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(57) ABSTRACT 

There is provided an illumination system for microlithogra 
phy With Wavelengths 2193 nm. The illumination system 
includes a primary light source, a ?rst optical component, a 
second optical component, an image plane, and an exit pupil. 
The ?rst optical component transforms the primary light 
source into a plurality of secondary light sources that are 
imaged by the second optical component in the exit pupil. 
The ?rst optical component includes a ?rst optical element 
having a plurality of ?rst raster elements that are imaged into 
the image plane, producing a plurality of images being 
superimposed at least partially on a ?eld in the image plane. 
The second optical component comprises a ?rst optical sys 
tem that includes at least a third ?eld mirror With positive 
optical poWer and a second optical system that includes at 
least a second ?eld mirror With positive optical poWer. The 
?rst optical system images the plurality of secondary light 
sources in a plane betWeen the ?rst optical system and the 
second optical system, forming a plurality of tertiary light 
sources, and the second optical system images the plurality 
of tertiary light sources in the exit pupil. 

21 Claims, 2 Drawing Sheets 
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ILLUMINATION SYSTEM PARTICULARLY 
FOR MICROLITHOGRAPHY 

Matter enclosed in heavy brackets [ ] appears in the 
original patent but forms no part of this reissue speci?ca 
tion; matter printed in italics indicates the additions 
made by reissue. 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

The present application is [(a)] a reissue of US. patent 
application Sen No. ]O/38],626,?led on Aug. 20, 2003, now 
US. Pat. No. 6,947,120, which is a US. national stage entry 
of International Application No. PCT/EP01/11233 [, and (b) 
a continuation-in part of US. patent application Ser. No. 
10/201,652. The PCT/EP01/11233 application was ?led 
Sep. 28, 2001, and claims priority of US. patent application 
Ser. No. 09/679,718. The 10/201,652 application was ?led 
Jul. 22, 2002, and is (a) a continuation-in part of US. patent 
application Ser. No. 10/ 150,650, and (b) a continuation-in 
part of the 09/679,718 application. The 10/150,650 applica 
tion was ?led May 17, 2002, and], ?led Sep. 28, 200], which 
is a continuation-in-part of [the] US. patent application Ser. 
No. 09/679,718 application. The 09/679,718 application was 
?led Sep. 29, 2000, issued as US. Pat. No. 6,438,199, and is 
a continuation-in part of US. patent application Ser. No. 
09/305,017. The 09/305,017 application was ?led May 4, 
1999, and issued as US. Pat. No. 6,198,793. The present 
application is also claiming priority of (a) International 
Application No. PCT/EP00/07258, ?led Jul. 28, 2000, (b) 
German Patent Application No. 299 02 108, ?led Feb. 8, 
1999, (0) German Patent Application No. 199 03 807, ?led 
Feb. 2, 1999, and (d) German Patent Application No. 198 19 
898, ?led on May 5, 1998. 

BACKGROUND OF THE INVENTION 

(1) Field of the Invention 
The invention concerns an illumination system for wave 

lengths 2193 nm as well as a projection exposure apparatus 
with such an illumination system. 

(2) Description of the Invention 
In order to be able to further reduce the structural widths 

of electronic components, particularly in the submicron 
range, it is necessary to reduce the wavelengths of the light 
utilized for microlithography. Lithography with very deep 
UV radiation, so calledVUV (Very deep UV) lithography or 
with soft x-ray radiation, so-called EUV (extreme UV) 
lithography, is conceivable at wavelengths smaller than 193 
nm, for example. 
An illumination system for a lithographic device, which 

uses EUV radiation, has been made known from US. Pat. 
No. 5,339,346. For uniform illumination in the reticle plane 
and ?lling of the pupil, US. Pat. No. 5,339,346 proposes a 
condenser, which is constructed as a collector lens and com 
prises at least 4 pairs of mirror facets, which are arranged 
symmetrically. A plasma light source is used as the light 
source. 

In US. Pat. No. 5,737,137, an illumination system with a 
plasma light source comprising a condenser mirror is shown, 
in which an illumination of a mask or a reticle to be illumi 
nated is achieved by means of spherical mirrors. 
US. Pat. No. 5,361,292 shows an illumination system, in 

which a plasma light source is provided, and the point 
plasma light source is imaged in an annular illuminated sur 
face by means of a condenser, which has ?ve aspherical 
mirrors arranged off-center. 
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2 
From US. Pat. No. 5,581,605, an illumination system has 

been made known, in which a photon beam is split into a 
multiple number of secondary light sources by means of a 
plate with concave raster elements. In this way, a homoge 
neous or uniform illumination is achieved in the reticle 
plane. The imaging of the reticle on the wafer to be exposed 
is produced by means of a conventional reduction optics. 
EP-A-0 939 341 shows an illumination system and expo 

sure apparatus for illuminating a surface over an illumina 
tion ?eld having an arcuate shape with X-ray wavelength 
light. The illumination system comprises ?rst and second 
optical integrators each with a plurality of re?ecting ele 
ments. The ?rst and second optical integrators being oppos 
ingly arranged such that a plurality of light source images 
are formed at the plurality of re?ecting elements of the sec 
ond optical integrator. To form an arcuate shaped illumina 
tion ?eld in the ?eld plane according to EP 0 939 341 A2 the 
re?ecting elements of the ?rst optical integrator have an 
arcuate shape similar to the arcuate illumination ?eld. Such 
re?ecting elements are complicate to manufacture. 

EP-A-1 026 547 also shows an illumination system with 
two optical integrators. Similar to the system of EP-A-0 939 
341 the re?ecting elements of the ?rst optical integrator have 
an arcuate shape for forming an arcuate shaped illumination 
?eld in the ?eld plane. 

In EP-A-0 955 641 a system with two optical integrators 
is shown. Each of said optical integrators comprises a plural 
ity of raster elements. The raster elements of the ?rst optical 
integrator are of rectangular shape. The are shaped ?eld in 
the ?eld plane is formed by at least one grazing incidence 
?eld mirror. The content of the above mentioned patent 
applications are incorporated by reference. 

All systems of the state of the art, eg the systems accord 
ing EP-A-0 939 341 or EP-A-1 026 547 have the disadvan 
tage that the track-length, of the illumination system is large. 
It is therefore an object of the invention to overcome the 
disadvantages of the illumination systems according to the 
state of the art and to provide on illumination system for 
microlithography that ful?lls the requirements for advanced 
lithography with wavelength less or equal to 193 nm. The 
illumination system should be further compact in siZe and 
provide a plane in which devices could be placed to change 
the illumination mode or to ?lter the radiation of the beams. 

SUMMARY OF THE INVENTION 

The system illuminates a structured reticle arranged in the 
image plane of the illumination system, which will be 
imaged by a projection objective onto a light sensitive sub 
strate. In scanner-type lithography systems the reticle is illu 
minated with a rectangular or arc-shaped ?eld, wherein a 
pregiven uniformity of the scanning energy distribution 
inside the ?eld is required, for example better than 15%. The 
scanning energy is de?ned as the line integral over the light 
intensity in the scanning direction. The shape of the ?eld is 
dependent on the type of projection objective. All re?ective 
projection objectives typically have an arc-shaped ?eld, 
which is given by a segment of an annulus. A further require 
ment is the illumination of the exit pupil of the illumination 
system, which is located at the entrance pupil of the proj ec 
tion obj ective. A nearly ?eld-independent illumination of the 
exit pupil is required. 

Typical light sources for wavelengths between 100 nm 
and 200 nm are excimer lasers, for example an ArF-Laser for 
193 nm, an FZ-Laser for 157 nm, an ArZ-Laser for 126 nm 
and an NeF-Laser for 109 nm. For systems in this wave 

length region refractive components of SiO2, CaF2, BaF2 or 
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other crystallites are used. Since the transmission of the opti 
cal materials deteriorates With decreasing Wavelength, the 
illumination systems are designed With a combination of 
refractive and re?ective components. For Wavelengths in the 
EUV Wavelength region, betWeen 10 nm and 20 nm, the 
projection exposure apparatus is designed as all-re?ective. A 
typical EUV light source is a Laser-Produced-Plasma 
source, a Pinch-Plasma-Source, a Wiggler-Source or an 
Undulator-Source. 

The light of this primary light source is directed to a ?rst 
optical element, Wherein the ?rst optical element is part of a 
?rst optical component. The ?rst optical element is orga 
niZed as a plurality of ?rst raster elements and transforms the 
primary light source into a plurality of secondary light 
sources. Each ?rst raster element corresponds to one second 
ary light source and focuses an incoming ray bundle, de?ned 
by all rays intersecting the ?rst raster element, to the corre 
sponding secondary light source. The secondary light 
sources are arranged in a pupil plane of the illumination 
system or nearby this plane. A second optical component is 
arranged betWeen the pupil plane and the image plane of the 
illumination system to image the secondary light sources 
into an exit pupil of the illumination system, Which corre 
sponds to the entrance pupil of a folloWing projection obj ec 
tive 

The ?rst raster elements are imaged into the image plane, 
Wherein their images are at least partially superimposed on a 
?eld that must be illuminated. Therefore, they are knoWn as 
?eld raster elements or ?eld honeycombs. 

All-re?ective projection objectives used in the EUV 
Wavelength region have typically an object ?eld being a seg 
ment of an annulus. Therefore the ?eld in the image plane of 
the illumination system in Which the images of the ?eld 
raster elements are at least partially superimposed has pref 
erably the same shape. The shape of the illuminated ?eld can 
be generated by the optical design of the components or by 
masking blades Which have to be added nearby the image 
plane or in a plane conjugated to the image plane. 

According to the invention the second optical component 
of the illumination system comprises a ?rst optical system 
comprising at least a third ?eld mirror forming a plurality of 
the tertiary light sources in a plane conjugate to the exit pupil 
of the illumination system. The tertiary light sources are 
imaged by a second optical system comprising at least a 
second ?eld mirror and a ?rst ?eld mirror into the exit pupil 
of the illumination system. The images of the tertiary light 
sources in the exit pupil of the illumination system are called 
quaternary light sources. 

The ?eld raster elements are preferably rectangular. Rect 
angular ?eld raster elements have the advantage that they 
can be arranged in roWs being displaced against each other. 
Depending on the ?eld to be illuminated they have a side 
aspect ratio in the range of 5:1 and 20:1. The length of the 
rectangular ?eld raster elements is typically betWeen 15 mm 
and 50 mm, the Width is betWeen 1 mm and 4 mm. 

To illuminate an arc-shaped ?eld in the image plane With 
rectangular ?eld raster elements the ?rst ?eld mirror of the 
second optical component preferably transforms the rectan 
gular images of the rectangular ?eld raster elements to arc 
shaped images. The arc length is typically in the range of 80 
mm to 105 mm, the radial Width in the range of 5 mm to 9 
mm. The transformation of the rectangular images of the 
rectangular ?eld raster elements can be done by conical 
re?ection With the ?rst ?eld mirror being a graZing incidence 
mirror With negative optical poWer. In other Words, the imag 
ing of the ?eld raster elements is distorted to get the arc 
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4 
shaped images, Wherein the radius of the arc is determined 
by the shape of the object ?eld of the projection objective. 
The ?rst ?eld mirror is preferably arranged in front of the 
image plane of the illumination system, Wherein there 
should be a free Working distance. For a con?guration With a 
re?ective reticle the free Working distance has to be adapted 
to the fact that the rays traveling from the reticle to the 
projection objective are not vignetted by the ?rst ?eld mirror. 
The surface of the ?rst ?eld mirror is preferably an off 

axis segment of a rotational symmetric re?ective surface, 
Which can be designed aspherical or spherical. The axis of 
symmetry of the supporting surface goes through the vertex 
of the surface. Therefore a segment around the vertex is 
called on-axis, Wherein each segment of the surfaces Which 
does not include the vertex is called off-axis. The supporting 
surface can be manufactured more easily due to the rota 
tional symmetry. After producing the supporting surface the 
segment can be cut out With Well-known techniques. 
The surface of the ?rst ?eld mirror can also be designed as 

an on-axis segment of a toroidal re?ective surface. Therefore 
the surface has to be processed locally, but has the advantage 
that the surrounding shape can be produced before surface 
treatment. 

The incidence angles of the incoming rays With respect to 
the surface normals at the points of incidence of the incom 
ing rays on the ?rst ?eld mirror are preferably greater than 
70°, Which results in a re?ectivity of the ?rst ?eld mirror of 
more than 80%. 

The second ?eld mirror With positive optical poWer is 
preferably an off-axis segment of a rotational symmetric 
re?ective surface, Which can he designed aspherical or 
spherical, or an on-axis segment of a toroidal re?ective sur 
face. 
The incidence angles of the incoming rays With respect to 

the surface normals at the points of incidence of the incom 
ing rays on the second ?eld mirror are preferably loWer than 
25°. Since the mirrors have to be coated With multilayers for 
the EUV Wavelength region, the divergence and the inci 
dence angles of the incoming rays are preferably as loW as 
possible to increase the re?ectivity, Which should be better 
than 65%. With the second ?eld mirror being arranged as a 
normal incidence mirror the beam path is folded and the 
illumination system can be made more compact. 

With the third ?eld mirror of the second optical compo 
nent the length of the illumination system can be reduced. 
The third ?eld mirror is arranged betWeen the plane With the 
secondary light sources and the second ?eld mirror. 
The third ?eld mirror has positive optical poWer to gener 

ate images of the secondary light sources in a plane betWeen 
the third and second ?eld mirror, forming the tertiary light 
sources. 

Since the plane With the tertiary light sources is arranged 
conjugated to the exit pupil, this plane can be used to arrange 
masking blades to change the illumination mode or to add 
transmission ?lters. This position in the beam path has the 
advantage to be freely accessible. 

To have not great distances betWeen the second and third 
?eld mirror and to reduce the refractive poWer at least of the 
second and third mirror the conjugated planes to the image 
plane in the second optical component are virtual conjugated 
planes. This means that there is no accessible conjugated 
real image plane, in Which the arc shaped ?eld is formed in 
the second optical component. 

This is advantageous for a compact design: Furthermore 
?eld mirrors With loW optical poWer are much easier to 
manufacture. 
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The third ?eld mirror is similar to the second ?eld mirror 
preferably an off-axis segment of a relational symmetric 
re?ective surface, Which can be designed aspherical or 
spherical, or an on-axis segment of a toroidal re?ective sur 
face. 

The incidence angles of the incoming rays With respect to 
the surface normals at the points of incidence of the incom 
ing rays on the third ?eld mirror are preferably loWer than 
25°. With the third ?eld mirror being arranged as a normal 
incidence mirror the beam path can be folded and therefore 
reduce the overall siZe of the illumination system. 

To avoid vignetting of the beam path the ?rst, second and 
third ?eld mirrors are preferably arranged in a non-centered 
system. There is no common axis of symmetry for the mir 
rors. An optical axis can be de?ned as a connecting line 
betWeen the centers of the used areas on the ?eld mirrors, 
Wherein the optical axis is bent at the ?eld mirrors depending 
on the tilt angles of the ?eld mirrors. 

With the tilt angles of the re?ective components of the 
illumination system the beam paths betWeen the components 
can be bent. Therefore the orientation of the beam cone emit 
ted by the source and the orientation of the image plane 
system can be arranged according to the requirements of the 
overall system. A preferable con?guration has a source emit 
ting a beam cone in one direction and an image plane having 
a surface normal Which is oriented almost perpendicular to 
this direction. In one embodiment the source emits horiZon 
tally and the image plane has a vertical surface normal. 
Some light sources like undulator or Wiggler sources emit 
only in the horiZontal plane. On the other hand the reticle 
should be arranged horiZontally for gravity reasons. The 
beam path therefore has to be bent betWeen the light source 
and the image plane about almost 90°. Since mirrors With 
incidence angles betWeen 30° and 60° lead to polarization 
effects and therefore to light losses, the beam bending has to 
be done only With graZing incidence or normal incidence 
mirrors. For ef?ciency reasons the number of mirrors has to 
be as small as possible. 

The illumination system preferably comprises a second 
optical element having a plurality of second raster elements. 
It is advantageous to insert a second optical element With 
second raster elements in the light path after the ?rst optical 
element With ?rst raster elements, Wherein each of the ?rst 
raster elements corresponds to one of the second raster ele 
ments. Therefore, the de?ection angles of the ?rst raster ele 
ments are designed to de?ect the ray bundles impinging on 
the ?rst raster elements to the corresponding second raster 
elements. The second raster elements are preferably 
arranged at the secondary light sources and are designed to 
image together With the second optical component the ?rst 
raster elements or ?eld raster elements into the image plane 
of the illumination system, Wherein the images of the ?eld 
raster elements are at least partially superimposed. The sec 
ond raster elements are called pupil raster elements or pupil 
honeycombs. To avoid damaging the second raster elements 
due to the high intensity at the secondary light sources, the 
second raster elements are preferably arranged defocused of 
the secondary light sources, but in a range from 0 mm to 
10% of the distance betWeen the ?rst and second raster ele 
ments. 

By de?nition all rays intersecting the ?eld in the image 
plane have to go through the exit pupil of the illumination 
system. The position of the ?eld and the position of the exit 
pupil are de?ned by the object ?eld and the entrance pupil of 
the projection objective. For some projection objectives 
being centered systems the object ?eld is arranged off-axis 
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6 
of an optical axis, Wherein the entrance pupil is arranged 
on-axis in a ?nite distance to the object plane. For these 
projection objectives an angle betWeen a straight line from 
the center of the object ?eld to the center of the entrance 
pupil and the surface normal of the object plane can be 
de?ned. This angle is in the range of 3° to 10° for EUV 
projection objectives. Therefore the components of the illu 
mination system have to be con?gured and arranged in such 
a Way that all rays intersecting the object ?eld of the proj ec 
tion objective are going through the entrance pupil of the 
projection objective being decentered to the object ?eld. For 
projection exposure apparatus With a re?ective reticle all 
rays intersecting the reticle needs to have incidence angles 
greater than 0° to avoid vignetting of the re?ected rays at 
components of the illumination system. 

In the EUV Wavelength region all components are re?ec 
tive components, Which are arranged preferably in such a 
Way, that all incidence angles on the components are loWer 
than 25° or greater than 65°. Therefore polarization effects 
arising for incidence angles around an angle of 45° are mini 
miZed. Since graZing incidence mirrors have a re?ectivity 
greater than 80%, they are preferable in the optical design in 
comparison to normal incidence mirrors With a re?ectivity 
greater than 65%. 
The illumination system is typically arranged in a 

mechanical box. By folding the beam path With mirrors the 
overall siZe of the box can be reduced. This box preferably 
does not interfere With the image plane, in Which the reticle 
and the reticle supporting system are arranged. Therefore it 
is advantageous to arrange and tilt the re?ective components 
in such a Way that all components are completely arranged 
on one side of the reticle. This can be achieved if the ?eld 
lens comprises only an even number of normal incidence 
mirrors. 
The illumination system as described before can be used 

preferably in a projection exposure apparatus comprising the 
illumination system, a reticle arranged in the image plane of 
the illumination system and a projection objective to image 
the reticle onto a Wafer arranged in the image plane of the 
projection objective. Both, reticle and Wafer are arranged on 
a support unit, Which alloWs the exchange or scan of the 
reticle or Wafer. 

The projection objective can be a catadioptric lens, as 
knoWn from Us. Pat. No. 5,402,267 for Wavelengths in the 
range betWeen 100 nm and 200 nm. These systems have 
typically a transmission reticle. 

For the EUV Wavelength range the projection objectives 
are preferably all-re?ective systems With four to eight mir 
rors as knoWn for example from Us. Ser. No. 09/503,640 
shoWing a six mirror projection lens. These systems have 
typically a re?ective reticle. 

For systems With a re?ective reticle the illumination beam 
path betWeen the light source and the reticle and the proj ec 
tion beam path betWeen the reticle and the Wafer preferably 
interfere only nearby the reticle, Where the incoming and 
re?ected rays for adjacent object points are traveling in the 
same region. If there are no further crossing of the illumina 
tion and projection beam path it is possible to separate the 
illumination system and the proj ection objective except for 
the reticle region. 
The projection objective has preferably a projection beam 

path betWeen said reticle and the ?rst imaging element 
Which is tilted toWard the optical axis of the projection 
objective. Especially for a projection exposure apparatus 
With a re?ective reticle the separation of the illumination 
system and the projection objective is easier to achieve. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

The invention Will be described below on the basis of draW 
ings. 

Here: 
FIG. 1: A schematic vieW of an embodiment of an illumi 

nation system according to the invention With tWo conju 
gated pupil planes. 

FIG. 2: A detailed vieW of a projection exposure apparatus 
With a illumination system according to FIG. 1. 

DESCRIPTION OF THE INVENTION 

FIG. 1 shoWs a schematic vieW of a purely re?ective 
embodiment of the invention comprising a light source 
8201, a collector mirror 8203, a plate With the ?eld raster 
elements 8209, a plate With pupil raster elements 8215, a 
second optical component 8221, a image plane 8229 and a 
exit pupil 8235. The second optical component comprises a 
?rst optical system having a third ?eld mirror 8225 and sec 
ond optical system having a second ?eld mirror 8223. The 
third ?eld mirror 8225 as Well as the second ?eld mirror 

8223 have positive optical poWer. Furthermore the second 
optical component comprises a ?rst ?eld mirror 8227. The 
?rst ?eld mirror 8227 is a graZing-incidence mirror With 
negative optical poWer for ?eld shaping. In the purely re?ec 
tive embodiment shoWn in FIG. 1 the ?eld mirror 8225 and 
the ?eld mirror 8223 are both concave mirrors forming an 

off-axis Gregorian telescope con?guration. The ?eld mirror 
8225 images the secondary light sources 8207 in the plane 
conjugate to the exit pupil betWeen the ?eld mirror 8225 and 
the ?eld mirror 8223 forming tertiary light sources 8259. In 
FIG. 1 only the imaging of the central secondary light source 
8207 is shoWn. At the plane With the tertiary light sources 
8259 conjugate to the exit pupil a masking unit 8261 is 
arranged to change the illumination mode of the exit pupil 
8233. With stop blades it is possible to mask the tertiary light 
sources 8259 and therefore to change the illumination of the 
exit pupil 8233 of the illumination system. Possible slop 
blades have circular shapes or for example tWo or four circu 
lar openings, e. g. for quadropolar illumination. Alternatively 
or in addition to stop blades also transmission ?lters can be 

arranged in or near the plane With tertiary light sources. The 
?eld mirror 8223 and the ?eld mirror 8227 image the tertiary 
light sources 8259 into the exit pupil 8233 of the illumina 
tion system forming quaternary light sources 8235. 

The optical axis 8245 of the illumination system is not a 
straight line but is de?ned by the connection lines betWeen 
the single components being intersected by the optical axis 
8245 at the centers of the components. Therefore, the illumi 
nation system is a non-centered system having an optical 
axis 8245 being bent at each component to get a beam path 
free of vignetting. There is no common axis of symmetry for 
the optical components. Projection objectives for EUV 
exposure apparatus are typically centered systems With a 
straight optical axis and With an off-axis object ?eld. The 
optical axis 8247 of the projection objective is shoWn as a 
dashed line. The distance betWeen the center of the ?eld 
8231 and the optical axis 8247 of the projection objective is 
equal to the ?eld radius R?eld. The ?eld mirrors 8223, 8225 
are designed as on-axis toroidal mirrors, Which means that 
the optical axis 8245 paths through the vertices of the 
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8 
on-axis toroidal mirrors 8223, 8225 and 8227. The second 
and the third ?eld mirror 8223 and 8225 are normal inci 

dence mirrors, Which means that the incidence angles of the 
incoming rays With respect to the surface normals at the 
points of incidence of the incoming rays on the second and 
the third mirror are preferably loWer than 25°. 

The ?rst ?eld mirror 8227 is a graZing incidence mirror, 
Which means that the incidence angles of the incoming rays 
With respect to the surface normal at the points of incidence 
of the incoming rays on the ?rst mirror are preferably greater 
than 70°. 

In the embodiment depicted in FIG. 1 the second optical 
component comprising the ?rst 8227, second 8223 and third 
?eld mirror 8225 has only virtual conjugate planes to the 
image plane 8229. This provides for a compact siZe of the 
second optical component With loW refractive poWer for the 
?eld mirrors. 

FIG. 2 shoWs an EUV projection exposure apparatus in a 
detailed vieW. Corresponding elements have the same refer 
ence numbers as those in FIG. 1 increased by 200. 

Therefore, the description to these elements is found in the 
description to FIG. 1. The illumination system according to 
FIG. 2 comprises instead of the normal incidence collector 
8203 a graZing incidence collector 8403 With a plurality of 

re?ecting surfaces. Furthermore, for ?ltering the Wavelength 
the illumination system comprises a grating element 8404 
and a diaphragm 8406. An intermediate image 8408 of the 
primary light source 8401 lies at the diaphragm 8406. The 
system comprises as the system shoWn in FIG. 1 a ?rst opti 
cal element With ?rst raster elements 8409 and a second 

optical element With second raster element 8415 and a sec 

ond optical component With a ?rst ?eld mirror 8427, a sec 
ond ?eld mirror 8423 and a third ?eld mirror 8425. The 

second ?eld mirror 8423 and the third ?eld mirror 8425 are 

both concave mirrors. The ?eld mirror 8425 images the sec 

ondary light sources in the plane conjugate to the exit pupil 
betWeen the ?eld mirror 8425 and the ?eld mirror 8423 
forming tertiary light sources. At the plane 8458 With the 
tertiary light sources conjugate to the exit pupil, a masking 
unit 8461 can be arranged to change the illumination mode 
of the exit pupil. The ?eld mirror 8423 and the ?eld mirror 
8427 image the tertiary light sources into the exit pupil, not 
shoWn in FIG. 2, of the illumination system forming quater 
nary light sources. 

The data for the optical components of the system accord 
ing to FIG. 2 are given in table 1. The components are shoWn 
in a y-Z sectional vieW, Wherein for each component the local 
co-ordinate system With the y- and Z-axis is shoWn. For the 
?eld mirrors 8423, 8425 and 8427 the local co-ordinate sys 
tems are de?ned at the vertices of the mirrors. For the tWo 

plates With the raster elements the local co-ordinate systems 
are de?ned at the centers of the plates. In table 1 the local 
co-ordinate systems With respect to the local co-ordinate 
system of image plane is given. The tilt angle a about the 
x-axis of the local co-ordinate system results after the trans 
lation of the reference co-ordinate system in the image plane 
into the local co-ordinate system. All co-ordinate systems 
are right handed systems. 
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Co-ordinate system of the optical components 

y 1 <1 RX R. K. 

Intermediate image 8404 1031.11 —1064.50 38.9 
Field raster elements 8409 478.51 —379. 65 32.75 —833 .27 spherical 
Pupil raster elements 8415 83 6.71 —1094.97 212.1 —972.9 spherical 
Third ?eld mirror 8425 104.54 —144.22 30.6 —264.68 —268.67 
Conjugate plane to exit pupil 164.59 —281.68 203.6 
Second ?eld mirror 8423 424.82 —877.31 208.9 —831.34 spherical 
First ?eld mirror 8427 —219.99 113.40 —5.05 —77.126 hyperboloid —1.1479 
Image plane 8429 0 0 0 
Exit pupil —125 —1189.27 0 

In the image plane 8429 of the illumination system the 
reticle 8467 is arranged. The reticle 8467 is positioned by a 
support system 8469. The projection objective 8471 having 
six mirrors images the reticle 8467 onto the wafer 8473 
which is also positioned by a support system 8475. The mir 
rors of the projection objective 8471 are centered on a com 
mon straight optical axis 8447. The arc-shaped object ?eld is 
arranged off-axis. The direction of the beam path between 
the reticle 8467 and the ?rst mirror 8477 of the projection 
objective 8471 is tilted to the optical axis 8447 of the proj ec 
tion objective 8471. The angles of the chief rays 8479 with 
respect to the normal of the reticle 8467 are between 3° and 
10°, preferably 5° and 7°. As shown in FIG. 1 the illumina 
tion system 8479 is well separated from the projection 
objective 8471. The illumination and the projection beam 
path interfere only nearby the reticle 8467. 
What is claimed is: 
1. Illumination system, particularly for microlithography 

with wavelengths g 193 nm, comprising: 
a primary light source; 
a ?rst optical component; 
a second optical component; 
an image plane; and 
an exit pupil, 
wherein said ?rst optical component transforms said pri 
mary light source into a plurality of secondary light 
sources that are imaged by said second optical compo 
nent in said exit pupil, 

wherein said ?rst optical component includes a ?rst opti 
cal element having a plurality of ?rst raster elements, 
that are imaged into said image plane producing a plu 
rality of images being superimposed at least partially 
on a ?eld in said image plane, 

wherein said second optical component, comprises a ?rst 
optical system comprising at least a ?eld mirror with 
positive optical power and a second optical system 
comprising at least a further ?eld mirror with positive 
optical power, 

wherein said ?rst optical system images said plurality of 
secondary light sources in a plane between said ?rst 
optical system and said second optical system forming 
a plurality of tertiary light sources, and 

wherein said second optical system images said plurality 
of tertiary light sources in said exit pupil. 

2. The illumination system according to claim 1, wherein 
conjugated planes to the image plane in the second optical 
component are virtual conjugated planes. 

3. The illumination system according to claim 1, wherein 
the ?eld mirror and the further ?eld mirror form an off-axis 
Gregorian telescope. 
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4. The illumination system according to claim 1, wherein 
said plane between said ?rst optical system and said second 
optical system is freely accessible. 

5. The illumination system according to claim 1, further 
comprising a masking unit for changing an illumination 
mode, wherein said masking unit is arranged at or nearby 
said plurality of tertiary light sources. 

6. The illumination system according to claim 1, wherein 
a transmission ?lter is arranged at or nearby said plurality of 
tertiary light sources. 

7. The illumination system according to claim 1, wherein 
each of a plurality of rays intersects said further ?eld mirror 
with an incidence angle lower than 25° relative to surface 
normals. 

8. The illumination system according to claim 1, wherein 
said further ?eld mirror is an off-axis segment of a rotational 
symmetric re?ective surface. 

9. The illumination system according to claim 1, wherein 
said further ?eld mirror is an on-axis segment of a toroidal 
re?ective surface. 

10. The illumination system according to claim 1, wherein 
each of a plurality of rays intersects said ?eld mirror with an 
incidence angle of less than 25° relative to surface normals. 

11. The illumination system according to claim 1, wherein 
said ?eld mirror is an off-axis segment of a rotational sym 
metric re?ective surface. 

12. The illumination system according to claim 1, wherein 
said ?eld mirror is an on-axis segment of a toroidal re?ective 
surface. 

13. The illumination system according to claim 1, 
wherein said plurality of ?rst raster elements are 

rectangular, 
wherein said ?eld is a segment of an annulus, and 
wherein said second optical component includes a ?eld 

mirror for shaping said ?eld to said segment of said 
annulus. 

14. The illumination system according to claim 13, 
wherein said ?eld mirror for shaping said ?eld to said seg 
ment of said annulus has negative optical power. 

15. The illumination system according to claim 13, 
wherein each of a plurality of rays intersects said ?eld mirror 
for shaping said ?eld to said segment of said annulus with an 
incidence angle greater than 70° relative to surface normals. 

16. The illumination system according to claim 13, 
wherein said ?eld mirror for shaping said ?eld to said seg 
ment of said annulus is an off-axis segment of a rotational 
symmetric re?ective surface. 

17. The illumination system according to claim 13, 
wherein said ?eld mirror for shaping said ?eld to said seg 
ment of said annulus is an on-axis segment of a toroidal 
re?ective surface. 
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18. The illumination system according to claim 13, 

wherein said ?rst optical component further comprises a 
second optical element having a plurality of second ras 
ter elements, and 

Wherein each of said plurality of ?rst raster elements cor 
responds to one of said plurality of second raster ele 
ments. 

19. The illumination system according to the claim 18, 
Wherein said plurality of second raster elements and said 
second optical component image said corresponding plural 
ity of ?rst raster elements into said image plane. 
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20. The illumination system according to claim 18, 

Wherein said plurality of second raster elements are concave 
mirrors. 

21. A projection exposure apparatus for microlithography 
comprising: 

the illumination system of claim 1; 
a reticle being located at said image plane; 
a light-sensitive object on a support system; and 
a projection objective to image said reticle onto said light 

sensitive object. 


