be generated sequen-

tially.

A cooling ring or cooling contact 55 is provided in a ring-shaped manner around the
optical element. The ring-shaped cooling contact 55 can be embodied, for example,
as a Peltier element or else from metal, such as gold. The cooling ring 55 serves as a
heat sink in order to dissipate the heat generated by conversion of electrical energy
into thermal energy in the heated graphene and adjacent glass layers. Given a 1 nm
thin graphene layer 14, which can be present as a trilayer, a thermal conductivity of
12 000 W/mK 1s expected. That is to say that a graphene strip having a width of

1 mm and a length of 10 cm transports a thermal power of 8 uW given a tempera-
ture difference of 80 K. Furthermore, heat is transported into the quartz glass

plates 24, 25.

Overall, a shading-free wavefront manipulator which is transparent to UV light, in
particular, 1s afforded in the arrangement in figure 8. One outer surface, for exam-
ple the surface 124 of the upper quartz glass plate 24, can be configured in aspheri-

cal fashion in order to compensate for a null wavefront deformation.

Figure 9 shows a further exemplary embodiment of an optical element 802 of a
wavefront manipulator that can be used in the field, that is to say in proximity to
the field. Figure 9 shows a plan view. By way of example, a calcium fluoride or
quartz glass plate 13 with a graphene coating 14 is once again provided. The coat-

ing 14 1s applied piece by piece to the surface of the plate, thus resulting in seg-
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ments or partial regions 50, 51, 52. A parqueting of the region 14 to be coated with
geometrical identical coating sections is conceivable. However, irregular coverings
are also possible. With the use of graphene, it is possible to apply the same as flakes
or film pieces 50, 51, 52 onto the surface of the optical element 702. Despite the
overall non-continuous area of the coating region 14, no diffraction or shading takes
place at the boundaries between the coating partial regions 50, 51, 52, since the

coating material 1s chosen to be sufficiently thin and transparent.

In principle, an entire lens element or plate surface can also be covered with gra-

phene laminae.

Finally, figure 10 illustrates a ninth exemplary embodiment of an optical element
802 that can be used as a wavefront manipulator. The optical element 802 1s con-
figured as a reflective element, for example as a mirror. In the exemplary embodi-
ment in figure 10, too, 1n particular a graphene layer 14 1s provided for targeted
heat input via energetic coupling-in. The mirror 802 comprises a substrate 56, for
example composed of suitable ceramic or titanium silicate glass. A graphene layer
14 1s applied to the substrate 56, a for example multilayered, layer arrangement 57

as reflective coating in time being provided on said graphene layer.

Laterally, electrodes 3A, 3B are provided circumferentially, for example. The ge-
ometry and arrangement of the electrodes can be implemented as explained in the
previous exemplary embodiments. Particularly in the case of reflective optical units
or optical elements such as are illustrated in figure 10, the reflective coating 57 can
deform and heat up depending on the incident UV radiation. By means of the gra-
phene heating layer 14, the heating can be compensated for locally in a targeted
manner, or a homogeneous temperature distribution can be obtained. In this re-
spect, graphene adjoining the electrodes 3A, 3B can be used as a heating layer.
Graphene has the advantage that it is particularly smooth and has little surface
roughness. In this respect, the reflective coating layers 57 can also be arranged se-
curely and precisely without generating imaging aberrations. One advantage of
graphene in this case 1s also, 1n particular, its small thickness and good conductiv-

1ty with regard to electrical transport and heat transport.
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Figures 11-14 indicate possible positions for optical elements, as shown in the pre-

vious 1llustrations, in an optical system.

Figure 11 shows a schematic illustration of a first exemplary embodiment of an op-
tical system 1n which a wavefront manipulator with a graphene coating, for exam-
ple, is used. In this case, figure 11 shows an optical unit 104 as illustrated in

WO 2005/069055 A2 as figure 32. Along the optical axis A, both refractive elements
58 and reflective elements 59 are provided from the object plane OE as far as the

image plane BE.

The illustration in figure 11 furthermore shows the positions of three pupil planes
P1, P2, P3. In a conventional embodiment of the optical system 104, a plane plate 1s
provided on the optical axis on the right of the pupil plane P1. Instead of the plane
plate, a wavefront manipulator 2, for example with a graphene coating, 1s now pro-
vided. The arrangement on the right of the pupil plane P1 is neither in proximity to
the pupil nor in proximity to the field, but rather intermediate. Since the graphene
coating can be realized homogeneously over a continuous region of 10 to 20 mm?2, for
example, the position of the wavefront manipulator at this location 1s possible with-
out disturbing the beam path. In proximity to the field it is possible to provide the
wavefront manipulator at the positions indicated by dotted arrows 2’ in figure 11.
The respective lens element can be split into a plane plate with graphene coating
and a lens element, such that a wavefront manipulation takes place. Alternative
realizations of the wavefront manipulator in or at optical elements are indicated by

2” and dash-dotted arrows.

Figure 12 shows a further exemplary embodiment of an optical system comprising a
wavefront manipulator. The projection lens 204 illustrated in figure 12 is disclosed,
for example, as figure 3 1n US2008/0174858 A1l. Once again a multiplicity of lens
elements and mirrors 59 are provided between the object plane OE and the image
plane BE. Figure 12 furthermore shows three pupil planes P1, P2, P3. Intermediate
1image planes Z1 and Z2 are furthermore indicated. In order to use a wavefront ma-

nipulator in the manner described above, two alternative positions are indicated in
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figure 12. The position 2 is provided substantially in proximity to the pupil in the
vicinity of the pupil P1. However, an intermediate position 2’ is also conceivable. In
proximity to the field, it 1s possible to provide the wavefront manipulator at the
mirrors 59. Alternative realizations of the wavefront manipulator in or at optical

elements are indicated by 2” and dash-dotted arrows.

Figure 13 shows a schematic illustration of a third exemplary embodiment of an op-
tical system 304 in which a wavefront manipulator with a graphene coating, for ex-
ample, 1s used. In this case, figure 13 shows an EUV optical unit as illustrated in
US2008/0024746 A1 as figure 4a. The optical system here comprises eight mirrors
59. Along the optical axis A, mirrors as reflective optical elements 59 are provided
from the object plane OE as far as the image plane BE. A wavefront manipulator,
for example as a graphene heating layer on one of the mirror substrates, can be
provided in particular in proximity to the pupil 2’. A further manipulator 2” is pro-

vided, for example, in proximity to the field at the fourth mirror 59.

Finally, figure 14 indicates a schematic illustration of a fourth exemplary embodi-
ment of an optical system 404 in which a wavefront manipulator with a graphene
coating, for example, can be used. In this case, figure 14 shows an immersion opti-
cal unit for wavelengths of 193 nm, for example, such as 1s illustrated in

EP 1 881 520 A1l as figure 6. The optical system also comprises here, alongside re-
fractive optical elements, that is to say lens elements, mirrors 59 between the object
plane OE and the wafer or the image plane BE. By comparison with the known ar-
rangement from EP 12 881 520 Al, at least one of the optical elements used 1s em-
bodied as a wavefront manipulator. Figure 14 indicates possible positions for ar-
rangements in proximity to the field for a graphene heating layer by means of the

dashed arrows 2’, 2”.

It may prove to be expedient, in particular, to provide a wavefront manipulator with
a graphene coating which serves as a heating layer, specifically in particular at the
locations in the beam path where conventionally plane plates are provided in the
beam path. Since the graphene layer 1s transparent, an arrangement 1s also made

possible in the regions in proximity to the field.
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Overall, this results in a cost-effective possibility, without the shading of the field
and disturbance by diffraction, for example by non-transparent electrodes or heat-
ing arrangements, to obtain an easily producible wavefront manipulation for com-

pensating for imaging aberrations.

Although the present invention has been explained on the basis of exemplary em-
bodiments, it 1s not restricted thereto, but rather can be modified in diverse ways.
The proposed materials for the coating and also the thickness and geometrical rep-
resentation thereof should be understood to be merely by way of example. Although
primarily graphene has been discussed, other coating materials which can be ther-
mally excited are also possible. With the aid of a wavefront manipulator, besides
the radiation-induced heatings mentioned, it 1s also possible to compensate for ef-
fects attributed to altered material properties of the respective lens element or of
the mirror. After relatively long operation, for example, material damage can occur

which can alter the imaging properties.
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21 cooling contact
22 current source
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24, 25 glass plate
26-33 electrical contact
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46-49 groove

50-54 coating section
55 cooling ring
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59 mirror
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102 optical element
104 optical system
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PATENT CLAIMS

Projection arrangement (1) for imaging lithographic structure information
comprising:

an optical element (2), which has at least partly a coating (14) composed of an
electrically conductive layer material, wherein the coating (14) comprises a
continuous region (100), which has no elements that shade projection light,
and the layer material and/or the optical element (2) change(s) an optical
property, in particular a refractive index or an optical path length, depending
on a temperature change; and

at least one means (3) for coupling energy into the layer material in such a
way that the layer material converts coupled-in energy into thermal energy,
wherein the layer material 1s selected from the group consisting of graphene,

chromium and molybdenum sulfide (MoS2).

Projection arrangement (1) according to Claim 1, wherein the coupling-in

means (3) is arranged laterally outside the continuous region (100).

Projection arrangement (1) according to Claim 1 or 2, wherein the optical

element (2) is arranged in proximity to the field.

Projection arrangement (1) according to Claim 1 or 2, wherein the optical

element (2) is arranged in proximity to the pupil.

Projection arrangement (1) according to any of Claims 1-4, wherein the layer
material is arranged homogeneously in the continuous region (100) on a sur-

face (113) of the optical element (13).

Projection arrangement (1) according to any of Claims 1-5, wherein the layer

material substantially has a linear electrical resistance.
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Projection arrangement (1) according to any of Claims 1-6, wherein the layer

material further comprises graphene, chromium and/or molybdenum sulfide

(MoSy).

Projection arrangement (1) according to any of Claims 1-7, wherein the layer

material exclusively comprises single- and/or multilayered graphene.

Projection arrangement (1) according to Claim 7 or 8 wherein the layer mate-

rial comprises doped conductive graphene.

Projection arrangement (1) according to any of Claims 7-9, wherein the gra-

phene 1s produced with the aid of chemical vapor deposition.

Projection arrangement (1) according to any of Claims 7-10, wherein the coat-
ing has grooves (46) having a smaller width than the wavelength of the pro-
jection light used.

Projection arrangement (19) according to any of Claims 1-11, wherein the
means (3) is adapted for coupling in electrical, magnetic and/or electromag-

netic energy.

Projection arrangement according to any of Claims 1-12, wherein the cou-
pling-in means (3) is embodied as electrical contacts (15-20, 26-33) at the

edge of the continuous region with a plurality of electrodes.

Projection arrangement (1) according to any of Claims 1-13, wherein the cou-

pling-in means comprises a coil arrangement (34-41).

Projection arrangement according to any of Claims 1-14, furthermore com-

prising a device (21, 55) for cooling the coating (14).
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Projection arrangement (1) according to any of Claims 1-15, wherein the con-
tinuous region (100) comprises at least an area of 20 mm?, in particular of at

least 24 mm?.

Projection arrangement (1) according to any of Claims 1-16, wherein the coat-
ing (14) has a transparency of at least 80%, in particular of at least 95%, to

projection light having the wavelength of 193 nm.

Projection arrangement (1) according to any of Claims 1-17, wherein the pro-
jection device (1) is adapted in such a way that heating of the layer material
with the aid of the coupling-in means (3) is greater than the heating of the
optimal element (2) by absorption of projection light.

Projection arrangement (1) according to any of Claims 1-18, wherein the opti-

cal element (2) is a refractive element, in particular a lens element.

Projection arrangement (1) according to any of Claims 1-18, wherein the opti-

cal element (2) is a reflective element, in particular a mirror.

Projection arrangement (1) according to any of Claims 1-20, furthermore
comprising a sensor device (9) for detecting imaging properties of the projec-
tion arrangement (1) and/or a position of the optical element (2) and a control
device (10) for controlling the coupling-in means depending on a sensor signal

(S) generated by the sensor device (9).

Method for operating a projection arrangement (1) according to any of Claims
1-21, wherein energy is successively coupled into the layer material (9),
wherein a resulting temperature distribution of the coating (14) changes an
optical property of the optical element (2) in such a way that alterations of
the imaging properties of the projection arrangement (1) that are induced by

radiation light, in particular, are at least partly compensated for.
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