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(57) ABSTRACT 
An aspheric reduction objective has a catadioptric partial 
objective (L1), an intermediate image (IMI) and a refractive 
partial objective (L2). The catadioptric partial objective has 
an assembly centered to the optical axis and this assembly 
includes two mutually facing concave mirrors (M1, M2). The 
cutouts in the mirrors (B1, B2) lead to an aperture obscuration 
which can be held to be very small by utilizing lenses close to 
the mirrors and having a high negative refractive power and 
aspheric lens surfaces (27, 33). The position of the entry and 
exit pupils can be corrected with aspherical lens surfaces (12, 
48, 53) in the ?eld lens groups. The number of spherical 
lenses in the refractive partial objective can be reduced with 
aspherical lens surfaces (66, 78) arranged symmetrically to 
the diaphragm plane. Neighboring aspheric lens surfaces 
(172, 173) form additional correction possibilities. 

87 Claims, 8 Drawing Sheets 
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CATADIOPTRIC OBJECTIVE 

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. 

RELATED APPLICATIONS 

This application is a reissue of US. Pat. No. 6, 631,036 
which is a continuation-in-part application of patent applica 
tion Ser. No. 09/263,788, ?led Mar. 5, 1999, which, now US. 
Pat. No. 6,169,627, in turn, is a continuation-in-part applica 
tion of patent application Ser. No. 08/936,537, ?led Sep. 24, 
1997, now abandoned. 

FIELD OF THE INVENTION 

The invention relates to catadioptric objective and the use 
thereof in a microscope or a microlithographic projection 
exposure apparatus. The catadioptric objective includes 
spherical and aspherical lens elements and two concave mir 
rors which face each other. All components of the catadioptric 
objective, including also the object ?eld and the image ?eld, 
are arranged centered to a linear optical axis. This class of 
catadioptric objectives has a central aperture obscuration. 

BACKGROUND OF THE INVENTION 

At wavelengths in the deep ultraviolet range, that is, wave 
lengths less than 250 nm, mirrors having a positive refractive 
power are used in combination with lenses of negative refrac 
tive power as suitable means for color correction. 
A catadioptric microscope objective having two concave 

mirrors facing each other is disclosed in Russian patent pub 
lication 124,665. The 60>< magni?cation of the catadioptric 
microscope objective is achieved without intermediate imag 
ing. Because of the low ?eld size, only a few spherical lenses 
are needed for correction. A composite lens is used in addition 
to the mirrors for color correction. This correction means is, 
however, no longer available in the deep ultraviolet wave 
length range. 

Catadioptric objectives for microlithography having only 
one concave mirror are known from US. Pat. No. 5,691,802 
or European patent publication 0,475,020. In these systems, 
the optical axis must be bent at least once. If reticle and wafer 
are to be mounted parallel to each other, then a two-fold beam 
de?ection is required. This leads to signi?cant complexity 
with respect to construction. If, in addition, a purely re?ective 
beam splitter is used, such as disclosed in US. Pat. No. 
5,691,802, then only off-axis object ?elds canbe imaged. The 
lenses of the objective near to the ?eld are non-symmetrically 
illuminated whereby asymmetrical thermal deformations and 
therefore imaging errors which are di?icult to correct occur 
because of the absorption of the lenses. A centered arrange 
ment of the optical components on a linear optical axis having 
two concave mirrors facing each other as shown in FIGS. 1 
and 2 does not have this disadvantage. In contrast, an aperture 
obscuration occurs because of the cutouts in the mirrors. 

The effects of an aperture obscuration on the contrast trans 
mission function is investigated in the article of S. T. Yang et 
al entitled “Effect of Central Obscuration on Image Forma 
tion in Projection Lithography” (SPIE Volume 1264, Optical/ 
Laser Microlithography III (1990), pages 477 to 485. For 
incoherent illumination, the contrast is reduced for low spa 
tial frequencies in comparison to an unvignetted system. The 
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2 
acceptance of obscured objectives can therefore be signi? 
cantly increased when the aperture obscuration is further 
reduced. In addition, a reduction of the contrast transmission 
function must not necessarily lead to a reduction of the reso 
lution capacity because of the nonlinear response function of 
the photoresist. By suitably selecting the photoresist, the 
break in the contrast transfer function continues to lie above 
the exposure threshold of the photoresist. 

SUMMARY OF THE INVENTION 

It is an object of the invention to further reduce the aperture 
obscuration and the lens diameters in objectives of the kind 
described above. It is a further object of the invention to 
provide excellent imaging and color correction for the ?eld 
sizes typical for microlithography and an increase of the 
image end aperture compared to the state of the art with the 
least possible use of material. 
The catadioptric objective of the invention transmits a light 

beam along a light path and de?nes an optical axis. The 
catadioptric objective includes in sequence of the travel of the 
light beam: a ?rst lens group having a negative refractive 
power and arranged centered on the optical axis; a ?rst con 
cave mirror having a central cutout and being arranged cen 
tered on the optical axis downstream of the ?rst lens group; a 
second concave mirror having a central cutout and being 
arranged centered on the optical axis downstream of the ?rst 
concave mirror; the ?rst and second concave mirrors being 
disposed so as to face each other; a second lens group having 
a negative refractive power and being arranged centered on 
the optical axis downstream of the second concave mirror; the 
?rst lens group having a ?rst plurality of lenses arranged 
upstream of the ?rst concave mirror; the second lens group 
having a second plurality of lenses arranged downstream of 
the second concave mirror; and, one of the ?rst and second 
plurality of lenses having at least one aspheric lens surface. 
The catadioptric objective of the invention is normally 

combined as a partial objective with at least one dioptric 
(purely refractive) partial objective to form a reduction obj ec 
tive. The combination of a catadioptric component objective 
with at least one dioptric partial objective and the use in a 
microscope or in a microlithographic projection exposure 
apparatus is also described. 

In the catadioptric objective, the light rays starting from the 
object plane ?rst pass through a ?rst lens group having a 
negative refraction power and then impinge on a ?rst concave 
mirror which has a hole at its center. This concave mirror is 
mounted concavely to the object plane. The light is re?ected 
back and impinges on the second concave mirror which like 
wise has a central hole. This second concave mirror is 
mounted concavely to the image plane. In this way, the two 
concave mirrors face each other. The light rays are re?ected 
back from this second concave mirror and pass through a 
second lens group having a negative refractive power before 
they impinge on the image plane of this catadioptric partial 
objective. 
The cutouts in the mirrors make a continuous ray trace 

possible but lead to a central obscuration in the illumination 
of the diaphragm plane. All rays which would impinge in the 
region of the mirror cutouts when re?ected at the concave 
mirrors do not contribute to imaging and have to be vignetted 
via suitable measures. An obscuration of the aperture rays 
occurs. The rays which proceed from an object point are 
characterized as aperture rays and these rays lie within a 
bundle of rays delimited by the system diaphragm. 

The ?rst lens group, the two concave mirrors and the sec 
ond lens group are arranged centered on a common optical 
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axis de?ning a straight line. The aperture obscuration and the 
use of material for the lenses is further reduced because of the 
targeted use of aspheric surfaces. 
By using with one or several partial objectives, the inter 

mediate image, which is generated by this catadioptric obj ec 
tive, shows intense aberrations which are then compensated 
with the additional objectives in the total image. The cata 
dioptric objective is to exhibit a chromatic overcorrection 
and/ or overcorrection of the Petzval sum as a compensation 
for combination with dioptric partial objectives. 

It is especially advantageous when the lens elements 
directly forward of the ?rst concave mirror and/or the lens 
elements directly after the second concave mirror have an 
intense negative refractive power. The lens elements can be 
individual negative lenses or can be several lens elements 
which, however, have to exhibit an overall negative refractive 
power. It is advantageous when these lenses having negative 
refractive power or adjacent lenses have aspheric lens sur 
faces. These lenses with negative refractive power generate a 
chromatic overcorrection. The amount of the chromatic axial 
aberration for lenses having a refractive power (I) and a mar 
ginal ray height hRD is proportional to hRD2~CI> and the lenses 
having negative refractive power close to the mirror have a 
low marginal ray height because of the required low aperture 
obscuration. For this reason, the refractive power of the lenses 
has to be that much higher in order to achieve an adequate 
chromatic overcorrection. 

It is advantageous when the lenses of the object end ?eld 
lens group and/ or the image end ?eld lens group have at least 
one aspheric surface in order to in?uence the chief ray angle 
in the object plane and the image plane. All those lenses are 
counted to the ?eld lens group within which the marginal ray 
of an object point of the optical axis runs between the optical 
axis and the chief ray of the outermost ?eld point. 
A further feature of the invention is that the ?rst lens group 

can be subdivided into three subgroups. The center subgroup 
has a positive refractive power; whereas, the ?rst and third 
subgroups have negative refractive powers. For the correc 
tion, it advantageous when a lens of the center subgroup has 
an aspherical surface. 

To hold the lens diameter small, the lenses of the ?rst and 
second lens group advantageously are passed through only in 
one direction. Lenses, which are run through a multiple num 
ber of times, should be in the light path between the concave 
mirrors and have correspondingly large diameters. However, 
this does not preclude that the ?rst and/or second lens group 
extend partially into the space between the mirrors. 

If the absolute value of the magni?cation ratio of this 
catadioptric objective lies approximately between 0.70 and 
1.30, then an assembly symmetrical to the diaphragm plane 
can be achieved for the concave mirrors and their central 
cutouts. In this way, the diameters of the cutouts and therefore 
their contributions to the aperture obscuration are similarly 
large. If the magni?cation ratio does not lie in this region, then 
the ?rst and second lens group have different focal lengths 
and it is signi?cantly more di?icult to maintain the diameters 
of the cutouts the same size. A further advantage of an abso 
lute value of the magni?cation ratio between 0.7 and 1.3 and 
of a con?guration symmetrical to the diaphragm plane is the 
fact that asymmetrical imaging errors such as coma can be 
well controlled in a low order. 

The minimum aperture obscuration is achieved when the 
last lens of the ?rst lens group and the ?rst lens of the second 
lens group are each arranged in the region of a mirror cutout. 
It is therefore advantageous when individual lenses or at least 
lens parts are located in the geometric space between the ?rst 
and second concave mirrors. 
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4 
A concave surface which comes close to a hemisphere is 

advantageously provided in the ?rst and/or second lens 
group. The ratio of half a lens diameter to the radius of the 
surface is greater than 0.70 for these surfaces. The concave 
surface of the ?rst lens group then faces toward the object 
plane and the concave surface of the second lens group faces 
toward the image plane. The aperture obscuration can be held 
very low because of these very intense diverging surfaces 
close to the concave mirrors. 

It is advantageous that the lens having the concave surface 
or an adjacent lens has an aspherical lens surface. The aper 
ture obscuration can be further reduced with the aspherical 
surface in the proximity of a lens having a high negative 
refractive power. 
The maximum de?ection of the marginal ray within the 

?rst lens group and/or within the second lens group can be 
achieved with low aperture obscuration when a lens surface is 
provided in close proximity to the concave mirrors so that the 
angles of incidence of the marginal rays referred to the sur 
face normal assume maximum values at the particular 
passthrough point. The angles of incidence are limited 
upwardly only by the necessity of an antire?ecting coating, 
which is adapted for the particular working wavelength, and 
unwanted polarization effects for angles of incidence close to 
the Brewster angle. In this way, the sines of the angles of 
incidence for these lens surfaces result which, in any event, 
are greater than the object end numerical aperture by a factor 
of three. 

It is advantageous when the lens has a surface, which has 
high angles of incidence, or an adjacent lens has an aspherical 
surface. In this way, aberrations can be compensated which 
are caused by the surface having high angles of incidence. 

It is possible to reduce the aperture obscuration to values 
below 35% and even down to 20% with the aspheric surfaces 
and the lenses having high negative refractive power in the 
proximity of the concave mirrors. The aperture obscuration is 
de?ned as a percent ratio of the sine of the ray angle of a ray 
which proceeds from an object point on the optical axis and is 
targeted to the edge of the mirror hole and the sine of the ray 
angle of the marginal ray of the same object point. The ray 
angles are determined with respect to the optical axis. 

If the concave mirrors are arranged forward and rearward 
of the diaphragm plane, then the holes of the mirrors are 
almost symmetrical to the diaphragm plane. With this mea 
sure, the ?eld-dependent aperture obscuration can be mini 
mized. With the diaphragm plane between the concave mir 
rors, the chief rays intersect the optical axis after the re?ection 
at the ?rst concave mirror and forward of the re?ection at the 
second concave mirror. 
The catadioptric objective is so con?gured that a ray trace, 

which is substantially symmetrical to the diaphragm plane, 
results between the ?rst and second lens groups so that the ray 
height of the marginal ray, which proceeds from an object 
point on the optical axis, at the last surface of the ?rst lens 
group differs from the ray height of the same marginal ray at 
the ?rst surface of the second lens group by a maximum of 
20%. 
A large aperture expansion is required in order to hold the 

aperture obscuration as low as possible and to reduce the 
structural length of the objective. If one looks at a ray, which 
intersects the optical axis in the object plane, then the aperture 
expansion can be de?ned as the ratio of the sine of the angle 
i2 of this ray after the ?rst lens group to a sine of the angle il 
of the same ray forward of the ?rst lens group. The angles are 
then each determined with respect to the optical axis. With a 
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negative refractive power of the ?rst lens group, the aperture 
expansion 

sin(i2) 
sin(i1 ) 

is adjusted to greater than 2.0. 
With aspheric surfaces, it is possible to control the aperture 

expansion in dependence upon the angle of the ray impinging 
upon the ?rst lens group. With very high values for the aper 
ture expansion and lenses having high negative refractive 
power, a signi?cantly higher aperture expansion results for 
purely spherical lens surfaces for the marginal rays than, for 
example, for a paraxial ray. The increase of the aperture 
expansion with increasing ray angle leads to larger mirror 
diameters and therefore to an increase of the objective dimen 
sions. With aspherical lens surfaces forward and rearward of 
the concave mirrors, the aperture expansion can be in?uenced 
in dependence upon angle. The object is that the ratio mR/mP 
is less than 1.1 and preferably less than 1.05 for the aperture 
expansion mR for a marginal ray and for the aperture expan 
sion ml, for a paraxial ray. The aspherical surfaces forward 
and rearward of the concave mirrors are so con?gured that the 
effect, which is generated by the aspherical surface of the ?rst 
lens group, is compensated to a large extent by the aspherical 
surface of the second lens group. The action of the aspherical 
surfaces cannot be viewed completely in isolation but only in 
combination with the neighboring system surfaces. 

The lens diameters can be greatly reduced in comparison to 
the mirror diameters with the intense aperture expansion of 
the ?rst lens group and the corresponding aperture reduction 
of the second lens group. Material which is transparent in the 
low ultraviolet range and has large diameters is very expen 
sive and is only available to a limited extent. For this reason, 
it is advantageous when the maximum lens diameters amount 
to only 20% to 25% of the mirror diameters. 

For coupling the catadioptric objective to the illuminating 
system, it is advantageous when the catadioptric objective has 
an almost homocentric entrance pupil. The deviation of the 
object end pupil function from a line ?t through this pupil 
function can serve as an index. The object end pupil function 
is understood to mean the trace of the tangent values of the 
chief ray angles in the object plane over the intersect heights 
of the chief rays in the object plane. An objective having a 
homocentric entry pupil would exhibit a linear pupil function. 
The compensating line is determined from all ray-angle ray 
height value pairs in the region from —Ymax to +Ymax wherein 
Ymax is the maximum possible object height of the circular 
shaped object ?eld. The deviation of the pupil function from 
the line ?t should and can be maximally :10 mrad, preferably 
maximally :5 mrad. 

It is possible that all lenses are of the same material because 
of the color correction with the aid of both concave mirrors 
and the mirror-near lenses having high negative refractive 
power. 

With wavelengths 2250 nm, preferably the ?uoride crys 
tals CaFZ, BaFZ, SrF2, LiF, NaF, KF can, inter alia, be used in 
addition to special quartz glasses and mixed crystals. 

In the intermediate spaces between the lenses, a gas is 
advantageously provided which exhibits only a slight absorp 
tion in the region of the working wavelength. The gas charge 
can be provided with synthetic air, N2 or rare gases in depen 
dence upon working wavelength. Large light paths occur in 
the space between the concave mirrors and disturbances 
because of refractive index ?uctuations and pressure ?uctua 
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6 
tions have a great in?uence. For this reason, the space 
between the concave mirrors is preferably ?lled with a gas 
whose refractive index exhibits a lower temperature depen 
dency and pressure dependency than nitrogen. Helium is 
ideally suited. 

It is purposeful to couple the described catadioptric objec 
tive with a refractive objective in a reduction objective. The 
catadioptric objective of the invention de?nes a ?rst partial 
objective which images the object plane into an intermediate 
image plane. The intermediate image plane is imaged to 
demagni?ed with a refractive second objective on the image 
plane. The magni?cation ratio of the reduction objective typi 
cally lies in the range from —0.1 to —0.5. The sequence of 
catadioptric and refractive component partial objectives can 
also be reversed. In the catadioptric partial objective, the 
chromatic axial aberration and the image ?eld curvature are 
so overcorrected by the lenses, which are adjacent to the 
concave mirrors having intense negative refractive powers so 
that a corrected image results in the image plane of the reduc 
tion objective with reference to chromatic aberration and 
image ?eld curvature. The lenses of the refractive partial 
objective correct the image errors spherical aberration, 
oblique spherical aberration and coma for an image ?eld 
greater than 20 mm and an image end aperture greater than 
NA:0.7. 
The intermediate image by the catadioptric partial objec 

tive is only inadequately corrected. Aberrations such as a 
large inner coma are present in the intermediate image 
because of the intense aperture expansion and the lenses 
having high negative refractive power. To correct these aber 
rations, which are introduced by the catadioptric partial 
objective, and to provide adequate correction of the large 
image ?eld and the high numerical aperture, it is advanta 
geous when the refractive partial objective has at least one 
aspherical surface. 
Two aspherical lens surfaces are arranged symmetrically to 

the diaphragm plane and permit a correction of the spherical 
aberration as well as the correction of the ?eld-dependent 
aperture aberration such as coma and oblique spherical aber 
ration. The two aspherical lens surfaces are arranged in such 
a manner that a chief ray has at both surfaces a similarly large 
ray height with respect to magnitude and the difference in the 
ray heights amounts to maximally 30% and preferably less 
than 20%. 

In these and other objectives, it is advantageous to provide 
two mutually adjacent aspherical surfaces to correct the 
spherical aberration and the sine condition. The two aspheri 
cal surfaces can de?ne the two sides of a lens or they can be 
provided on two lenses and lie separated from each other by 
an air space. These double aspheres close to the diaphragm 
plane are especially effective so that the ray heights of the 
chief ray of the outermost ?eld point at the adjacent aspherical 
surfaces are maximally 15%, preferably maximally 10% of 
the diameter of the diaphragm. 

If the refractive partial objective is disposed forward of the 
image plane of the entire objective, then it is advantageous to 
provide an aspheric surface in the ?eld lens group next to the 
intermediate image plane in order to in?uence the chief ray 
angles in such a manner that a telecentric trace of the chief 
rays results at the image end. The chief ray angles with ref 
erence to the image plane should lie within the entire image 
?eld in the range of :5 mrad. The object end ?eld lens group 
of the refractive partial objective includes all the lenses within 
which the marginal ray of an object point of the optical axis 
runs between the optical axis and the chief ray of the outer 
most ?eld point. 
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Because of the chromatic overcorrection of the catadiop 
tric partial objective, it is possible to utilize only lenses made 
of one material in the refractive partial objective even for a 
bandwidth of the light source of several pikometers (up to 10 
pm). 

The reduction objective is formed from the catadioptric 
partial objective and the refractive partial objective and can be 
used also in a microscope because of the high numerical 
aperture of NA>0.70. In the reduction objective, the object 
plane and the image plane are to be exchanged, that is, the 
objective is to be operated in the opposite direction. A further 
increase of the aperture can be achieved with a reduction of 
the ?eld size. 

The objective can be used for the inspection of wafers with 
small ?elds, very high apertures and wavelengths less than 
250 mm. This can take place in the context of a narrow 
wavelength band or a broad wavelength band. 

Usually, this class of catadioptric reduction objectives is 
used in microlithography. The objective is then a component 
of the microlithographic projection exposure system. The 
following lasers can be used as light sources in the DUV/ 
VUV wavelength range: ArF laser for 193 nm, F2 laser for 157 
nm, Ar2 laser for 126 nm and NeF laser for 109 nm. An 
illuminating system ensures the homogeneous illumination 
of the structure mask. The ?eld lens group of the illuminating 
system functions to adapt the exit pupil of the illuminating 
system to the entrance pupil of the projection objective. The 
illuminating system additionally includes means for control 
ling the partial coherence and for ?eld masking the structural 
mask. 

Microstructural components having structural sizes even 
below 0.1 m can be produced with a microlithographic pro 
jection exposure system of the above kind. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The invention will now be described with reference to the 
drawings wherein: 

FIG. 1 is a side elevation section view taken through the 
lenses of a catadioptric microlithographic reduction objec 
tive; 

FIG. 2 is a side elevation view, in section, of a projection 
exposure system; 

FIG. 3 is a section view taken through the lenses of a 
catadioptric reduction objective according to an embodiment 
of the invention; 

FIG. 4 shows the object end pupil function of the embodi 
ment of FIG. 3; 

FIG. 5 shows the trace of the tangential and sagittal focal 
surfaces for the embodiment shown in FIG. 3; 

FIG. 6 shows the trace of the spherical aberration for the 
embodiment shown in FIG. 3 for the wavelength X32 157.63 
nm and 7»:157.64 nm; 

FIG. 7 is a section view taken through the lenses of a 
catadioptric reduction objective according to another 
embodiment of the invention; 

FIG. 8 is a schematic representation of a microscope incor 
porating a microscope objective according to the invention; 
and, 

FIG. 9 is a schematic of a microlithographic projection 
exposure apparatus according to an embodiment of the inven 
tion for producing microstructured components. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS OF THE INVENTION 

The lens section view shown in FIG. 1 together with the 
data in Table 1 describe a catadioptric microlithographic 
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8 
reduction objective. Here, a total of 27 lenses and two mirrors 
(21',23') as well as a planar plate (50'/51') are shown arranged 
between object (O) and image plane 61'. For an image ?eld 
diameter of 27 mm, the diameter of the largest lens (19'/20') is 
approximately 173 mm and the diameter of the largest mirror 
23' is approximately 707 mm. As shown in FIG. 1, other 
lenses such as lens (17'/ 18') have a diameter less than lens 
(19'/20'). The central bore amounts to approximately 35% of 
the mirror diameter. The objective is con?gured for the wave 
length 193.38 nm and the image end numerical aperture is 
0.70. 
An intermediate image plane Z is realized between the 

surfaces 29' and 30' and meniscus lenses (46', 47'; 48', 49') and 
(53', 54') are provided at the additional pupil P corresponding 
thereto. These meniscus lenses optimally correct image errors 
generated by the mirrors (21', 23') and especially off-axis 
image errors. 
A planar plate (50'/51') is provided between the meniscus 

lenses directly in the region of the pupil P. During manufac 
ture of these objectives, this planar plate (50'/51') can be used 
for the purpose of correcting residual errors of the objectives 
via small form corrections which can, for example, be gen 
erated by ion ray etching thus making a nonspherical, non 
planar surface but retaining the overall planar shape. 
The object-end lens group (1' to 20') is a wide angle retro 

focus objective. The lens group (24' to 29') is mirrored with 
respect to function to the lens group (1' to 20') and is forward 
of the intermediate image Z of this type. The meniscus lenses 
(19', 20' and 24', 25') cause the light beam to diverge greatly 
at the mirror end and thereby result in the small central bore. 
The two lens groups (1' to 20') and (24' to 29') extend into the 
mirror arrangement (21', 23'). It is an important function of 
the meniscus lenses (19', 20') and (24', 25') to create a large 
axial chromatic aberration. This aberration is compensated by 
all of the remaining lenses. 
The greatly convex surface 57' in combination with the 

glass thickness of the corresponding lens up to the surface 60' 
is signi?cant for the here-described objective class and is 
similarly conventional for microscope objectives. 

All lenses are spherical and are made of quartz glass. Other 
materials (calcium ?uoride) can be provided for the operation 
at lower wavelengths such as 157 nm. 
The mirrors are aspherical in accordance with the known 

power series expansion: 

wherein: P is the sagitta as a function of the radius h (elevation 
to the optical axis) with the aspheric constants cl to c” pre 
sented in Table 1. R is the vertex radius from Table 1. The 
deviations of the mirror surfaces from the spherical are mod 
erate and can be controlled during manufacture. The type of 
glass listed in Table 1 is SUPRA1 or quartz. 
The manufacture of such aspherical mirrors in the diameter 

range of 0.5 to 1 meter is known from the area of astronomic 
instruments. For assembly-line manufacture, shaping tech 
niques such as galvano forming can be applied. The manu 
facturing accuracy does not have to be too great because 
conjugated corrective surfaces are available on the above 
mentioned planar plate (50'/51') or on one of the adjacent 
meniscus lens surfaces 48', 49', 53' or 54'. 
An optical element (50', 51') is arranged in the region of the 

pupil (P) following the intermediate image (Z). This optical 
element (50', 51') has non-spherical corrective surfaces. 

It is also possible to provide elastic mirrors. As a departure 
from the known alignment cementing, these mirrors can be 
adjusted in an assembly phase utilizing actuators and can then 
be ?xed on a rigid carrier. On the other hand, these mirrors can 
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be controlled in optimal form during operation on line with, 
for example, piezoelectric actuators in order to compensate, 
for example, for thermal lens effects. 
A projection exposure system is shown in FIG. 2 and 

includes a light source 201, for example, an excimer laser 
emitting light at a wavelength below 250 nm. An illumination 
system 202 is arranged downstream of the light source 201. 
Reference numeral 230 identi?es the mask holder and oper 
ating system. The mask holder holds a mask 203 on the 
optical axis downstream of the illumination system 202 as 
shown. A catadioptric reduction objective 204 follows the 
mask holder and operating system 230 and can, for example, 
correspond to the catadioptric microlithographic reduction 
objective shown in FIG. 1. The reduction objective 204 has a 
reduction ratio in the range of 1:2 to 1:10. 

The object is identi?ed by reference numeral 205 and can 
be, for example, a semiconductor wafer or LCD panel. The 
object 205 is held by an object holder and operating system 
250. 

The catadioptric reduction objective shown in FIGS. 1 and 
2 includes a catadioptric ?rst partial objective having two 
mutually facing concave mirrors, an intermediate image 
plane and a refractive second partial objective. With the 
aspherical concave mirrors and the spherical lenses, the cen 
tral shading is reduced to only about 35% of the mirror diam 
eter for an aperture of NA:0.70 and an image diameter of 
27.00 mm so that the contrast transmitting function is already 
signi?cantly affected. 

To correct residual errors, non-spherical corrective sur 
faces are provided in the vicinity of the diaphragm plane 
following the intermediate image plane. The form of the 
corrective surfaces is dependent upon the residual errors of 
the individual sample so that the aspherical corrective sur 
faces are not part of the objective design. 

At wavelengths less than 200 nm, normal quartz glass is not 
suitable; however, ?uoride crystals (for example, CaFZ) can 
be used but these materials are available only to a limited 
extent in the required quality and size. For this reason, it is 
desirable to provide a design wherein the lens diameters are 
still further reduced so that a lesser amount of expensive 
?uoride material need be used. 

Finally, it is better for the size of the aperture obscuration to 
omit the lenses of the ?rst lens group located between the two 
concave mirrors. 

FIG. 3 shows an embodiment for the catadioptric reduction 
objective of the invention having aspheric lenses and wherein 
the lens diameters are reduced compared to the embodiments 
of FIGS. 1 and 2 and operation is at wavelengths less than 200 
nm. The optical data for the objective of FIG. 3 are presented 
in Table 2. 

The catadioptric reduction objective includes a catadiop 
tric ?rst partial objective L1 having surfaces 2 to 48 and a 
refractive second partial objective L2 having the surfaces 50 
to 84. The catadioptric ?rst partial objective L1 images the 
object plane OB slightly demagni?ed on the intermediate 
image plane IMI with a magni?cation ratio [3 L1:—0.76. The 
intermediate image plane IMI is imaged by the refractive 
second partial objective L2 on the image plane IM signi? 
cantly demagni?ed with a magni?cation ratio of SUI—0.33. 
In this way, the total magni?cation ratio [3 of the object plane 
OB in the image plane IM is BI—OQS. The circularly-shaped 
object ?eld OB has a diameter of 91.2 mm and the corre 
sponding image ?eld IM has a diameter of 22.8 m. If the 
catadioptric reduction objective is used in lithography, then 
object ?eld and image ?eld are rectangularly shaped. For 
example, a rectangularly-shaped ?eld having the X-Y dimen 
sions 22 mm><6 m can be placed in the circular-shaped 
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10 
image ?eld as would be suitable for a wafer scanner. The 
image end numerical aperture is NA:0.8 in the ?rst embodi 
ment. A numerical aperture this high in combination with a 
large image ?eld has only recently been presented for projec 
tion objectives. 

All lenses of this catadioptric reduction objective are made 
of the same material, in this case, CaF2. CaF2 has a refractive 
index of 1.55841 at the working wavelength of)»:157.3 nm. 
If one has the possibility in the wavelength region less than 
250 nm to use a second material having higher dispersion in 
lenses having negative refractive power, then the color cor 
rection can be further improved. For example, sodium ?uo 
ride NaF as a counterpart to CaF2 is, for example, conceiv 
able. 
At wavelengths 7t<200 nm, oxygen 02 is absorbent so that 

a gas charge with N2 or a suitable rare gas is provided. In the 
?rst embodiment, the lens intermediate spaces are ?lled with 

N2. 
The catadioptric partial objective L1 comprises a ?rst lens 

group G11 having surfaces 2 to 27, a ?rst concave mirror M1 
having a central cutout B1, a ?rst pupil plane ASl, a second 
concave mirror M2 having a central cutout B2 and a second 
lens group G12 having surfaces 33 to 48. These optical com 
ponents are passed through by the light rays in the sequence 
indicated. In FIG. 3, the chief and marginal rays are shown for 
an object point on the optical axis (Y :0.0) and two additional 
object points on the ?eld edge at YmiMI—45.6 mm and 
Ymax:45.6 mm. The chief rays are shown as broken lines 
because they are masked by the aperture obscuration in the 
real system and are only of a theoretical nature. 
The two concave mirrors M1 and M2 facing each other 

ful?ll two signi?cant tasks in the catadioptric partial objective 
L1: the concave mirrors together with the neighboring lenses 
of negative refractive power generate the overcorrection of 
the axial chromatic aberration and the ?eld curvature. As 
concave mirrors, they have a large positive refractive power 
but do not introduce any chromatic image errors. For chro 
matic overcorrection in the intermediate image plane IMI, the 
?rst lens group G11 and the second lens group G12 have a 
high negative refractive power whose diverging action is 
again compensated by the concave mirrors so that the ?rst 
partial objective L1 generates a real image. Simultaneously, 
the lenses having negative refractive power with low marginal 
ray heights in combination with mirrors of positive refractive 
power with high marginal ray heights are the ideal correction 
means for ?eld ?attening. With the catadioptric partial obj ec 
tive L1, the ?eld curvature in the intermediate image plane 
IMI can be overcorrected so that a planar image ?eld results 
in the image plane IM after the imaging with the refractive 
partial objective L2 without additional corrective means for 
?eld ?attening being needed in the refractive partial objective 
12. 
The mirror hole B1 of the concave mirror M1 and the 

mirror hole B2 of the concave mirror M2 lead to an obscura 
tion in the pupil illumination. Speci?c aperture regions can 
not be transmitted with this class of objectives. In the ?rst 
embodiment, for an object point on the optical axis, the sine of 
the marginal ray angle is sine(iMax):0.2 and the sine of the 
minimum possible aperture angle is sine (iMl-n):0.0369. The 
aperture obscuration is computed at 18.5%. 
A corresponding masking device is provided in the pupil 

plane A81 in order to shade the rays which would impinge on 
the cutout B1 of the ?rst concave mirror M1 and have an 
aperture angle of less than iMl-n. This masking device is so 
selected that the aperture obscuration is of the same size for 
all object points and lies centered to the chief ray. The mini 
mally possible aperture obscuration of 18.5% for a point on 
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the optical axis is increased to 20% when considering all 
object points. This masking device can, for example, be a 
circular absorbing disc which is arranged centered to the 
optical axis. A rod can serve as a holder which extends along 
the optical axis and is attached to the lens surfaces 27 and 33. 
In both lens surfaces, a recess can be machined (for example, 
with a diamond) in which the holding rod can be seated. The 
region about the optical axis in the vicinity of the pupil plane 
A81 is not in the imaging beam path. For this reason, the 
holding device can be so designed that there is no effect on the 
imaging. A holder of the masking device having spokes or the 
like extending from the lens holder or mirror holder would 
lead to diffraction and thereby lead to a reduction of the 
resolution capacity. 

The aperture obscuration affects the contrast transmission 
function of this class of objectives. For this reason, it is 
advantageous when the aperture obscuration is held as small 
as possible. All optical components of the catadioptric partial 
objective L1 are therefore so designed that the aperture 
obscuration remains limited to a minimum possible value. 

It is necessary that the lenses next to the concave mirror 
have a large negative refractive power in order to hold the 
aperture obscuration small. In the embodiment, these are the 
lenses having the surface number 24/25, 26/27 and 33/34, 
35/36. In the ?rst lens group G11, the lenses contain concave 
surfaces 24 and 26, which are concave to the object plane OB 
and, in the second lens group G12, the lenses have concave 
surfaces 34 and 36 concave to the intermediate image plane 
IMI with very high values for the aperture ratio of lens height 
hmax to lens radius R. Thus, for surface 24, h24mm/R24:0.72 
and for surface 36, h36 max/R36:0.75. The aperture ratio of the 
concave surfaces for these negative lenses close to the mirrors 
is therefore signi?cantly greater than 0.7. 

The last lens 26/27 of the ?rst lens group G11 is designed 
as a biconcave lens in order to obtain the maximum expansion 
of the aperture rays after the lens group G11. The angles of 
incidence of the aperture rays in the optically thinner medium 
(that is, with a refractive index less than 1.1) on the lens side 
27, which faces toward the concave mirror M1, assume the 
largest possible values. In the present example, the sine of the 
incident angle with respect to the surface normal in the opti 
cally thinner medium for the marginal ray on the surface 27 
for an object point on the optical axis is sine(i27RD):0.779. 
Correspondingly, the ?rst lens 33/34 of the second lens group 
G12 is a biconcave lens and the lens surface 33 is a surface 
where high angles of incidence are present. Accordingly, the 
sine of the angle of incidence in the optically thinner medium 
with respect to the surface normal for the same marginal ray 

is sine(i33RD):0.722. 
It is possible to greatly expand the aperture rays with the 

negative refractive power of the ?rst lens group G11. Thus, 
the sine of the angle of the marginal ray of an object point on 
the optical axis is 0.200 forward of the ?rst lens group G11 
and 0.706 after the ?rst lens group G11 with respect to the 
optical axis. The aperture expansion for this marginal ray 
therefore is 3 .532. Because of the negative refractive power of 
the second lens group G12, the sine of the angle of the same 
marginal ray with respect to the optical axis reduces from 
0.676 forward of the second lens group G12 to 0.304 after the 
second lens group G12, that is, by the factor 1/2.254. 
The aperture expansion is dependent upon the magnitude 

of the aperture angle il forward of the ?rst lens group G11. 
With a very great ray de?ection with only a few spherical lens 
elements, an increase of the aperture expansion with an 
increasing aperture angle i 1 would occur which, in the fol 
lowing, is identi?ed as a positive distortion of the aperture 
expansion. This distortion is unwanted because it leads to an 
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increase in the mirror diameters without being able to thereby 
reduce the aperture obscuration. In order to reduce the posi 
tive distortion of the aperture expansion with purely spherical 
lens surfaces, the negative refractive power of the lenses 
24/26 and 26/27 would have to be distributed to additional 
lenses in order to reduce the angle of incidence of the diverg 
ing surfaces. Additional lenses would, however, lead to an 
increase of the structural length and to further transmission 
losses. 
The distortion of the aperture expansion can be corrected 

without additional lens elements when an aspherical lens 
surface 27 is provided in the lens group having negative 
refractive power (surfaces 24 to 27). It is advantageous when 
the last lens surface 27 of the ?rst lens group G11 is aspheric 
because, in this way, the dispersion of the ray angles directly 
forward of the ?rst concave mirror M1 can be in?uenced. The 
object is to reduce the positive distortion of the aperture 
expansion and, in the ideal case, reverse into a negative dis 
tortion. With a reduction of the aperture expansion for 
increasing aperture angles i1, the mirror diameters can be 
reduced with the aperture obscuration remaining the same. In 
the present example, the aperture expansion mR:3.532 for a 
marginal ray having i 1R:0.2. The aperture expansion 
mP:3.465 for a paraxial ray having iIP:0.002. The paraxial 
ray would not exhibit a throughgoing ray trace because of the 
aperture obscuration in the real system; however, it is viewed 
here as a ?ctitious system without mirror cutouts. The ratio of 
the aperture expansion m R for the marginal ray and m P for the 
paraxial ray is mR/mP:1.019. The positive distortion of the 
aperture expansion lies only at 2% with the aspherical lens 
surface 27. The ?rst surface 33 of the second lens group G12 
is likewise aspherical in order to compensate the distortion of 
the aperture expansion introduced by the aspherical surface 
27. The surfaces 27 and 33 are next to the concave mirrors and 
are aspheric as are the concave mirrors M1 and M2. For this 
reason, the aperture rays between the ?rst and second lens 
groups G11 and G12 are guided in such a manner that the 
mirror diameters can be reduced with aperture obscuration 
being constant. 

To minimize the aperture obscuration further, the two con 
cave mirrors M1 and M2 and the lenses 26/27 and 33/34, 
which are close to the mirrors, are arranged almost symmetri 
cally to the pupil plane A81. The distances of the concave 
mirrors M1 and M2 as also of the lens surfaces 27 and 33 to 
the pupil plane ASl each are 189.73 mm. The two mirrors are 
arranged concave to the diaphragm plane and have similar 
curvatures. The negative lenses 26/27 and 33/34 are bicon 
cave lenses. The weaker curved surfaces each face the pupil 
plane ASl. With this assembly, a beam trace, which is sub 
stantially symmetrical to the pupil plane ASl results between 
the surfaces 27 and 33. Accordingly, a marginal ray from an 
object point on the optical axis has approximately the same 
ray elevation at the last surface 27 of the ?rst lens group G11 
and at the ?rst surface 33 of the second lens group G12. At 
surface 27, the beam height hGll:40.66 mm and at surface 
33, the ray height hGlZI40.56 mm. With this assembly, which 
is symmetric to the pupil plane ASl, the contribution of the 
mirror holes B1 and B2 to the aperture obscuration is almost 
the same. 

In the ?rst embodiment, at least the peripheral regions of 
the lens 26/27 and the lens 33/34 are disposed in the space 
between the concave mirrors M1 and M2. In this way, one 
achieves that, on the one hand, the spacing of the lens 26/27 to 
the concave mirror M1 and the spacing of the lens 33/ 34 to the 
concave mirror M2 is as small as possible. On the other hand, 
the beam path between the concave mirrors M1 and M2 may 
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only be minimally vignetted because of the last lens 26/27 of 
the ?rst lens group G11 and the ?rst lens 33/34 of the second 
lens group. 

It is advantageous when the catadioptric reduction objec 
tive has an approximately homocentric entrance pupil. That 
means that the chief rays, which extend up to the optical axis, 
should intersect at one point on the optical axis. 

In FIG. 4, the real pupil function for 37 chief ray heights is 
given for the embodiment of Table 2. The function runs 
between 110.1 mrad and, in addition to a linear component, 
also has higher orders. The chief rays run convergent to the 
optical axis so that the entrance pupil is virtual. A ?t line is 
shown as a solid line and is determined in that the positive and 
negative deviation of the object end pupil function from the ?t 
line is minimal over the entire object ?eld from —45.6 mm to 
45.6 mm. All values of the object end pupil function lie in 
FIG. 4 in a region of 14.5 mrad about the ?t line. Via the linear 
component of the object end pupil function, a scale change 
can be provided by defocusing the object with simultaneous 
manipulation of an additional air space. 

The object end ?eld lens group FL1 having the surfaces 2 
to 17 has an aspheric surface 12 in order to be able to in?uence 
the object end pupil function. To provide a pupil function 
having a dominant linear component with an object diameter 
of 91 .2 mm and an obj ect end numerical aperture of NAO:0.2 
would, without the aspherical surface 12, require additional 
lenses. 

To control the pupil function, the ?eld lens group FL11 is 
assembled from a ?rst subgroup G111 having the surfaces 2 
to 5 and a second subgroup G112 having the surfaces 6 to 19. 
Here, the ?rst subgroup G111 has a negative refractive power 
and the second subgroup G112 has a positive refractive 
power. To mount the aspheric surface 12 in the second sub 
group G112 having positive refractive power has the advan 
tage that the amounts of higher order of the aspheric surface 
do not operate directly on the pupil function because of the 
distance to the object plane. In addition, the splitting of the 
beams was increased by the negative refractive power of the 
?rst subgroup G111. The lenses having the surfaces 20 to 27 
form a third subgroup G113 having negative refractive power 
which already serves to expand the beam. 

The ?eld lens groups FL12 (having the surfaces 41 to 48) 
and FL21 (having the surfaces 50 to 55) are next to the 
intermediate image plane IMI and likewise have aspheric 
surfaces 48 and 53 which, in this case, in?uence the image 
end pupil function and the distortion in the image plane IM. In 
the image plane IM, the distribution of the chief ray angle 
should be as telecentric as possible. Thus, the image end pupil 
function for the embodiment of Table 2 runs between 13.6 
mrad. For use in microlithography, it is adequate when the 
image end pupil function has values between :10 mrad. 

With the overcorrection of the image ?eld curvature with 
the catadioptric partial objective L1, it is not necessary to 
provide a narrowed beam path for Petzval correction within 
the dioptric partial objective L2. In this way, the lens diam 
eters remain limited. The maximum lens diameters in the 
partial objective L2 is 116.5 mm at surface 62. In the ?rst 
partial objective L1 too, the lens diameters are low in order to 
reduce the aperture obscuration. The largest lens in the cata 
dioptric partial objective L1 is in the lens group G112 with a 
diameter of 130.4 mm. The mirror diameters can be held to 
less than 700 mm via the aspheric surfaces 27 and 33, which 
are close to the mirror, with an aperture obscuration of 20%. 
In this way, the concave mirror M1 has a diameter of 691.5 
mm and the concave mirror M2 has a diameter of 663.0 mm. 

The lateral aberrations of the aperture rays are only inad 
equately corrected with the intermediate imaging of the cata 
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14 
dioptric partial objective L1. The large inner coma is clearly 
visible in FIG. 3. The drawn-in marginal rays for the object 
point at YmiMI—45.6 mm run in the intermediate image plane 
IMI between optical axis and chief ray. The distance of the 
marginal rays to the chief ray is 7 mm in the intermediate 
image plane IMI. The correction of the image errors, which 
are introduced by the catadioptric partial objective L1, takes 
place in the refractive partial objective L2. The aspherical lens 
surfaces 66 and 78 are especially effective for the correction 
of spherical aberration, oblique spherical aberration and 
coma. Their position is so selected that the chief ray heights 
have almost the same absolute value. Thus, a principal ray, 
which emanates from YmiMI—45.6 mm, has a beam height of 
8.65 mm at the surface 66 and has a ray height of —9.59 mm 
at surface 78. The two meniscus lenses 70/71 and 73/74 are 
advantageous for correction and are arranged convex to the 
pupil plane AS2. 

For a small aperture obscuration, the image ?eld can be 
very well corrected with the combination of the catadioptric 
partial objective L1 and the refractive partial objective L2 and 
with the targeted use of aspherical surfaces. As an index for 
the quality of the objective, the wavefront can be considered 
within the image ?eld of 22.8 mm diameter and with the 
image end numerical aperture of NA:0.8 with the aid of a 
polychromatic simulation. The root mean square (RMS) val 
ues of the wavefront deviations for a light source at 157.63 nm 
with a bandwidth of 1.2 pm are less than 8 m?» within the 
entire image ?eld. These slight wavefront deviations can, 
inter alia, be explained with the excellent correction of image 
focal surface and spherical aberration. 

In FIG. 5, the traces of the sagittal and tangential focal 
surfaces within the image ?eld are shown. The sagittal image 
focal surface S is shown with the solid line and the tangential 
image focal surface T is shown with a dot-dash line. The 
offset of the image surfaces with respect to the Gaussian 
image plane is less than 1 pm and is a maximum of 200 nm for 
the tangential image surface. FIG. 6 shows the trace of the 
spherical aberration AS for the wavelengths k1:157.63 nm 
(ASl solid line) and k2:157.64 nm (AS2 broken line). The 
spherical aberration AS of the aperture rays is plotted as a 
function of the square of the ray height h A S in the system 
diaphragm AS2. Over the entire opening of the objective, the 
values for the spherical aberration AS are less than 1 pm and, 
in the ?rst embodiment, they are less than 260 nm. The 
chromatic longitudinal aberration for the two wavelengths at 
a distance of 10 pm is less than 0.1 nm. The Gaussian aber 
ration for the two wavelengths is a maximum of 110 nm. 

To achieve a ?eld-independent aperture obscuration, it is 
advantageous to provide a masking device also in the refrac 
tive partial objective L2. The pupil plane AS2 in the refractive 
partial objective L2 has a positive curvature and the chief rays 
intersect the optical axis between surfaces 69 and 70. For this 
reason, the masking device should be placed between sur 
faces 69 and 70. The size of the masking device is to be so 
selected that the aperture obscuration, which is caused by the 
mirror holes, is increased only so far that, for each ?eld point, 
an aperture obscuration results which is the same size and 
centered to the chief ray. A rod can serve as a holder for the 
masking device. The rod runs along the optical axis and is 
attached to the lens surfaces 69 and 70. It is also possible to 
apply the masking directly to a lens surface which is close to 
the intersect point of the chief rays with the optical axis such 
as surface 70. 

FIG. 7 shows a further embodiment for a catadioptric 
reduction objective according to the invention. The optical 
data of the objective are shown in Table 3. The magni?cation 
ratio, image diameter and numerical aperture all have the 
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same values as in the ?rst embodiment. The aperture obscu 
ration and the outer dimensions are also comparable. The 
differences to the ?rst embodiment are in the gas charge, the 
lenses close to the mirror having negative refractive power 
and the use of a double asphere in the refractive partial obj ec 
tive. 

The lens and mirror intermediate spaces are ?ushed with 
helium in the second embodiment. The gas charge with 
helium affords the advantage that the pressure and tempera 
ture dependency of the refractive index with helium in com 
parison to nitrogen is less by a factor of 10. Thus, the tem 
perature coef?cient of the refractive index dn/dT at 7»:157.6 
nm, TIOo C. and p:1013 mbar for nitrogen is —1.2~10_6/K 
and for helium is —0.14~10_6/K, the pressure coef?cient of the 
refractive index dn/dp for nitrogen is —0.34~10_6/mbar and, 
for helium, is —0.036~10_6/mbar. In the large volumes 
between the concave mirrors M1' and M2', temperature gra 
dients, which occur during the irradiation, lead to convection. 
For materials with temperature-dependent refractive indices, 
convection causes a time-dependent deformation of the wave 
fronts which cannot be corrected. It is therefore advantageous 
to ?ll the space between the mirrors with a gas having mini 
mal temperature dependency of the refractive index. 

The number of lenses is to be held as low as possible in 
order to prevent transmission losses because of re?ections at 
the lens surfaces. Thus, in the second embodiment, the two 
lenses of negative refractive power (24/25, 26/27, 33/34 and 
35/3 6) before and after the concave mirrors of the ?rst 
embodiment can be combined to one negative lens (126/127 
and 133/134) each before and after the mirrors. The negative 
refractive power of these lenses (126/127 and 133/ 134) must 
be increased in order to obtain a ray expansion of 3 .567 for the 
marginal ray and an aperture obscuration for an object point 
on the optical axis of 18%. This is, on the one hand, possible 
with a larger aperture ratio of lens height hmax to lens radius R. 
Thus, for surface 126, the quotient h126max/R126:0.814 and, 
for surface 134, the quotient is h134mm/R134IO8OO. On the 
other hand, the angle of incidence at the lens surfaces 127 and 
133, which face toward the mirrors, was increased. In the 
second embodiment, the sine of the angle of incidence with 
respect to the surface normal in the optically thinner medium 
for the marginal ray for an object point on the optical axis on 
the surface 127 is sine(i127RD):0.802 and, on the surface 133, 
sine(il33RD):0.748. 

It is advantageous in the refractive partial objective L2' to 
provide a double asphere on the surfaces 172 and 173 in order 
to obtain a similarly good wavefront correction within the 
image ?eld for the second embodiment as in the ?rst embodi 
ment. With the adjacent aspheric surfaces in proximity to the 
system pupil plane AS2', the spherical aberration and the sine 
condition can be well corrected simultaneously. The double 
aspheres as a correction means can be used also in purely 
refractive and catadioptric objectives having a non-centered 
arrangement. The two aspheric surfaces can even form the 
forward side and the rear side of an individual lens. For 
manufacturing reasons, it is however advantageous to arrange 
two lenses each having an aspheric surface so that the 
aspheric surfaces are adjacent. 

With the double asphere (172, 173) and the aspheric sur 
faces 164 and 176 arranged forward and rearward of the 
aperture stop AS2', adequate correction means are available 
in order, with a modest use of material, to correct the wave 
front deviation within an image ?eld of 22 .8 mm diameter and 
for an image end numerical aperture of NA:0.8 to less than 8 
m)». The polychromatic simulation was carried out with a 
light source at 157.6 nm and a bandwidth of 1.2 pm. 

The examples show the combination of a coaxial catadiop 
tric objective with a dioptric partial objective. Other combi 
nations such as with two dioptric partial objectives forward 
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and rearward of the catadioptric partial objective are also 
possible in the context of the invention. 

The schematic representation of FIG. 8 shows a micro 
scope having a microscope objective MO in accordance with 
the invention. A dioptric partial objective L61 follows the 
object OB. The object OB is imaged magni?ed in the inter 
mediate image plane IMI with the aid of the dioptric partial 
objective L61. A catadioptric objective L62 leads to a nearly 
1 :1 imaging of the intermediate image plane IMI on an image 
detector CCD. The design of the microscope objective MO 
corresponds, in principle, to the embodiments of FIGS. 3 or 7, 
only that the optical components are arranged in the reverse 
sequence. In order to increase magni?cation and the object 
end numerical aperture, the size of the object ?eld can be 
reduced. An ocular for visual observation can be utilized in 
the lieu of an image detector CCD. The object OB is illumi 
nated in transmission with the illuminating system 111. 
A microlithographic projection exposure apparatus for 

producing microstructured components is shown schemati 
cally in FIG. 9. The apparatus includes a light source 701, an 
illuminating system 702, a structure mask 703, a catadioptric 
reduction objective 704 and an object 705 to be exposed. As 
a light source 701, an excimer laser for wavelengths of less 
than 250 nm can, for example, be used. In the illuminating 
system 702, the following are provided: optical components 
for beam shaping (such as cylinder lenses) and optical com 
ponents for beam homogenization (for example, a honey 
comb condenser) and optical components for the correct illu 
mination of the structure mask and the entrance pupil of the 
projection objective 704 (such as a ?eld lens group). The 
mask holder 720 functions for positioning and for changing 
the structure mask 703. The catadioptric reduction objective 
includes, in this case, two intermediate images IMI1 and 
IMI2. The partial objectives 710 and 712 are designed diop 
tric and the partial objective 711 is con?gured as catadioptric. 
The catadioptric partial objective 711 leads to a nearly 1:1 
imaging and corresponds, as to design, to a catadioptric com 
ponent objective from the ?rst embodiment shown in FIG. 3 
or the second embodiment shown in FIG. 7. It is advantageous 
when the magni?cation ratio of the reduction objective 704 is 
provided in equal parts by the dioptric partial objectives 710 
and 712. It is understood that, as a reduction objective, also an 
objective corresponding to the ?rst and second embodiment 
can be used. The object 705 to be illuminated can, for 
example, be a silicon wafer coated with photoresist. A hold 
ing device 730 is speci?ed forpositioning and exchanging the 
silicon wafer. 

It is understood that the foregoing description is that of the 
preferred embodiments of the invention and that various 
changes and modi?cations may be made thereto without 
departing from the spirit and scope of the invention as de?ned 
in the appended claims. 

TABLE 1 

SF RADII THICKESSES GLASSES 

0 Object 
1 —152.31391 9.3670 SUPRAl 
2 —934.28326 17.0479 
3 —258.50662 17.9979 SUPRAl 
4 —144.13579 1.5242 
5 154.21865 34.9172 SUPRAl 
6 —1044.16454 50.7402 
7 —368.80081 10.1606 SUPRAl Asphere on 

Surface 21 
8 238.39923 2.8591 
9 138.64466 18.7404 SUPRAl 

10 312.00878 44.3518 C1= 
—.1984860500E—10 

11 —122.26492 12.8011 SUPRAl C 2 = 
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TABLE 1-continued TABLE 2-continued 

SF RADII THICKESSES GLASSES Surface Radius Asphere Mirror Thickness Material Diameter 

12 -126.81758 23.6934 c 3 = 7 -137.865 0.750 N2 122.7 
-.1338734300E-21 5 8 116.889 15.735 CAFZ 130.4 

13 177.47680 19.3377 SUPRAl c4= 9 177.655 5.923 N2 127.8 
.1383973100E-27 10 118.343 32.491 CAFZ 126.6 

14 11788.39412 15.9136 c 5 = 11 -373.347 2.660 N2 122.1 
.1716228700E-32 12 -231.515 A 7.862 CAFZ 122.1 

15 -172.90112 7.5815 SUPRAl c 6 = 13 88.994 0.864 N2 107.7 
.4845464500E-38 10 14 77.637 8.155 CAFZ 108.4 

16 295.02570 40.3349 c7= 15 81.208 20.608 N2 105.4 
—.3305365300E—44 16 221.890 9.012 CAFZ 105.5 

17 149.52872 16.3659 SUPRAl 17 163.578 2.429 N2 103.7 
18 134.69462 72.7792 18 110.213 27.605 CAFZ 104.6 
19 -79.93868 10.3887 SUPRAl 19 -1324.253 9.444 N2 100.5 
20 -1129.04446 361.0000 15 20 97.719 4.000 CAFZ 89.4 
21 -981.42317 As -295.0000 21 64.603 14.158 N2 83.4 
22 In?nity -215.0000 Asphere on 22 684.267 A 5.079 CAFZ 83.4 

Diaphragm .0000 Surface 23 23 216.155 24.074 N2 82.3 
23 1113.03904 As 500.6296 24 -57.188 2.000 CAFZ 82.3 
24 226.60310 8.2622 SUPRAl c1= 25 -92.747 5.064 N2 87.8 

.1686460500E-10 26 -72.557 2.000 CAFZ 88.3 
25 68.17289 114.8808 c2= 20 27 344.860 A 189.734 N2 105.0 

-.4430448700E-16 M1 -813.737 A s -189.734 N2 691.5 
26 -91.66030 20.9850 SUPRAl c 3 = ASl INFINITE -189 734 N2 677.8 

-.1503908600E-21 M2 910.975 A s 189.734 N2 663.0 
27 -111.26948 4.2440 c4= 33 -416.373 A 2.000 CAFZ 106.4 

.2530123600E—27 34 65.887 4.948 N2 87.8 
28 -1008.42184 16.6387 SUPRAl c 5 = 25 35 80.253 2.000 CAFZ 87.3 

—.7105016500E—35 36 54.610 31.217 N2 81.7 
29 -119.24333 127.0374 c 6 = 37 -84.333 7.747 CAFZ 81.6 

-.2345880200E-38 38 -75.708 0.750 N2 83.7 
30 -105.29899 8.7290 SUPRAl c7= 39 -1017.773 27.565 CAFZ 81.7 

.3712453500E—43 40 -155.591 5.282 N2 79.9 
31 -151.29067 .0532 30 41 -81.310 8.228 CAFZ 79.9 
32 6408.14692 13.0429 SUPRAl 42 -68.211 1.949 N2 80.7 
33 -304.40400 26.5391 43 -78.791 6.095 CAFZ 77.1 
34 115.05002 19.9112 SUPRAl 44 -108.111 2.600 N2 77.2 
35 113.02003 18.2856 45 -81.487 21.352 CAFZ 77.2 
36 480.50139 16.6611 SUPRAl 46 -143.068 0.938 N2 80.4 
37 -425.21265 25.4688 35 47 199.620 40.095 CAFZ 79.0 
38 -154.46333 14.1991 SUPRAl 48 -145.642 A 20.000 N2 71.9 
39 -240.64362 8.7927 IM1 INFINITE 44.528 N2 67.0 
40 289.04838 24.5556 SUPRAl 50 -75.128 4.117 CAFZ 69.0 
41 -469.53160 22.0894 51 -90.888 0.971 N2 72.4 
42 -127.91442 14.2424 SUPRAl 52 -632.737 22.418 CAFZ 76.6 
43 -179.26273 67.4834 53 408.536 A 0.900 N2 87.2 
44 4904.05552 29.6764 SUPRAl 40 54 147.577 23.337 CAFZ 91.9 
45 -179.72857 8.1164 55 -284.699 1.148 N2 94.9 
46 -152.96898 13.7764 SUPRAl 56 544.076 28.648 CAFZ 96.3 
47 -203.54702 12.9619 57 -917.060 10.169 N2 97.7 
48 -127.62811 14.1864 SUPRAl 58 1123.355 15.459 CAFZ 98.1 
49 -139.16594 .4118 59 2847.866 22.266 N2 98.0 
50 In?nity 8.0000 SUPRAl 45 60 -84.178 4.000 CAFZ 98.0 
51 In?nity 4_0000 61 —351.550 0.750 N2 105.7 
52 In?nity 0001 62 131.866 26.379 CAFZ 116.5 
53 121.70233 15.3662 SUPRAl 63 -235-338 2-325 N2 116-4 
54 10992284 361371 64 222.992 31.521 CAFZ 111.2 
55 219.24113 30.1687 SUPRAl 65 38305-126 9-715 N2 101-7 

56 80141760 315237 50 23 1133333 A $5333 1%?” 232 
57 73.58279 65.3446 SUPRAl SUPRA1=Qua1tz 68 _81_868 7918 CAF2 8&6 

Glass 69 -177.471 8.961 N2 91.5 
58 43-81552 31551 70 -86.806 6.077 CAFZ 91.5 
59 41.37557 28.5961 SUPRAl 71 _96_333 1537 N2 944 

60 604-77330 6625 55 A82 INFINITE 0.750 N2 95.3 
61 1mg6 Plane 73 130.184 4.810 CAFZ 103.5 

74 97.753 2.761 N2 104.4 
75 116.560 23.022 CAFZ 104.4 
76 -270.739 0.750 N2 105.5 

TABLE 2 77 194.680 18.881 CAFZ 107.1 
78 -210.640 A 0.750 142 106.4 

Surface Radius Asphere Mirror Thickness Material Diameter 60 79 55'466 43'620 CAFZ 92'6 
80 50.189 2.182 N2 59.6 

OB INFINITE 26122 N2 100_0 81 37.769 13.715 CAFZ 55.3 
2 -226.258 4.000 CAFZ 99.7 82 77.000 1188 N2 47-9 
3 1694.910 7.361 N2 104.1 83 60-105 55-895 CAFZ 44-7 
4 -210.020 4.023 CAFZ 104.1 84 185-707 5944 N2 36-9 
5 -4263.571 0.750 N2 110.8 65 IM INFINITE N2 22.8 
6 353.550 30.488 CAFZ 117.3 


















