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(57) ABSTRACT

A mirror element, in particular for a microlithographic
projection exposure apparatus. According to one aspect, the
mirror element includes a substrate (111, 112, 113, 114, 115,
211, 212, 213, 311a-311m, 411, 412, 413) and a layer stack
(121, 122, 123, 124, 125, 221, 222, 223, 321a-321m, 421,
422, 423) on the substrate. The layer stack has at least one
reflection layer system, wherein a curvature of the mirror
element is generated on the basis of a setpoint curvature for
a predetermined operating temperature by a non-vanishing
bending force exerted by the layer stack, wherein the gen-
erated curvature varies by no more than 10% over a tem-
perature interval (AT) of at least 10 K.
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MIRROR ELEMENT, IN PARTICULAR FOR
A MICROLITHOGRAPHIC PROJECTION
EXPOSURE APPARATUS

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims foreign priority under 35
U.S.C. §119(a)-(d) to German Application No. 10 2015 225
510.7 filed on Dec. 16, 2015, the entire contents of which are
hereby incorporated by reference.

FIELD OF THE INVENTION

[0002] The invention relates to a mirror element, in par-
ticular for a microlithographic projection exposure appara-
tus.

BACKGROUND

[0003] Microlithography is used for producing micro-
structured components, such as integrated circuits or LCDs,
for example. The microlithography process is carried out in
a so-called projection exposure apparatus comprising an
illumination device and a projection lens. The image of a
mask (reticle) illuminated by the illumination device is in
this case projected by the projection lens onto a substrate
(for example a silicon wafer) coated with a light-sensitive
layer (photoresist) and arranged in the image plane of the
projection lens, in order to transfer the mask structure to the
light-sensitive coating of the substrate.

[0004] In projection lenses designed for the extreme ultra-
violet (EUV) range, i.e. at wavelengths of e.g. approxi-
mately 13 nm or approximately 7 nm, owing to the lack of
availability of suitable light-transmissive refractive materi-
als, mirrors are used as optical components for the imaging
process.

[0005] In the illumination device of a microlithographic
projection exposure apparatus designed for operation in the
EUYV range, in particular the use of facet mirrors in the form
of field facet mirrors and pupil facet mirrors as focusing
components is known for example from DE 10 2008 009
600 Al. Such facet mirrors are constructed from a multi-
plicity of individual mirrors or mirror facets, which may be
designed to each be tiltable by way of flexure bearings for
the purposes of adjusting, or else for realizing, specific
illumination angle distributions. These mirror facets may
comprise a plurality of micromirrors in turn.

[0006] Moreover, the use of mirror arrangements which
comprise a multiplicity of mutually independently adjust-
able mirror elements in an illumination device of a micro-
lithographic projection exposure apparatus, designed for
operation at wavelengths in the very ultraviolet (VUV)
range, for adjusting defined illumination settings (i.e. inten-
sity distributions in a pupil plane of the illumination device)
is also known, for example, from WO 2005/026843 A2.
[0007] In practice, there is a need during the production of
mirror elements to adjust the respective refractive power
thereof as exactly as possible, wherein this may be a
refractive power of zero (corresponding to a plane mirror
element) or else a refractive power differing from zero,
depending on the application. A known approach to this end
consists of using the mechanical tension generated when
applying a layer stack, including the reflection layer system,
onto a substrate and the bending force exerted on the
substrate by the layer stack as a result thereof in a targeted
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manner when manufacturing the respective mirror element
in order to generate a setpoint curvature of the mirror
element—and hence a desired finite refractive power of the
mirror element (wherein the substrate has a curvature devi-
ating from the setpoint curvature of the mirror element prior
to the formation of the layer stack).

[0008] A problem occurring in practice is that the mirror
elements are exposed to temperature changes (both during
the commissioning and during the subsequent running
operation of the respective optical system). In the case of
differing thermal expansions of the layer stack on the one
hand and the substrate on the other hand (i.e. as a conse-
quence of the so-called bimetallic effect), this produces an
unwanted change in the curvature or refractive power of the
respective mirror element and consequently may lead to a
deterioration in the optical properties of the optical system
comprising the mirror element.

[0009] Regarding the prior art, reference is made merely
by way of example to WO 2015/114043 A1, DE 10 2010028
488 Al and DE 10 2006 057 567 Al.

SUMMARY

[0010] It is an object of the present invention to provide a
mirror element, in particular for a microlithographic projec-
tion exposure apparatus, in which thermally induced
changes in the refractive power of the mirror element
resulting from temperature changes occurring during opera-
tion are at least reduced.

[0011] This object is achieved by the mirror element in
accordance with the features of the independent claims.

[0012] In accordance with one aspect of the invention, a
mirror element according to the invention, in particular for
a microlithographic projection exposure apparatus, com-
prises:
[0013]

[0014] a layer stack on the substrate, wherein the layer
stack has at least one reflection layer system;

[0015] wherein a curvature of the mirror element is gen-
erated on the basis of a setpoint curvature for a predeter-
mined operating temperature by a non-vanishing bending
force exerted by the layer stack; and

[0016] wherein the generated curvature varies by no more
than 10% over a temperature interval AT of at least 10 K.

[0017] In accordance with this aspect, the invention ini-
tially proceeds from the principle of using the mechanical
tension generated when applying a layer stack, including the
reflection layer system, onto a substrate and the bending
force exerted on the substrate by the layer stack as a result
thereof in a targeted manner in order to generate a setpoint
curvature or refractive power of the mirror element (wherein
the substrate has a curvature deviating from the setpoint
curvature of the mirror element prior to the formation of the
layer stack).

[0018] Now, the invention is based on the concept of
designing the (overall) system made of substrate and layer
stack in such a way that there is no significant variation in
the curvature of the mirror element and hence no significant
variation in the refractive power thereof any more, even in
the case of a temperature change occurring at least within a
restricted temperature interval, i.e. that an unwanted bime-
tallic effect is largely avoided at least over a restricted
temperature range.

a substrate; and
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[0019] Inaccordance with one embodiment, the generated
curvature varies by no more than 1%, in particular by no
more than 0.1%, over a temperature interval (AT) of at least
10 K.

[0020] In accordance with one embodiment, the mirror
element comprises a compensation layer which at least
partly compensates a variation of the bending force exerted
by the layer stack accompanying a change in temperature
occurring within the temperature interval in terms of the
influence of said bending force on the curvature of the mirror
element. In accordance with this approach, the compensa-
tion of the bimetallic effect according to the invention is
therefore carried out by virtue of an additional layer being
provided to this end, said layer—depending on the specific
placement of this additional layer relative to the substrate
and the layer stack in the overall structure—just exerting the
bending force on the substrate which, in comparison with the
bending force of the layer stack additionally induced by
temperature change, is of the same magnitude or of the same
magnitude with opposite sign such that, in the ideal case, a
thermally induced change in the bending force of the layer
stack is compensated and no thermally induced change in
the curvature or refractive power occurs any more in the
overall system or in the mirror element.

[0021] In accordance with one embodiment, the mirror
element comprises an equalization layer which reduces a
transfer of mechanical tension between the layer stack and
the substrate compared to an analogous design without the
equalization layer. According to this approach, the compen-
sation of the bimetallic effect according to the invention
therefore occurs by virtue of mechanical decoupling
between the layer stack and substrate being provided by way
of a “soft” equalization layer.

[0022] In accordance with one embodiment, the mirror
element is embodied in such a way that a mean coeflicient
of thermal expansion of the substrate has a first value and a
mean coeflicient of thermal expansion of the layer stack has
a second value, wherein the first value and the second value
correspond to within +10%, in particular to within +3%,
more particularly to within 1%, in each case in relation to
the larger one of the two values.

[0023] According to this approach, the compensation of
the bimetallic effect according to the invention therefore
occurs by virtue of adapting the configuration of the sub-
strate in view of the material used in the substrate or the
materials used in the substrate to the configuration of the
layer stack in respect of the respective mean coefficient of
thermal expansion.

[0024] In accordance with one embodiment, the substrate
is produced from at least two different materials.

[0025] The invention is not restricted to the application of
the principle, set forth at the outset, of using a bending force
exerted by the layer stack on the substrate in a targeted
manner in order to generate a setpoint curvature or refractive
power of the mirror element (wherein the substrate has a
curvature deviating from the setpoint curvature of the mirror
element prior to forming the layer stack). Rather, the inven-
tion may also be applied to mirror elements in which the
substrate is manufactured from the outset with substantially
a setpoint curvature, with in this case a bending force
exerted by the layer stack on the substrate (for example due
to a comparatively large substrate thickness) being only very
small. This is because the effect (to be compensated accord-
ing to the invention) of different thermal expansion of layer
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stack and substrate or of an unwanted change in the curva-
ture or refractive power of the mirror element caused
thereby may even still be serious enough in such applica-
tions—which may include e.g. the mirror elements of facet
mirrors, specified at the outset, such as e.g. field or pupil
facet mirrors—to cause a significant impairment of the
optical properties during the operation of e.g. a microlitho-
graphic projection exposure apparatus.

[0026] The invention therefore further relates to a mirror
element, in particular for a microlithographic projection
exposure apparatus, comprising:

[0027] a substrate;

[0028] a layer stack on the substrate, wherein the layer
stack has at least one reflection layer system; and

[0029] an equalization layer which reduces a transfer of
mechanical tension between the layer stack and the substrate
compared to an analogous design without the equalization
layer.

[0030] In accordance with one embodiment, the mirror
element comprises an additional tension-inducing layer.
This additional tension-inducing layer may be configured in
a targeted manner in such a way that, overall, a desired
mechanical tension or a desired bending force exerted by the
layer stack on the substrate is achieved.

[0031] In accordance with one embodiment, the mirror
element is a mirror element of a mirror arrangement com-
posed of a plurality of mirror elements. In particular, these
mirror elements may be tiltable independently of one
another.

[0032] As a matter of principle, the invention is not
restricted to certain dimensions of the respective mirror
elements. Thus, for example, the mirror elements may be
so-called MEMS components, the dimensions of which may,
merely by way of example, lie in the region of 50 pm
thickness and 1 mm edge length, or else comparatively
macroscopic mirror elements, for example of a facet mirror,
with e.g. several millimetres (mm) thickness and e.g. 100
mm edge length.

[0033] In accordance with one embodiment, the mirror
arrangement is a facet mirror, in particular a field facet
mirror or a pupil facet mirror.

[0034] In accordance with one embodiment, the mirror
element is designed for an operating wavelength of less than
30 nm, in particular less than 15 nm. However, the invention
is not restricted thereto, and so the mirror element may also
be designed for a wavelength in the VUV range, in particular
a wavelength of less than 200 nm, in further applications.
[0035] In accordance with one embodiment, the mirror
element is a mirror element of a microlithographic projec-
tion exposure apparatus. However, the invention is not
restricted thereto; rather, it is also realizable for example in
measurement constructions which, in particular, may be
designed for operation in EUV.

[0036] The invention furthermore relates to an optical
system of a microlithographic projection exposure appara-
tus, in particular an illumination device or a projection lens,
and to a microlithographic projection exposure apparatus.
[0037] Further configurations of the invention may be
gathered from the description and the dependent claims.
[0038] The invention is explained in greater detail below
on the basis of exemplary embodiments illustrated in the
accompanying figures.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0039] In the figures:

[0040] FIGS. 1A-1E show schematic illustrations for
explaining various embodiments using respectively different
materials and/or configurations in the substrate of a mirror
element according to the invention;

[0041] FIGS. 2A-2C show schematic illustrations for
explaining various embodiments of a mirror element accord-
ing to the invention using respective additional layers;
[0042] FIGS. 3A-3M show schematic illustrations for
explaining various embodiments of a mirror element accord-
ing to the invention using respective additional tension-
inducing layers;

[0043] FIGS. 4A-4C show schematic illustrations for
explaining various embodiments of a mirror element accord-
ing to the invention using an equalization layer (FIG. 4A) or
an additional tension-inducing layer (FIG. 4B and FIG. 4C);
[0044] FIGS. 5A-5B show schematic illustrations for
explaining the effect of mechanical tension resulting in
curvature of substrates following application of respective
layer systems; and

[0045] FIG. 6 shows a schematic illustration for explain-
ing a representative construction of a microlithographic
projection exposure apparatus designed for operation in
EUV.

DETAILED DESCRIPTION

[0046] Various embodiments of a mirror element accord-
ing to the invention are initially described below with
reference to FIGS. 1-5.

[0047] The produced mirror elements may be e.g. mirror
elements or micromirrors of a mirror arrangement in the
form of a field facet mirror (without the invention being
restricted thereto), wherein the individual mirror elements
may have identical or else differing curvatures or refractive
powers.

[0048] In all embodiments, a layer stack, which has a
reflection layer system (e.g. as a multiple layer system made
of molybdenum and silicon layers), is applied onto a respec-
tive substrate. The mirror substrate material may be, for
example, silicon (Si) or quartz glass doped with titanium
dioxide (TiO,), with examples of materials that are usable
being those sold under the trade names ULE® (by Corning
Inc.) or Zerodur® (by Schott AG). In further embodiments,
the mirror substrate material may also comprise germanium
(Ge), diamond, gallium arsenide (GaAs), gallium nitride
(GaN), gallium antimonide (GaSb), gallium phosphide
(GaP), AlL,O;, indium phosphide (InP), indium arsenide
(InAs), indium antimonide (InSb), calcium fluoride (CaF,),
zinc oxide (ZnO) or silicon carbide (SiC). Optionally, fur-
ther functional layers, such as e.g. a capping layer (“cap
layer”), a substrate protection layer, etc., can be provided in
a manner known per se.

[0049] Here, a bending force of the layer stack different
from zero may be exerted on the substrate in each case when
forming the layer stack comprising the reflection layer
system by way of a suitable adjustment of the coating
parameters and/or the parameters of a post-treatment and the
mechanical tension generated thereby. Here, the mechanical
tension when forming the respective layer stack may be set
in a manner known per se by virtue of materials and
thickness ratios (e.g. the ratio of the absorber ply thickness
to the overall thickness of a period, wherein this thickness
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ratio is also referred to as I') being set in the desired manner
in the reflection layer system in particular. The procedure
when setting a mechanical tension is known to a person
skilled in the art, for example, from DE 10 2008 042 212 A1.
Moreover, the mechanical tension may also be set when
applying the respective layer stack by oxygen doping or the
addition of oxygen during the coating, as is known to a
person skilled in the art from DE 10 2011 003 357 Al.
[0050] This mechanical tension generated on the substrate
during the formation of the layer stack comprising the
reflection layer system leads to the curvature of the substrate
changing in comparison with the original curvature which
was present in the state prior to the coating. Fither said
original curvature of the substrate in the state prior to the
coating may equal zero (i.e. the substrate is plane prior to the
coating) or the original curvature may correspond to a finite
curvature (e.g. a curvature coating) not yet corresponding to
the ssetpoint curvature of the completed mirror element. In
accordance with FIG. 5A, e.g. a plurality of mirror elements
with the same curvature or refractive power can be produced
by virtue of plane (mirror) substrates 511, 512, . . ., in each
case with a layer stack 521, 522, . . . comprising a reflection
layer system being coated in the initial state, with identical
coating parameters being set in each case. During this
coating, the generated mechanical tension and the bending
force on the respective substrate 511, 522, . . . resulting
therefrom are selected in such a way that the desired
curvature (identical in each case for the individual mirror
elements) is set in the respective completed mirror element.
In accordance with FIG. 5B, the respective substrates 513,
514, . . . can also have a finite curvature in the initial state
(prior to the coating), said finite curvature not yet corre-
sponding to the ultimately desired curvature. This substrate
curvature is then changed by the mechanical tension gener-
ated when applying the layer stack or by the exerted bending
force. Specifically, a convex curvature of the substrates 513,
514, . . . present in the initial state prior to the coating in the
example of FIG. 5B is brought to zero; that is to say, a plane
geometry of the completed mirror elements is ultimately
generated.

[0051] Below, various embodiments of a mirror element
according to the invention are now explained with reference
to FIGS. 1A-1E. Therein, the compensation according to the
invention of the “bimetallic effect”, i.e. the compensation of
a variation of the bending force exerted by the layer stack
accompanying a temperature change, in terms of the influ-
ence thereof on the curvature of the mirror element, is
obtained by suitable adaptation of the configuration of the
substrate to the configuration of the layer stack, in particular
with regard to the respectively present mean coefficient of
thermal expansion.

[0052] Specifically, in accordance with FIGS. 1A-1E, the
substrate in a respective mirror element 110a-110e is
designed in view of the material used in the substrate or in
view of the materials used in the substrate. This is done in
such a way that the mean coefficient of thermal expansion of
the substrate substantially corresponds in terms of the value
thereof to the mean coefficient of thermal expansion of the
layer stack (preferably to within +3% in relation to the larger
of the two values).

[0053] By virtue of the measures according to the inven-
tion adopted here with respect to the sought-after correspon-
dence of the mean coefficients of thermal expansion between
the layer stack on the one hand and the substrate on the other
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hand being adopted on the part of the substrate, the circum-
stances that material selection and design are not predeter-
mined by the desired optical effect of the mirror element on
the part of the substrate—unlike in the case of the layer stack
or the reflection layer system—are employed such that there
is thus a comparatively large design freedom on the part of
the substrate.

[0054] As indicated schematically in each case in FIGS.
1A-1E, the above-described adaptation of the substrate (in
each case denoted by 111, 112, 113, 114 and 115 in FIGS.
1A-1E) to the layer stack (in each case denoted by 121, 122,
123, 124 and 125 in FIGS. 1A-1E) may be carried out by
virtue of the fact that the substrate material already has the
suitable mean coefficient of thermal expansion substantially
corresponding to the value in the respective layer stack, as
illustrated in FIG. 1A for the case of a homogeneous
configuration of the substrate. Alternatively, this correspon-
dence on the part of the substrate can be achieved by doping
with a further material with a deviating coefficient of thermal
expansion, as illustrated in FIG. 1B. According to further
variants, the correspondence can be achieved through layers
(FIG. 1C) or columns (FIG. 1D) of a further material with
a deviating coefficient of thermal expansion. FIG. 1E shows
a schematic illustration of a further embodiment, in which
the mixture of different substrate materials selected for the
substrate 115 is distributed among a plurality of layers such
that, as a result, a gradient emerges in the coefficient of
thermal expansion.

[0055] If, for example, the layer stack 122 in FIG. 1B has
a mean coefficient of thermal expansion of 5¥107°K~!, the
desired correspondence of the coeflicient of thermal expan-
sion present on the part of the substrate 112 may be achieved
by virtue of the substrate 112 being configured as an alloy
made of silicon (Si) and germanium (Ge). If the correspond-
ing values of the coefficient of thermal expansion for silicon
(0=2.6*10"°K™") and germanium (¢=5.9*107°K™) are
taken into account, an ideal silicon (Si) content of 27%
emerges for the exemplary embodiment. To a first approxi-
mation, this also applies to the exemplary embodiments in
accordance with FIG. 1C and FIG. 1D.

[0056] In accordance with the above-described aspect, the
invention therefore contains the concept of appropriately
selecting the coefficient of thermal expansion of the sub-
strate (as “free” parameter) in the case of a predetermined
value of the coefficient of thermal expansion for the layer
stack in order, as a result, to obtain the desired compensation
effect.

[0057] Below, further exemplary embodiments are
described with reference to FIGS. 2-4, in which the com-
pensation of the bimetallic effect according to the invention
is not only achieved by an appropriate adaptation of the
substrate or substrate material, but by the use of one or more
additional layers.

[0058] In accordance with FIGS. 2A-2C, the substrate is
once again initially denoted by 211, 212 or 213 and the layer
stack (which comprises a reflection layer system and,
optionally, further functional layers) is denoted by 221, 222
or 223. What is common to the exemplary embodiments of
FIGS. 2A-2C is that the respective mirror element has a
compensation layer 231, 232 or 233 which serves to at least
partly compensate the variation of the bending force exerted
by the layer stack 221, 222 or 223 accompanying a tem-
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perature change, in terms of the influence thereof on the
curvature of the respective mirror element 210a, 2105 or
210c.

[0059] Here, the compensation layer 231 is arranged
between substrate 211 and layer stack 221 in accordance
with FIG. 2A. In this case, the compensation layer 231 is
configured in such a way that the variation of the bending
force exerted by the compensation layer 231 accompanying
a temperature change within a temperature interval of e.g. at
least 10 K is just equal in terms of magnitude but with
opposite sign to the change of the bending force on the part
of the layer stack 221 which is thermally induced by this
temperature change. In other words, the following relation-
ship holds true:

kp o —
(aSubstrate_ alayer stack) lﬂ - (O"Substrate_ acompensation
layer)*1p

where t, and t, each denote the thicknesses of layer stack
221 and compensation layer 231 and wherein, in each case,
a correspondence of the biaxial moduli or Poisson numbers
of substrate 211, layer stack 221 and compensation layer 231
was assumed.

[0060] By way of example, in the case of a mean coeffi-
cient of thermal expansion on the part of the layer stack 221
of a=5*107°K~" in the case of a thickness of the layer stack
221 of 500 nm and in the case of a substrate 211 made of
silicon (Si) with a coefficient of thermal expansion of
0=2.6*10"5K~!, the compensation layer 231 may be pro-
duced from silicon dioxide (SiO,) with a coefficient of
thermal expansion of 0.55%107°K~!, wherein the thickness
of the compensation layer 231 in this case has an ideal value
of 585 nm.

[0061] Inaccordance with this aspect, the invention there-
fore contains the concept of selecting the corresponding
parameters of the compensation layer with a corresponding
fit when proceeding from predetermined values for the
coeflicient of thermal expansion a of the substrate and of the
layer stack and for the thickness of the layer stack in order,
as a result, to obtain the desired compensation effect. In
other words, the introduction of the compensation layer
facilitates achieving the desired compensation effect by the
targeted configuration of the compensation layer (in respect
of material and thickness) while maintaining the predeter-
mined parameters in Equation (1), namely cg,;ures
stack and tfl .

[0062] In accordance with FIG. 2B, the compensation
layer 232 may also be arranged on the side of the substrate
212 facing away from the layer stack 222. In this case, the
bending force of the compensation layer 232 which is
thermally induced by the above-described temperature
change within a specific temperature interval is preferably
ideally equal to the bending force exerted by the layer stack
222 in terms of magnitude and sign, i.e. the following
applies:

alayer

p
(aSubstrate_ alayer stack) lﬂ 7(O"Substrate_ acompensation
layer)*1p

[0063] In the case of a configuration of substrate 212 and
layer stack 222 corresponding to FIG. 2B, this may be
achieved by a compensation layer 232 made of aluminium
(Al) with a coefficient of thermal expansion of 23%107°K~!
in the case of an ideal thickness of the compensation layer
232 of 59 nm.
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[0064] In accordance with FIG. 2C, the compensation
layer 233 may further also be arranged within the substrate
213 (i.e. neither on the upper nor lower side thereof).
[0065] In further embodiments depicted schematically in
FIGS. 3A-3M, an additional tension-inducing layer may be
provided, the latter being configured in a targeted manner
such that, as a result, a desired mechanical tension or a
desired bending force exerted by the layer stack on the
substrate is achieved. Here, in FIGS. 3a-3m, the substrate is
respectively denoted by 311a, 3115, . . . , the layer stack is
respectively denoted by 3214, 3215, . . . and the optionally
additionally present compensation layer is respectively
denoted by 3515, 351c, . . ..

[0066] While the assumption is respectively made in
accordance with FIGS. 3A, 3H and 3K that the relevant
adaptation of the mechanical tension achieved overall or of
the bending force exerted by the layer stack 321a, 321% or
321k is achieved by the compensation layer 331a, 331% or
331k itself, an additional tension-inducing layer 3515, 351c¢,
. .. 1s provided in each case in the remaining embodiments
in accordance with FIGS. 3B-3G, FIGS. 31-3] and FIGS.
3L-3M, wherein the variants emerging from the embodi-
ments described above on the basis of FIGS. 2A-2C are
schematically presented in detail.

[0067] FIG. 4A shows a further embodiment of the inven-
tion, in which the compensation of the bimetallic effect
according to the invention is achieved by virtue of an
equalization layer 441 being present, which reduces a trans-
fer of mechanical tension between the substrate 411 and the
layer stack 421 (such that the equalization layer 441 in this
respect causes mechanical decoupling between the substrate
411 and layer stack 421).

[0068] FIG. 4B and FIG. 4C show further exemplary
embodiments in which, analogous to FIGS. 3A-3M, an
additional tension-inducing layer 452 or 453 is provided.
[0069] FIG. 6 shows a schematic illustration of one exem-
plary projection exposure apparatus which is designed for
operation in the EUV range and in which the present
invention may be realized.

[0070] According to FIG. 6, an illumination device in a
projection exposure apparatus 600 designed for EUV radia-
tion comprises a field facet mirror 603 and a pupil facet
mirror 604. The light from a light source unit comprising a
plasma light source 601 and a collector mirror 602 is
directed onto the field facet mirror 603. A first telescope
mirror 605 and a second telescope mirror 606 are arranged
in the light path downstream of the pupil facet mirror 604.
A deflection mirror 607 is arranged downstream in the light
path, said deflection mirror directing the radiation that is
incident on it onto an object field in the object plane of a
projection lens comprising six mirrors 651-656. Arranged on
a mask stage 620 at the location of the object field is a
reflective structure-bearing mask 621, which with the aid of
the projection lens is imaged into an image plane, in which
there is a substrate 661 coated with a light-sensitive layer
(photoresist) on a wafer stage 660.

[0071] Without the invention being restricted thereto, the
method according to the invention is applicable in a par-
ticularly advantageous manner to the manufacture of the
pupil facet mirror 603 or of the pupil facet mirror 604 from
FIG. 6; further particularly if the individual field facets of
the field facet mirror 603 or the individual pupil facets of the
pupil facet mirror 604 in turn are composed of individual
mirror elements or micromirrors.
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[0072] Even though the invention has been described on
the basis of specific embodiments, numerous variations and
alternative embodiments will be evident to the person skilled
in the art, e.g. through combination and/or exchange of
features of individual embodiments. Accordingly, such
variations and alternative embodiments are concomitantly
encompassed by the present invention, and the scope of the
invention is restricted only within the meaning of the
appended patent claims and equivalents thereof

1. The mirror element, according to claim 7,

wherein a curvature of the mirror element is generated on

a basis of a setpoint curvature for a predetermined
operating temperature by a non-vanishing bending
force exerted by the layer stack; and

wherein the generated curvature varies by no more than

10% over a temperature interval (AT) of at least 10 K.

2. The mirror element according to claim 1, wherein the
generated curvature varies by no more than 1% over a
temperature interval (AT) of at least 10 K.

3. The mirror element according to claim 1, further
comprising a compensation layer which at least partly
compensates a variation of the bending force exerted by the
layer stack accompanying a change in temperature occurring
within the temperature interval (AT).

4. (canceled)

5. The mirror element according to claim 1, wherein a
mean coeflicient of thermal expansion of the substrate has a
first value and a mean coeflicient of thermal expansion of the
layer stack has a second value, wherein the first value and
the second value correspond to within +10% in relation to
the larger one of the two values.

6. The mirror element according to claim 5, wherein the
substrate is produced from at least two different materials.

7. A mirror element, comprising:

a substrate;

a layer stack on the substrate, wherein the layer stack has

at least one reflection layer system; and

an equalization layer which reduces a transfer of mechani-

cal tension between the layer stack and the substrate
compared to an analogous mirror element without the
equalization layer.

8. The mirror element according to claim 7, further
comprising a tension-inducing layer.

9. A mirror arrangement comprising:

a plurality of mirror elements, each said mirror element

comprising:

a substrate;

a layer stack on the substrate, wherein the layer stack
has at least one reflection layer system; and

an equalization layer which reduces a transfer of
mechanical tension between the layer stack and the
substrate compared to an analogous mirror element
without the equalization layer.

10. The mirror arrangement according to claim 9, wherein
the mirror elements are configured to tilt independently of
one another.

11. The mirror arrangement according to claim 9, wherein
the mirror arrangement is a facet mirror comprising the
mirror elements.

12. The mirror element according to claim 7, configured
for an operating wavelength of less than 30 nm.

13. The mirror element according to claim 7, configured
for operation in a microlithographic projection exposure
apparatus.
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14. An optical system of a microlithographic projection
exposure apparatus, comprising at least one mirror element
according to claim 13.

15. A microlithographic projection exposure apparatus
comprising an illumination device and a projection lens,
wherein the illumination device or the projection lens com-
prises the mirror element according to claim 13.

16. The mirror element according to claim 1, configured
for operation in a microlithographic projection exposure
apparatus.

17. The mirror element according to claim 2, wherein the
generated curvature varies by no more than 0.1% over a
temperature interval (AT) of at least 10 K.

18. The mirror element according to claim 5, wherein the
first value and the second value correspond to within 1%,
in relation to the larger one of the two values.

19. The mirror element according to claim 7, configured
for operation in a microlithographic projection exposure
apparatus.

20. The mirror arrangement according to claim 11,
wherein the facet mirror is configured as a field facet mirror
or as a pupil facet mirror.

#* #* #* #* #*
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