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Description:
Projection exposure apparatus for semiconductor
lithography comprising an optical correction
arrangement

The present invention relates to a projection exposure
apparatus which contains a projection objective which,

in turn, contains an optical correction arrangement.

In modern projection objectives for microlithography,
use is made of a large number of wavefront manipulators
for the correction of optical aberrations. Most of
these manipulators bring about a wavefront correction
by means of mechanical manipulation of optical
elements. This is done either by means of a position
change and/or by means of a deformation of the optical
elements. These manipulators have correction
possibilities for low-order wavefront aberrations such
as typically occur when the objectives are used 1in
conjunction with so-called conventional settings and at

a throughput of approximately 120 wafers/hour.

However, constantly rising throughput requirements
necessitate ever higher 1light intensities 1in the
objective and hence a constantly rising thermal load
that acts on the optical elements. This thermal load
causes wavefront aberrations: in the case of lenses by
way of the temperature-dependent refractive index and
the surface deformation; in the case of mirrors
predominantly as a result of the surface deformation on
account of the thermal expansion of the mirror
substrate. In addition, in the development of
lithography, the trend is towards illumination
settings, such as the dipole settings, for example,
which entail a strong focusing of the 1light power
density on, in particular, lenses near the pupil and
therefore, on account of the resultant locally high

thermal load, can also cause radial and/or azimuthal
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higher-order and highly localized wavefront
aberrations. The latter can only be compensated for to
a limited extent with the manipulators mentioned in the
introduction. The same applies to wavefront aberrations
caused by light-induced lifetime effects such as
compaction, which occurs to an increased extent on
account of the higher optical power densities. These
wavefront aberrations, too, cannot be efficiently
compensated for by means of the manipulators known

heretofore.

One possibility of compensating for said wavefront
aberrations caused by lifetime effects in a more
efficient manner 1is currently the use of exchangeable
plates to which special correction aspheres are
applied. Within the 1lifetime of the objective, these
compensation plates can be exchanged repeatedly in
order to cope appropriately with the changes in the
wavefront aberrations during the 1lifetime of the

objective.

Although compensation plates with correction aspheres
can compensate for aberrations, they are rather
unsuitable for the compensation of dynamically rapidly
variable aberrations. Moreover, the aberration to be
compensated for has to be known before the creation of
the compensation plate, and in particular therefore
before said compensation plate is incorporated into the
projection objective. Since new wavefront aberrations
are in turn induced by the incorporation of the
compensation plate, naturally complete compensation is

not possible here.

The posed problem to be solved consists, then, 1in
finding a wavefront manipulator by means of which
wavefront aberrations, or synonymously aberrations, and
in this case in particular radially and/or azimuthally

higher-order aberrations, can be compensated for as
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flexibly as possible where this flexibility is
understood to be as a high spatial resolution as well
as a high temporal resolution. One preferred solution
to this problem comprises controllable two-dimensional
correction aspheres which compensate in particular for
the radially and/or azimuthally higher-order

aberrations.

As already mentioned, established manipulators in the
sense above are in particular of mechanical type. Thus,
DE 198 24 030 Al, for example, describes a catadioptric
projection objective with adaptive mirrors, wherein
mirrors can be deformed by means of actuating elements
in such a way that specific image aberrations are

reduced.

EP 678 768 and DE 198 59 634 Al likewise disclose
projection exposure apparatuses in which lenses or
mirrors are deformed by means of actuators for image

aberration correction.

Since mechanical elements in the optical beam path
cause shading and scattered light, however, mechanical
concepts, in the case of lenses to be manipulated, are
restricted to the manipulation of the lens edge. This
restriction to the lens edge constitutes an inherent
limitation of the possible correction profiles, and
especially of the radial orders, which is unable to be

circumvented even by complex mechanisms.

As an alternative to the mechanical manipulators,
thermal manipulators are known, wherein the thermal
manipulators are likewise arranged at the lens edge,
such as in the US Patent Specification US 6,198,579 B1,
for example. However, the thermal manipulators proposed
in the cited document exhibit the same limitations in
the radial orders as their mechanical counterparts and

additionally imply relatively long time constants given
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by the propagation speed of the heat over the lens
diameter. Edge-actuated thermal manipulators are
therefore predominantly suitable for compensation of
temporally steady-state wavefront aberrations. On
account of the 1long time constants, however, such
manipulators are suitable only to a very limited extent
for the compensation of transient wavefront

aberrations.

Furthermore, a method for the correction of non-
rotationally symmetrical image aberrations with Peltier
elements arranged at the periphery of lenses is known
from DE 198 27 602 Al, wherein the Peltier elements
influence the thermal behavior of the optical element
in such a way that in the case of non-rotationally
symmetrical passage of radiation through the element,

resultant imaging aberrations can be corrected.

A device and a method for the correction of
asymmetrical thermal loads of an optical element such
as a lens or a mirror are likewise known from
DE 198 59 634 A1l, wherein the optical element is
likewise deformed by means of actuators; it is likewise
known from US 6 081 388 to deform surfaces of lenses by
means of actuators or defined mechanical forces in such

a way that the imaging aberrations are influenced.

Furthermore, it is known from US 6 521 877 Bl to
influence the temperature of an optical element locally
by means of transparent resistive layers; an
alternative solution 1is disclosed in US 6 466 382 B2,
which proposes applying on a lens layers having
absorbent properties which have a structure

complementary to the footprint of the useful light.

The documents Us2007/0019305 A1, UsS2003/0021040 A1,
W02006/128613 Al, JbP2004/246343 A1l, EP0678768 A2,
Us6198579B1 and DE 10 2005 062401 Al disclose further
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concepts for improving the imaging properties of
optical systems such as e.g. projection objectives for

semiconductor lithography.

WO 2004/036316 discloses a method for the correction of
imaging aberrations of optical elements such as mirrors
and lenses wherein, by means of additional irradiation,
the temperature of the optical elements is altered in
such a way that the imaging aberrations are reduced.
What is problematic in this case, however, 1s that the
temperature of the optical elements 1is increased
overall as a result of the additional irradiation,
which has a negative effect on the possibilities for
using the concept disclosed in the cited document; in
particular the disturbance of adjacent lenses and
structures (mounts, manipulators, ...). The effect is

significantly increased imaging/wavefront aberrations.

A further document that realizes the refractive index
and/or the shape of a lens by means of thermal
influencing of the lens is US2006/0244940 Al, wherein
infrared light is radiated laterally into the lens to
be thermally influenced. What is disadvantageous here
likewise is the constrained arrangement of the optical
waveguides outside the optically utilized area of the
lens, and thus also the a priori far distance of the
manipulator from the 1lens to be manipulated. 1In
particular the indefinite heat dissipation of the lens

manipulated in this way is disadvantageous.

It is an object of the present invention to provide a
projection exposure apparatus for semiconductor
lithography in which a controlled or regulated choice
of the correction properties is possible in conjunction
with high flexibility and with minimum effects on the
optical performance of the projection exposure

apparatus.
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This object 1is achieved by means of the projection
exposure apparatus for semiconductor lithography
comprising the features specified in <claim 1. The
dependent claims relate to advantageous variants and

embodiments of the invention.

The projection exposure apparatus according to the
invention exhibits an arrangement comprising at least
one optical element and at least one irradiation means
for the targeted 1local irradiation of the optical
element with electromagnetic radiation for the targeted
local heating of the optical element. This
electromagnetic radiation for heating the optical
element 1s also referred to hereinafter as heating
radiation, in order to distinguish it from the
electromagnetic radiation that serves for imaging in
the projection exposure apparatus. The latter radiation
is also referred to as useful radiation. According to
the invention, in this case means for dissipating the
thermal energy introduced into the optical element by

the at least one irradiation means are present.

In this case, the means for dissipating the thermal
energy can involve in particular means for forming a
fluid flow which passes at least one surface of the

optical element.

For this purpose, the optical element can have two
optical partial elements, 1in particular two plane-
parallel plates, which are arranged adjacent and
between which is formed a channel through which the

fluid flow can flow.

In this case, the fluid flow can be oriented parallel
to the surface of the optical element or alternatively
have a direction component which is oriented

perpendicular to the surface of the optical element.
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The electromagnetic heating radiation can run through
the fluid flow.

Furthermore, the electromagnetic heating radiation can
be directed onto the two channel-forming surfaces of

the optical partial elements.

In an alternative embodiment of the invention, the
optical element has at least two partial elements which
are in thermal contact with one another and of which
the second has a higher thermal conductivity than the
first. In this case, the second partial element is in
thermal contact with a heat sink, which ultimately
forms the means for dissipating the thermal energy
introduced; in this case, the first partial element can
contain quartz glass and the second partial element can

contain CaFs,.

In this case, the heating radiation can be directed
onto that side of the first partial element which 1is
removed from the second partial element, or else onto
that surface of the first partial element which is

thermally linked to the second partial element.

Furthermore an absorption layer for absorbing the
heating radiation can be arranged on one of the optical
partial elements; in particular, the absorption layer
can be arranged between the first and the second

optical partial element.

In a further embodiment of the invention, the
projection exposure apparatus can be an EUV projection
exposure apparatus; in this case, the optical element
is embodied as a mirror of the projection exposure
apparatus. In this case, the desired correction effect
is achieved by the additional thermal deformation of
the mirror surface that is induced in the mirror by

means of the heating radiation.
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For dissipating the thermal energy, channels can be
involved, for example, through which a cooling medium
can flow and which are worked into the mirror substrate

of the mirror.

In addition, it 1is also conceivable for the means for
dissipating the thermal energy to be thermally
conductive solids which can be embodied for example as
additional elements such as fibers or heat conducting
strips. In addition, it 1is also conceivable to
supplement the solid components that are already
present and that are 1linked to the mirror, such as
kinematic elements, bearing elements or actuators, for
example, by the further functiocnality of heat
dissipation or to utilize their thermally conductive

properties for dissipating the thermal energy.

In addition, the energy can also be dissipated by
radiative elements or by a fluid flow which passes the
mirror and which is formed for example by means of
argon or hydrogen at a pressure of a plurality of

pascals, in particular 3 to 4 pascals.

Possible embodiments for dissipating the thermal energy
are disclosed in the German Patent Application
DE 10 2008049556.5, in particular in figures 1-9
together with the associated description, the
disclosure content of which is incorporated by
reference in the present application. In the case of
discrepancies between the disclosure of the present
application and that of the abovementioned application,
the disclosure of the present application is

applicable.

In a further variant of the invention, means for the
further manipulation of those portions of the heating

radiation which are not absorbed by the optical element
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are present. In this case, the means for further
manipulation can be embodied for example as an
absorbent element, wherein the absorbent element can be
arranged in one instance in the interior of a housing
of the projection exposure apparatus. In addition,
there is the possibility of arranging the absorbent
element outside the housing of the projection exposure
apparatus; in this case, it is advantageous to provide
a window in the housing of the projection exposure
apparatus which allows the non-absorbed heating
radiation to pass in the direction of the absorbent

element.

The non-absorbed heating radiation can additionally or
alternatively also be manipulated by means of
reflection. This can be effected for example by the
virtue of the fact that reflective elements are present
which reflect the non-absorbed portions of the heating
radiation back onto the optical element or else direct

them onto further optical elements.

In order to optimize the correction effect of the
projection objective according to the invention, a
control unit <connected to an image sensor can
furthermore be provided, by means of which the
parameters of the heating radiation, such as direction
and/or intensity, for example, or else the properties
of the means for dissipating the energy introduced can
be influenced, whereby the correction effect can be

adapted and improved in a situation-dependent manner.

The invention is explained in more detail below on the

basis of some exemplary embodiments.

In the figures:

figure 1 shows a first embodiment of the invention,



WO 2010/133231

10

15

20

25

30

35

figure

figure

figure

figure

figure

figure

figure

figure

5

PCT/EP2009/003504
- 10 -

shows a variant of the invention which 1is
suitable in particular when gaseous fluids

are used,

shows an embodiment of the invention in which
the fluid flow has a component of its
direction of movement toward a surface of an

optical partial element,

shows a variant of the invention in which the
heating radiation impinges through the fluid
flow on that surface of an optical partial

element which faces the fluid flow,

shows a modification with respect to figure 4
in which the heating radiation impinges on
both surfaces of the partial elements that
face the fluid flow,

shows a further embodiment of the invention
in which the optical element has two partial
elements that are in thermal contact with

another,

shows a modification with respect to figure 6
in which the heating radiation is directed
onto that surface of the first partial
element which is thermally 1linked to the

second partial element,

shows a further embodiment of the invention
in which an absorption layer for absorbing
the heating radiation 1is arranged between the
first partial element and the second partial

element,

shows a projection exposure apparatus for

semiconductor lithography into which the
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correction arrangement described is

integrated,

figure 10 shows an embodiment of the invention in which
a first possibility for the further
manipulation of those portions of the heating
radiation which are not absorbed by the

optical element is realized,

figure 11 shows a further variant of the invention in
which a reflector is used instead of the use
of an absorber, with the construction

otherwise changed; and

figure 12 shows a variant of the solution illustrated

in figure 11.

Figure 1 shows a first embodiment of the invention, in
which the optical element 2 1is formed from the two
partial elements 21 and 22. In the present example, the
two partial elements 21 and 22 are formed as plane-

parallel plates composed of quartz glass.

A channel 6 through which a fluid flow of the cooling
fluid 5 can flow is formed between the two partial
elements 21 and 22. In this case, the direction of the

fluid flow is indicated by the arrows 4.

As an alternative to this, in a manner not illustrated
in figure 1, the two partial elements 21 and 22 can
also be embodied in such a way that only the channel 6
is bounded by two plane surfaces. This has the
advantage that the optical effects of the two optical
partial elements 21 and 22 are freely selectable to a
certain degree. Thus, 1in particular the refractive
powers of the optical partial elements can be freely

selected in such a case.



WO 2010/133231 PCT/EP2009/003504

10

15

20

25

30

35

- 12 -

In the present case, the heating radiation 7 1is
directed onto that side of the first partial element 21
which is remote from the second partial element 22. The
heating radiation 7 1is incident at a shallow angle
(relative to the surface) on that surface of the first
partial element 21 which 1is remote from the second
partial element 22, such that the heating radiation 7
does not impinge on an optical element 3 which 1is
adjacent to the first partial element 21. It becomes
clear from figure 1 that the reflected portion (not
illustrated in figure 1) of the radiation 7, on account
of the shallow angle of incidence, which results in the
same shallow angle as angle of reflection, 1s not
incident on the adjacent optical element 3 either and
therefore likewise causes no unintentional thermal
influencing of the optical element 3. The regional
absorption of the heating radiation 7 on the surface of
the partial element 21 results in a first temperature
gradient in the direction of the cooling fluid 5, said
temperature gradient being indicated by the arrows 8.

In addition second thermal gradients result 1if the
heating radiation is applied in a 1locally resolving
manner. Those second gradients have non-vanishing
components orthogonal to the above temperature
gradient. In accordance with the above first
temperature gradient, a heat flow takes place in the
direction of the arrows 8; the heat conducted in the
direction of the cooling fluid 5 is taken up by the
cooling fluid and transported away with the fluid flow.
This affords the possibility of 1locally introducing
temperature gradients into the partial element 21,
whereby an optical correction effect of the plane-
parallel plate 21 can be achieved. Moreover since the
dissipated energy is transported away one can achieve a
steady state of non-vanishing gradients. Since the
thermal energy is introduced into the beam path of the
projection exposure apparatus by heating radiation and

not by heating elements arranged inside the beam path
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of wuseful radiation, it can be assumed that any
impairment of the optical performance of the projection
exposure apparatus on account of the heating, which is
not caused by the absorbtion of the heating radiation,

is practically negligible.

The refractive index gradient caused by the temperature
gradient influences the optical path 1length or the
phase in partial element 21. The optical correction
effect of the optical element 2 1is achieved by this

means.

By way of example, the cooling fluid 5 used can be a
purge gas which 1is already wused in the projection
objective and by means of which the remaining
components of the objective are also cooled. H;, Ny,
helium or dry, high-purity air could be mentioned here
by way of example. It goes without saying that other
gases or alternatively liquids such as water, in

particular, are also appropriate for this.

In the present case, radiation having a wavelength of
greater than 2 pym, in particular greater than 4 um, can
be used for the heating radiation 7. By way of example,
a CO, laser having an emission wavelength in the region
of approximately 10.6 pym 1is appropriate here as a
radiation source. In addition, in the case of using an
optical partial element composed of quartz glass, it is
also possible to choose a wavelength of 1less than
approximately 180 nm for the heating radiation 7 since
the quartz glass also has absorbent properties in this
wavelength range. The optical useful radiation in the
case of using quartz glass for the partial element 21
can have a wavelength of greater than 190 nm. For the
case where the glass used for the optical partial
element 21 has an OH concentration of greater than
500 ppm, a heating radiation 7 having a wavelength

within the range of between approximately 2.65 pm and
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2.85 mm can also be employed, since an OH absorption

peak is located in this range.

In case of CaF, is used for the optical element that
absorbs the heating radiation, it is recommended to use
electromagnetic radiation having a wavelength of less
than approximately 160 nm or greater than 9 um for the

heating radiation.

Furthermore, a heating radiation having a wavelength of
less than 350 nm or greater than 2 pm, in particular
greater than 2.5 pm, can advantageously be employed for
optical elements composed of optical glasses for a
useful wavelength of the projection exposure apparatus
(that is to say for that wavelength which is used for

the exposure of the wafer) of greater than 350 nm.

Figure 2 illustrates a variant of the invention which
is suitable in particular when gaseous fluids are used

as cooling fluids 5.

In the present case, the optical element 2 only has the
first optical partial element 21, past which a gas flow
as a fluid flow (once again indicated by the arrows 4)
is led substantially parallel to a surface of said
partial element. The arrangement is otherwise unchanged
with respect to the embodiment illustrated in figure 1.
The already used purge gas of a projection objective
can be used in the case illustrated in figure 2, said
gas being led with a preferably increased mass flow
rate past the optical partial element 21 approximately

parallel to the surface thereof.

The simpler construction of this arrangement Dby
comparison with the first exemplary embodiment is

advantageous in this case.
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In a variant of the embodiment illustrated in figure 2,
the fluid flow can have a component of its direction of
movement which 1s orthogonal to a surface of the
partial element 21, as indicated by the arrows 4 in
figure 3. Although figure 3 illustrates that the fluid
flow 4 impinges on the entire side of the partial
element 21 that is remote from the heating radiation 7,
it is equally possible for the fluid flow 4 to impinge
on a surface of the partial element 21 only locally
(not illustrated). If this localness is configured in
variable fashion, for example by local flowing with a
gas as fluid flow 4, this results in further degrees of
freedom with regard to the formation of a temperature

gradient in the partial element 21.

Figure 4 shows an embodiment of the invention in which
the electromagnetic heating radiation 7 1s incident
through the fluid flow on that surface of the partial
element 21 which faces the fluid flow.

This measure has the effect that the temperature
gradient induced by the optical heating radiation, said
temperature gradient likewise being indicated in figure
4 by the arrows 8, does not necessarily reach that side
of the partial element 21 which 1is remote from the
fluid flow 4. In other words, the temperature
distribution can be homogeneous on that side of the
partial element 21 which 1is remote from the fluid
channel, whereas it has the desired gradient on that
surface of the partial element 21 which faces the fluid
flow 4. The optical correction arrangement 1 is
therefore thermally neutral toward the outside, whereby
the disturbance potential of such a component in a

projection objective is considerably reduced.

It is advantageous in this case if the cooling fluid 5
has a highest possible transmittance for the wavelength

of the heating radiation 7. This is generally
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applicable for the abovementioned purge gases that are

used in projection objectives.

Figure 5 shows a variant with respect to figure 4 in
which the heating radiation 7 impinges on both surfaces
of the partial elements 21 and 22 that face the fluid
flow.

This opens up the possibility of realizing an optical
correction arrangement which 1is likewise thermally
neutral toward the outside. For this purpose, by way of
example, constant cooling can be effected by means of
the fluid flow and the two optical partial elements 21
and 22 can be heated to the objective temperature with
the aid of the heating radiation 7. The two partial
elements 21 and 22 therefore appear thermally neutral
toward the outside. Since both partial elements are now
heated, firstly it 1is possible to obtain a higher
number of degrees of freedom of manipulation, and
secondly it is also possible to achieve an increase in
the manipulator range, which rises with the energy of

the heating radiation that can be input overall.

Figure 6 shows a further embodiment of the invention in
which the optical element 2 has the two partial
elements 23 and 24 that are in thermal contact with one

another.

In the present example, the first partial element 23 is
formed from an optical material that absorbs the
heating radiation 7, such as quartz glass, for example,
whereas the second optical partial element 24 is formed
from optical material having better thermal
conductivity relative to said quartz glass, such as
CaF,, for example. This material pairing is suitable
particularly for objectives having a useful wavelength
> 193 nm. In this case, too, a temperature dJradient

forms in the first partial element 23 and causes a
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refractive index gradient that in turn influences the

optical path length or the phase of the useful light.

In this case, the temperature gradient is once again
indicated by the arrows 8. Said temperature gradient
and with it the heat flow run from the first partial
element 23 through the second partial element 24 into
the mount 15, which serves as a heat sink. In this
case, the mount 15 can be provided with a additional

cooling device/thermal sink (not illustrated).

The heating radiation 7 locally impresses a heat flow
that has a non-vanishing component that flows through
the first partial element 23 in the axial direction in
the direction of the second partial element 24 as
indicated by the arrow 8. In this way, a large
temperature increase arises locally in the first
partial element 23 on account of the 1low thermal
conductivity thereof. Since the second partial element
24 has a high thermal conductivity rate (CaF, has a
thermal conductivity seven times higher than that of
quartz), it conducts away the impressed heat flow in
the direction of the arrow 8 radially to the heat sink
15 at the edge of the optical element 2. In this case,
a temperature increase that arises 1in the partial
element 24 1is significantly smaller than that in the

partial element 23.

The local temperature increase in the partial element
23 (lower thermal conductivity) leads there to a local
change in the refractive index. This effect 1is also
manifested in the second partial element 24, but it is
manifested to a considerably smaller extent on account
of this partial element being heated to a significantly

smaller extent.

Figure 7 illustrates a variant of the invention in

which the heating radiation 7 is directed on to that
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surface of the first partial element 23 which 1is
thermally linked to the second partial element; in
other words, the heating radiation 7 is radiated to the
second partial element 24. For this purpose, it 1is
advantageous to select a wavelength of the heating
radiation 7 in the range > 2 pm, in particular > 4 uym

and < 9 um.

A CO laser having an emission wavelength of 5.3 pm 1is
therefore particularly appropriate as a source for the

heating radiation 7.

Figure 8 shows a further embodiment of the invention in
which an absorption layer 17 for absorbing the heating
radiation 7 1is arranged between the first partial

element 23 and the second partial element 24.

The absorption layer 17 can be used in particular for
heating radiation in wavelength ranges which are not
absorbed well enough by quartz glass, such that a
significant alteration of the refractive index of the
quartz glass would result, or for the case where the
same material is wused for the two optical partial
elements 23 and 24. However, one requirement made of
the absorption layer 17 1is that it must have a
sufficiently good transmission for the useful

wavelength of the projection exposure apparatus.

For the case where the useful wavelength 1is 1in the
region of 193 nm, a wavelength of 1less than 180 nm
should be selected for the heating radiation. Thus,
e.g. for an absorption layer 17 arranged between two
partial elements composed of CaF, and quartz glass, the
heating wavelength should be selected within the range

of approximately 155 nm to approximately 180 nm.
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In addition, it 1is also conceivable to select the
wavelength of the heating radiation within the range of

the wavelength of the useful radiation.

In this case, however, there is the limitation that the
absorption in the optical correction arrangement 1is

comparatively low.

Figure 9 illustrates a projection exposure apparatus 31
for semiconductor lithography into which 1is integrated
the described correction arrangement with the optical
element 2. It serves for the exposure of structures
onto a substrate coated with photosensitive materials,
said substrate generally being composed predominantly
of silicon and being referred to as a wafer 32, for the
production of semiconductor components, such as e.qg.

computer chips.

In this case, the projection exposure apparatus 31
essentially comprises an illumination device 33, a
device 34 for receiving and exactly positioning a mask
provided with a structure, a so-called reticle 35,
which is used to determine the later structures on the
wafer 32, a device 36 for retaining, moving and exactly
positioning precisely said wafer 32, and an imaging
device, namely a projection objective 37, having a
plurality of optical elements 38 that are borne by
means of mounts 39 in an objective housing 40 of the
projection objective 37. In this case, it is possible
to arrange a correction arrangement according to the
invention with an optical element as illustrated at any
desired location in the projection objective 37 or
alternatively in the illumination device 33. Two
locations in the projection objective 37 are
prefererred to arrange the correction device: places
near to pupil planes and near to field planes
respectively. Here an optical device 1is understood to

be near a pupil plane or field plane of the projection
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objective 37 if there is no other optical device more

near to that pupil plane or field plane respectively.

In this case, the basic functional principle provides
for the structures introduced into the reticle 35 being
imaged onto the wafer 32; the imaging 1is generally

performed in demagnifying fashion.

After an exposure has taken place, the wafer 32 1is
moved further in the arrow direction, with the result
that a multiplicity of individual fields each having
the structure prescribed by the reticle 35 are exposed
on the same wafer 32. On account of the step-by-step
advancing movement of the wafer 32 in the projection
exposure apparatus 31, the latter 1is often also
referred to as a stepper. In addition, so-called
scanner systems, in which the reticle 35 1s imaged
during a joint movement with the wafer 32 in scanning

fashion on the wafer 32, are also in widespread use.

The illumination device 33 provides a projection beam
41 required for the imaging of the reticle 35 on the
wafer 32, for example light or a similar
electromagnetic radiation. A laser or the like can be
used as a source for this radiation. The radiation is
shaped in the illumination device 33 by means of
optical elements in such a way that the projection beam
41, upon impinging on the reticle 35, has the desired
properties with regard to diameter, polarization, shape

of the wavefront and the like.

By means of the beams 41, an image of the reticle 35 is
generated and 1s transferred to the wafer 32 in
correspondingly demagnified fashion by the projection
objective 37, as has already been explained above. The
projection objective 37 has a multiplicity of

individual refractive, diffractive and/or reflective
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optical elements 38, such as e.g. lenses, mirrors,

prisms, terminating plates and the like.

Figure 10 shows an embodiment of the invention which
realizes a first possibility for the further
manipulation of those portions of the radiation 7 which
are not absorbed by the optical element 2. In this
case, the incident radiation 7 impinges on the region
302 of the optical element 2. A specific portion of the
radiation 7 1is absorbed in the region 302 and thus
contributes to the heating of the region 302. The
desired correction effect of the optical element 2 1is
thereby achieved. It is usually the case, however, that
the incident radiation 7 is not absorbed in its
entirety in the region 302, but rather a specific
portion of the radiation 7 is scattered or reflected.
The ratio of the portions of the reflected radiation to
the portions of the absorbed radiation depends in this
case 1in particular on the angle of incidence, the
polarization of the incident radiation and the surface
constitution and material selection of the optical
element 2. It 1is desirable to manipulate the non-
absorbed portion of the incident radiation 7 to the
effect that it does not lead to undesirable
disturbances elsewhere. For this purpose, the non-
absorbed portion of the radiation 7 can be absorbed by
means of the absorber 301, which prevents the situation
in which further reflection or scattering takes place
in the system and the portion not absorbed in the
optical element 2 is absorbed by other components of
the optical system in an uncontrolled manner. In this
case, the absorber 301 can be embodied as a baffle with
tips or as material with a structured surface or as a
body with an absorbent layer. The controlled absorption
of that portion of the radiation 7 which 1is not
absorbed in the optical element 2 has the effect that
the radiation 7 can be incident on the optical element

2 at comparatively shallow angles. In this case the
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non-absorbed part of the heating radiation extends in
general the absorbed portion of the heating radiation
and can be effectively neutralized by the absorber 301
and therefore does not lead to undesirable effects 1like
being absorbed by optical devices different from the
optical element 2. The shallower angle of incidence
that can be realized in this way makes it possible to
significantly reduce the additional structural space
required in the objective 1in direction of useful

radiation.

Figure 11 shows a further variant of the invention in
which a reflector 304 is used instead of the use of an
absorber, with the construction otherwise unchanged.
The reflector 304 reflects that portion of the
radiation 7 which 1is not absorbed in the optical
element 2 back into the region 302, with the result
that the optical element 2 is heated by the radiation 7
with an increased efficiency by comparison with a

solution without a reflector.

The non-absorbed radiation need not necessarily be
reflected back into the heated region 302 of the
optical element 2 by the reflector 304. By
correspondingly tilting the reflector 304, it is
likewise possible for a further region 305 of the
optical element 2 to be heated, as illustrated 1in
figure 12. In this case, the regions 302 and 305 can
spatially be separate from one another, adjoin one
another or else overlap. The heat input at the
different heated regions 302 and 305 can be influenced
in a targeted manner by taking account of angle-
dependent absorption properties of the optical element

2 in the design of the system.

In principle, the possibilities shown for the further
manipulation of non-absorbed portions of the radiation

7 are not restricted to a shallow angle of incidence of
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the radiation 7; rather, the solutions described in
figures 10 to 12 can advantageously be employed for

practically all conceivable angles of incidence.
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Patent Claims:
1. A projection exposure apparatus for semiconductor
lithography comprising an optical correction

arrangement comprising at least one optical element
(2), at least one irradiation means for the targeted
local irradiation of the optical element (2) with
electromagnetic heating radiation (7) for the targeted
local heating of the optical element (2),

characterized in that

means for dissipating the thermal energy introduced
into the optical element (2) by the at 1least one

irradiation means are present.

2. The projection exposure apparatus as claimed 1in
claim 1,

characterized in that

the means for dissipating the thermal energy involves
means for forming a fluid flow, in particular a gas
flow, which passes at least one of the surfaces of the

optical element (2).

3. The projection exposure apparatus as claimed in
claim 2,

characterized in that

the optical element (2) comprises two optical partial
elements (21, 22) which are arranged adjacent and
between which is formed a channel through which the

fluid flow can flow.

4. The projection exposure apparatus as claimed in
claim 3,

characterized in that

the <channel 1is Dbordered by plane surfaces of the
optical partial elements (21, 22), which are embodied

in particular as plane-parallel plates.



WO 2010/133231 PCT/EP2009/003504

10

15

20

25

30

35

- 25 -

5. The projection exposure apparatus as claimed in
any of claims 2 to 4,

characterized in that

the electromagnetic heating radiation (7) runs through
the fluid flow.

6. The projection exposure apparatus as claimed in
any of claims 3 to 5,
characterized in that
the electromagnetic heating radiation (7) 1is directed
onto the two channel-forming surfaces of the optical

partial elements (21, 22).

7. The projection exposure apparatus as claimed in
any of claims 2 to 6,

characterized in that

the direction of movement of the fluid flow is oriented
parallel to a surface of the optical element (2), or
has a component of its direction of movement which is
oriented perpendicular to a surface of the optical

element (2).

8. The projection exposure apparatus as claimed in
any of the preceding claims,

characterized in that

the optical element (2) has at 1least two partial
elements (23, 24) which are in thermal contact with one
another and of which the second partial element (24),
preferably containing CaF2, has a higher thermal
conductivity than the first partial element (23),
preferably containing quartz glass, and wherein the
second partial element (24) in conjunction with a heat
sink (15) in thermal contact with it forms the means

for dissipating the thermal energy introduced.

9. The projection exposure apparatus as claimed in
claim 8,

characterized in that
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the heating radiation (7) is directed onto that side of
the first partial element (23) which is remote from the
second partial element (24), or the heating radiation
(7) is directed onto that surface of the first partial
element (23) which is thermally linked to the second
partial element (24).

10. The projection exposure apparatus as claimed in
any of claims 8 to 9,
characterized in that
an absorption layer (17) for absorbing the heating
radiation (7) is arranged on one of the optical partial
elements (23, 24), preferably between the first (23)

and the second (24) optical partial element.

11. The projection exposure apparatus as claimed in
claim 1, characterized in that the optical element (2)
is a mirror of the projection exposure apparatus and
the projection exposure apparatus is preferably an EUV

projection exposure apparatus.

12. The projection exposure apparatus as claimed in
claim 11, characterized in that

the means for dissipating the energy are channels in
the mirror substrate through which a cooling medium can
flow or

the means for dissipating the energy are thermally
conductive solids which preferably either are embodied
as kinematic elements, bearing elements or as actuators
or

the means are embodied as additional elements, in
particular fibers or heat conducting strips or

the means for dissipating the energy are emissive
elements or a fluid flow, in particular a gas flow,
especially of hydrogen or argon at a pressure of a
plurality of pascals, preferably 3 to 4 pascals passing

the mirror.
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13. The projection exposure apparatus as claimed in
any of the preceding claims, characterized in that
means for the further manipulation of those portions of
the heating radiation (7) which are not absorbed by the
optical element (2) are present, wherein these means
are embodied in particular as absorbent elements
suitable for absorbing radiation having the wavelength

of the heating radiation (7).

14. The projection exposure apparatus as claimed in
claim 13, characterized in that the absorbent element
is arranged outside a housing of the projection
exposure apparatus, and in that the housing has a
window for the passage of non-absorbed portions of the
heating radiation (7) in the direction of the absorbent

element.

15. The projection exposure apparatus as claimed in
claim 13 or claim 14, characterized in that the means
for further manipulation are reflective elements by
means of which non-absorbed portions of the radiation
(7) can be directed onto the optical element (2) or
different components of the projection exposure

apparatus.
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