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(57) ABSTRACT 

A catadioptric reduction projection optical system having a 
?rst lens unit having negative refractive poWer and Widening 
a light beam from a reticle, a prism type beam splitter for 
transmitting therethrough a light beam from the ?rst lens 
unit, a concave re?ecting mirror for returning the light beam 
emerging from the beam splitter to the beam splitter While 
converging it, and a second lens unit having positive refrac 
tive poWer and converging the light beam returned to the 
beam splitter and re?ected by the beam splitter, and forming 
the reduced image of a pattern on the reticle on a wafer. 
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CATADIOPTRIC REDUCTION PROJECTION 
OPTICAL SYSTEM 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] This invention relates to a catadioptric reduction 
projection optical system for use, for example, in an expo 
sure apparatus for the manufacture of semiconductive ele 
ments, and particularly suitable for application to an optical 
system for reduction-projecting a pattern more enlarged than 
the pattern of a real element. 

[0003] 2. Related Background Art 

[0004] Semiconductive integrated circuits have become 
more and more minute and exposure apparatuses for printing 
the patterns thereof are required to have higher resolving 
poWer. To satisfy this requirement, the Wavelength of a light 
source must be made short and the numerical aperture 
(N.A.) of an optical system must be made great. HoWever, 
if the Wavelength becomes short, glass materials standing 
practical use Will become limited because of the absorption 
of light. If the Wavelength becomes 300 mm or shorter, What 
can be practically used Will be only synthetic quartZ and 
?uorite (calcium ?uoride). Also, ?uorite is bad in tempera 
ture characteristic and cannot be used in a great quantity. 
Therefore, it is very difficult to make a projection lens of a 
refracting system alone. Further, because of the dif?culty of 
aberration correction, it is also difficult to make a projection 
optical system having a great numerical aperture of a 
re?ecting system alone. 

[0005] So, there have been proposed various techniques of 
constructing a projection optical system by combining a 
re?ecting system and a refracting system. An example of 
such techniques is a ring ?eld optical system as disclosed in 
US. Pat. No. 4,747,678. In this optical system, an off-axis 
light beam is used so that incident light and re?ected light 
may not interfere With each other, and design is made such 
that only an off-axis Zonal portion is exposed to light. 

[0006] As another example, a projection exposure appa 
ratus comprising a projection optical system having a beam 
splitter disposed therein, and a catadioptric system for 
collectively projecting the image of a reticle (mask) by an 
on-axis light beam is disclosed, for example, in US. Pat. 
Nos. 3,698,808 and 4,953,960. 

[0007] FIG. 5 of the accompanying draWings schemati 
cally shoWs the optical system disclosed in US. Pat. No. 
4,953,960. In FIG. 5, a light beam from a reticle 21 on 
Which a pattern to be reduction-transferred is depicted is 
converted into a substantially parallel light beam by a lens 
unit 22 having positive refractive poWer and is applied to a 
prism type beam splitter (beam splitter cube) 23. The light 
beam transmitted through the joint surface 23a of this beam 
splitter 23 is diffused by a correction lens unit 24 having 
negative refractive poWer and is re?ected by a concave 
re?ecting mirror 25. The light beam re?ected by the concave 
re?ecting mirror 25 passes through the correction lens unit 
24 again and is re?ected by the joint surface 23a of the beam 
splitter 23, Whereafter it is converged on a Wafer 27 by a lens 
unit 26 having positive refractive poWer, and the reduced 
image of the reticle pattern is formed on the Wafer 27. An 
example in Which a half mirror comprising a plane parallel 
plate is used instead of the prism type beam splitter 23 is also 
disclosed. 
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[0008] In the example of the prior art shoWn in FIG. 5, the 
reduction magni?cation of the entire system is 1A and the 
magni?cation in the concave re?ecting mirror 25 is 0.287. 
Also, the magni?cation of the concave re?ecting mirror in 
the example of the construction using the obliquely disposed 
plane parallel plate having a half-transmitting surface is 
0.136. That is, in the example of the prior art, design is made 
such that With the burden of reduction magni?cation cast on 
the concave re?ecting mirror, aberrations attributable to a 
concave re?ecting mirror of small reduction magni?cation 
are corrected by the correction lens unit 24 and the lens unit 
26. 

[0009] In the ring ?eld optical system according to the 
prior art, hoWever, it is dif?cult to make the numerical 
aperture great. Moreover, it is also impossible to expose 
collectively and therefore, it is necessary to effect exposure 
While moving the reticle and the Wafer at different speeds 
correspondingly to the reduction ratio of the optical system, 
and this has led to the inconvenience that the construction of 
the mechanical system becomes complex. 

[0010] Also, in the construction disclosed in US. Pat. No. 
3,698,808, there is the inconvenience that the ?are by the 
re?ection on the refracting surface of the optical system 
subsequent to the beam splitter is great. Further, character 
istics such as the re?ectance irregularity, absorption and 
phase change of the beam splitter are not at all taken into 
account and therefore, the resolving poWer is loW and the 
magni?cation of the entire system is one-to-one magni?ca 
tion, and the apparatus of the prior art cannot possibly stand 
the use as a semiconductor manufacturing exposure appa 
ratus of the coming generation of Which higher resolving 
poWer is required. 

[0011] Furthermore, in the projection optical system dis 
closed in US. Pat. No. 4,953,960, almost all of the reduction 
magni?cation of the entire system is borne by the concave 
re?ecting mirror, and this leads to the inconvenience that 
spherical aberration created by the concave re?ecting mirror 
is great. Accordingly, an optical system for correcting that 
spherical aberration becomes complicated. Also, since 
design is made such that the light beam from the reticle 21 
is converted into a substantially parallel light beam by the 
lens unit 22 of positive refractive poWer, the spacing 
betWeen the reticle 21 and the beam splitter 23 becomes 
long, and this leads to the bulkiness of the optical system. 

SUMMARY OF THE INVENTION 

[0012] In vieW of the above-noted points, the present 
invention has as its object the provision of a reduction 
projection optical system of a construction in Which a beam 
splitter is disposed in a catadioptric system and in Which 
spherical aberration attributable to a concave re?ecting 
mirror is small. 

[0013] The catadioptric reduction projection optical sys 
tem according to the present invention is an optical system 
for reduction-projecting the pattern of a ?rst surface (1) onto 
a second surface (5), as shoWn, for example, in FIG. 1 of the 
accompanying draWings, and has a ?rst lens unit G1 having 
negative refractive poWer and Widening a light beam from 
the ?rst surface, a prism type beam splitter (2) transmitting 
therethrough or re?ecting the light beam from the ?rst lens 
unit, a concave re?ecting mirror (4) returning the light beam 
emerging from the beam splitter to the beam splitter While 



US 2001/0024330 A1 

converging the light beam, and a second lens unit G2 having 
positive refractive power and converging the light beam 
returned to the beam splitter and re?ected by or transmitted 
through the beam splitter, and forming the reduced image of 
the pattern of the ?rst surface (1) on the second surface 

[0014] In this case, it is preferable that the radius of 
curvature of the concave re?ecting mirror (4) be set to a 
range seventeen times to tWenty-?ve times as great as the 
diameter of the eXposure area (image circle) on the second 
surface 

[0015] Also, it is preferable that the magni?cation of the 
concave re?ecting mirror (4) be 0.6 time to 1.1 times. 

[0016] In addition, it is preferable that the inclination of 
the off-axis principal ray incident on the concave re?ecting 
mirror (4) With respect to the optical aXis be 5 degrees or 
less. 

[0017] According to the present invention, the image of 
the pattern of the ?rst surface reduced by the ?rst lens unit 
of negative refractive poWer is located near the conjugate 
point of the center of curvature of the concave re?ecting 
mirror and therefore, the concave re?ecting mirror can be 
used at substantially one-to-one magni?cation. This leads to 
the advantage that spherical aberration attributable to the 
concave re?ecting mirror can be decreased and as a Whole, 
aberrations can be corrected Well. 

[0018] Also, there is the advantage that When the radius of 
curvature of the concave re?ecting mirror is seventeen times 
to tWenty-?ve times as great as the diameter of the eXposure 
area of the second surface, astigmatism and distortion can be 
corrected easily and a predetermined reduction magni?ca 
tion can be obtained easily. 

[0019] Further, When the magni?cation of the concave 
re?ecting mirror is 0.6 time to 1.1 times, a predetermined 
reduction magni?cation is obtained as a Whole, and then the 
spherical aberration by the concave re?ecting mirror can be 
corrected best. 

[0020] Furthermore, there is the advantage that When the 
inclination of the off-axis principal ray incident on the 
concave re?ecting mirror With respect to the optical aXis is 
limited to 5° or less, the amount of aberration such as 
astigmatism can be suppressed Within a predetermined range 
and the irregularity of the re?ectance and transmittance in 
the beam splitter can be suppressed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0021] FIG. 1 is a cross-sectional vieW shoWing the basic 
construction of an embodiment of a catadioptric reduction 
projection optical system according to the present invention. 

[0022] FIG. 2 is a lens construction vieW shoWing the 
speci?c construction of the optical system of FIG. 1. 

[0023] FIGS. 3A, 3B, 3C and 3D shoW the longitudinal 
aberrations of the embodiment of FIG. 2. 

[0024] FIGS. 4A, 4B, 4C and 4D shoW the lateral aber 
rations of the embodiment of FIG. 2. 

[0025] FIG. 5 is a cross-sectional vieW shoWing the basic 
construction of a catadioptric reduction projection optical 
system according to the prior art. 
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DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0026] According to the present invention, in a construc 
tion comprising a combination of a re?ecting system and a 
refracting system, an on-aXis light beam is used to eXpose a 
Wide area collectively. Also, since there is no chromatic 
aberration in the re?ecting system, the concave re?ecting 
mirror (4) is endoWed With most of the refractive poWer of 
the entire system to suppress the creation of chromatic 
aberration. Also, for the suppression of spherical aberration 
in the concave re?ecting mirror (4) Which is the main 
purpose of the present invention, the light beam incident on 
the concave re?ecting mirror (4) can become substantially 
perpendicular to the re?ecting surface thereof. This means 
that the concave re?ecting mirror (4) can be used substan 
tially as one-to-one magni?cation imaging. 

[0027] The simplest construction for that is a construction 
in Which the ?rst surface (1) is located near the center of 
curvature of the re?ecting surface of the concave re?ecting 
mirror (4) (actually the conjugate point thereof by the beam 
splitter HoWever, if the ?rst surface (1) becomes too 
close to the concave re?ecting mirror (4), the maXimum 
value of the inclination of the off-axis principal ray With 
respect to the optical ads will become great and astigma 
tism, etc. Will become great. Further, if the angle of inci 
dence of the light beam onto the prism type beam splitter (2) 
becomes great, the loss of the quantity of light Will become 
great and ?are and imaging performance Will be deteriorated 
and thus, good imaging Will not be accomplished. 

[0028] So, in the present invention, the light beam from 
the ?rst surface (1) is Widened by the ?rst lens unit G1 
having negative refractive poWer, Whereby the reduced 
image of the pattern on the ?rst surface (1) is disposed near 
the conjugate point of the center of curvature of the concave 
re?ecting mirror Since the Whole of the optical system 
must be made into a reduction system, the reduction of the 
image by the ?rst lens unit G1 is useful. Further, the image 
is reduced also by the second lens unit G2 having positive 
refractive poWer Which is disposed betWeen the beam split 
ter (2) and the second surface (5), Whereby a desired 
reduction rate can be obtained as a Whole, in spite of the 
concave re?ecting mirror (4) being of substantially one-to 
one magni?cation. Further, chromatic aberrations created in 
the ?rst lens unit G1 of negative refractive poWer and the 
second lens unit G2 of positive refractive poWer are opposite 
in sign to each other and therefore negate each other. 

[0029] Also, the separation of the incident light and the 
re?ected light from each other is effected by the prism type 
beam splitter The use of the prism type beam splitter is 
for preventing the creation of astigmatism and coma caused 
by the use of an obliquely disposed plane parallel plate 
having a half-transmitting surface. Further, to make the 
angular characteristic of the beam splitter (2) good, it is 
preferable that for eXample, the number of layers of multi 
layer ?lm used as translucent ?lm be made as small as 
possible. More speci?cally, it is preferable that transmittance 
>50%> re?ectance. Further, Where use is made of multilayer 
?lm Which has a considerably strong polariZing character 
istic, a quarter Wavelength plate (3) is disposed betWeen the 
beam splitter (2) and the concave re?ecting mirror (4), 
Whereby re?ection ef?ciency and transmission ef?ciency in 
the joint surface of the beam splitter (2) can be improved 
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greatly. Accordingly, the effective utilization of the quantity 
of light and a reduction in ?are can be achieved. 

[0030] Description Will noW be made of the reason Why 
the radius of curvature of the concave re?ecting mirror (4) 
should preferably be seventeen times to tWenty-?ve times as 
great as the diameter of the exposure area (image circle) on 
the second surface In a concave re?ecting mirror, a 
certain degree of reduction magni?cation can be achieved by 
the converging function thereof and in?uence is imparted to 
PetZval sum, astigmatism and distortion and thus, it becomes 
possible to maintain the aberration balance With the refract 
ing system comprising the ?rst lens unit G1 and the second 
lens unit G2 good. That is, if the radius of curvature of the 
concave re?ecting mirror (4) is beloW seventeen times the 
diameter of the image circle of the second surface (5), it Will 
be advantageous for the correction of chromatic aberration, 
but PetZval sum Will increase in the positive direction and 
astigmatism and distortion Will also increase. 

[0031] The reason is that if the rains of curvature of the 
concave re?ecting mirror becomes small and the refractive 
poWer thereof becomes great, the negative refractive poWer 
of the ?rst lens unit G1 also becomes great in order that the 
light beam passing through the beam splitter (2) before and 
after the re?ection on the concave re?ecting mirror (4) may 
be made substantially perpendicular to the re?ecting surface 
of the concave re?ecting mirror and therefore, it is necessary 
that the refractive poWer of the positive refractive poWer of 
the second lens unit G2 be made great for the correction of 
spherical aberration. HoWever, the second lens unit G2 is 
disposed near the second surface (5) as the image plane and 
therefore, for the correction of aberrations, refractive poWer 
greater than the negative refractive poWer of the ?rst lens 
unit G1 is required of the second lens unit and thus, PetZval 
sum increases remarkably. Accordingly, to correct aberra 
tions better, it is desirable that the radius of curvature of the 
concave re?ecting mirror (4) be greater than nineteen times 
the diameter of the image circle of the reduced image. 

[0032] If conversely, the radius of curvature of the con 
cave re?ecting mirror (4) becomes great beyond tWenty-?ve 
times the diameter of the image circle of the reduced image, 
it Will be advantageous for the correction of astigmatism and 
distortion, but it Will become difficult to obtain a desired 
reduction magni?cation and the correction of chromatic 
aberration Will become insuf?cient, and this is not very 
practical. 

[0033] In the present invention, the concave re?ecting 
mirror (4) is used at substantially one-to-one magni?cation, 
and it is preferable that the range of the magni?cation 
thereof be 0.6 time to 1.1 times. That is, if the magni?cation 
is smaller than 0.6 time, spherical aberration Will become 
great and the optical system for correcting it Will become 
complicated. On the other hand, noW that the magni?cation 
of the entire system is a reduction magni?cation, it is 
originally not preferable that the magni?cation of the con 
cave re?ecting mirror (4) eXceed 1 time, but the fact that the 
magni?cation becomes great means that the radius of cur 
vature becomes great and further that spherical aberration 
can be made small. So, it is considered that When importance 
is attached to an improvement in aberrations even at the 
sacri?ce of magni?cation, up to the order of 1.1 times, can 
be alloWed as the magni?cation of the concave re?ecting 
mirror 
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[0034] Description Will noW be made of the reason Why it 
is preferable that the inclination of the off-axis principal ray 
incident on the concave re?ecting mirror (4) With respect to 
the optical aXis be 5 degrees or less. First, unless the 
inclination of the off-axis principal ray is limited like this, 
astigmatism, etc. on the concave re?ecting mirror (4) Will 
become too great. Further, the inclination of the off-axis 
principal ray incident on the concave re?ecting mirror (4) is 
equal to the inclination of the off-axis principal ray incident 
on the beam splitter (2) With respect to the optical aXis. If the 
inclination of the off-axis principal ray With respect to 
the-beam splitter (2) is limited like that, the irregularity of 
re?ectance and transmittance on the joint surface of the 
beam splitter (2) Will become small and the irregularity of 
the variation in phase Will also become small and therefore, 
the imaging performance Will be improved as a Whole. 

[0035] A speci?c embodiment of the catadioptric reduc 
tion projection optical system according to the present 
invention Will hereinafter be described With reference to 
FIGS. 1 to FIGS. 4A, 4B, 4C and 4D. This embodiment is 
one in Which the present invention is applied to the optical 
system of an eXposure apparatus for the manufacture of 
semiconductors in Which the Wavelength use is 248 nm and 
the reduction magni?cation is 1/5. 

[0036] Referring to FIG. 1 Which schematically shoWs the 
construction of the optical system of the present embodi 
ment, the reference numeral 1 designates a reticle on Which 
a pattern for integrated circuit is formed. A ?rst lens unit 
having negative refractive poWer, a prism type beam splitter 
2, a quarter Wavelength plate 3 and a concave re?ecting 
mirror 4 are successively disposed along the optical aXis 
perpendicular to the reticle 1, and a second lens unit G2 
having positive refractive poWer and a Wafer 5 are succes 
sively disposed in a direction in Which the re?ected light by 
the concave re?ecting mirror 4 is re?ected by the joint 
surface 2a of the beam splitter 2. 

[0037] The reticle 1 is illuminated by an illuminating 
optical system, not shoWn, and a light beam emerging from 
the reticle 1 is caused to diverge by the ?rst lens unit G1 of 
negative refractive poWer and enter the beam splitter 2, and 
the light beam transmitted through the joint surface 2a of 
this beam splitter 2 is caused to be incident on the concave 
re?ecting mirror 4 through the quarter Wavelength plate 3. 
The radius of curvature of the concave re?ecting mirror 4 is 
about 400 mm. The light beam re?ected by the concave 
re?ecting mirror 4 passes through the quarter Wavelength 
plate 3 While converging and again enters the beam splitter 
2, and the light beam re?ected by the joint surface 2a of this 
beam splitter 2 is condensed on the Wafer 5 by the second 
lens unit G2. Thereby the reduced image of the pattern on 
the reticle 1 is formed on the Wafer 5. 

[0038] Also, a light beam polariZed in parallelism to the 
plane of the draWing sheet of FIG. 1 (P-polariZed light) is 
used as illuminating light. In this case, most light is trans 
mitted through the joint surface 2a due to the polariZation 
characteristic of the beam splitter 2, and this transmitted 
light is further transmitted through the quarter Wavelength 
plate 3, Whereby it becomes circularly polariZed light. The 
beam of this circularly polariZed light is re?ected by the 
concave re?ecting mirror 4 and becomes circularly polariZed 
light opposite in direction, but When the beam of this 
circularly polariZed light opposite in direction is again 
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transmitted through the quarter Wavelength plate 3, it 
becomes linearly polarized light perpendicular to the plane 
of the drawing sheet of FIG. 1. Most of the light beam 
polarized in a direction perpendicular to the plane of the 
draWing sheet of FIG. 1 by the polariZation characteristic of 
the beam splitter 2 is re?ected by the joint surface 2a and 
travels toWard the Wafer 5. Thereby, the increase in the light 
in the beam splitter 2 is prevented and the return light to the 
reticle 1 is decreased and thus, the effective utiliZation of the 
light beam and a decrease in ?are are achieved. 

[0039] Further, it is desirable that single-axis crystal (for 
eXample, rock crystal) of a small thickness be used as the 
quarter Wavelength plate 3. The reason is that if the light 
beam transmitted through the quarter Wavelength plate devi 
ates from a parallel light beam, astigmatism Will occur for 
abnormal rays. This astigmatism cannot be corrected by a 
method of cementing tWo crystals together by rotating the 
optical aXes thereof by 90° relative to each other as is usually 
done for a Wavelength plate. That is, astigmatism Will occur 
for both of normal rays and abnormal rays. 

[0040] Assuming that the amount of this astigmatism is 
represented by Wave surface aberration W, the Wave surface 
aberration is expressed by the folloWing equation: 

[0041] Where (no-n6) is the difference betWeen the refrac 
tive indices of normal rays and abnormal rays, d is the 
thickness of the crystal, and 0 is the deviation from the 
parallel light beam, i.e., the angle of divergence (or conver 
gence) of the light beam. 

[0042] For example, Where the quarter Wavelength plate is 
constructed by rock crystal, (nO—ne)=0.01 and the divergent 
(convergent) state of the light beam is 0=14°. When the 
Wavelength used is )t, to maintain a su?iciently good imag 
ing performance, it is necessary to maintain the Wave surface 
aberration W less than a quarter Wavelength, i.e., M4. For 
that purpose, on the assumption that the wavelength 9» is 248 
nm, from the foregoing equation, d must be 

d<100 ,um. 

[0043] The quarter Wavelength plate 3 is very thin like this 
and therefore, it may be adhesively secured to and supported 
by the beam splitter 2. 

[0044] In the construction of FIG. 1, design is made such 
that the light beam transmitted through the beam splitter 2 is 
directed to the concave re?ecting mirror 4 and the light beam 
re?ected from this concave re?ecting mirror 4 and further 
re?ected by the beam splitter 2 is converged by the second 
lens unit G2. HoWever, the concave re?ecting mirror 4 may 
be disposed so as to sandWich the beam splitter 2 betWeen 
it and the second lens unit G2, and the light beam re?ected 
by the beam splitter 2 may be applied to the concave 
re?ecting mirror 4, and the light beam re?ected from this 
concave re?ecting mirror 4 and transmitted through the 
beam splitter 2 may be converged by the second lens unit 
G2. Also, if a polariZing beam splitter is used as the beam 
splitter 2, re?ectance and transmittance can be further 
improved by the combination thereof With the quarter Wave 
length plate. HoWever, even if the beam splitter 2 is not a 
polariZing beam splitter but an ordinary beam splitter, it has 
some degree of polariZing characteristic and therefore, 
re?ectance and transmittance can be improved by the com 
bination thereof With the quarter Wavelength plate. 
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[0045] A speci?c eXample of the construction of the 
optical system of FIG. 1 Will hereinafter be described. 

[0046] FIG. 2 shoWs a speci?c lens construction vieW of 
such optical system. As shoWn in FIG. 2, the ?rst lens unit 
G1 comprises, in succession from the reticle 1 side, a 
negative meniscus lens L11 having its conveX surface facing 
the reticle 1, a biconveX lens L12, a biconveX lens L13, a 
negative meniscus lens L14 having its conveX surface facing 
the reticle 1, and a biconcave lens L15. The second lens unit 
G2 comprises, in succession from the prism type beam 
splitter 2 side, a biconveX lens L21, a biconcave lens L22, a 
biconveX lens L23, a negative meniscus lens L24 having its 
conveX surface facing the beam splitter 2, and a positive 
meniscus lens L25 having its conveX surface facing the beam 
splitter 2. The quarter Wavelength plate 3 in FIG. 1 is not 
shoWn in FIG. 2 because its thickness is negligibly small. 

[0047] In order to represent the shapes of and the spacings 
betWeen the lenses of FIG. 2, With the reticle 1 as the ?rst 
surface, the surfaces through Which the light emerging from 
the reticle 1 passes until it arrives at the Wafer 5 are called 
the ith surface (i=2, 3, . . . , 27). As regards the sign of the 
radius of curvature ri of the ith surface, betWeen the reticle 
1 and the concave re?ecting mirror 4, a case Where the ith 
surface is conveX relative to the reticle 1 is chosen to 
positive, and betWeen the joint surface of the beam splitter 
and the Wafer, a case Where the ith surface is conveX relative 
to the joint surface is chosen to positive. Also, the sign of the 
surface spacing di betWeen the ith surface and the (i+1)th 
surface is chosen to negative in the area Wherein the 
re?ected light from the concave re?ecting mirror 4 passes to 
the joint surface of the beam splitter 2, and is chosen to 
positive in the other areas. The radius of curvature ri, the 
surface spacing di and the glass materials of FIG. 2 Will be 
shoWn in Table 1 beloW. In the column of glass materials 
CaF2 represents ?uorite and SiO2 represents quartZ glass. 
The refractive indices of quartZ glass and ?uorite for the 
standard Wavelength used (248 nm) are as folloWs: 

[0048] quartZ glass: 1.50855 

[0049] ?uorite: 1.46799 

TABLE 1 

glass 
i ri di material 

1 00 161.900 

2 473.382 23.000 CaF2 
3 171.144 6.000 
4 172.453 29.000 SiO2 
5 —246.006 16.818 
6 148.803 20.000 SiO2 
7 —2656.033 1.000 
8 230.632 16.000 CaF2 
9 102.960 30.000 

10 —143.364 18.000 SiO2 
11 147.730 223.179 
12 00 145.000 SiO2 
13 00 20.000 

14 —394.591 —20.000 
15 00 —72.500 SiO2 
16 00 72.500 SiO2 
17 00 42.626 

18 81.489 17.000 CaF2 
19 —1339.728 7.000 
20 —172.194 11.000 SiO2 
21 204.909 4.300 
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TABLE 1-continued 

glass 
i ri di material 

22 461.579 23.800 CaF2 
23 —142.095 0.200 
24 55.322 18.273 SiO2 
25 40.925 3.000 
26 53.590 11.000 CaF2 
27 849.726 17.541 

[0050] In the embodiment of FIG. 2, the reduction mag 
ni?cation is 1/5, the numerical aperture is 0.45, and the 
diameter d of the effective exposure area (image circle) on 
the wafer 5 is 20 mm. The radius of curvature r of the 
concave re?ecting mirror 4 is 394.591 mm, and the radius of 
curvature r is about 19.7 times as great as the diameter d. 

Also, the magni?cation [3 in the concave re?ecting mirror 4 
is about 0.707 and is within said range, and can be regarded 
as substantially one-to-one magni?cation. 

[0051] Further, the maximum value of the inclination of 
the marginal ray (Rand ray) from the on-axis object point 
incident on the concave re?ecting mirror 4 with respect to 
the optical axis is 7.72°, and the maximum value of the 
inclination of the off-axis principal ray incident on the 
concave re?ecting mirror 4 with respect to the optical axis 
is 323°. Incidentally, the maximum value of the inclination 
of the Rand ray emerging from the concave re?ecting mirror 
4 with respect to the optical axis is 10.76°. 

[0052] Longitudinal aberration graphs of the embodiment 
of FIG. 2 are shown in FIGS. 3A-3D, and lateral aberration 
graphs of the same embodiment are shown in FIGS. 4A-4D. 
In these aberration graphs, curves J, P and Q show that the 
wavelengths used are 248.4 nm, 247.9 nm and 248.9 nm, 
respectively. From these aberration graphs, it is seen that in 
the present embodiment, in spite of the numerical aperture 
being great, aberrations including chromatic aberration are 
corrected well in the area of a wide image circle of a radius 
10.6 mm. 

[0053] Finally, ?are will be described for information. The 
concave re?ecting mirror 4 in the above-described embodi 
ment is used at substantially one-to-one magni?cation and 
therefore, light re?ected by the concave re?ecting mirror 4 
tends to return. Accordingly, ghost (i.e., ?are) which is the 
inverted image of the original image is liable to be created 
on the surfaces of the reticle 1 and the wafer 5. This is 
reduced by the quarter wavelength plate 3, but the reduction 
may be insuf?cient when limitations to ?are are severe. 
However, when limitations to ?are are severe, it can be 
coped with by covering one side of the reticle 1 or one side 
of the wafer 5 to thereby eliminate ghost. This method is 
suited for a slit scan type exposure apparatus. 

[0054] Of course, the present invention is not restricted to 
the above-described embodiment, but can adopt various 
constructions without departing from the gist of the inven 
tion. 
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What is claimed is: 
1. A catadioptric reduction projection optical system for 

reduction-projecting the pattern of a ?rst surface onto a 
second surface, including: 

a ?rst lens unit G1 of negative refractive power for 
making a light beam from said ?rst surface diverge; 

a prism type beam splitter for transmitting therethrough or 
re?ecting the light beam from said ?rst lens unit G1; 

a concave re?ecting mirror for returning the light beam 
emerging from said beam splitter to said beam splitter 
while condensing it; and 

a second lens unit G2 of positive refractive power for 
converging the light beam returned to said beam splitter 
and re?ected by or transmitted through said beam 
splitter, and forming the reduced image of the pattern of 
said ?rst surface on said second surface. 

2. A catadioptric reduction projection optical system 
according to claim 1, wherein the radius of curvature of said 
concave re?ecting mirror is seventeen times to twenty-?ve 
times as great as the diameter of an exposure area on said 
second surface. 

3. A catadioptric reduction projection optical system 
according to claim 1, wherein the magni?cation of said 
concave re?ecting mirror is 0.6 time to 1.1 times. 

4. A catadioptric reduction projection optical system 
according to claim 1, wherein the inclination of the off-axis 
principal ray incident on said concave re?ecting mirror with 
respect to the optical axis is 5 degrees or less. 

5. A catadioptric reduction projection optical system for 
reduction-projecting the pattern of a ?rst surface onto a 
second surface, including: 

a prism type beam splitter for dividing the optical path of 
a light beam from said ?rst surface into a re?ection 
optical path and a transmission optical path; 

a concave re?ecting mirror disposed on one of the trans 
mission optical path and the re?ection optical path of 
the object light beam by said prism type beam splitter 
for returning the light beam from said object to said 
prism type beam splitter; 

a ?rst lens unit G1 of negative refractive power disposed 
between said prism type beam splitter and said ?rst 
surface for making the light beam from said ?rst 
surface diverge; and 

a second lens unit G2 of positive refractive power for 
converging the light beam returned to said prism type 
beam splitter by said concave re?ecting mirror and 
emerging from said prism type beam splitter, and 
forming the reduced image of the pattern of said ?rst 
surface on said second surface. 

6. A catadioptric reduction projection optical system 
according to claim 1, wherein said prism type beam splitter 
has a polariZing beam splitter surface, and said projection 
optical system has a quarter wavelength plate disposed 
between said prism type beam splitter and said concave 
re?ecting mirror. 


