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Immersion lithography objective

The invention relates to an immersion lithography objective hav

ing a housing in which at least one first optical element is ar-

ranged, and having a second optical element that follows the

first optical element in the direction of the optical axis of

the objective.

A very general description of immersion lithography is given in

EP 0 023 243 Al. Here, the immersion medium is matched to the

second optical element, which is the last one in the direction

of the beam path through the immersion lithography objective,

that is to say in the event of deformations or movements of this

last optical element the immersion medium follows the same fac-

ing surface of the optical element. Since the refractive index

of the immersion medium and of the last optical element are

mostly similar, the errors of the last optical element are to be

interpreted as polishing errors of the matchings in the event of

deformations, as wedginess errors of a lens in the event of in-

stances of tilting, and as central thickness errors of a lens in

the event of a displacement along the optical axis.

Such deformations or displacements of the last optical element

along the optical axis, as well as instances of tilting of said

element are caused, in particular, by dynamic changes in the am¬

bient conditions. Thus, for example, pressure changes in the

surroundings relative to the gas pressure in the interior of the

objective effect a movement of the last optical element. Such a

pressure change can even be caused by opening a door in the room

in which the lithography objective is standing. Above all, when

relatively quick or short term changes are involved, a control

system present at the objective is mostly incapable of undertak

ing regulation designed to enable the last optical element oth¬

erwise to retain its exact position.

Furthermore, even slight movements in position of the wafer,



which is arranged opposite the last optical element, or the high

speeds of said element as it is being adjusted can lead to dy¬

namic pressure variations within the immersion medium that in

fluence the position of the last optical element in turn.

This is a particular problem when such changes in position of

the last optical element occur during the exposure, since this

can give rise to imaging errors that are mostly not tolerable.

For this reason, positional errors of the last optical element

should be avoided or greatly limited, as far as possible.

US 4,733,945 describes a precision lens mounting assembly in

cluding a plurality of lens cells and a plurality of lenses cor¬

responding to the plurality of lens cells. Within the inner di-

ameter of the lens cells are disposed flexure means, which hold

the lens in a predetermined special relation at a datum tempera

ture to the lens cell. In one embodiment, the flexure means com¬

prise a flexure arm having a lens seat on which the lens rests.

Due to these flexure arms, the complete mounting of the lens is

very flexible and provides a relatively low stiffness in the ax

ial and the radial direction of the lens. Furthermore, the tor¬

sion of the lens is likely to happen due to the arrangement of

the flexure arms. Such a lens mounting is therefore not suitable

for immersion lithography objectives.

A closing module for an optical arrangement, in particular for

an objective for microlithography, is described in US

2005/0286146 Al. According to the teachings of this document, a

reliable mounting of the last element is only possible, if the

holding device for the last element is configured to clamp the

closing element radially. The holding elements used in this

holding device are able of tilting the last optical element.

Therefore, the holding elements have to be resilient in all di¬

rections. For the above mentioned reasons, this module is also

not suitable for immersion lithography.



Reference may be made for the prior art to US 2002/0167740 Al,

EP 1 279 984 Al, US 2002/0021503 Al or US 2001/0039126 Al.

It is an object of the present invention to produce an immersion

lithography objective in the case of which no change in position

of the last optical element, or only a very slight one is caused

by external influences, the aim at the same time being adequate

compensation for any possible thermal expansion of the last op

tical element.

This object is achieved according to the invention by means of

an immersion lithography objective having a housing in which at

least one first optical element is arranged, having a second op

tical element, which follows the first optical element in the

direction of the optical axis of the objective, an immersion me

dium that adjoins the second optical element being located down¬

stream of the latter in the direction of the optical axis, and

having a retaining structure for the second optical element,

wherein the retaining structure has a greater stiffness in the

direction of the optical axis than in a direction perpendicular

to the optical axis.

The greater stiffness of the retaining structure in the direc

tion of the optical axis by comparison with the stiffness in a

direction perpendicular to the optical axis ensures that in the

direction of the optical axis, that is to say in the direction

in which displacements of the last optical element constitute a

particular impairment during the exposure of the wafer, the last

optical element is held very stiffly such that any possible

force acting on the last optical element leads to only a very

slight axial movement of said element. By contrast, the lesser

stiffness of the retaining structure in the direction perpen¬

dicular to the optical axis permits an expansion of the last op

tical element in influence, for example, by thermal effects.

A desired relationship between the stiffness in the direction of



the optical axis and the stiffness in the direction perpendicu

lar to the optical axis is that the stiffness of the retaining

structure in the direction of the optical axis is at least four

times the stiffness in the direction perpendicular to the opti-

cal axis. Such a relationship can be regarded sufficient for

most cases.

However, better results in respect of an adequate compensation

for the thermal expansion of the last optical element are

achieved, if the stiffness of the retaining structure in the di

rection of the optical axis is at least forty times the stiff

ness in the direction perpendicular to the optical axis.

Even better results can be achieved, if the stiffness of the re-

taining structure in the direction of the optical axis is at

least four hundred times the stiffness in the direction perpen

dicular to the optical axis.

It has proved to be particularly advantageous with regard to a

slight change in position of the last optical element in the di¬

rection of the optical axis when the retaining structure has a

stiffness of at least 107 N/m in the direction of the optical

axis. Given the effect of a maximum force to be expected, this

leads to a maximum movement of the last optical element of ap-

proximately 10 nm in the direction of the optical axis.

It can be provided, in addition, that the retaining structure

has at least one decoupling element that is elastic in a direc¬

tion perpendicular to the optical axis. Such an elastic decoup-

ling element can advantageously improve the possibility for

thermal expansion of the last optical element, in this case in

the radial direction of the optical element.

A projection exposure machine having an illumination system and

having an inventive immersion lithography objective for produc

ing semiconductor components, and a method for producing semi-



conductor components by using such a projection exposure machine

are specified in claims 9 and 10.

Further advantageous refinements and developments of the inven-

tion follow from the remaining subclaims. An exemplary embodi

ment of the invention is explained below in principle with the

aid of the drawing.

In the drawings:

figure 1 shows a schematic view of a projection exposure ma

chine having an inventive immersion lithography objec

tive;

figure 2 shows a perspective view of an exemplary embodiment of

a retaining structure of the inventive immersion li

thography objective;

figure 3 shows a schematic top view of the embodiment of the

retaining structure according to figure 2 ; and

figure 4 shows a side view of a further exemplary embodiment of

a retaining structure of the inventive immersion li

thography objective.

Figure 1 shows a schematic view of a projection exposure machine

1 having an immersion lithography objective 2 that has a housing

3 in which a number of optical elements 4 are arranged. The pro

jection exposure machine 1 also has at its top side a light

source or an illumination system 5 that transmits a beam path 6

through the immersion lithography objective 2 and with the aid

of which a reticle 7 arranged directly downstream of the illumi

nation system 5 is imaged in a way known per se onto a wafer 8

located below the immersion lithography objective 1 . Semiconduc-

tor components are produced in a way likewise known per se by

the exposure of the wafer 8 by means of the projection exposure



machine 1.

Arranged downstream in the direction of the beam path 6 of the

optical elements 4 specified above, which are held by means of

respective mounts 9 in the housing 3 , is a second or last opti

cal element 10, which is fitted on the housing 3 by means of a

retaining structure 11. The last optical element 10, which can

also be denoted as terminal element given that it is the optical

element situated closest to the wafer 8 can be connected to the

retaining structure 11 both rigidly and also exchangably. Lo

cated between the last optical element 10 and the wafer 8 is an

immersion medium 12 that adjoins the second optical element 10

and covers the wafer 8 . Any suitable fluid, for example water,

can be used as immersion medium 12.

In order to prevent even slight forces that act on the immersion

lithography objective 2 and can be caused, for example, by pres¬

sure changes in the surroundings of the immersion lithography

objective 2 , from leading to undesirably large changes in posi-

tion, in particular axial movements, that is to say movements

along an optical axis 13 of the immersion lithography objective

2 , the retaining structure 11 has a greater stiffness in the di¬

rection of the optical axis 13 than in a direction or plane per¬

pendicular to the optical axis 13. The stiffness of the retain-

ing structure 11 in the direction of the optical axis 13, that

is to say in the axial direction, is preferably at least 107 N/m,

while the stiffness of the retaining structure 11 in the direc¬

tion perpendicular to the optical axis 13, that is to say in the

radial direction, can fall in the region of approximately 106 N/m

or in a region stated below.

More particularly, the stiffness of the retaining structure 11

in the direction of the optical axis 13 can be at least four

times the stiffness of the retaining structure 11 in the direc-

tion perpendicular to the optical axis 13. This means that,

given that the stiffness in the axial direction is 107 N/m, the



stiffness of the retaining structure 11 in the direction perpen¬

dicular to the optical axis 13 would be 2,5 x 106 N/m. Further¬

more, the stiffness of the retaining structure 11 in the direc

tion of the optical axis 13 can be at least forty times the

stiffness in the direction perpendicular to the optical axis 13,

which would hence be 2,5 x 105 N/m. The relationship between the

stiffness of the retaining structure 11 in the direction of the

optical axis 13 can be as much as at least four hundred times

the stiffness in the direction perpendicular to the optical axis

13, which would then be 2,5 x 10 N/m. Of course, the stiffness

of the retaining structure 11 in the direction of the optical

axis 13 can differ from the above mentioned at least 107 N/m with

the given relationships remaining and the stiffness of the re

taining structure 11 in the direction perpendicular to the opti-

cal axis 13 changing.

The reason for the stiffness in the direction perpendicular to

the optical axis 13 being less than the stiffness in the direc

tion of the optical axis 13, is to permit the last optical ele-

ment 10 to move in the case of temperature fluctuations in this

plane perpendicular to the optical axis 13, in particular to ex

pand or to contract.

An embodiment of the retaining structure 11 that is to be re-

garded merely as exemplary is illustrated in figures 2 and 3 and

is capable of achieving the said stiffnesses for the purpose of

fitting the last optical element 10. In this case, the last op¬

tical element 10 has on its outer edge a stiffening ring 14 that

bears against a connecting element 15. It suffices when a total

of three connecting elements 15 are provided in the plane per

pendicular to the optical axis 13, but it is also possible to

provide a larger number of connecting elements 15. Usually, the

connecting elements 15 are generally parallel to the stiffening

ring 14.

The connecting element 15, which is of relatively large overall



height and therefore extremely stiff in the direction of the op

tical axis 13, is provided, for its part, with radially yielding

or elastic decoupling elements 16 that ensure the lesser stiff¬

ness of the retaining structure 11 in the radial direction, that

is to say in the direction or plane perpendicular to the optical

axis 13. The decoupling elements 16 can be regarded as joints or

as relatively thin parts of the connecting elements 15 that as¬

sure the thermal expansion of the last optical element 10.

The retaining structure 11 also has an outer ring 17, which has

a coefficient of thermal expansion differing from the last opti

cal element 10, and which can consist, for example, of ceramic

or titanium, but also of aluminum, steel or brass. In order to

permit an optimal movement in the radial direction of the last

optical element 10, which consists, for example of calcium fluo¬

ride or of silicon oxide, the elastic decoupling elements 16 are

arranged in the transitional region between the materials having

the different coefficients of thermal expansion, that is to say

between the last optical element 10 and the outer ring 17. In

the embodiment of figures 2 and 3 , the connecting element 15 is

an integral part with the outer ring 17 or, with other words,

the stiffening ring 14 and the outer ring 17 are monolithic.

Furthermore, the last optical element 10 rests on respective

noses 18 of the connecting elements 15.

From the top view of figure 3 it can be seen that each connect¬

ing element 15 consists of two pairs of parallel bars 19, which

are connected to a central element 20 that comprises the nose 18

on which the last optical element 10 rests. Each of the bars 19

is coupled on one end to the outer ring 17 and on the other end

to the central element 20 by means of a respective decoupling

element 16. This means that each connecting element 15 comprises

eight joints or decoupling elements 16.

In the embodiment of figure 4 , the retaining structure 11 also

comprises the outer ring 17, which can be joined to the last op-



tical element 10 by soldering or wringing. The outer ring 17

comprises on each circumference three holes 21, in which respec¬

tive connecting elements 15 to connect the outer ring 17 with

the housing 3 are contained. While these connecting elements are

extremely stiff in the direction of the optical axis 13, they

comprise a rather weak portion forming the elastic decoupling

element, which ensures the lesser stiffness of the retaining

structure 11 in the radial direction to provide the possibility

of a thermal extension of the last optical element 10 and the

retaining structure 11.

Instead of the illustrated embodiments of the retaining struc¬

ture 11, the latter can also have, for example, a number of

hexapods that are relatively stiff in the direction of the opti-

cal axis 13 and relatively elastic in the plane perpendicular to

the optical axis 13.



Patent Claims:

1 . An immersion lithography objective having a housing in

which at least one first optical element is arranged, having a

second optical element, which follows the first optical element

in the direction of the optical axis of the objective, an immer¬

sion medium that adjoins the second optical element being lo¬

cated downstream of the latter in the direction of the optical

axis, and having a retaining structure for the second optical

element, wherein the retaining structure has a greater stiffness

in the direction of the optical axis than in a direction perpen

dicular to the optical axis.

2 . The immersion lithography objective as claimed in claim 1 ,

wherein the stiffness of the retaining structure in the direc

tion of the optical axis is at least four times the stiffness in

the direction perpendicular to the optical axis.

3 . The immersion lithography objective as claimed in claim 1 ,

wherein the stiffness of the retaining structure in the direc

tion of the optical axis is at least forty times the stiffness

in the direction perpendicular to the optical axis.

4 . The immersion lithography objective as claimed in claim 1 ,

wherein the stiffness of the retaining structure in the direc

tion of the optical axis is at least four hundred times the

stiffness in the direction perpendicular to the optical axis.

5 . The immersion lithography objective as claimed in claim 1 ,

wherein the retaining structure has a stiffness of at least

107 N/m in the direction of the optical axis.

6 . The immersion lithography objective as claimed in claim 1 ,

wherein the retaining structure has at least one decoupling ele-

ment that is elastic in a direction perpendicular to the optical

axis .



7 . The immersion lithography objective as claimed in claim 6 ,

wherein at least a subregion of the retaining structure and the

second optical element have different coefficients of thermal

expansion, and wherein the at least one elastic decoupling ele

ment is arranged in the transition region between the materials

having different coefficients of thermal expansion.

8 . The immersion lithography objective as claimed in claim 6 ,

wherein three decoupling elements are provided that are elastic

in a direction perpendicular to the optical axis.

9 . A projection exposure machine having an illumination system

and having an immersion lithography objective as claimed in one

of claims 1 to 8 for the purpose of producing semiconductor com¬

ponents.

10. A method for producing semiconductor components by using a

projection exposure machine as claimed in claim 9 .
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