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ABSTRACT 

An optical component includes an optical element, a mount 
for the optical element, and a temperature control device 
configured to control a temperature of a part of the mount 
based on at least one parameter selected from the group 
consisting of a coefficient of expansion of a Substrate of the 
optical element, and a coefficient of expansion of a material of 
the mount. 
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OPTICAL COMPONENT HAVING AN 
IMPROVED TRANSIENT THERMAL 

BEHAVOR AND METHOD FOR IMPROVING 
THE TRANSIENT THERMAL BE HAVOR OF 

AN OPTICAL COMPONENT 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. The present application is a continuation of U.S. 
pending application Ser. No. 1 1/245.288 filed Oct. 6, 2005, 
which is a continuation-in-part of pending International 
Patent Application PCT/EP2005/004861 filed on May 4, 
2005, which designates the United States and which claims 
priority of U.S. Provisional Patent Application No. 60/568, 
547 filed on May 6, 2004. Further, the U.S. patent application 
Ser. No. 1 1/245,288 also claims the benefit under 35 U.S.C. 
S119(e) of the U.S. Provisional Patent Application. No. 
60/616,464 filed on Oct. 6, 2004. 

BACKGROUND OF THE INVENTION 

0002 The invention generally relates to improvements of 
the thermal behavior of an optical component. More specifi 
cally, the invention relates to improvements of the thermal 
behavior of a collector for use in EUV-lithography. 
0003. Although the present invention will be particularly 
described with respect to a collector for use in EUV-lithog 
raphy, the present invention is not limited thereto. 
0004. It is to be understood that, in general, the invention 

is also useful for other optical components. 
0005 Simulation results for the collector of an illuminat 
ing system in the extreme ultraviolet (EUV) range show that 
the collector strongly heats up in operation. As a consequence 
of the temperature rise, the collector deforms. 
0006 With reference to FIG. 1 of the accompanying draw 
ings, the heating of a general optical component will be 
briefly explained. FIG. 1 shows an incident optical beam 1 
impinging on an optical component. The optical component 
is, for example, a mirror, comprising a Substrate body 4 and an 
optical layer 3 as the optical element, at which the beam is 
deviated or reflected as shown by reference numeral 2. Other 
optical components like lenses, prisms, gratings, beam split 
ters, etc., are conceivable. 
0007. A portion of the impinging energy 1 is absorbed by 
the optical layer 3 or by the substrate 4. Heat 5 is generated 
thereby which spreads in the substrate 4. In most cases, this 
heat is poorly carried off, because the fixing element 6 to the 
holder 7 and also the substrate material 4 have a poor heat 
conduction ability. The substrate 4 expands, while this expan 
sion is hindered by the fixing elements 6 and the holder 7, 
which leads to local deformations of the optical element 
(Substrate and/or optical layer) and, thus, to a deterioration of 
the optical performance of the device, in which the optical 
component is used. 
0008 Depending on the power of the illumination of the 
optical system, certain temperatures of the system arise. If no 
heat carrying off is provided by heat conduction into a cooling 
medium, the temperatures can become pretty high and rapidly 
exceed an operating temperature which is in Some cases 
required. 
0009 EP 1 387 054A2 discloses a cooling apparatus and 
a cooling method for cooling an optical element provided in 
a vacuum atmosphere. The cooling apparatus includes a 
radiational cooling part, arranged apart from the optical com 
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ponent for cooling the optical component by radiation heat 
transfer, and a controller for controlling the temperature of the 
radiation cooling part. 
0010. This cooling apparatus is expensive, because it 
requires a considerable number of additional parts, thus also 
increasing the space requirements of the optical component. 
0011 US 2004/0051984 A1 discloses devices and meth 
ods for cooling devices, optical elements and optical systems, 
including optical systems used in vacuum environments. The 
cooling device comprises a heat-receiving plate arranged 
proximally to a respective optical component along a Surface 
of the optical component at which light directed to the optical 
component is not incident or outgoing. The heat-receiving 
plate is configured to receive heat from the optical compo 
nent. Again, this known device requires a number of parts in 
addition to the parts of the optical component for cooling 
SaC. 

0012. The technical problems occurring as a result of the 
heating of the optical element can be summarized as follows. 
On the one hand, the optical component becomes too hot, as 
a result of which the substrate material and the optical layers 
can be destroyed. On the other hand, the optical component 
can be deformed so severely that the optical performance of 
the system does not conform to the required specification. 
Finally, the deformation of the optical component can change 
during operation, that is representa transient effect. A one-off 
or static correction of the resultant error in the optical system, 
for example with the aid of other optical components, would 
therefore be inadequate. 

SUMMARY OF THE INVENTION 

0013. It is an object of the present invention to provide 
another cooling concept for an optical component which is 
less expensive on the one hand, and on the other hand is 
nevertheless effective in avoiding or at least reducing dete 
riorations due to heating effects of the optical component and, 
thus, of the optical system, in which the optical component is 
used. 
0014. It is another object of the present invention to pro 
vide an optical component which, on the basis of an optimi 
zation of this thermal behavior, contributes to allowing dete 
rioration of the optical performance of the optical element 
during operation at least to be reduced. 
0015. A further object of the present invention is to pro 
vide an optical component which is improved with regard to 
its transient thermal behavior, so that transient effects that are 
caused by the heating of the optical component and disturb 
the optical performance of the optical element, primarily 
defocusing and/or illumination in the far field, can at least be 
reduced. 
0016. It is a further object of the present invention to 
provide methods for optimizing the thermal behavior of an 
optical component. 
0017. According to an aspect of the invention, an optical 
component according to the present invention is provided, 
comprising at least one optically effective optical element 
which heats up when irradiated with light, and at least one 
holding element for the at least one optical element for hold 
ing the at least one optical element in a carrier structure, 
wherein the at least one optical element is connected to the at 
least one holding element in heat conducting fashion, and 
wherein the at least one holding element is at least partially 
provided with an active cooling system for carrying off heat 
from the at least one optical element. 
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0018. The concept of this aspect of the present invention 
provides to carry off the heat from the at least one optical 
element of the optical component by means of heat conduc 
tion into the at least one holding element which connects the 
at least one optical element with the carrying structure of the 
optical component. Thus, the elements of the optical compo 
nent which are already present are used for the heat carrying 
off from the at least one optical element so that no or at least 
not a large number of additional parts are required for this 
purpose. 

0019. According to a further aspect of the invention, in the 
case of an optical component which has at least one optical 
element, which heats up during operation due to irradiation 
with light, and at least one mount for the at least one optical 
element, the mount is assigned a temperature control device 
which controls the temperature T at least of part of the mount 
to a temperature T at which a heating-induced expansion 
of the optical element during operation results in the least 
deformation of the optical element. 
0020. According to a further aspect of the invention, in the 
case of an optical component which has at least one optical 
element, which heats up during operation due to irradiation 
by light, and at least one mount for the at least one optical 
element, the optical element is assigned a temperature control 
device which controls the temperature T at least of part of the 
optical element to a temperature T, which corresponds at 
least approximately to the operating temperature of the opti 
cal element during optical operation, so that the temperature 
of the optical element does not change Substantially during 
operation. 
0021. The two aforementioned aspects can be used both 
on their own and in combination with each other, which is 
particularly preferred, to improve the thermal behavior of the 
optical component to the extent that inevitable heating of the 
optical element and accompanying expansion of the optical 
element do not result in a deformation, or result in the least 
deformation, that can impair the optical performance of the 
optical element. 
0022. The aspect mentioned first of the two afore-men 
tioned aspects is based on the idea that, when setting an 
optimum temperature T of the mount, the mount of the 
optical element expands in Such a way that an expansion of 
the optical element is not impeded by the mount, whereby a 
deformation of the optical element can be reduced or even 
avoided. 

0023 The aspect of the invention mentioned second is 
based on the idea that the temperature control of the optical 
element helps to create a situation in which deformations of 
the optical element, in particular during the optical operation 
of the component, at least do not change, i.e. show no tran 
sient effect. It is therefore preferred in particular to heat the 
optical element before operation approximately to the oper 
ating temperature that would be brought about during opera 
tion of the optical component by the irradiation with light, in 
order in this way already to set or prescribe a specific defor 
mation of the optical element, which then however no longer 
changes, or not Substantially, during operation on account of 
a temperature stabilization and further measures that are pref 
erably provided and still to be described. In this way, transient 
effects caused by deformations only occurring during opera 
tion are at least reduced. Such deliberately set or prescribed 
deformations of the optical element can be eliminated in their 
effect on the optical performance by Static measures or by 
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adjustment measures, since these deformations do not 
change, or not substantially, during operation on account of 
the temperature stabilization. 
0024. In preferred embodiments, the at least one holding 
element is Suppliable with a cooling medium. 
0025. In particular, the at least one holding element pref 
erably comprises at least one channel for leading the cooling 
medium through the holding element. 
0026. The cooling medium is preferably led through theat 
least one holding element in a cooling coil forming the at least 
one cooling channel. 
0027. In these embodiments, the at least one holding ele 
ment is actively cooled by means of a cooling medium, for 
example water, oil, cooling gas or any other medium which is 
Suited as a cooling medium. 
0028. Further, it is preferred if a wall of the at least one 
holding element in which the at least one channel is present, 
has an enlarged overlap region overlapping with the at least 
one optical element. 
0029. This measure has the advantage that the heat transfer 
from the at least one optical element into the at least one 
holding element is improved. 
0030. For further improving the heat transfer from the at 
least one optical element to the at least one holding element, 
the wall thickness of the wall of the at least one holding 
element is preferably thinned at least in the overlap region so 
that the at least one channel is closely spaced from the optical 
element by the wall. 
0031. In other words, the at least one channel through 
which the cooling medium is led is arranged in a close dis 
tance from the at least one optical element thus improving the 
heat transfer from the at least one optical element to the at 
least one holding element. 
0032. In a further preferred embodiment, the optical ele 
ment comprises a Substrate wherein the Substrate comprises a 
material which is highly heat-conductive. 
0033. A material having a high heat conduction ability is, 
for example, copper (Cu), while any other heat-conductive 
material can be used. 
0034) Further, in order to improve the heat conduction 
properties of the Substrate, the Substrate can comprise com 
pletely or partially enlarged or thickened portions. 
0035) If the at least one optical element comprises an 
optically effective layer, this layer preferably comprises a 
material which is highly heat-conductive. 
0036. In a further preferred embodiment, the at least one 
optical element is connected to the at least one holding ele 
ment by means of a heat-conductive connecting element or 
means, for example by a heat-conductive adhesive, by solder 
ing or welding or by a heat-conductive mechanical connec 
tion. 
0037 For example, an adhesive can be used, which is filled 
with metal particles. 
0038. It is further preferred in this connection, if the con 
necting element or means is thin compared to its contact area 
with the at least one optical element and the at least one 
holding element. 
0039. This measure further contributes to an improved 
heat transfer from the at least one optical element to the at 
least one holding element. In case that the connecting element 
or means is an adhesive, the adhesive thickness should be as 
Small as possible, thus providing a small gap between the 
optical element and the holding element. Similarly, if the at 
least one optical element and the at least one holding element 
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are soldered or welded to each other, the solder or weld 
thickness should be as thin as possible. In case of a mechani 
cal connecting element, for example a mechanical clamping 
provides a direct contact between the at least one optical 
element and the at least one holding element for an improved 
heat transfer. 
0040. It is further preferred, if the at least one holding 
element comprises a material which is highly heat-conduc 
tive. 
0041. This measure is also suited for improving the heat 
transfer from the at least one optical element to the at least one 
holding element, in particular for transferring the heat from 
the at least one optical element to the cooling medium flowing 
through the at least one holding element as provided in one of 
the before-mentioned embodiments. 
0042. In a further preferred embodiment, the at least one 
holding element is movable with respect to at least one optical 
element, and/or the at least one holding element is movable 
with respect to the carrier structure. 
0043. This measure is particularly useful if the at least one 
optical element and the at least one holding element have 
different thermal expansion coefficients which normally lead 
to a different thermal expansion of the optical element with 
respect to the holding element which can cause deformations 
of the at least one optical element. By a movable bearing of 
the at least one holding element, in particular with respect to 
the carrier structure, different thermal expansions of the at 
least one optical element and the at least one holding element 
are made innocuous in terms of stresses or tensions which 
could deform the at least one optical element. 
0044. In order to achieve a movability of the at least one 
holding element with respect to the carrier structure, the at 
least one holding element is preferably connected to the car 
rier structure by means of at least one leaf spring, and/or by 
means of at least one solid body joint, and/or by means of at 
least one slide bearing or at least one roller bearing. 
0045. In a further preferred embodiment, aheating system 

is provided for heating up the optical component to a prede 
termined operating temperature. 
0046. This measure has the advantage that the optical 
component can be rapidly brought onto the operating tem 
perature which would normally arise after a certain period of 
irradiation of the at least one optical element of the optical 
component with light. 
0047. The heating system preferably is a contactless heat 
ing System. 
0048. The heating system preferably comprises a heating 
shield Surrounding the optical component. 
0049 Further, in case that the at least one holding element 

is Supplied with a cooling medium, the cooling medium pref 
erably can be heated for heating the optical component to the 
predetermined operating temperature. 
0050. In specific embodiments, the at least one optical 
element is a mirror, and the at least one holding element is a 
strut or spoke extending between the mirror and the carrier 
Structure. 

0051. In this case, the carrying structure preferably is a 
ring Surrounding the at least one mirror, and the strut or spoke 
extends radially between the at least one mirror and the ring. 
0052. In a further preferred embodiment, the optical com 
ponent comprises a plurality of optical elements in form of 
connector shells nested in one another, for example in a 
Substantially concentrical arrangement, and wherein a plural 
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ity of radially directed spokes or struts form the holding 
elements and are connected to at least some or each of the 
shells. 
0053. In this context, it is further preferred, if the spokes 
are connected to a common outer ring and/or a common inner 
ring. 
0054 As already mentioned, the present invention is in 
particular useful for an optical component which is a collector 
for use in EUV-lithography. 
0055. Further features and advantages will become appar 
ent from the following description and the accompanying 
drawings. 
0056. It is to be understood that the features mentioned 
above and those yet to be explained below are not only appli 
cable in the combinations given, but also in other combina 
tions or in isolation without departing from the scope of the 
present invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0057. Some preferred embodiments are shown in the 
drawings and will be explained hereinafter with reference 
thereto. In the drawings: 
0.058 FIG. 1 shows an incident optical beam impinging on 
an optical component; 
0059 FIG. 1a shows a general embodiment for explaining 
the principle of the present invention; 
0060 FIGS. 2-2a show a collector shell of an EUV-col 
lector having cooled holding struts; 
0061 FIG. 3 shows a corresponding EUV-collector hav 
ing cooled holding spokes; 
0062 FIG. 4 shows a longitudinal section through a 
cooled spoke in FIG. 3; 
0063 FIG. 5 shows another embodiment modified with 
respect to the embodiments shown in FIGS. 2-4; 
0064 FIG. 6 shows another embodiment modified with 
respect to the embodiment shown in FIG. 5; 
0065 FIG. 7 shows still another embodiment of the inven 
tion, wherein a heating system is additionally provided for the 
optical component; 
0.066 FIG. 8 shows a schematic representation of another 
exemplary embodiment of an optical component; 
0067 FIG.9 shows a further exemplary embodiment of an 
optical component; 
0068 FIG. 10 shows a collector for EUV lithography in an 
exploded representation; 
0069 FIG. 11 shows further details of the collector in FIG. 
10; and 
(0070 FIG. 12 shows a further exemplary embodiment for 
a modification of details of the collector in FIG. 10 or 11. 

DETAILED DESCRIPTION OF PREFERRED 
EXEMPLARY EMBODIMENTS 

0071 FIG. 1a generally shows an optical component 
which is comparable with the optical component shown in 
FIG. 1. Reference numerals used in FIG. 1a which are iden 
tical with those reference numerals in FIG. 1 denote same 
features as in FIG. 1, and they are not described here again. 
0072 FIG. 1a generally shows the heat conduction from 
an optical element A1 of the optical component into the 
holder or holding element B1 according to the present inven 
tion. The optical element of the optical component comprises 
a substrate A1 made of a highly heat-conductive material (for 
example copper, aluminum, SiC) and having a large cross 
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section. The holder B1 comprises one or several cooling 
channels B2 which is or which are flown throughby a cooling 
medium. The optical element A1 is connected to the holding 
element B1 by means of a highly heat-conductive connecting 
element or connecting means C1 which has one or several of 
the following characteristics: a large contact area for contact 
ing the optical element A1 and the holding element B1, a 
Small thickness, a good heat conduction, and the formation of 
a small gap between the optical element A1 and the holding 
element B1. The connecting element or connecting means is, 
for example, an adhesive filled with metal particles or graph 
ite. Instead of an adhesive, a mechanical clamping mecha 
nism can be used in order to connect the optical element A1 to 
the holding element B1. 
0073. The configuration shown in FIG. 1a offers a good 
carrying off of heat from the optical element A1 which, 
thereby, is only slightly heated up. Thermal deformations are 
reduced due to the reduced heating up. 
0074 FIG. 2 shows another embodiment of the present 
invention. FIG. 2 shows an optical component comprising a 
collector mirror shell A1 as the optical element and, con 
nected thereto, four struts B1 as the holding elements. 
0075 Heat 10 absorbed by the collector mirror shell A1 is 
carried off by the cooled struts B1, as indicated with reference 
numeral 11. The number of four struts B1 which are arranged 
at the periphery of the shell A1 is only exemplary, and can be 
larger or smaller than four. The struts B1 are integrated in an 
outerring 12, which serves as carrying structure or holder and 
which includes fixing elements to a housing or a mounting or 
a carrier (not shown). 
0076. The struts B1 are in contact with the shell A1 by 
means of connecting elements or means C1, as described in 
connection with FIG. 1a. 
0077. As shown in the upper part of FIG. 2, the struts B1 
comprise one or several channels B2 for passing through the 
cooling medium as already described with respect to FIG.1a. 
0078. It is possible to combine a plurality of shells A1 by 

fitting same into one another. FIG. 2 only shows the holding 
element B1 of a single shell A1. 
0079. In principle, it is also possible to cool larger surfaces 
or areas of the optical element A1. For example, the struts B1 
which are arranged in the optically not effective region or in 
the optical shadow region of the optical element A1 could be 
designed broader, and, if the need arises, could even extend 
over the entire periphery of the shell A1. Further, cooling 
channels could also run in azimuthal direction. The advantage 
of the present concept resides in the simple design of the 
cooling system, and is, further, founded in the fact that the risk 
of applying deformations by the integration process (gluing, 
welding, Soldering, clamping etc.) is reduced in the present 
concept. Azimuthal thermal gradients can be preferably 
avoided by expanding or thickening the substrate of the shell 
A1 as indicated by reference numeral A2 and by using a 
material for the substrate which shows an enhanced heat 
conduction characteristic. 
0080 FIG. 3 shows an optical component in form of an 
EUV collector comprising a plurality of collector shells A1 
which are nested into one another in concentric fashion, and 
which are glued in a spoke wheel as indicated with reference 
numeral C1, wherein the spokes B1 of the spoke wheel com 
prise cooling channels B2, which are flown through by a 
cooling medium as already described above. 
0081 FIG. 4 shows a sectional view through one of the 
spokes B1. 
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0082. The amount of heat 23 absorbed in a collector shell 
A1 at the optical mirror surface 24 is carried off along the 
collector shell A1 into the cooled strut or spoke B1 of the 
spoke wheel (confer FIG. 3). Each of the spokes B1 which 
form the holding elements of this optical component com 
prises an integrated cooling line or channel B2, in which a 
cooling medium is Supplied 21 and carried off (22) again. The 
heat transport is supported by a shell material of the collector 
shells A1 having a good heat conduction property, for 
example copper, and by thickened or expanded regions A2 of 
the collector shells A1 in the shadow region of the collector. 
0083. The heat transition from each of the shells A1 into 
the spokes B1 can be further improved by the following 
preferred structural elements: 

0084 an overlap region between the optical shell A1 
and the spoke B1 as large as possible and having an area 
as large as possible which can be made possible by 
lowering or providing the spokes B1 with protrusions 
20: 

0085 fixing the shells to the spokes B1 by means of a 
connecting element or means C1 having a good heat 
conduction property, for example a heat conducting 
adhesive; 

I0086 minimizing the thickness of the connecting ele 
ments or means C1, thereby minimizing the gap between 
the shells A1 and the spokes B1; 

0.087 as an alternative soldering or welding instead of 
gluing the shells A1 to the spokes B1; 

0088 as another alternative, a mechanical connection 
of the shells A1 to the spokes B1, for example by clamp 
ing, screwing, etc.; 

0089 a wall thickness as small as possible of the wall of 
the spokes B1 in the overlap region between the spokes 
B1 and the shells A1 so that the shells A1 are closely 
adjacent to the cooling channels B2 in the spokes B1; 

0090 providing the spokes made of a material having a 
high heat conduction property (for example copper or 
aluminum); and/or 

0.091 disposing the spokes B1 in an intermediate region 
between the ends of the shells A1 instead of disposing 
the spokes B1 at the edge or end of the shells A1 as 
shown in FIGS. 3 and 4. 

0092. By suitably choosing the wall thicknesses A2 of the 
shells A1, the wall thickness of the spokes B1 in the overlap 
region or in the region of the separation joint C1 and the 
cooling channels B2 and of the thickness of the connection 
element C1, it is possible to achieve that a higher and deter 
minable temperature arises on the collector shells A1. This 
fact can be used to achieve that the same temperature arises 
for all shells A1 of the collector within a certain tolerance. A 
heating of the collector and a change of the shape in connec 
tion therewith then can be corrected by suited methods (for 
example displacing the light source or the collector), because 
the temperature distribution now is approximately homog 
enous. The same can be achieved for a collector in FIG. 2 
having cooled holding struts, i.e. a homogenous temperature 
can be achieved in this manner. 

0093. Deformations of the shells A1 can occur, in particu 
lar in the region of the connecting elements or means C1 
where the shells A1 and the spokes B1 are connected to each 
other, due to different thermal expansion properties of the 
spokes or the spoke wheel and the collector shells A1. Such 
deformations can be minimized by bearing the spokes B1 
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such that they are movable, in particular radially free mov 
able, while they preferably are stiffin other directions than the 
radial direction. 
0094 FIGS. 5 and 6 show two variants for such a mov 
ability. 
0095 FIG. 5 shows a solution comprising leaf springs. To 

this end, those spokes B1, in which a cooling system B2 is 
integrated, are fixed to an outer ring 26 of the spoke wheel via 
leaf springs 29, 30. Such a spoke B1 is also fixed to an inner 
ring 25 via a leaf spring 31. 
0096. As an alternative, the spoke wheel could be pro 
duced monolithically with integrated Solid body joints, or, 
instead of leaf springs, Small single elements with Solid body 
joints could be used. 
0097 FIG. 6 shows a solution having a slide bearing. 
Those spokes B1, which are flown through by a cooling 
medium 21, 22, are mounted in bearings in the spoke wheel 
25, 26 by means of two slide bearings 28, 32. When the 
collector shells A1 expand, the spokes can move radially 33 
together with the collector shells A1. 
0098. The slide bearings could be omitted. As an alterna 

tive to the described solution having bolts and bores, the 
spokes B1 could also be connected to the fixed parts 25, 26 of 
the spoke wheel by means of a pin and could slide on the pin. 
0099 Roller body-linear-guidings could also be used 
instead the slide bearings 28, 32. 
0100. In the following, manufacturing methods for manu 
facturing the EUV-collector shells A1 for the present inven 
tion are described. 

0101 The shells A1 can be manufactured from a highly 
heat-conductive material (for example copper) by electro 
forming. In this conjunction, it is also possible to locally 
thicken (A2 in FIG. 4) the shells A1 by means of a suited 
masking during the manufacturing process so that the shadow 
regions of the collector are optimally filled up for the purpose 
of an improved heat conduction. Even in those cases where 
the shells are made of a material having a lower heat conduc 
tion coefficient (for example nickel), the thickening of the 
shells A1 results in a considerably improved heat carrying off 
from the shells A1. 

0102. In some cases, thermal gradients and deformations 
of the optics produced by the thermal gradients cannot be 
completely removed even if the cooling concept used is the 
best available. In any case, an operating temperature will arise 
in a steady state which is higher than the initial temperature of 
the system. A further improvement, therefore, is the use of an 
additional heating system. The optical elements should be 
rapidly heated up to the operation temperature, and the tem 
perature of the optical component (for example of the EUV 
collector shells) should be kept constant subsequently, by 
reducing the heating power of the additional heating slowly, 
so that, in the steady state, the optical component is com 
pletely heated by the absorbed power of the actual illumina 
tion. 
0103) The transient effect of the system during operation 
(change of temperature and, thus, deformations and optical 
performance) are still further minimized in this manner. 
0104. This system requires a temperature control, wherein 
the temperature at the optical component can be permanently 
measured by means of a temperature sensor applied thereto, 
and the heating power of the additional heating is controlled, 
accordingly. Only if the optical component has achieved the 
operation temperature by means of the additional heating, the 
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system is ready for operation. This requires that a certaintime 
of heating up is allowed, before the system is switched on or 
is ready for operation. 
0105. A contactless concept for such an additional heating 

is preferred, so that deformations of the optical element of the 
optical component due to the application of heating elements 
can be avoided—confer FIG. 7. In principle, heating shields 
can be used arranged around or Surrounding the shells A1, 
which apply the heating power onto the optical parts 108 by 
means of radiation 107. Such heating shields can comprise a 
carrying body 101, heating foils (or heating mats) 102, sev 
eral plates 103 for pressing and a carrying frame 104 (confer 
FIG. 4). The carrying frame and the heating shields are situ 
ated in the not used shadow regions of the optical component. 
The optically usable region or Surface is situated on another 
site 105 of the optical component. Some temperature sensors 
106 are also applied onto the optical parts of the optical 
component, in order to measure the temperature to be 
adjusted. 
0106. In case that the heating elements cannot be arranged 
around the entire optical components for the reason of space 
requirements, it is advantageous if the Substrate 108 com 
prises a highly heat-conductive material (for example copper) 
and is optimally thickened up as described above. 
0107 As an alternative, the heating shields could also 
include a heating spiral or induction coils. The Solution hav 
ing heating foils/-mats, however, offers a very flat and space 
saving solution which includes commercially available heat 
ing elements. 
0108. In case that a minimum temperature is required, 
which is higher than the initial temperature in the switched 
off state, this minimum temperature is reached only after a 
certain time period in a normal operation. The system can be 
more rapidly preheated to the operation temperature by 
means of an additional heating. This temperature can be nec 
essary for the operation or for any service or cleaning cycles. 
0109 Furthermore, an additional heating system can be 
provided for achieving a required system temperature. Such a 
heating can be configured as described before. It is also con 
ceivable that the cooling medium as described above is heated 
up via a heat exchanger and, thus, heats up the system. It is 
also conceivable that the temperature of the cooling medium 
can be controlled between hot and cold. As an alternative, the 
hot medium could be lead through the channels of the cooling 
system for the purpose of heating up, while, in the normal 
operation, it is then switched over to a cool medium for 
cooling. In this case, the hot and the cool medium should be 
the same, for example oil or water, the boiling point of which 
is far beyond 100° C. in an overpressure condition. 
0110 FIG. 8 shows schematically and in principle an arbi 
trary optical component, which has an optical element A201 
and a mount A205. 
0111. The optical element A201 is heated by irradiation 
with light A202, as indicated by A203, and expands, as is 
illustrated by portions A204 in broken lines. This expansion 
of the optical element A201 is impeded by the mount A205, 
since without special measures it does not expand to the same 
extent as the optical element, as a result of which the optical 
element A201 is deformed. This deformation changes during 
operation, since the introduction of heat to the optical element 
A201 and to the mount A205 changes. Consequently, the 
optical performance of the system also changes. 
0112 According to the invention, the various measures to 
be described below are then taken, contributing to reducing 
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deformations of the optical element A201, in order in this way 
to improve the optical performance of the optical component 
or of the optical element A201. In this case, the change over 
time of the deformation of the optical element A201, and 
consequently the change overtime of the optical performance 
of the system, is also to be kept low. 
0113. One measure is to bring the (outer) mount A205 of 
the optical element A201 to a specific, optimum temperature 
T. referred to hereafter as the "optimum mount tempera 
ture", and to control this temperature T, by open-loop or 
closed-loop control. At this optimum mount temperature, the 
mount A205 expands in such a way, as indicated in FIG. 8 by 
the portions A6 in broken lines, that the deformation of the 
optical element is at its least. In other words, setting the 
optimum mount temperature achieves the effect that the 
mount A205 does not impede the heating-induced expansion 
A204 of the optical element A201, as a result of which a 
deformation of the optical element A201 caused by stresses 
can be reduced. 
0114. The optimum mount temperature is chosen in 
dependence on the resultant temperature of the optical ele 
ment A201 and the coefficient of expansion of the substrate of 
the optical element A201 and/or the coefficient of expansion 
of the mount material of the mount A205. 
0115. A mount material with a low coefficient of expan 
sion has a high optimum mount temperature, which results in 
the mount A205 having to be brought to a higher temperature 
in order for it not to hinder the expansion of the optical 
element A201 during operation. In a corresponding way, a 
mount material of the mount A205 with a low coefficient of 
expansion has a low optimum mount temperature. 
0116 Depending on the level of the required optimum 
mount temperature, the temperature control device for the 
mount A205 may have a heating system A207 or a cooling 
system A208 or both a heating system A207 and a cooling 
system A208, which is, or are, respectively assigned to the 
mount A205. The heating system A207 and/or the cooling 
system A208 may have a number of heating or cooling ele 
ments, which are provided on the mount A205 or are con 
nected to it. 
0117 If the optimum mount temperature is higher than the 
highest mount temperature that would be produced by all the 
heat sources of the system, but without additional heating of 
the mount A205, at any point in time over the entire operating 
period, a heating system for the mount A205 which controls 
the optimum mount temperature by changing the heating 
output is Sufficient. In this case, a cooling system is not 
necessary for the mount A205. 
0118. If the optimum mount temperature is lower than the 
lowest mount temperature that would be produced by all the 
heat sinks of the system, but without additional cooling of the 
mount A205, at any point in time over the entire operating 
period, a cooling system for the mount A205 which controls 
the optimum mount temperature by changing the cooling 
output is sufficient. In this case, a heating system is not 
necessary for the mount A205. 
0119) A closed-loop control of the mount temperature T 
such as that described above is all the easier the greater the 
tolerance of the optimum mount temperature T. 
0120. The optimum mount temperature has all the greater 
tolerance, and consequently can be set or controlled with less 
effort and is less sensitive to temperature gradients, the lower 
the coefficient of expansion of the material of the outer mount 
A2O5. 
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0.121. Therefore, a material such as Invar or similar nickel 
alloys such as Ni42 (1.3917), Ni43 (1.3918) or Ni48 (1.3920) 
is preferably used for the mount A205. The use of Zeroduras 
a material for the mount A205 is also conceivable, but not 
always desired, since a coefficient of expansion of a few 
ppm/K (Kelvin) is advantageous to allow a desired expansion 
of the mount A205 to be set by means of the associated 
optimum temperature. 
0122. In many application cases, the least possible and 
greatest possible mount temperature that would be produced 
by all the heat sources and sinks of the optical component at 
any point in time over the entire operating period lie within 
the tolerance of the optimum mount temperature. In this case, 
it is possible to dispense both with a heating system A207 and 
with a cooling system A208 of the outer mount A205. 
I0123. If, on the other hand, the tolerance of the optimum 
mount temperature is Small, temperature gradients in the 
outer mount A205 can also make the optical performance not 
conform to the required specification. Temperature gradients 
of the mount A205 can be reduced by providing a number of 
heating elements A207 or cooling elements A208, or both, 
which are locally distributed, that is to say locally assigned to 
the mount A205, and it being possible for the performance of 
the latter to be set variously. 
0.124 Temperature gradients in the mount A205 and slight 
deviations from the optimum mount temperature bring about 
changes in deformation in the optical components, and con 
sequently changes in the optical performance of the system. 
Such system weaknesses can be reduced by flexible mount 
elements, such as leaf springs, solid-state joints or guiding 
elements between the mount A205 and the optical element 
A201 or, in a case where the mount A205 is formed by an 
outer mount and an inner mount A211, between the outer 
mount and the inner mount. In other words, the tolerance of 
the optimum mount temperature can be increased by Such 
flexible mounting elements, and consequently the tempera 
ture control of the outer mount A205 can be simplified. 
0.125 Further aspects of the invention are now described 
with reference to FIG.9. The component in FIG.9 is modified 
in comparison with the component in FIG. 8, the same or 
comparable parts of the component in FIGS. 8 and 9 being 
provided with the same reference numerals. 
0.126 Apart from the deformations of the optical element 
A201 occurring in the final thermal steady state of the optical 
component, the transient changes in deformation, and conse 
quently the resultant changes of the optical performance dur 
ing operation, are also important for the operation of the 
optical component. The previously described precautions 
also contribute to the reduction of these transient effects. In 
addition to the temperature stabilization of the outer mount 
A205, however, the temperature stabilization of the optical 
component A201 itself is also of significance for minimizing 
these transient effects. 
I0127. This temperature stabilization of the optical element 
A201 may take place by means of a temperature control 
device for the optical element A201 which has a cooling 
system A209 and/or a heating system A210 for the optical 
element A201. 
I0128. A cooling system A209 of the optical element A201 
is possible in addition to the temperature stabilizing measures 
on the outer mount A205, in that the cooling of the optical 
element A201 is integrated in an inner intermediate mount 
A211 of the mount A205. The outer, temperature-controlled 
mount A205 reduces the remaining, resultant deformations of 
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the optical element A201 and also the resultant changes in 
deformation of the optical element A201. 
0129. The connection of the outer mount A205 and of the 
inner, cooled mount A211 preferably takes place by means of 
flexible elements A212, for example solid-state joints or leaf 
springs, which ensure that the inner mount A211 and the outer 
mount A205 are decoupled thermally and also largely 
mechanically in terms of stress. 
0130. As an alternative to the solid-state joints or leaf 
springs, guiding elements are also conceivable. 
0131. Also a heating system A210 for the optical element 
A201 is preferred, in addition to the measures described. The 
heating system A210 may be formed in particular as a radiant 
heating system and preheat the optical element A201 by 
means of a radiation A213, in order to prescribe the deforma 
tions of the optical element A201 at the beginning of the 
system process, for example at the beginning of a lithography 
process. In other words, deformations are induced by heating 
the optical element A201 before the beginning of the system 
process, but these deformations then do not change any 
longer, or not Substantially, during the system process. At the 
beginning of the system process, the heating system A210 is 
switched off or operated further with lower output. The 
change over time of the deformation, and consequently the 
change of the optical performance of the system, is signifi 
cantly reduced by Such preheating of the optical element 
A201. 

0132) If the desired performance of the optical system 
changes, for example is reduced, during operation, for 
example due to reduction of the intensity of the light, the 
design parameters for the provision of the optimum mount 
temperature then change. In this case, the heating system 
A210 can be used for heating up the optical element in such a 
way that an identical, or virtually identical, state of the optical 
system as existed before the reduction in the performance of 
the system is set. 
0133. In order that such a heating system A210 has no 
influence, or at least only a minor influence, on the steady 
state and transient deformation of the optical element A201, 
the following measures are optionally and preferably to be 
provided: the heating output is applied to the optical element 
A201 by means of the radiation A213. The heating system or 
the heating plates A210 are thermally and mechanically 
decoupled from the Supporting structure (mounting portions 
A205 and A211) of the optical element A201, as described 
later with reference to the further FIGS. 10 to 12. It may only 
be required to preheat only those regions of the optical ele 
ment A201 that have the greatest influence on the deforma 
tion. 

0134. If the supporting structure A214 of the heating sys 
tem A210 is not completely decoupled from the mount A205 
of the optical element A201, the deformations and the 
changes in deformation of the optical element A201 during 
operation can be reduced by controlling the temperature of 
the supporting structure A214 or B225 in FIG. 12 of the 
heating system A210. For this purpose, preferably a heating 
system or a cooling system of the Supporting structure A214 
or B225 or a heating system and a cooling system for the 
supporting structure A214 or B225 of the heating system 
A210 is provided. 
0135) In spite of a preheating A213 and best possible cool 
ing A209 of the optical element A201, changes oftemperature 
over time and consequently changes of the deformation of the 
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optical element A201 occur during operation when optical 
elements are subjected to high thermal loading. 
0.136 These transient effects are already corrected by the 
aforementioned measures in Such a way that most optical 
components still conform with their specification. An addi 
tional improvement can be achieved by the temperature of the 
outer mount A205 not being controlled to a specific, optimum 
temperature, but being correspondingly changed by analogy 
with the change in the temperature of the optical element 
A201 by means of a cooling system A208 and a heating 
system A207 of the outer mount A205. 
0.137 The fastening of the entire optical component in the 
higher-level system Supporting structure (not represented) 
has an influence on the deformations of the optical element 
A201. These deformations and changes in deformation can be 
minimized by using guiding elements such as rollers or slid 
ing bearings as fastening elements, and by fastening the opti 
cal component with the optical element A201 and the mount 
A205 or A211 on the system supporting structure by means of 
leaf springs or other fastening elements with Solid-state 
joints. These described fastening elements are movable in the 
direction of expansion of the optical element. Such fastening 
elements should, moreover, be thermally insulating in the 
best possible way, in order to avoid thermal gradients of the 
mount A205 as far as possible. 
0.138. Also in the case of cooling of specific elements of 
the optical component, as described above, cooling water 
feed and discharge pipework that has flexible feed lines 
should be provided, for example corrugated hoses or bellows, 
in order to avoid deformations of the optical element A1 
caused by the cooling water feed and discharge pipework. 
0.139. Further exemplary embodiments which relate to a 
collector for EUV lithography are described with reference to 
FIGS 10 to 12. 
0140. In FIG. 10, such a collector for EUV lithography is 
shown in an exploded representation. 
0.141. In the exemplary embodiment shown, the collector 
comprises 8 mirror shells B20.1, nested one in the other, and 
a spoked wheel, which is formed by a spoked-wheel support 
ing body B205, four spokes B211 and leaf-spring elements 
B212, which flexibly connect the spokes B211 to the support 
ing body B205. The mirror shells B201 are integrated in the 
spoked wheel. 
0142. The spoked-wheel supporting body B205 corre 
sponds to the outer mount A205 of the exemplary embodi 
ments according to FIGS. 8 and 9, and the spokes B211 
correspond to the inner or intermediate mount A211. 
0143. The mirror shells B201 are inserted and integrated 
in slots B215 of the spokes B211, for example bonded in, 
soldered in, welded in, clamped or connected to them in some 
other way. 
0144. During the EUV lithography operation, the mirror 
shells B201 heat up and expand. This thermal energy is dis 
sipated to the spokes B211, in which a cooling system B209 
is integrated. A higher temperature of the mirror shells B201 
occurs, deforming the mirror shells B201. This deformation 
of each mirror shell B201 can be prescribed by heating up the 
mirror shell B201 by means of a heating plate B221, B222 
before the EUV lithography process begins. 
0145 At the beginning of the EUV lithography process, in 
which the EUV source is switched on and the collector heats 
up, the additional heating system B221 is switched off. In this 
way, the deformation of the mirror shells B201 is kept largely 
constant during the EUV lithography process. 
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0146 The heating plates B221, B222 (FIG. 11) may be 
designed in Such a way that they heat up the optical element, 
i.e. the mirror shells B211, contactlessly by means of radia 
tion. Alternatively, Such a heating plate may be formed by an 
insulated heating wire, which is wound rotationally sym 
metrically or in some other way, an insulated heating wire 
B221, which is soldered onto thin rotationally symmetrical 
metal sheets, one or more heating mats or heating foils, which 
are screwed, clamped, riveted or otherwise fastened onto thin 
Supporting bodies, a heating coil around the mirror shells 
B201 or an induction or eddy-current heating system around 
the mirror shells B201. 
0147 The heating wires B221 may be bifilar-wound, as 
indicated by B223, in order that the winding also does not 
produce any inductance in the form of a coil. 
0148 Supporting rods B224 are fastened to the non 
cooled spokes B225 of the spoked wheel B205. In order that 
the heating plates do not have any influence on the steady 
state and transient deformation behavior of the optical ele 
ments in the form of the mirror shells B201, the heating plates 
B221, B222 must be mechanically and thermally decoupled 
from the collector. Such thermal coupling can be realized by 
the supporting rods B224 being formed from a material with 
poor heat conduction, for example high-grade steel, ceramic 
etc., the heating plates B221, B222 being fastened with the 
aid of insulating disks, for example made of ceramic or some 
other material with poor heat conduction, the elements of the 
supporting structure B225 being formed from a material with 
poor heat conduction and heat barriers being provided inside 
the supporting structure B225, or by means of heat barriers, 
for example slots, within the supporting rods B224 of the 
heating plate B221, B222. 
0149 Since the heating plates B221, B222 must be very 
hot, usually above 500° C., to be able to heat up the mirror 
shells B201 by means of thermal radiation, they expand 
extremely and could consequently deform the mount in the 
form of the spoked wheel B205 of the optical elements in the 
form of the mirror shells B201 via the supporting rods B224. 
Therefore, apart from the thermal stress decoupling, 
mechanical stress decoupling of the heating plates B221, 
B222 is also necessary, in order to prevent additional steady 
state and transient deformations of the mount in the form of 
the spoked wheel B205, and consequently of the optical ele 
ments in the form of the mirror shells B201. 
0150. Such stress decoupling of the heating plates B221, 
B222 may be realized by a flexible link of the supporting rods 
B224 to the heating plate B221, for example by means of slots 
in the heating plate B226 or leaf springs or other solid-state 
joints, slots or solid-state joints within the Supporting rods 
B224, slots or solid-state joints within the Supporting struc 
ture B225, or by fastening of the supporting rods B224 to the 
Supporting structure B225 in Such a way that the Supporting 
rods B224 can move radially freely during the expansion of 
the heating plate B221, B222, for example by means of guid 
ing elements between the Supporting rods B224 and the Sup 
porting structure B225. 
0151. It may be that the entire optical area of the mirror 
shells B201 need not be preheated; it is adequate to heat up the 
regions that are critical for deformation (cf. FIG. 11). 
0152 Best possible thermal and mechanical decoupling of 
the heating plates B221, B222 consists in not connecting the 
supporting structure B225 to the collector mount in the form 
of the spoked wheel B205. If this is not possible, however, the 
supporting structure B225 can also be controlled to a specific 
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temperature by heating or cooling elements or heating and 
cooling elements, in order to reduce the steady-state and 
transient deformations of the optical elements in the form of 
the mirror shells B201. Such heating and cooling elements for 
the supporting structure B225 may be designed like the heat 
ing and cooling elements for the outer mount B205, which is 
described hereafter with reference to FIG. 12. 
0153. The following measures may be provided as cooling 
of the outer mount in the form of the spoked wheel B205, to 
be precise division of the mount B205 into two, introduction 
of cooling channels B232 and joining of the divided-in-two 
mount B205 tightly together, for example by welding, solder 
ing, adhesive bonding or other methods, placement of cooling 
pipes B233 on the mount B205 and thermal and mechanical 
connection by means of Soldering, welding, adhesive bond 
ing, clamping or other methods, or provision of a cooling pipe 
8234, which is led along the mount in the form of the spoked 
wheel B205 and realization of the thermal contact by means 
of Peltier elements B235 or heating pipes or other heat-con 
ducting intermediate elements. The use of Peltier elements 
allows electronic control of the cooling output. The use of a 
number of Peltier elements B235 allows cooling outputs to be 
dynamically set locally at a number of points, in order to 
minimize locally and temporally temperature gradients on the 
mount in the form of the spoked wheel B205. 
0154) In the aforementioned cooling channels or pipes, 
cooling fluid, for example water or cooled gas, is carried. The 
cooling output is influenced by means of the amount of cool 
ing medium or by means of the temperature of the cooling 
medium. 
0155 For heating the mount in the form of the spoked 
wheel B205, the following methods may be chosen alterna 
tively or in combination, that is provision of an insulated 
heating wire B231 on one or more sides of the spoked wheel 
B5 and soldering in, welding, clamping B237, adhesive bond 
ing or otherwise fastening of the same, provision of heating 
foils or heating mats B236 on the mount B205 and clamping, 
screwing, riveting or otherwise fastening the same, heating of 
the mount B205 by means of radiation, heating of the mount 
B205 by means of a heating medium in the pipes B233, B234, 
or cooling channels B232, or by induction or eddy-current 
heating of the mount B205. 
0156 For minimizing temperature gradients on the mount 
B205, it is possible for a number of heating and cooling 
elements that can be set variously in their output to be pro 
vided on said mount. 
0157. It is to be understood that the present invention is not 
restricted to the embodiments described above. Further, any 
modifications of the embodiments, in particular combina 
tions of the features of different embodiments can be envis 
aged without departing from the scope of the invention. 
What is claimed is: 
1. An optical component, comprising: 
an optical element; 
a mount for the optical element; and 
a temperature control device configured to control a tem 

perature of a part of the mount based on at least one 
parameter selected from the group consisting of a coef 
ficient of expansion of a Substrate of the optical element, 
and a coefficient of expansion of a material of the mount. 

2. The optical component of claim 1, wherein the tempera 
ture is a temperature at which heating induced expansion of 
the optical element during operation of the optical component 
results in the least deformation of the optical element. 
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3. The optical component of claim 2, wherein the tempera 
ture control device is configured to control the temperature of 
the part of the mount based on the coefficient of expansion of 
the substrate of the optical element. 

4. The optical component of claim 2, wherein the tempera 
ture control device is configured to control the temperature of 
the part of the mount depending on the coefficient of expan 
sion of the material of the mount. 

5. The optical component of claim 1, wherein the tempera 
ture control device is configured to control the temperature of 
the part of the mount based on the coefficient of expansion of 
the substrate of the optical element. 

6. The optical component of claim 5, wherein the tempera 
ture control device is configured to control the temperature of 
the part of the mount based on the coefficient of expansion of 
the material of the mount. 

7. The optical component of claim 1, wherein the tempera 
ture control device is configured to control the temperature of 
the part of the mount based on the coefficient of expansion of 
the material of the mount. 

8. The optical component of claim 1, wherein the tempera 
ture control device is configured to control the temperature of 
the part of the mount to within a temperature interval. 

9. The optical component of claim 1, wherein the tempera 
ture of the part of the mount changes during operation of the 
optical component. 

10. The optical component of claim 1, wherein the tem 
perature control device comprises a heating system. 

11. The optical component of claim 10, wherein the tem 
perature control device comprises a cooling system. 

12. The optical component of claim 1, wherein the tem 
perature control device comprises a cooling system. 
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13. The optical component of claim 1, wherein the optical 
element comprises: 

collector shells nested in each other; and 
holding elements comprising a plurality of radially 

directed spokes connected to at least Some of the shells. 
14. The optical component of claim 13, wherein the spokes 

are connected to at least one ring selected from the group 
consisting of a common outer ring and a common inner ring. 

15. The optical component of claim 1, wherein the optical 
component is configured to be used in EUV lithography. 

16. A method, comprising: 
providing an optical component comprising an optical ele 

ment and a mount for the optical element; 
determining at least one parameter selected from the group 

consisting of a coefficient of expansion of a Substrate of 
the optical element, and a coefficient of expansion of a 
material of the mount; and 

controlling a temperature of a part of the mount based on 
the at least one parameter. 

17. The method of claim 16, wherein the at least one 
parameter comprises the at least one parameter comprises the 
coefficient of expansion of the material of the mount. 

18. The method of claim 17, wherein the at least one 
parameter comprises the coefficient of expansion of the mate 
rial of the mount. 

19. The method of claim 16, wherein the at least one 
parameter comprises the coefficient of expansion of the mate 
rial of the mount. 

20. The method of claim 16, wherein the optical compo 
nent is configured to be used in EUV lithography. 
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