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? posure apparatus for semiconductor lithography comprising an optically act-
ive surtace (9) and at least one cooling component for cooling the optical ele-
ment, wherein the cooling component is connected to at least two separate
cooling circuits and embodied in such a way that the optically active surface
J (9) can be cooled to a greater extent in at least one partial region than in a fur-
f s ther partial region. The invention furthermore relates to a projection exposure
apparatus comprising an optical element according to the invention.
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Optical Element

Description:

The 1nvention relates to optical elements having at
least one optically active surface. An optical element
can in this case be, in particular, an optical individ-
ual component such as e.g. a deflection mirror in an
EUV 1illumination system for semiconductor lithography.
Likewise, an optical element can also be constructed
from one or from a plurality of optical individual com-
ponents. By way of example, a facet mirror composed of
a mirror carrying body and many individual mirror fac-
ets 1s hereinafter likewise designated as optical ele-

ment.

The optical elements mentioned are often mounted in a
larger unit, such as an EUV illumination system, for
example. In this case, the optical element is a three-
dimensional geometrical body which is generally delim-
ited by a plurality of surfaces, and is used for ful-
filling one or a plurality of optical functions, such
as e.g. deflection or other manipulation of electromag-
netic radiation. In accordance with the optical beam
path, the electromagnetic radiation impinges at least
on one surface of the optical elements, wherein said
surface is designated here as optically active surface.
The optically active surface can be subdivided into a
plurality of partial surfaces, can be convexly or con-
cavely curved in partial sections and can also contain
topography Jjumps, as customary e.g. in the case of a
diffractive optical structure. The optically active
surface can always be found at a surface of the optical
element, wherein the optically active surface can, in-
ter alia, also consist of a multilayer and/or can com-
prise other coatings, such as e.g. also an absorber

layer. The individual optical elements can be con-
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structed from different materials and/or generally also
have different component geometries. During the opera-
tion of the illumination system it is possible, moreo-
ver, to set different illumination settings, such as
e.g. an annular setting, a dipole, quadrupole or some
other multipole setting or else a quasar or Cquad set-
ting. This has the consequence that, depending on the
illumination setting, electromagnetic radiation imping-
es with locally different intensity on the optical ele-
ments. Furthermore, locally different absorber layers
are applied in some optical elements under considera-
tion here. Said absorber layers are used to obtain a
defined spatially resolved intensity distribution of
the reflected radiation after the reflection of the EUV
radiation at these optical elements. Depending on the
magnitude of the absorption of EUV radiation, the ener-
gy input at the optical elements can be locally differ-
ent. During the operation of the illumination system,
IR radiation from other optical elements or from me-
chanical components can furthermore also impinge on the
optical element under consideration and can be wholly
or partly absorbed there. The IR radiation can, for ex-
ample, also originate from a heated component - such as
e.g. a so-called sigma diaphragm - which has previously
absorbed EUV radiation. Overall, therefore, a 1locally
different heat distribution can be present at the opti-
cally active surface of the optical elements. In par-
ticular, even in the case of a homogeneous or a symmet-
rical energy input, asymmetrical local heat distribu-
tions can also occur 1f e.g. the absorption properties
for electromagnetic radiation differ in a spatially re-
solved fashion at the component. During the operation
of the illumination systems, temperatures of from 100°C
to 200°C or higher can occur in some instances 1in the
uncooled case at the optical elements. The spatially
resolved heat distribution can result in undesired de-

formations of the optical elements. Particularly when
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an illumination setting changes and in the case of a
thermal loading which is constant over a specific peri-
od of time, deformations of the optical elements can
occur in a temporal consideration relative to the ther-
mally unloaded basic state at ambient temperature or
some other steady-state or quasi-steady-state condition

set previously.

The present invention is based on the object of speci-
fying an optical element and a projection exposure ap-
paratus 1in which the thermally induced deformations

mentioned are reduced during operation.

This object is achieved by means of the optical element
and the projection exposure apparatus comprising the
features presented in the independent claims. The de-
pendent claims relate to advantageous variants and em-

bodiments of the invention.

For cooling the optical elements having an optically
active surface, use 1is made of at least one cooling
component which is connected to at least two separate
cooling circuits. Said cooling component 1is therefore
embodied in such a way that the optically active sur-
face can be cooled to a greater extent in at least one
partial region than in a further partial region. The
cooling thus counteracts the locally different radia-
tion-induced energy input, such that deformations at
the optically active surface as far as possible do not
form or are otherwise at least reduced. The advantage
afforded by the cooling is the avoidance of disturbing
effects on the further course of the electromagnetic
radiation after impinging on the optical element under
consideration. The thermal loading and, 1in particular,
the heat distribution in the components can also change
over time, e.g. 1f the illumination setting is changed.

The cooling used here, alongside the local adaptation,
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can now also be embodied in temporally adaptive fash-

ion.

For analysing the local heat distributions and the lo-
cal deformations of the optical elements, an FEM analy-
sis can also be used. The results of the FEM calcula-
tions can be used, 1n particular, for designing the
cooling systems and also for controlling the cooling

system by closed-loop control and open-loop control.

The locally and temporally adaptive cooling can - e.dg.
depending on the set illumination setting - be effected
in a locally and temporally adapted fashion at an opti-
cal element. Furthermore, the optical elements of a
module can also be cooled to different extents. Third-
ly, it 1is also possible to fit cooling bodies to the
optical elements, wherein the cooling bodies have indi-

vidual or a plurality of locally adapted cooling zones.

The optical element can, for example, also be a multi-
layer mirror for EUV lithography. In this case, the
multilayer mirror can be provided with a cooling body
or have a mirror carrier embodied as a cooling body.
The cooling body, which here constitutes the cooling
component, can be divided into different partial re-
gions and be cooled to different extents there. Besides
the option of applying the optical element to the sepa-
rate cooling body, it is also possible to use the mir-
ror carrier 1itself for the spatially resolved cooling
of the optically active surface. In these cases, the

mirror carrier is embodied as a cooling component.

The cooling body used for cooling the optical element
can have one or a plurality of cooling channels ar-
ranged in different cooling zones. The optically active
surface 1is cooled by, for example, a cooling medium

flowing through the cooling channels of the different
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cooling zones. The cooling zones having the introduced
cooling channels correspond here to the partial regions

which can be cooled to different extents.

The different cooling zones can also be arranged in
different planes with respect to a z-direction. The z-
direction typically corresponds to the normal direction
which can be assigned to the optical element on the

side of the optically active surface as a whole.

The cooling channels can be connected to separate cool-
ing circuits. This affords advantages, 1n particular,
if the cooling in the different partial regions is per-
formed by a locally adapted choice of the parameters
which define the cooling rate. When separate cooling
circuits are used, said parameters, such as the flow
rate, for example, can thus be set independently of one
another and be temporally changed separately for each

cooling circuit.

The cooling channels can be formed by casting methods,
moulding methods, eroding, etching or machining produc-

tion methods.

The cooling channels can furthermore also be embodied
as cooling lines connected to the cooling body. The
cooling lines are thus separate components fitted to

the cooling body.

The cooling lines can be connected to the cooling body

for example by welding, bonding or soldering.

The cooling channels can be embodied in meandering
fashion and can also have different geometries for dif-
ferent cooling =zones. If a plurality of cooling =zones
are present 1in an optical element, the cooling zones

differ with regard to the frequency of the <cooling
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channels if the sum of the cooling channel surfaces in
an 1imaginary volume unit is different in comparison
with a further cooling zone. A different frequency 1is
also present, for example, if a geometry section of the
cooling channel within one cooling zone is repeated for
example multiply periodically, wherein the number of

repetitions is greater than in another cooling zone.

The optical element can also be cooled by means of a
cooling body by virtue of the fact that the latter is
in thermal contact with the optical element wvia con-
necting elements and greater cooling is achieved in one
partial region by virtue of the fact that the contact
area between connecting element and optical element is
larger than in the further partial region. The for-
mation of connecting elements which are adapted to the
desired local cooling rate thus constitutes a further
alternative with respect to cooling the optical element
in different partial regions. In this case, by exchang-
ing the connecting elements it is possible to adapt the
overall configuration of the system to new conditions

in a simple manner.

The optical elements can be provided with an EUV ab-
sorber layer on the optically active surface, said EUV
absorber layer having different thicknesses in differ-
ent regions of the optically active surface. By apply-
ing the EUV absorber layer it is possible to obtain, in
particular, a location-adapted intensity modulation of
the electromagnetic radiation that impinges on the op-
tical element. At the partial regions having a high
thickness of the absorber layer, on account of the
greater energy input there in comparison with the par-
tial regions having a smaller thickness of the EUV ab-
sorber layer, it 1s necessary to effect cooling to dif-

ferent extents.
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The optical element can also be a facet mirror having a
plurality of individual mirror facets. In this case, a
micro cooler having cooling channels can be integrated
in at least one individual mirror facet. In this case,
the desired spatially resolved cooling 1s achieved by
individual or groups of individual mirror facets being

cooled to different extents.

The micro cooler can be integrated below a mirroring
surface of the individual mirror facet and generally
has the function of counteracting the thermal energy

input as much as possible at the originating location.

The mirror carrier of an individual mirror facet, that
is to say that part of the individual mirror facet
which carries the mirroring surface, can contain the

feed and discharge lines for coolant.

The feed line can open, for example, in the region of
the centre of the individual mirror facet and the dis-
charge line can be connected to a circularly embodied

edge channel.

It is possible to produce the cooling channels by etch-

ing or micro milling.

The mirror carrying body of the facet mirror, that is
to say that body into which the individual mirror fac-
ets are integrated, can also be connected to further

cooling components.

In this case, the cooling components of the mirror car-
rying body can likewise Dbe configured in such a way
that the mirror carrying body can be cooled to a great-
er extent in at least one partial region than in a fur-
ther partial region. The spatially resolved cooling can

be improved further by this measure.
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In addition, temperature sensors can also be integrated
in the optical elements, as a result of which it is
possible to achieve, for example, an open-loop/closed-
loop control of the temperature distribution over the

optical element.

In the case of a planned thermal locad change in associ-
ation with a change in the illumination setting, the
occurring deformations to be expected in this case can
also be prevented by a cooling flow. This 1is effected
e.g. by means of a suitable temporal parameter selec-
tion for the open-loop and closed-loop control of the

relatively sluggish cooling circuit.

An exemplary embodiment of the invention 1s explained
in greater detail below with reference to the drawing,

in which:

Figure 1 shows a cooling body with a first cooling zone

for an annular thermal load,

Figure 2 shows said cooling body with a second cooling

zone for a dipole-type thermal load,

Figure 3a shows an optical individual mirror facet into

which a micro cooler is integrated,

Figure 3b shows a mirror carrying body of a facet mir-
ror with three cooling zones and six implemented indi-

vidual mirror facets,

Figure 4 shows an optical multilayer mirror with a lo-
cally different EUV absorptivity and with three cooling
zones, wherein the parameters of the individual partial

cooling circuits can be adapted,
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Figure 5 shows an optical multilayer mirror with a lo-
cally different EUV absorptivity and with three cooling
zones, wherein the contact areas with respect to the
optical multilayer mirror are fashioned locally differ-

ently,

Figure 6 shows an optical multilayer mirror with a lo-
cally different EUV absorptivity and with three cooling
zones, wherein the geometries of the cooling channels

are fashioned locally differently.

For the spatially resolved cooling of these heat dis-
tributions at the optical elements, a cooling body 1,
23 (Figures 1, 2 and 5) is used here. The cooling body
1 shown can, for example, be fitted to a facet mirror
or to a deflection mirror or be embodied as a mirror
carrier of an EUV deflection mirror (figures 4 and 6).
The possibility of integrating a micro cooler 10 into

an individual mirror facet 8 is shown in figure 3a.

Figure 1 and Figure 2 show the cooling body 1 with
cooling channels 4 introduced in the two cooling zones
2 and 3, wherein the first cooling zone 2 is designed
for an annular thermal load and the second cooling zone
3 is designed for a dipole-type thermal load. Figure 1
does not illustrate the optically active surface of the
optical element; in the example shown, said optically
active surface is situated in the region indicated by
the arrow 7. The cooling zone 3 is situated along the
depicted z-direction 1in a plane situated at a deeper
level 1in comparison with the cooling zone 2. In the
cooling body 1, it is additionally possible also to im-
plement cooling channels such as are used in accordance
with the prior art for homogeneous cooling and which do
not serve for locally adapted cooling. Figure 1 shows a
cooling body 1 wherein only the cooling channels 4 pro-

vided for the locally adapted cooling are depicted. Ad-
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vantageous materials of the cooling body 1 can be, for
example, steel, aluminium, ceramic and copper. The
cooling channels 4 shown here are embodied substantial-
ly in meandering fashion, but can also have, for exam-
ple, straight or circular sections. Machining produc-
tion methods as well as eroding and/or etching methods
and also casting and moulding methods can be used for
producing the cooling channels 4. A further possibility
(not shown here) consists of the connection of cooling
lines, which then correspond to the cooling channels 4,
to the cooling body 1, e.g. in the region of an opti-
cally non-active surface of the associated optical ele-
ment. The connection of the cooling liens (not illus-
trated here) to the cooling body 1 can be effected e.g.
by welding, soldering, bonding or else by other connec-
tion techniques. Embodiments are possible in which the
cooling is performed by means of cooling lines imple-
mented exclusively into the cooling body 1, by means of
cooling channels 4 1implemented exclusively 1into the
cooling body 1, or by means of a combination of imple-
mented cooling lines and cooling channels 4. The cool-
ing channels 4 illustrated in figure 1 and figure 2 or
else the cooling lines (not illustrated) are in each
case connected via an inlet 5 and an outlet 6 to a
cooling circuit (not depicted 1in the drawing), such
that a cooling medium can flow from the inlet 5 to the
outlet 6 through the cooling channels 4. The cooling
medium can be, for example, water, glycol or liquid
metal. The tube diameter can be in the range of approx-
imately 5 mm to 9 mm and the volumetric flow rate of
the cooling medium can be 3 litres per minute, for ex-
ample. The pressure losses are intended not to exceed a

value of approximately 1 bar for each cooling circuit.

By way of example, 1in figure 1 the cooling body 1 1is
subjected to an annular thermal load, which is indicat-

ed by the curved arrows 7 in figure 1. For cooling pur-
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poses 1t is possible to use here, in particular, the
first cooling zone 2, wherein a cooling medium flows
through the cooling channels 4 of said cooling zone 2.
For cooling heat distributions caused by a different
annular illumination setting with a plurality of ring-
shaped illuminated regions, further cooling zones can
also be introduced into the cooling body 1, which then
run in addition to the ring-shaped cooling zone 2 along
a ring having a smaller or a larger diameter. Merely by
way of example, one ring-shaped cooling zone 2 is pro-

vided in the cooling body 1 in figure 1.

The sectional illustration I-I in Figure 1 shows, in a
plan view, the meandering course of the cooling channel

4 in the ring-shaped cooling zone 2.

It can be helpful to design the cooling body 1 at the
same time with differently configured cooling zones.
This 1is advantageous particularly when the thermal

loading of the optical element changes over time.

Figure 2 shows, as section II-II, the cooling body 1
illustrated in figure 1 in a plane situated at a deeper
level along the depicted z-direction with the second
cooling zone 3. Said cooling =zone 3 consists of the
partial cooling zones 3.1 and 3.2, which together form
a dipole-type arrangement. In the case of a dipole-type
thermal load, the cooling zone 3 can be used to compen-
sate for the asymmetrical heat distribution in the
cooling body 1in a location-adapted manner. The cooling
zone 3 likewise has an inlet 5 and an outlet 6, into
and out of which the cooling medium can respectively
flow. The cooling channels 4 of said cooling zone 3 are
connected to the cooling circuit (not illustrated in

the drawing).
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For the purpose of cooling the locally different heat
distribution, alongside the separate use of the differ-
ent cooling zones 2 and 3, there is, in particular, al-
so the possibility of combined use of the cooling chan-
nels 4 in said cooling zones 2 and 3 in order also to
be able to react to other illumination settings. The
individual cooling zones 2 and 3 and also the individu-
al cooling channels 4 are designed for rapid changeo-
ver. In other words, 1in the case of this embodiment,
the individual cooling channels 4 and, if appropriate,
the cooling lines of the cooling zones 2 and 3 can be
disconnected from the cooling circuit or connected
thereto in a short time. The cooling system established
by the cooling body 1 and by the cooling circuit is
generally temporally sluggish. When a planned change in
illumination setting is carried out, therefore, in this
case the second cooling zone 3 1s supplementarily con-
nected during a temporally limited cooling flow with

respect to the first cooling zone 2.

In order to determine the temperature in the individual
cooling zones 2 and 3, temperature sensors can addi-
tionally also be implemented there, which can also be
used by the open-loop and closed-loop control of the

cooling system.

The flow in the cooling channels 4 can either be lami-
nar or turbulent or assume intermediate states. In this
case, a turbulent flow has the advantage of more effi-
cient cooling relative to a laminar flow. However, care
must be taken to ensure that the flow of the cooling
medium does not 1nduce any mechanical oscillations
which are undesirable in the optical exposure process.
For the purpose of homogeneously cooling an areal re-
gion of the cooling body 1, cooling channels 4 operat-
ing according to the countercurrent principle can also

be implemented, in particular.
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The heat distribution at the individual optical ele-
ments 1s generally also dependent on the material
thereof and the component geometry thereof. The use of
empirical wvalues, experimental measurements and also
FEM calculations are advantageous for determining the
spatially resolved heat distribution and the local de-
formations that occur, and for designing the cooling
body 1 with the cooling channels 4 and for designing

the open-loop and closed-loop control.

Figure 3a shows a variant of the invention in which the
principle according to the invention is applied to an
individual mirror facet of a facet mirror. Such facet
mirrors, which can be contained in an EUV illumination
system, for example, can consist of 500 to 600 individ-
ual mirror facets 8 and are generally implemented in
the holes of a mirror carrying body (not illustrated in
the figure). The incident EUV radiation heats the indi-
vidual mirror facet 8 and the mirror carrying body dur-
ing the operation of the associated projection exposure
apparatus, wherein, in particular, deformations at the
optically active surfaces 9 of the individual mirror
facets 8 also prove to be unfavourable for the optical
illumination process. Furthermore, the entire module,
consisting of mirror carrying body and many individual
mirror facets, can also be deformed on account of the

thermal load.

Figure 3a illustrates an individual mirror facet 8, in-
to which a micro cooler 10 with cooling channels 4' is
integrated directly below the optically active surface
9. The cooling is thus effected substantially in very
close proximity to the energy input induced by the EUV
radiation, and thus counteracts the deformations at the
optically active surface 9. The micro cooler 10 in the

individual mirror facet 8 shown is embodied in ring-
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shaped fashion and has meandering cooling channels 4°'.
A mirror carrier 11 of the individual mirror facet 8
contains the feed line 12 and the discharge lines 13,
which can be produced by etching, for example. The mir-
ror carrier 11 is embodied here in such a way that the
cooling medium flows through a central middle channel,
serving as feed line 12, to the centre of the mirror.
From there, the cooling medium is fed radially into the
micro channels of the individual mirror facet and then
via a circularly embodied edge channel to the discharge
lines 13 of the mirror carrier 11. Via an inlet 5,
cooling medium can thus flow through the feedline 12 to
the cooling channels 4. Via the discharge 1lines 13,
which are likewise integrated into the mirror carrier
11, the cooling medium passes from the cooling channels
4 to the two outlets 6. The inlet 5 and the two outlets
6 are connected to a cooling circuit (not illustrated
more specifically here). The cooling channels 4 can be
produced e.g. by etching using hydrofluoric acid and
using a photomask. However, the use of the photomask
for applying the structure to be etched in does not
constitute a necessary step in this case. Further pos-
sibilities for introducing the structure include micro
milling and embossing into a layer previously applied
to the rear side of the mirror, which layer can be com-
posed of nickel, for example. However, the preferred
methods for introducing the structure are etching and
micro milling, since the heat transfer can thus be ef-
fected through a homogeneous material without addition-
al other layers. The connection of the mirror rear side
14 to the mirror carrier 11 can preferably be carried

out by means of diffusion welding or laser bonding.

In the exemplary embodiment shown in Figure 3b, a basic
cooling of the facet mirror can also be effected via
the mirror carrying body 1', wherein the latter can

then be embodied as a cooling body e.g. with three in-
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dividual cooling zones 16, 17 and 18 for spatially re-
solved cooling. By way of example, the mirror carrying
body 1' here contains different cooling channels 4'' in
which a coolant flows. It 1is thus possible firstly to
counteract the deformation of the entire module. The
avoidance and reduction of the deformations at the op-
tically active surfaces 9 of the individual mirror fac-
ets 8 are effected, by contrast, substantially with the

integrated micro coolers 10.

Figure 4, Figure 5 and Figure 6 in each case show a
multilayer mirror 15 for EUV lithography with different
possibilities of the spatially resolved cooling in the
three cooling zones 16, 17 and 18. The multilayer mir-
rors 15 situated in a vacuum consist of a substrate 19,
an MoSi layer 20 for reflecting EUV radiation, and an
EUV absorber layer 21 having a locally different thick-
ness. The EUV absorber layer 21 can be composed, for
example, of ruthenium, molybdenum or silicon and has in
the cases shown here, for example, a linear thickness
gradient, such that during operation the EUV radiation
is absorbed to different extents locally at the EUV ab-
sorber layer 21. The reflected radiation has, relative
to the incident radiation, inter alia, an intensity
modulation resulting from the absorption at the multi-
layer mirror 15 with EUV absorber layer 21. The thermal
input as a result of the EUV radiation 1is thus locally
different, such that temperature gradients can arise in
the multilayer mirror 15, which temperature gradients,
if appropriate, also lead to a strain and deformation
of the multilayer mirror 15. Imaging aberrations and
wavefront aberrations can thus occur in particular as a
result of deformations at the optically active surface

9 of the multilayer mirrors 15.

Figure 4 illustrates a multilayer mirror 15 with an EUV

absorber layer 21 having a locally different thickness,
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wherein the spatially resolved cooling 1is effected by
means of a suitable choice of parameters of the cooling
circuit. For this purpose, the cooling circuit is di-
vided into three partial cooling circuits, to each of
which a separate cooling channel 4'' is connected. This
therefore results in the three cooling zones 16, 17 and
18 in this example. During operation, it 1is possible,
in particular, to set the cooling medium, the initial
temperature, the throughflow rate, and the type of dis-
tinct flow state for each cooling zone and to vary them
over time. The flow state can be laminar or turbulent
or assume an intermediate state. By way of example, the
flow state can be 1influenced via adjustable valves.
During operation, in particular the following two spe-
cial states can also be effected, wherein, in the first
case, a constant input temperature is maintained and
the throughflow rates are individually adapted to the
energy rate generated by the absorbed EUV radiation. In
the second special state, a constant flow velocity is
provided, but the input temperature of the cooling me-
dium can be adapted differently locally. Overall, the
cooling rate in the cooling zones has to counteract the
spatially resolved energy 1input - induced by the EUV
radiation. In the example shown in Figure 4, the sub-
strate 19 simultaneocusly fulfils the function of a

cooling body.

Figure 5 shows a multilayer mirror 15 with a locally
different EUV absorber layer 21 and the three cooling
zones 16, 17 and 18. Three connecting elements 22 each
provided with a contact area of different sizes are
fitted to the substrate 19. The contact areas touch the
substrate 19 of the multilayer mirror 15. The substrate
19 is not provided with cooling channels 4 in this ex-
ample; rather, a separate cooling body 23 is present,
in which the c¢ooling channel 4'' runs. The thermal

transfer coefficients are set individually in the three
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cooling zones 16, 17 and 18 for example by means of the
size of the contact area between substrate 19 and cool-
ing body 23, in order to be able to counteract the spa-
tially resolved energy input as a result of the UV ra-

diation.

Figure 6 illustrates a multilayer mirror 15 with a lo-
cally different EUV absorber layer 21, wherein the
cooling channels 4 in the three cooling zones 16, 17
and 18 illustrated here have a different geometry. The
cooling channels 4 are embodied here in meandering
fashion and have a different frequency over the gradi-
ent of the EUV absorber layer 21.

As an alternative to the illustration in Figures 5 and
6, in each case or else in part separate cooling cir-
cuits can also be used instead of a common cooling cir-

cuit for the cooling zones.
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Patent Claims:

1. Optical element for a projection exposure appa-
ratus for semiconductor lithography comprising an opti-
cally active surface (9) and at least one cooling com-
ponent for cooling the optical element, whereby the
cooling component is connected to at least two separate
cooling circuits and embodied in such a way that the
optically active surface (9) can be cooled to a greater
extent in at least one partial region than in a further
partial region, characterized in that the optical ele-
ment is a facet mirror having a plurality of individual
mirror facets (8), and in that a micro cooler (10) hav-
ing cooling channels (4') 1is integrated into at least
one individual mirror facet (8) and that a mirror car-
rier (11) of the individual mirror facet (8) contains

feed (12) and discharge lines (13) for coolant.

2. Optical element according to Claim 1, character-
ized in that the micro cooler (10) 1is integrated below

a mirroring surface of the individual mirror facet (8).

3. Optical element according to any of Claims 1 to 2,
characterized in that a feed line (12) opens in the re-
gion of the centre of the individual mirror facet (8)
and a discharge line (13) 1is connected to a circularly

embodied edge channel.

4. Optical element according to any of Claims 1 to 3,
characterized 1in that the cooling channels (4') are

produced by etching or micro milling.

5. Optical element according to any of Claims 1 to 4,
characterized in that a mirror carrying body (1') of
the facet mirror is connected to further cooling compo-

nents.
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6. Optical element according to Claim 5, character-
ized in that the cooling components of the mirror car-
rying body (1') are configured in such a way that the
mirror carrying body (1') can be cooled to a greater
extent in at least one partial region than in a further

partial region.

7. Optical element for a projection exposure appa-
ratus for semiconductor lithography comprising an opti-
cally active surface (9) and at least one cooling com-
ponent for cooling the optical element, characterized
in that the cooling component is connected to at least
two separate cooling circuits and embodied in such a
way that the optically active surface (9) can be cooled
to a greater extent in at least one partial region than

in a further partial region.

8. Optical element according to Claim 7, character-
ized in that the optical element is a multilayer mirror
for EUV lithography, wherein the multilayer mirror has
a mirror carrier (11, 19) provided with a cooling body

(1, 23) or embodied as a cooling body (1, 19).

9. Optical element according to Claim 8, character-
ized in that the cooling body (1) has cooling channels
(4) arranged in different cooling zones (2, 3, 1o, 17,

18) for cooling individual partial regions.

10. Optical element according to Claim 9, character-
ized in that the different cooling zones (2, 3) are ar-
ranged 1n different planes with respect to a z-

direction.

11. Optical element according to Claim 9 or 10, char-
acterized in that the cooling channels (4) are connect-

ed to separate cooling circuits.
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12. Optical element according to any of Claims 9 to
11, characterized in that the cooling channels (4) are
formed by casting methods, moulding methods, eroding,

etching or machining production methods.

13. Optical element according to any of Claims 9 to
11, characterized in that the cooling channels (4) are
embodied as cooling 1lines connected to the cooling
body.

14. Optical element according to Claim 13, character-
ized in that the cooling lines are connected to the

cooling body by welding, bonding or soldering.

15. Optical element according to Claim 9, character-
ized in that the cooling channels (4) are embodied in
meandering fashion and have different geometries for

different cooling zones (2, 3, 16, 17, 18).

16. Optical element according to Claim 8, character-
ized in that the cooling body (23) is in thermal con-
tact with the optical element via connecting elements
(22) and the greater cooling in one partial region 1is
achieved by virtue of the fact that the contact area
between connecting element (22) and optical element 1is

larger than in the further partial region.

17. Optical element according to any of the preceding
claims, characterized in that an EUV absorber layer
(21) 1s arranged on the optically active surface (9),
said EUV absorber layer having different thicknesses in

different regions of the optically active surface (9).

18. Optical element according to any of the preceding
claims, characterized in that temperature sensors are

present.
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19. Projection exposure apparatus for semiconductor
lithography, in particular for EUV 1lithography, com-

prising an optical element according to any of Claims 1

to 18.
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