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(57) ABSTRACT 

A projection optical System of the present invention has a 
first lens group G being positive, a second lens group G 
being negative, a third lens group G being positive, a fourth 
lens group G being negative, a fifth lens group G being 
positive, and a sixth lens group G being positive in the 
named order from the first object toward the second object, 
in which the Second lens group G comprises an interme 
diate lens group G2 between a negative front lens L2 and 
a negative rear lens L and in which the intermediate lens 
group G2 is arranged to comprise at least a first positive 
lens being positive, a Second lens being negative, a third lens 
being negative, and a fourth lens being negative in the 
named order from the first object toward the second object. 
The present invention involves findings of Suitable focal 
length ranges for the first to the Sixth lens groups G to G 
and an optimum range of an overall focal length of from the 
Second negative lens to the fourth lens with respect to a focal 
length of the Second lens group G. 

190 Claims, 14 Drawing Sheets 
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EXPOSURE APPARATUS 

Matter enclosed in heavy brackets appears in the 
original patent but forms no part of this reissue specifi 
cation; matter printed in italics indicates the additions 
made by reissue. 

This is a continuation of application Ser. No. 08/706,761, 
filed Sep. 3, 1996, which is a continuation application of 
application Ser. No. 08/384,081, filed Feb. 6, 1995, both 
now abandoned. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to an exposure apparatus 
having a projection optical System for projecting a pattern of 
a first object onto a photosensitive Substrate or the like as a 
Second object, and more particularly to a projection optical 
System Suitably applicable to projection exposure of a pat 
tern for Semiconductor or liquid crystal formed on a reticle 
(mask) as the first object onto the Substrate (semiconductor 
wafer, plate, etc.) as the Second object. 

2. Related Background Art 
AS the patterns of integrated circuits become finer and 

finer, the resolving power required for the exposure appa 
ratus used in printing of wafer also becomes higher and 
higher. In addition to the improvement in resolving power, 
the projection optical Systems of the exposure apparatus are 
required to decrease image StreSS. 

Here, the image StreSS includes those due to bowing or the 
like of the printed wafer on the image Side of projection 
optical System and those due to bowing or the like of the 
reticle with circuit pattern written therein, on the object side 
of projection optical System, as well as distortion caused by 
the projection optical System. 

With a recent further progress of fineness tendency of 
transfer patterns, demands for decreasing the image StreSS 
are also becoming greater. 

In order to decrease effects of the wafer bowing on the 
image StreSS, the conventional technology has employed the 
So-called image-side telecentric optical System that locates 
the exit pupil position at a farther point on the image Side of 
projection optical System. 
On the other hand, the image StreSS due to the bowing of 

reticle can also be reduced by employing a So-called object 
Side telecentric optical System that locates the entrance pupil 
position of projection optical System at a farther point from 
the object plane, and there are Suggestions to locate the 
entrance pupil position of projection optical System at a 
relatively far position from the object plane as described. 
Examples of those Suggestions are described for example in 
Japanese Laid-open Patent Applications No. 63-118115 and 
No. 5-173065 and U.S. Pat. No. 5,260,832. 

SUMMARY OF THE INVENTION 

An object of the invention is to provide an exposure 
apparatus having a high-performance projection optical Sys 
tem which can correct the aberrations, particularly the 
distortion, Very well even in the bitelecentric arrangement 
while keeping a relatively wide exposure area and a large 
numerical aperture. 
To achieve the above object, the present invention 

involves an exposure apparatus having a high-performance 
projection optical System comprising a stage allowing a 
photosensitive Substrate (for example, a semiconductor 
wafer coated with a photoSensitive material Such as a 
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2 
photoresist) to be held on a main Surface thereof, an illu 
mination optical System having a light Source for emitting 
exposure light of a predetermined wavelength and transfer 
ring a predetermined pattern on a mask onto the Substrate, 
and a projecting optical System for projecting an image of 
the mask, on the Substrate Surface. The above projecting 
optical System projects an image of a first object (for 
example, a mask with a pattern Such as an integrated circuit) 
onto a second object (for example, a photosensitive 
Substrate). 
AS shown in FIG. 1, the projection optical System has a 

first lens group G with positive refracting power, a second 
lens group G with negative refracting power, a third lens 
group G with positive refracting power, a fourth lens group 
G with negative refracting power, a fifth lens group G with 
positive refracting power, and a sixth lens group G with 
positive refracting power in the named order from the Side 
of the first object R. The and the Second lens group G 
further comprises a front lens L placed as closest to the 
first object R and having negative refracting power with a 
concave Surface to the Second object W, a rear lens La 
placed as closest to the Second object and having negative 
refracting power with a concave Surface to the first object R, 
and an intermediate lens group G placed between the front 
lens L2 in the Second lens group G2 and the rear lens La 
in the Second lens group G. The intermediate lens group 
G2 has a first lens L. With positive refracting power, a 
Second lens L with negative refracting power, a third lens 
L. With negative refracting power, and a fourth lens La 
with negative refracting power in the named order from the 
side of the first object R. 

First, the first lens group G with positive refracting 
power contributes mainly to a correction of distortion while 
maintaining telecentricity, and specifically, the first lens 
group G is arranged to generate a positive distortion to 
correct in a good balance negative distortions caused by the 
plurality of lens groups located on the Second object Side 
after the first lens group G. The Second lens group G with 
negative refracting power and the fourth lens group G with 
negative refracting power contribute mainly to a correction 
of Petzval sum to make the image plane flat. The two lens 
groups of the Second lens group G with negative refracting 
power and the third lens group G with positive refracting 
power form an inverse telescopic System to contribute to 
guarantee of back focus (a distance from an optical Surface 
Such as a lens Surface closest to the Second object W in the 
projection optical System to the Second object W) in the 
projection optical System. The fifth lens group G with 
positive refracting power and the Sixth lens group G 
Similarly with positive refracting power contribute mainly to 
Suppressing generation of distortion and Suppressing gen 
eration particularly of Spherical aberration as much as pos 
sible in order to fully support high NA structure on the 
Second object Side. 

Based on the above structure, the front lens L placed as 
closest to the first object R in the Second lens group G and 
having the negative refracting power with a concave Surface 
to the second object W contributes to corrections of curva 
ture of field and coma, and the rear lens L placed as closest 
to the Second object W in the Second lens group G and 
having the negative refracting power with a concave Surface 
to the first object R to corrections of curvature of field, coma, 
and astigmatism. In the intermediate lens group G placed 
between the front lens Land the rear lens L, the first lens 
L with positive refracting power contributes to a correc 
tion of negative distortions caused by the Second to fourth 
lenses L2-L. With negative refracting power greatly 
contributing to the correction of curvature of field. 
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In particular, in the above projecting optical System, the 
following conditions (1) to (5) are satisfied when a focal 
length of the first lens group G is f, a focal length of the 
Second lens group G is fa focal length of the third lens 
group G is f, a focal length of the fourth lens group G is 
f, a focal length of the fifth lens group G is fs,a focal length 
of the Sixth lens group G is fan overall focal length of the 
Second to the fourth lenses L-L in the intermediate lens 
group G in the Second lens group G is f, and a distance 
from the first object R to the second object W is L: 

0.1<fffs.<17 (1) 

0.1<fff-14 (2) 

0.1<fs/L-0.9 (3) 

0.1<f/L<1.6 (4) 

0.1<fff 22.0 (5) 

The condition (1) defines an optimum ratio between the 
focal length f of the first lens group G with positive 
refracting power and the focal length f of the third lens 
group G with positive refracting power, which is an opti 
mum refracting power (power) balance between the first lens 
group G and the third lens group G. This condition (1) is 
mainly for correcting the distortion in a good balance. Below 
the lower limit of this condition (1) a large negative distor 
tion is produced because the refracting power of the third 
lens group G becomes relatively weak to the refracting 
power of the first lens group G. Above the upper limit of the 
condition (1) a large negative distortion is produced because 
the refracting power of the first lens group G becomes 
relatively weak to the refracting power of the third lens 
group G. 
The condition (2) defines an optimum ratio between the 

focal length f of the Second lens group G with negative 
refracting power and the focal length f of the fourth lens 
group G with negative refracting power, which is an 
optimum refracting power (power) balance between the 
Second lens group G and the fourth lens group G. This 
condition (2) is mainly for keeping the Petzval Sum Small So 
as to correct the curvature of field well while Securing a wide 
exposure field. Below the lower limit of the condition (2), a 
large positive Petzval Sum appears because the refracting 
power of the fourth lens group G becomes relatively weak 
to the refracting power of the Second lens group G. Above 
the upper limit of the condition (2) a large positive Petzval 
Sum appears because the refracting power of the Second lens 
group G becomes relatively weak to the refracting power of 
the fourth lens group G. In order to correct the Petzval sum 
in a better balance under a wide exposure field by making 
the refracting power of the fourth lens group G Strong 
relative to the refracting power of the Second lens group 
Gthe lower limit of the above condition (2) is preferably set 
to 0.8, i.e., 0.8<f/f. 
The condition (3) defines an optimum ratio between the 

focal length fs of the fifth lens group G with positive 
refracting power and the distance (object-image distance) L 
from the first object R (reticle or the like) and the second 
object W (wafer or the like). This condition (3) is for 
correcting the Spherical aberration, distortion, and Petzval 
Sum in a good balance while keeping a large numerical 
aperture. Below the lower limit of this condition (3) the 
refracting power of the fifth lens group G is too strong, So 
that this fifth lens group G generates not only a negative 
distortion but also a great negative spherical aberration. 
Above the upper limit of this condition (3) the refracting 
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4 
power of the fifth lens group G is too weak, So that the 
refracting power of the fourth lens group G with negative 
refracting power inevitably also becomes weak therewith, 
thereby resulting in failing to correct the Petzval sum well. 
The condition (4) defines an optimum ratio between the 
focal length f of the Sixth lens group G with positive 
refracting power and the distance (object-image distance) L 
from the first object R (reticle etc.) to the second object W 
(wafer or the like). This condition (4) is for Suppressing 
generation of higher-order spherical aberrations and nega 
tive distortion while keeping a large numerical aperture. 
Below the lower limit of this condition (4) the sixth lens 
group G itself produces a large negative distortion; above 
the upper limit of this condition (4) higher-order spherical 
aberrations appear. 
The condition (5) defines an optimum ratio between the 

overall focal length f, of the Second lens L with negative 
refracting power to the fourth lens L with negative 
refracting power in the intermediate lens group G in the 
Second lens group G and the focal length f of the Second 
lens group G. It should be noted that the overall focal length 
f, Stated herein, of the Second lens L with negative 
refracting power to the fourth lens L with negative 
refracting power in the intermediate lens group G in the 
Second lens group G means not only an overall focal length 
of three lenses, i.e., the Second lens L to the fourth lens 
L, but also an overall focal length of three or more lenses 
between the Second lens L and the fourth lens L where 
there are a plurality of lenses between the Second lens and 
the fourth lens. 

This condition (5) is for keeping the Petzval sum small 
while Suppressing generation of distortion. Below the lower 
limit of this condition (5), a great negative distortion appears 
because the Overall refracting power becomes too strong, of 
the negative Sublens group including at least three negative 
lenses of from the Second negative lens L to the fourth 
negative lens L, in the intermediate lens group G2 in the 
Second lens group G. In order to Sufficiently correct the 
distortion and coma, the lower limit of the above condition 
(5) is preferably set to 0.1, i.e., 0.1<f/f. 
Above the upper limit of this condition (5) a great positive 

Petzval Sum results because the refracting power of the 
negative Sublens group including at least three negative 
lenses of from the Second negative lens L to the fourth 
negative lens L, in the intermediate lens group G2 in the 
Second lens group G becomes too weak. In addition, the 
refracting power of the third lens group G also becomes 
weak. Thus, it becomes difficult to construct the projection 
optical System in a compact arrangement. In older to achieve 
a Sufficiently compact design while well correcting the 
Petzval sum, the upper limit of the above condition (5) is 
preferably Set to 1.3, i.e., f/f-1.3. 

Further, the following condition (6) is preferably satisfied 
when the axial distance from the first object R to the 
first-object-side focal point F of the entire projection optical 
system is I and the distance from the first object R to the 
second object W is L. 

1.0&IFL (6) 

The condition (6) defines an optimum ratio between the 
axial distance I from the first object R to the first-object-side 
focal point F of the entire projection optical System and the 
distance (object-image distance) L from the first object R 
(reticle or the like) to the second object W (wafer or the like). 
Here, the first-object-side focal point F of the entire projec 
tion optical System means an interSecting point of outgoing 
light from the projection optical System with the optical axis 
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after collimated light beams are let to enter the projection 
optical System on the Second object Side in the paraxial 
region with respect to the optical axis of the projection 
optical System and when the light beams in the paraxial 
region are outgoing from the projection optical System. 

Below the lower limit of this condition (6) the first-object 
Side telecentricity of the projection optical System will 
become considerably destroyed, So that changes of magni 
fication and distortion due to an axial deviation of the first 
object R will become large. As a result, it becomes difficult 
to faithfully project an image of the first object R at a desired 
magnification onto the second object W. In order to fully 
SuppreSS the changes of magnification and distortion due to 
the axial deviation of the first object R, the lower limit of the 
above condition (6) is preferably set to 1.7, i.e., 1.7-I/L. 
Further, in order to correct a spherical aberration and a 
distortion of the pupil both in a good balance while main 
taining the compact design of the projection optical System, 
the upper limit of the above condition (6) is preferably set to 
6.8, i.e., I/L-6.8. 

Also, it is more preferable that the following condition (7) 
be satisfied when the focal length of the third lens L., with 
negative refracting power in the intermediate lens group 
G2 in the Second lens group G2 is fa and the focal length 
of the fourth lens L with negative refracting power in the 
intermediate lens group G2 in the Second lens group G2 is 
f24. 

0.07<ffs.<7. (7) 

Below the lower limit of the condition (7) the refracting 
power of the fourth negative lens L becomes Strong 
relative to the refracting power of the third negative lens La 
So that the fourth negative lens L generates a large coma 
and a large negative distortion. In order to correct the coma 
better while correcting the negative distortion, the lower 
limit of the above condition (7) is preferably set to 0.14, i.e., 
0.14<ff. Above the upper limit of this condition (7) the 
refracting power of the third negative lens La becomes 
relatively strong relative to the refracting power of the fourth 
negative lens L., So that the third negative lens La 
generates a large coma and a large negative distortion. In 
order to correct the negative distortion better while correct 
ing the coma, the upper limit of the above condition (7) is 
preferably set to 3.5, i.e., f/f-3.5. 

Further, it is more preferable that the following condition 
(8) be satisfied when the focal length of the Second lens L. 
with negative refracting power in the intermediate lens 
group G2 in the Second lens group G2 is f and the focal 
length of the third lens L with negative refracting power 
in the intermediate lens group G in the Second lens group 
G2 is fa. 

Below the lower limit of the condition (8) the refracting 
power of the Second negative lens L becomes Strong 
relative to the refracting power of the third negative lens 
Ls, So that the Second negative lens L2 generates a large 
coma and a large negative distortion. In order to correct the 
negative distortion in a better balance, the lower limit of the 
above condition (8) is preferably set to 0.2, i.e., 0.24<f/f. 
Above the upper limit of this condition (8) the refracting 
power of the third negative lens La becomes strong relative 
to the refracting power of the Second negative lens L., So 
that the third negative lens La generates a large coma and 
a large negative distortion. In order to correct the negative 
distortion in a better balance while well correcting the coma, 

5 

15 

25 

35 

40 

45 

50 

55 

60 

65 

6 
the upper limit of the above condition (8) is preferably set to 
5, i.e., f2/?23-5. 

Also, it is more desirable that the following condition (9) 
be satisfied when the axial distance from the Second-object 
Side lens Surface of the fourth lens L with negative 
refracting power in the intermediate lens group G in the 
Second lens group G to the first-object-side lens Surface of 
the rear lens La in the Second lens group G is D and the 
distance from the first object R to the second object W is L: 

Below the lower limit of the condition (9) it becomes 
difficult not only to secure a sufficient back focus on the 
second object side but also to correct the Petzval sum well. 
Above the upper limit of the condition (9) a large coma and 
a large negative distortion appear. Further, for example, in 
order to avoid mechanical interference between a reticle 
stage for holding the reticle as the first object Rand the first 
lens group G, there are cases that it is preferable to Secure 
a sufficient space between the first object R and the first lens 
group G, but there is a problem that to Secure the Sufficient 
space will become difficult above the upper limit of the 
condition (9). 

Also, the fourth lens group G preferably Satisfies the 
following condition when the focal length of the fourth lens 
group G is f and the distance from the first object R to the 
second object W is L. 

-0.98<f/L-0.005 (10) 

Below the lower limit of the condition (10) the correction 
of spherical aberration becomes difficult, which is not pref 
erable. Also, above the upper limit of the condition (10), the 
coma appears, which is not preferable. In order to well 
correct the Spherical aberration and Petzval Sum, the lower 
limit of the condition (10) is preferably set to -0.078, i.e., 
-0.078<f/L, and further, in order to Suppress generation of 
coma, the upper limit of the condition (10) is preferably set 
to -0.047, i.e., f/L-0.047. 

Further, the Second lens group G preferably Satisfies the 
following condition when the focal length of the Second lens 
group G is f and the distance from the first object R to the 
second object W is L. 

-0.8<f/L-0.005 (11) 

Here; below the lower limit of the condition (11), a 
positive Petzval sum results, which is not preferable. Also, 
above the upper limit of the condition (11), a negative 
distortion appears, which is not preferable. In order to better 
correct the Petzval sum, the lower limit of the condition (11) 
is preferably Set to -0.16, i.e., -0.16-f/L, and in order to 
better correct the negative distortion and coma, the upper 
limit of the condition (11) is preferably set to -0.0710, i.e., 
f/L<-0.0710. 

In order to well correct mainly the third-order spherical 
aberration, it is more desirable that the fifth lens group Gs 
with positive refracting power have the negative meniscus 
lens Ls, and the positive lens Ls placed adjacent to the 
concave Surface of the negative meniscus lens Ls and 
having a conveX Surface opposed to the concave Surface of 
the negative meniscus lens Ls and that the following 
condition (12) be satisfied when the radius of curvature of 
the concave Surface in the negative meniscus lens Ls in the 
fifth lens group G is rs, and the radius of curvature of the 
conveX Surface opposed to the concave Surface of the 
negative meniscus lens Ls in the positive lens Lss Set 
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adjacent to the concave Surface of the negative meniscus 
lens Ls in the fifth lens group Gs is rs. 

Below the lower limit of the condition (12), correction of 
the third-order Spherical aberration becomes insufficient; 
conversely, above the upper limit of the condition (12), the 
correction of the third-order Spherical aberration becomes 
excessive, which is not preferable. Here, in order to correct 
the third-order spherical aberration better, the lower limit of 
the condition (12) is more preferably set to 0.01, i.e., 
0.01<(rs-rs)/(rs-rs) and the upper limit of the condition 
(12) is more preferably set to 0.7, i.e., (rs-rs)/(rs+rs.) 
<0.7. 

Here, it is preferred that the negative meniscus lens and 
the positive lens adjacent to the concave Surface of the 
negative meniscus lens be set between the at least one 
positive lens in the fifth lens group G and the at least one 
positive lens in the fifth lens group Gs. For example, a Set of 
the negative meniscus lens Ls and the positive lens Ls is 
placed between the positive lenses Ls and Lss. This 
arrangement can SuppreSS generation of the higher-order 
Spherical aberrations which tend to appear with an increase 
in NA. 

Also, it is more desirable that the fourth lens group G 
with negative refracting power have the front lens L. 
placed as closest to the first object R and having the negative 
refracting power with a concave Surface to the Second object 
W, the rear lens L placed as closest to the Second object W 
and having the negative refracting power with a concave 
Surface to the first object R, and at least one negative lens 
placed between the front lens L in the fourth lens group G 
and the rear lens L in the fourth lens group G and that the 
following condition (13) be satisfied when a radius of 
curvature on the first object Side in the rear lens L placed 
as closest to the Second object W in the fourth lens group G 
is r, and a radius of curvature on the Second object Side in 
the rear lens L placed as closest to the Second object Win 
the fourth lens group G is r. 

-1.00s (ra-ra)/(ra-ra)<0 (13) 

Below the lower limit of the condition (13), the rear 
negative lens L. located closest to the Second object W in 
the fourth lens group G becomes of a double-concave 
shape, which generates higher-order Spherical aberrations, 
conversely, above the upper limit of the condition (13), the 
rear negative lens L. located closest to the Second object W 
in the fourth lens group G will have positive refracting 
power, which will make the correction of Petzval sum more 
difficult. 

Further, it is desirable that the fifth lens group G have the 
negative lens Lss with a concave Surface to the Second object 
W, on the most second object side thereof. This enables the 
negative lens Lss located closest to the Second object W in 
the fifth lens group G to generate a positive distortion and 
a negative Petzval Sum, which can cancel a negative distor 
tion and a positive Petzval Sum generated by the positive 
lenses in the fifth lens group Gs. 

In this case, in order to SuppreSS the negative distortion 
without generating the higher-order Spherical aberrations in 
the lens Le located closest to the first object R in the Sixth 
lens group G, it is desirable that the lens Surface closest to 
the first object R have a shape with a convex surface to the 
first object R and that the following condition be satisfied 
when a radius of curvature on the Second object Side, of the 
negative lens Lss placed as closest to the Second object W 
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in the fifth lens group G is rs and a radius of curvature on 
the first object side, of the lens Le placed as closest to the 
first object R in the Sixth lens group G is re. 

This condition (14) defines an optimum shape of a gas 
lens formed between the fifth lens group G and the sixth 
lens group G. Below the lower limit of this condition (14) 
a curvature of the Second-object-Side concave Surface of the 
negative lens Lss located closest to the Second object W in 
the fifth lens group G becomes too strong, thereby gener 
ating higher-order comas. Above the upper limit of this 
condition (14) refracting power of the gas lens itself formed 
between the fifth lens group G and the Sixth lens group G 
becomes weak, So that a quantity of the positive distortion 
generated by this gas lens becomes Small, which makes it 
difficult to well correct a negative distortion generated by the 
positive lenses in the fifth lens group Gs. In order to fully 
SuppreSS the generation of higher-order comas, the lower 
limit of the above condition (14) is preferably set to -0.30, 
i.e., -0.30<(rst-ror)/(rs+ror). 

Also, it is further preferable that the following condition 
be Satisfied when a lens group Separation between the fifth 
lens group G and the Sixth lens group G is ds and the 
distance from the first object R to the second object W is L. 

dsL<0.017 (15) 

Above the upper limit of this condition (15), the lens 
group separation between the fifth lens group G and the 
Sixth lens group G becomes too large, So that a quantity of 
the positive distortion generated becomes Small. As a result, 
it becomes difficult to correct the negative distortion gener 
ated by the positive lens in the fifth lens group Gs in a good 
balance. 

Also, it is more preferable that the following condition be 
Satisfied when a radius of curvature of the lens Surface 
closest m the first object R in the Sixth lens group G is re. 
and an axial distance from the lens Surface closest to the first 
object R in the sixth lens group G to the second object W 
is d6. 

0.50<de/re-1.50 (16) 

Below the lower limit of this condition (16), the positive 
refracting power of the lens Surface closest to the first object 
R in the Sixth lens group G becomes too strong, so that a 
large negative distortion and a large coma are generated. 
Above the upper limit of this condition (16), the positive 
refracting power of the lens Surface closest to the first object 
R in the Sixth lens group G becomes too weak, thus 
generating a large coma. In order to further SuppreSS the 
generation of coma, the lower limit of the condition (16) is 
preferably set to 0.84, i.e., 0.84<d/r. 

It is desirable that the following condition (17) be satisfied 
when the radius of curvature on the first object side in the 
negative lens Lss located closest to the Second object W in 
the fifth lens group G is rst and the radius of curvature on 
the Second object Side in the negative lens Lss located 
closest to the second object W in the fifth lens group G is 
Is R. 

Below the lower limit of this condition (17), it becomes 
difficult to correct both the Petzval Sum and the coma; above 
the upper limit of this condition (17), large higher-order 
comas appear, which is not preferable. In order to further 
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prevent the generation of higher-order comas, the upper 
limit of the condition (17) is preferably set to 0.93, i.e., 
(rst-rs)/(rst-rs)<0.93. 

Further, it is desirable that the second-object-side lens 
Surface of the first lens L with positive refracting power 
in the intermediate lens group G in the Second lens group 
G be of a lens shape with a convex Surface to the Second 
object W, and in this case, it is more preferable that the 
following condition (18) be satisfied when the refracting 
power on the Second-object-side lens Surface of the first 
positive lens L in the intermediate lens group G2 in the 
Second tens group G is d and the distance from the first 
object R to the second object W is L. 

The refracting power of the Second-object-side lens 
Surface, Stated herein, of the first lens L with positive 
refracting power in the intermediate lens group G is given 
by the following formula when a refractive index of a 
medium for the first lens L is n, a refracting index of a 
medium in contact with the Second-object-side lens Surface 
of the first lens L is n, and a radius of curvature of the 
Second-object-side lens Surface of the first lens is ra. 

Below the lower limit of the condition (18), higher-order 
distortions appear; conversely, above the upper limit of the 
condition (18), it becomes necessary to correct the distortion 
more excessively by the first lens group G, which generates 
the Spherical aberration of the pupil, thus being not prefer 
able. 

Further, it is more preferable that the following condition 
(19) be satisfied when the focal length of the first lens L, 
with positive refracting power in the intermediate lens group 
G in the Second lens group G is f. and the distance from 
the first object R to the second object W is L. 

0.230<f/L-0.40 (19) 

Below the lower limit of the condition (19), a positive 
distortion appears, above the upper limit of the condition 
(19), a negative distortion appears, thus not preferable. 

Also, the front lens L and rear lens La in the Second 
lens group G preferably satisfy the following condition 
when the focal length of the front lens L placed as closest 
to the first object R in the Second lens group G and having 
the negative refracting power with a concave Surface to the 
Second object W is f. and the focal length of the rear lens 
L placed as closest to the Second object W in the Second 
lens group G and having the negative refracting power with 
a concave Surface to the first object R is f. 

Offff.<18 (20) 

The condition (20) defines an optimum ratio between the 
focal length for of the rear lens L2 in the Second lens group 
G. and the focal length r of the front lens L, in the Second 
lens group G. Below the lower limit and above the upper 
limit of this condition (20), a balance is destroyed for 
refracting power of the first lens group G or the third lens 
group G, which makes it difficult to correct the distortion 
well or to correct the Petzval Sum and the astigmatism 
Simultaneously well. 

The following Specific arrangements are desirable to 
provide the above respective lens groups with Sufficient 
aberration control functions. 

First, in order to provide the first lens group G with a 
function to Suppress generation of higher-order distortions 
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and Spherical aberration of the pupil, the first lens group G 
preferably has at least two positive lenses, in order to 
provide the third lens group G with a function to SuppreSS 
degradation of the Spherical aberration and the Petzval Sum, 
the third lens group G preferably has at least three positive 
lenses; further, in order to provide the fourth lens group G 
with a function to SuppreSS the generation of coma while 
correcting the Petzval Sum, the fourth lens group G pref 
erably has at least three negative lenses. Further, in order to 
provide the fifth lens group G with a function to SuppreSS 
generation of the negative distortion and the Spherical 
aberration, the fifth lens group Gs preferably has at least five 
positive lenses; further, in order to provide the fifth lens 
group G with a function to correct the negative distortion 
and the Petzval sum, the fifth lens group Gs preferably has 
at least one negative lens. Also, in order to provide the Sixth 
lens group G with a function to converge light on the 
Second object W without generating a large Spherical 
aberration, the Sixth lens group G preferably has at least one 
positive lens. 

In addition, in order to correct the Petzval Sum better, the 
intermediate lens group G in the Second lens group G 
preferably has negative refracting power. 

In order to provide the Sixth lens group G with a function 
to further SuppreSS the generation of the negative distortion, 
the Sixth lens group G is preferably constructed of three or 
less lenses having at least one Surface Satisfying the follow 
ing condition (21). 

1/(pL420 (21) 

where do: refracting power of the lens Surface; 
L: object-image distance from the first object R to the 

second object W. 
The refracting power of the lens Surface Stated herein is 

given by the following formula when the radius of curvature 
of the lens Surface is r, a refracting index of a medium on the 
first object Side, of the lens Surface is n, and a medium on 
the Second object side, of the lens Surface is n. 

Here, if there are four or more lenses having the lens 
Surface Satisfying this condition (21), the number of lens 
Surfaces with Some curvature, located near the Second object 
W, becomes increased, which generates the distortion, thus 
not preferable. 
The present invention will become more fully understood 

from the detailed description given hereinbelow and the 
accompanying drawings which are given by way of illus 
tration only, and thus are not to be considered as limiting the 
present invention. 

Further scope of applicability of the present invention will 
become apparent from the detailed description given here 
inafter. However, it should be understood that the detailed 
description and Specific examples, while indicating pre 
ferred embodiments of the invention, are given by way of 
illustration only, Since various changes and modifications 
within the spirit and scope of the invention will become 
apparent to those skilled in the art form this detailed descrip 
tion. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is drawing to show parameters defined in embodi 
ments of the present invention. 

FIG. 2 is a drawing to show Schematic Structure of an 
exposure apparatus according to the present invention. 
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FIG. 3 is a lens makeup diagram in the first embodiment 
according to the present invention. 

FIG. 4 is a lens makeup diagram in me Second embodi 
ment according to the present invention. 

FIG. 5 is a lens makeup diagram in the third embodiment 
according to the present invention. 

FIG. 6 is a lens makeup diagram in the fourth embodiment 
according to the present invention. 

FIG. 7 is a lens makeup diagram in the fifth embodiment 
according to the present invention. 

FIG. 8 is a lens makeup diagram in the sixth embodiment 
according to the present invention. 

FIG. 9 is various aberration diagrams in the first embodi 
ment according to the present invention. 

FIG. 10 is various aberration diagrams in the second 
embodiment according to the present invention. 

FIG. 11 is various aberration diagrams in the third 
embodiment according to the present invention. 

FIG. 12 is various aberration diagrams in the fourth 
embodiment according to the present invention. 

FIG. 13 is various aberration diagrams in the fifth embodi 
ment according to the present invention. 

FIG. 14 is various aberration diagrams in the sixth 
embodiment according to the present invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

The embodiments according to the present invention will 
be described in detail in the following. An exposure appa 
ratus of the invention comprises a projection optical System 
as showing in FIG. 2. 

First, briefly describing FIG. 2, a reticle R (first object) is 
placed as a mask on which a predetermined circuit pattern 
101 is formed, on the object plane of a projection optical 
system PL and a wafer W (second object) as a photosensitive 
Substrate on the image plane of the projection optical System 
PL, as shown. The reticle R is held on a reticle stage RS 
while the wafer W on a wafer stage WS. The photosensitive 
Substrate comprises the wafer W and a photoSensitive layer 
100 made of a material as a photoresistor. Further, an 
illumination optical system IS, which has a light source 102 
for emitting eXposure light of a predetermined wavelength, 
for uniformly illuminating the reticle R is set above the 
reticle R. 

In the above arrangement, light Supplied from the illumi 
nation optical system IS illuminates the reticle R to form an 
image of a light Source in the illumination optical apparatus 
IS at the pupil position (or a position of aperture stop AS) of 
the projection optical System PL, thus achieving the 
So-called Kohler illumination. Then, through the projection 
optical System PL, a pattern image of the thus K 
Öhler-illuminated reticle R is projected (or transferred) onto 
the wafer W through the photosensitive layer 100 by the 
projection optical System PL. The techniques relating to an 
exposure apparatus of the present invention ate described for 
example in U.S. Pat. No. 5,194,993, U.S. Pat. No. 5,097,291 
and U.S. Pat. No. 5,245,384 and U.S. patent application Ser. 
No. 299,305, U.S. patent application Ser. No. 255,927 and 
U.S. patent application Ser. No. 226,327. 
The present embodiment shows an example of projection 

optical system where the light source 102 inside the illumi 
nation optical System IS is an excimer laser Supplying light 
with exposure wavelength of 248.4 nm, and FIG. 3 to FIG. 
8 are lens makeup diagrams of projection optical Systems in 
the first to Sixth embodiments according to the present 
invention. 

1O 
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12 
As shown in FIG. 3 to FIG. 8, a projection optical system 

in each embodiment has a first lens group G with positive 
refracting power, a Second lens group G with negative 
refracting power, a third lens group G with positive refract 
ing power, a fourth lens group G with negative refracting 
power, a fifth lens group G with positive refracting power, 
and a sixth lens group G with positive refracting power in 
the named order from the side of reticle R as the first object, 
which is approximately telecentric on the object side (or on 
the reticle R side) and on the image side (or on the wafer W 
Side) and which has a reduction magnification. 
The projection optical Systems of the respective embodi 

ments shown in FIG. 3 to FIG. 8 are arranged so that the 
object-image distance (a distance from the object plane to 
the image plane or a distance from the reticle R to the wafer 
W) L is 1200, the image-side numerical aperture NA is 0.55, 
the projection magnification B is 5:1, and the diameter of the 
exposure area on the wafer W is 31.2. In the explanation of 
embodiments of the present invention, the image plane 
means a main Surface of the wafer W, and the object plane 
means a Surface of the reticle R. 

The lens makeup of the first embodiment, as shown in 
FIG. 3, is specifically described. The first lens group G has 
a positive lens L with a convex Surface to the image 
(positive meniscus lens), a negative lens L2 of a meniscus 
shape with a conveX Surface to the object, and two positive 
lenses (L, L.) of a double-convex shape in the named 
order from the object side. 

Next, the Second lens group G is composed of a negative 
meniscus lens (front lens) L, placed as closest to the object 
with a concave Surface to the image, a negative meniscus 
lens (rear lens) L, placed closest to the image with a 
concave Surface to the object, and an intermediate lens group 
G2 placed between the negative meniscus lens L. located 
closest to the object in the Second lens group G and the 
negative meniscus lens La located closest to the image in 
the Second lens group G, and having negative refracting 
power. 

The intermediate lens group G is composed of a 
positive lens (first lens) LV of a double-convex shape, a 
negative lens (second lens) L with a Surface of a greater 
curvature to the image, a negative lens (third lens) La of a 
double-concave shape, a negative lens (fourth lens) L 
with a Surface of a greater curvature to the object, and a 
positive lens (fifth lens) Las with a Surface of a greater 
curvature to the image in the named order from the object 
Side. 

Further, the third lens group G is composed of a positive 
lens (positive meniscus lens) L with a Surface of a greater 
curvature to the image, a positive lens Le of a double 
convex shape, a positive lens (a positive lens of a double 
convex shape) L with a convex Surface to the object, and 
a positive lens L with a Surface of a greater curvature to the 
object, and the fourth lens group G is composed of a 
negative lens (negative meniscus lens) L with a concave 
Surface to the image, a negative meniscus lens L with a 
concave Surface to the image, a negative lens L of a double 
concave Surface, and a negative meniscus lens L with a 
concave Surface to the object. 

Here, an aperture Stop AS is Set in an optical path between 
the image-side concave Surface of the negative lens L in 
the fourth lens group G and the object-side concave Surface 
of the negative meniscus lens L. 
The fifth lens group G is composed of a positive menis 

cus lens Ls with a conveX Surface to the image, a positive 
lens with a Surface of a greater curvature to the image (a 



US RE38,465 E 
13 

positive lens of a double-convex shape) Ls, a positive lens 
Ls of a double-convex shape, a negative meniscus lens La 
with a concave Surface to the object, a positive lens Lss with 
a Surface of a greater curvature to the object, a positive 
meniscus lens Ls with a conveX Surface to the object, a 
positive lens with a Surface of a greater curvature to the 
object (positive meniscus lens) L7, and a negative lens with 
a concave Surface to the image (negative meniscus lens) Lss, 
and the sixth lens group G is composed only of a thick-wall 
positive lens L with a conveX Surface to the object. 

Here, because the first lens group G in the first embodi 
ment is So arranged that the image-side lens Surface of the 
negative lens La of the meniscus shape with its convex 
Surface to the object and the object-side lens Surface of the 
positive lens La of double-convex shape have nearly equal 
curvatures and are arranged as relatively close to each other, 
these two lens Surfaces correct the higher-order distortions. 

In the present embodiment, because the front lens La 
with negative refracting power, placed closest to the object 
in the Second lens group G, is of the meniscus shape with 
a concave Surface to the image, the generation of coma can 
be reduced; because the first lens L with positive refract 
ing power in the Second lens group G is of the double 
convex shape with a convex Surface to the image and 
another conveX Surface to the object, the generation of 
Spherical aberration of the pupil can be Suppressed. Further, 
because the fifth lens Ls with positive refracting power in 
the intermediate lens group G has the conveX Surface 
opposed to the concave Surface of the rear lens L with 
negative refracting power placed on the image Side thereof, 
the astigmatism can be corrected. 

Since the fourth lens group G is so arranged that the 
negative lens L with its concave Surface to the image is 
placed on the object Side of the negative lens (negative lens 
of double-concave shape) L and that the negative menis 
cus lens L with its concave Surface to the object is placed 
on the image Side of the negative lens (negative lens of 
double-concave shape) L1, the Petzval Sum can be cor 
rected while Suppressing the generation of coma. 

The present embodiment is So arranged that the aperture 
Stop AS is placed between the image-side concave Surface of 
the negative lens L and the object-side concave Surface of 
the negative meniscus lens L in the fourth lens group G 
whereby the lens groups of from the third lens group G to 
the Sixth lens group G can be arranged on either side of the 
aperture Stop AS with Some reduction magnification and 
without destroying the Symmetry So much, which can Sup 
preSS generation of asymmetric aberrations, Specifically 
generation of coma or distortion. 

Since the positive lens Ls in the fifth lens group G is of 
the double-convex shape where its conveX Surface is 
opposed to the negative meniscus lens Ls and the other lens 
Surface opposite to the negative meniscus lens Ls is also a 
conveX Surface, the generation of higher-order Spherical 
aberrations with an increase in NA can be Suppressed. 
The Specific lens makeup of the projection optical System 

in the second embodiment as shown in FIG. 4 is similar to 
that of the first embodiment shown in FIG. 3 and described 
above but different in that the fourth lens group G is 
composed of a negative lens with a concave Surface to the 
image (negative lens of a plano-concave shape) L1, a 
negative meniscus lens L with a concave Surface to the 
image, a negative lens Las of a double-concave shape, and 
a negative meniscus lens L with a concave Surface to the 
object and in that the Sixth lens group G is composed of a 
positive lens with a convex Surface to the object (positive 
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14 
meniscus lens) L, and a positive lens with a convex surface 
to the object (positive meniscus lens) L. 

Also in the Second embodiment, the image-side lens 
Surface of the negative meniscus lens L with its convex 
Surface to the object and the object-Side lens Surface of the 
positive lens La of double-convex shape correct the higher 
order distortions, similarly as in the above first embodiment. 
Further, the sixth lens group G is preferably composed of 
a leSS number of constituent lenses in order to SuppreSS a 
distortion generated by the Sixth lens group G, but if it is 
difficult to produce a thick lens the Sixth lens group G may 
be composed of two lenses as in the present embodiment. AS 
for the other lens groups (the Second lens group G to the 
fifth lens group Gs) in the Second embodiment, the same 
functions as in the first embodiment are achieved thereby. 
The Specific lens makeup of the projection optical System 

of the third embodiment as shown in FIG. 5 is similar to that 
of the first embodiment shown in FIG. 3 and described 
previously, but different in that the first lens group G is 
composed of a positive lens with a conveX Surface to the 
image (positive lens of double-convex shape) L1, a positive 
lens with a convex surface to the image (positive lens of 
double-convex shape) L12, a negative meniscus lens La 
with a concave Surface to the object, and a positive lens La 
of double-convex shape in the named order from the object 
Side and in that the third lens group G is composed of a 
positive lens with a Surface of a greater curvature to the 
image (positive meniscus lens) Lai, a positive lens L2 of 
double-convex shape, a positive lens with a Surface of a 
greater curvature to the object (positive lens of double 
convex shape) L, and a positive lens with a convex surface 
to the object (positive meniscus lens) L. 

In the third embodiment, the image-side lens Surface of 
the positive lens L with its convex surface to the image and 
the object-side lens Surface of the negative meniscus lens 
L with its concave Surface to the object correct the 
higher-order distortions. AS for the other lens groups (the 
Second lens group G, and the fourth lens group G to the 
Sixth lens group G) in the third embodiment, the same 
functions as in the first embodiment are achieved thereby. 
The Specific lens makeup of the projection optical System 

of the fourth embodiment as shown in FIG. 6 is similar to 
that of the third embodiment shown in FIG. 5 and described 
above, but different in that the third lens group G is 
composed of a positive lens with a Surface of a greater 
curvature to the image Side (positive meniscus lens) L, a 
positive lens La of double-convex shape, a positive lens 
with a convex surface to the object (positive lens of double 
convex shape) L, and a positive lens with a Surface of a 
greater curvature to the object (positive lens of double 
convex shape) L, and in that the fourth lens group G is 
composed of a negative lens with a concave Surface to the 
image (negative lens of double-concave shape) L1, a nega 
tive meniscus lens L with a concave Surface to the image, 
a negative lens L of double-concave shape, and a negative 
meniscus lens L with a concave Surface to the object. The 
present embodiment is also different in that the sixth lens 
group G is composed of a positive lens with a convex 
Surface to the object (positive meniscus lens) Le and a 
positive lens with a convex Surface to the object (positive 
meniscus lens) L62. 
The first lens group G in the fourth embodiment achieves 

the same functions as in the third embodiment described 
previously, the Second lens group G to the fifth lens group 
Gs do the same functions as in the first embodiment, and the 
Sixth lens group G does the same functions as in the Second 
embodiment. 
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The Specific lens makeup of the projection optical System 
of the fifth embodiment shown in FIG. 7 is similar to that of 
the first embodiment shown in FIG. 3 and described 
previously, but different in that the first lens group G is 
composed of a positive lens with a conveX Surface to the 
image (positive lens of double-convex shape) L, a negative 
lens with a concave Surface to the image (negative lens of 
double-concave shape) L1 and two positive lenses (L, 
L.) of double-convex shape in the named order from the 
object side. It is also different in that the third lens group G 
is composed of a positive lens with a Surface of a greater 
curvature to the image (positive meniscus lens) L, a 
positive lens La of double-convex shape, a positive lens 
with a convex surface to the object (positive meniscus lens) 
La, and a positive lens with a Surface of a greater curvature 
to the object (positive lens of double-convex shape) L. It 
is also different from the lens makeup of the first embodi 
ment in that the fourth lens group G is composed of a 
negative lens with a concave Surface to the image (negative 
lens of double-concave shape) L, a negative meniscus lens 
L. With a concave Surface to the image, a negative lens La 
of double-concave shape, and a negative meniscus lens La 
with a concave surface to the object. It is further different in 
that the fifth lens group G is composed of a positive 
meniscus lens Ls with a conveX Surface to the image, a 
positive lens with a Surface of a greater curvature to the 
image (positive meniscus lens) L52, a positive lens Lss of 
double-convex shape, a negative meniscus lens Ls with a 
concave Surface to the object, a positive lens with a Surface 
of a greater curvature to the object (positive meniscus lens) 
Lss, a positive meniscus lens Ls with a convex Surface to 
the object, a positive lens with a Surface of a greater 
curvature to the object (positive meniscus lens) L57, and a 
negative lens with a concave Surface to the image (negative 
meniscus lens) Lss. 

In the fifth embodiment the higher-order distortions are 
corrected by a pair of the image-side conveX Surface of the 
positive lens L and the object-side concave Surface of the 
negative lens L2 and a pair of the image-Side concave 
Surface of the negative lens L2 and the object-side convex 
Surface of the positive lens L. AS for the other lens groups 
(the second to the fifth lens groups G to Gs) in the fifth 
embodiment, the same functions as in the first embodiment 
are achieved thereby. 
The sixth embodiment shown in FIG. 8 has the same lens 

makeup as that of the fifth embodiment as described above, 
and achieves the Substantially same functions as in the fifth 
embodiment. 
Now, Table 1 to Table 12 listed below indicate values of 

Specifications and numerical values corresponding to the 
conditions in the respective embodiments according to the 
present invention. 

In the tables, left end numerals represent lens Surfaces 
located in the named order from the object Side (reticle side), 
r curvature radii of lens Surfaces, d lens Surface Separations, 
in refractive indices of Synthetic quartz SiO for the exposure 
wavelength) of 248.4 nm, d0 a distance from the first object 
(reticle) to the lens Surface (first lens Surface) closest to the 
object (reticle) in the first lens group G, Bf a distance from 
the lens Surface closest to the image (wafer) in the Sixth lens 
group G to the image plane (wafer Surface), B a projection 
magnification of the projection optical System, NA the 
image-side numerical aperture of the projection optical 
System, L the object-image distance from the object plane 
(reticle Surface) to the image plane (wafer Surface), I the 
axial distance from the first object (reticle) to the first 
object-side focal point of the entire projection optical System 
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(where the first-object-side focal point of the entire projec 
tion optical System means an interSecting point of exit light 
with the optical axis after collimated light beams in the 
paraxial region with respect to the optical axis of the 
projection optical System are let to enter the projection 
optical System on the Second object Side and when the light 
beams in the paraxial region are outgoing from the projec 
tion optical System), f, the focal length of the first lens group 
G1, f. the focal length of the Second lens group G, f the 
focal length of the third lens group G, f the focal length of 
the fourth lens group G, f the focal length of the fifth lens 
group Gs, f the focal length of the Sixth lens group G, f, 
the overall focal length of from the second lens to the fourth 
lens, f, the focal length of the front lens placed closest to 
the first object in the Second lens group and having negative 
refracting power with its concave Surface to the Second 
object, f, the focal length of the rear lens placed closest to 
the Second object in the Second lens group and having 
negative refracting power with its concave Surface to the 
first object, f the focal length of the first lens with positive 
refracting power in the intermediate tens group in the Second 
lens group, f the focal length of the Second lens with 
negative refracting power in the Second lens group, f the 
focal length of the third lens with negative refracting power 
in the Second lens group, f the focal length of the fourth 
lens with negative refracting power in the Second lens group, 
do the refracting power of the Second-object-side lens 
Surface of the first lens with positive refracting power in the 
intermediate lens group G in the Second lens group, D the 
axial distance from the Second-object-side lens Surface of 
the fourth lens in the intermediate lens group in the Second 
lens group to the first-object-side lens Surface of the rear lens 
in the Second lens group, rs, the curvature radius of the 
concave Surface in the negative meniscus lens in the fifth 
lens group, rs, the curvature radius of the convex surface 
opposed to the concave Surface of the negative meniscus 
lens, in the positive lens placed adjacent to the concave 
Surface of the negative meniscus lens in the fifth lens group, 
f the first-object-side curvature radius in the rear lens 
placed closest to the Second object in the fourth lens group, 
r the Second-object-side curvature radius in the rear lens 
placed closest to the Second object in the fourth lens group, 
rst the first-object-Side curvature radius in the Second lens 
placed closest to the Second object in the fifth lens group, rs 
the Second-object-aide curvature radius of the negative lens 
placed closest to the Second object in the fifth lens group, re. 
the first-object-side curvature radius of the lens placed 
closest to the first object in the Sixth lens group, ds the lens 
group Separation between the fifth lens group and the Sixth 
lens group, do the axial distance from the lens Surface closest 
to the first object in the Sixth lens group to the Second object, 
and (p the refracting power of the lens Surface of the lens or 
lenses forming the Sixth lens group. 

TABLE 1. 

First Embodiment 

d = 105.33208 
B = 1/5 
NA = 0.55 
Bf = 28.62263 
L = 1200 

1. -821.91920 23.OOOOO 1.50839 
2 -391.93385 20.81278 
3 334.3O413 2O.OOOOO 1.50839 
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1/(pL=0.152 for the object-side lens surface of the positive 
lens L and 1/(pL=0.709 for the object-side lens surface of 
the positive lens Lea, thus Satisfying the condition (21). In 
the third embodiment, 1/(pL=0.149 for the object-side lens 
Surface of the positive lens Le thus Satisfying the condition 
(21). In the fourth embodiment, 1/(pL=0.153 for the object 
side lens Surface of the positive lens Le and 1/(pL=1.36 for 
the object-side lens Surface of the positive lens Lea, thus 
satisfying the condition (21). In the fifth embodiment, 
1/(pL=0.153 for the object-side lens surface of the positive 
lens Le, thus satisfying the condition (21). In the sixth 
embodiment, 1/(pL=0.154 for the object-side lens surface of 
the positive lens Le thus Satisfying the condition (21). 
Therefore, the sixth lens group G in each embodiment is 
composed of three or less lenses having the lens Surface(s) 
Satisfying the condition (21). 
From the above values of specifications for the respective 

embodiments, it is understood that the telecentricity is 
achieved on the object side (on the reticle Side) and on the 
image side (on the wafer Side) while maintaining a relatively 
wide exposure area and a large numerical aperture in each 
embodiment. 

FIG. 9, FIG. 10, FIG. 11, FIG. 12, FIG. 13, and FIG. 14 
show aberration diagrams of various aberrations in the first 
to the Sixth embodiments according to the present invention. 

Here, in each aberration diagram, NA represents the 
numerical aperture of the projection optical System and Y the 
image height. In each aberration diagram of astigmatism, the 
dotted line represents a meridional image Surface 
(meridional image Surface) and the Solid line a Sagittal 
image Surface (Sagittal image Surface). 
From the comparison of the aberration diagrams, it is seen 

that the various aberrations are corrected in a good balance 
in each embodiment, particularly the distortion is corrected 
very well over the entire image up to a nearly Zero State and 
the high-resolving-power projection optical System is 
achieved with a large numerical aperture. 

Although the above embodiments showed the examples 
where the excimer laser for Supplying the light of 248.4 nm 
was used as a light Source, it is needless to mention that, 
without a need to be limited to the examples, the present 
invention can be applied to Systems using extreme ultravio 
let light Sources Such as an excimer laser for Supplying the 
light of 193 nm, mercury arc lamps for Supplying the light 
of the g-line (436 nm) or the i-line (365 nm), or light sources 
for Supplying the light in the ultraViolet region other than 
those. 

In the embodiments neither of the lenses constituting the 
projection optical System is a compound lens, and either of 
them is made of a single optical material, i.e., of quartz 
(SiO2). Here, a cost reduction can be achieved because a 
Single optical material forms each lens in the above embodi 
ments. However, if the exposure light has a certain half 
width, a chromatic aberration can be corrected by a combi 
nation of quartz (SiO) and fluorite (CaF) or by a combi 
nation of other optical materials. Further, if the exposure 
light Source Supplies the exposure light in a wide band, the 
chromatic aberration can be corrected by a combination of 
plural types of optical materials. 
AS described above, the exposure apparatus relating to the 

present invention has achieved the projection optical SyS 
tems which are bitelecentric optical Systems with a relatively 
wide exposure area kept and which are high-resolving 
power projection optical Systems in which the various 
aberrations are corrected in a good balance and which have 
a large numerical aperture. Particularly, the distortion is 
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corrected very well in the projection optical Systems of the 
present invention. Accordingly, the present invention can 
enjoy an extreme reduction of image Stress, because the 
distortion is also corrected very well in addition to the 
achievement of the bitelecentricity. 
From the invention thus described, it will be obvious that 

the invention may be varied in many way. Such variations 
are not to be regarded as a departure from the Spirit and 
Scope of the invention, and all Such modifications as would 
be obvious to one skilled in the art are intended to be 
included within the Scope of the following claims. 
The basic Japanese Application No. 6-311050 (311050/ 

1994) filed on Dec. 14, 1994 is hereby incorporated by 
reference. 
What is claimed is: 
1. A projection optical System located between a first 

object and a Second object, for projecting an image of the 
first object onto the Second object, Said projection optical 
System having: 

a first lens group with positive refracting power, Said first 
lens group being placed between the first and Second 
objects, 

a Second lens group with negative refracting power, Said 
Second lens group being placed between said first lens 
group and the Second object; 

a third lens group with positive refracting power, Said 
third lens group being placed between Said Second lens 
group and the Second object; 

a fourth lens group with negative refracting power, Said 
fourth lens group being placed between said third lens 
group and the Second object; 

a fifth lens group with positive refracting power, said fifth 
lens group being placed between said fourth lens group 
and the Second object; and 

a sixth lens group with positive refracting power, Said Six 
lens group being placed between Said fifth lens group 
and the Second object, 

wherein Said first lens group includes at least two positive 
lenses, Said third lens group includes at least three 
positive lenses, Said fourth lens group includes at least 
three negative lenses, Said fifth lens group includes at 
least five positive lenses and at least one negative lens, 
and Said Sixth lens group includes at least one positive 
lens, 

wherein Said Second lens group comprises a front lens 
placed as closest to the first object and having negative 
refracting power with a concave Surface to the Second 
object, a rear lens placed as closest to the Second object 
and having negative refracting power with a concave 
Surface to the first object, and an intermediate lens 
group placed between Said front and rear lenses in Said 
Second lens group, and 

wherein Said intermediate lens group has a first lens with 
positive refracting power, a Second lens with negative 
refracting power, a third lens with negative refracting 
power, and a fourth lens with negative refracting power 
in the named order from the first object toward the 
Second object. 

2. A projection optical System according to claim 1, 
wherein the first lens with positive refracting power in Said 
intermediate lens group in Said Second lens group has a lens 
shape with a conveX Surface to the Second object. 

3. A projection optical System according to claim 2, 
wherein Said fourth lens group comprises a front lens placed 
as closest to the first object and having negative refracting 
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power with a concave Surface to the Second object, a rear 
lens placed as closest to the Second object and having 
negative refracting power with a concave Surface to the first 
object, and at least one negative lens placed between said 
front lens in Said fourth lens group and Said rear lens in Said 
fourth lens group. 

4. A projection optical System according to claim 3, 
wherein Said fifth lens group comprises a negative meniscus 
lens, and a positive lens placed as adjacent to a concave 
Surface of Said negative meniscus lens and having a convex 
Surface opposed to the concave Surface of Said negative 
meniscus lens. 

5. A projection optical System according to claim 4, 
wherein Said negative meniscus lens and Said positive lens 
adjacent to the concave Surface of Said negative meniscus 
lens are placed between positive lenses in Said fifth lens 
grOup. 

6. A projection optical System according to claim 5, 
wherein Said fifth lens group comprises a negative lens 
placed as closest to the Second object and having a concave 
Surface opposed to the Second object. 

7. A method for fabricating at least Semiconductor devices 
or liquid crystal display devices by using a projection optical 
System according to claim 5, comprising the Steps of: 

illuminating a mask prepared as Said first object with light 
of a predetermined wavelength, Said mask being 
formed with a predetermined pattern thereon, and 

projecting an image of the pattern on Said mask onto a 
photosensitive Substrate prepared as Said Second object 
through Said projection optical System, thereby per 
forming an exposure process. 

8. A projection optical System according to claim 6, 
wherein Said Sixth lens group comprises a lens placed as 
closest to the first object and having a conveX Surface 
opposed to the first object. 

9. A method for fabricating at least semiconductor devices 
or liquid crystal display devices by using a projection optical 
System according to claim 8, comprising the Steps of: 

illuminating a mask prepared as Said first object with light 
of a predetermined wavelength, Said mask being 
formed with a predetermined pattern thereon, and 

projecting an image of the pattern on Said mask onto a 
photosensitive Substrate prepared as Said Second object 
through Said projection optical System, thereby per 
forming an exposure process. 

10. A projection optical System according to claim 1, 
wherein Said fourth lens group comprises a front lens placed 
as closest to the first object and having negative refracting 
power with a concave Surface to the Second object, a rear 
lens placed as closest to the Second object and having a 
negative refracting power with a concave Surface to the first 
object, and at least one negative lens placed between said 
front lens in Said fourth lens group and Said rear lens in Said 
fourth lens group. 

11. A projection optical System according to claim 1, 
wherein Said fifth lens group comprises a negative meniscus 
lens, and a positive lens placed as adjacent to a concave 
Surface of Said negative meniscus lens and having a convex 
Surface opposed to the concave Surface of Said negative 
meniscus lens. 

12. A method for fabricating at least Semiconductor 
devices or liquid crystal display devices by using a projec 
tion optical System according to claim 1, comprising the 
Steps of: 

illuminating a mask prepared as Said first object with light 
of a predetermined wavelength, Said mask being 
formed with a predetermined pattern thereon, and 
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projecting an image of the pattern on Said mask onto a 

photosensitive Substrate prepared as Said Second object 
through Said projection optical System, thereby per 
forming an exposure process. 

13. A projection optical System located between a first 
object and a Second object, Said projection optical System 
having a first lens group with positive refracting power, a 
Second lens group with negative refracting power, a third 
lens group with positive refracting power, a fourth lens 
group with negative refracting power, a fifth lens group with 
positive refracting power, and a Sixth lens group with 
positive refracting power in the named order from the first 
object toward the Second object, 

wherein Said first lens group includes at least two positive 
lenses, Said third lens group includes at least three 
positive lenses, Said fourth lens group includes at least 
three negative lenses, Said fifth lens group includes at 
least five positive lenses and at least one negative lens, 
and Said Sixth lens group includes at least one positive 
lens, 

wherein Said Second lens group comprises a front lens 
placed as closest to the first object and having negative 
refracting power with a concave Surface to the Second 
object, a rear lens placed as closest to the Second object 
and having negative refracting power with a concave 
Surface to the first object, and an intermediate lens 
group placed between Said front and rear lenses in Said 
Second lens group, 

wherein Said intermediate lens group has a first lens with 
positive refracting power, a Second lens with negative 
refracting power, a third lens with negative refracting 
power, and a fourth lens with negative refracting power 
in the named order from the first object toward the 
Second object, and 

wherein the following conditions are Satisfied when a 
focal length of Said first lens group is f, a focal length 
of Said Second lens group is f, a focal length of Said 
third lens group is f, a focal length of Said fourth lens 
group is f, a focal length of Said fifth lens group is fs, 
a focal length of Said Sixth lens group is f, an overall 
focal length of Said Second lens to Said fourth lens in 
Said intermediate lens group in Said Second lens group 
is f, and a distance from the first object to the Second 
object is L: 

14. A projection optical System according to claim 13, 
wherein the following condition is Satisfied when an axial 
distance from the first object to a first-object-side focal point 
of the whole of Said projection optical System is I and the 
distance from the first object to the second object is L. 

15. A projection optical System according to claim 14, 
therein wherein the following condition is satisfied when a 
focal length of Said third lens with negative refracting power 
in Said Second lens group is f and a focal length of Said 
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fourth lens with negative refracting power in Said interme 
diate lens group in Said Second lens group is f: 

16. A projection optical System according to claim 15, 
wherein the following condition is Satisfied when a focal 
length of Said Second lens with negative refracting power in 
Said intermediate lens group in Said Second lens group is fa 
and a focal length of Said third lens with negative refracting 
power in Said intermediate lens group in Said Second lens 
group is fas: 

0.01<fffs.<10. 

17. A projection optical System according to claim 16, 
wherein the following condition is Satisfied when a focal 
length of Said first lens with positive refracting power in Said 
intermediate lens group in Said Second lens group is f. and 
the distance from the first object to the second object is L: 

18. A method for fabricating at least semiconductor 
devices or liquid crystal display devices by using a projec 
tion optical System according to claim 16, comprising the 
Steps of: 

illuminating a mask prepared as Said first object with light 
of a predetermined wavelength, Said mask being 
formed with a predetermined pattern thereon, and 

projecting an image of the pattern on Said mask onto a 
photosensitive Substrate prepared as Said Second object 
through Said projection optical System, thereby per 
forming an eXposure proceSS. 

19. A projection optical System according to claim 13, 
wherein Said intermediate lens group in Said Second lens 
group has negative refracting power. 

20. A projection optical System according to claim 13, 
wherein the following condition is satisfied when the focal 
length of Said Second lens group is f and the distance from 
the first object to the second object is L. 

21. A projection optical System according to claim 13, 
wherein the following condition is Satisfied when a focal 
length of Said front lens placed as closest to the first object 
in Said Second lens group and having negative refracting 
power with a concave Surface to the Second object is f. and 
a focal length of Said rear lens placed as closest to the Second 
object in Said Second lens group and having negative refract 
ing power with a concave Surface to the first object is f: 

Osfeff318. 

22. A projection optical System according to claim 13, 
wherein the following condition is Satisfied when a focal 
length of Said third lens with negative refracting power in 
Said Second lens group is f and a focal length of Said fourth 
lens with negative refracting power in Said intermediate lens 
group in Said Second lens group is f: 

23. A projection optical System according to claim 13, 
wherein the following condition is Satisfied when a focal 
length of Said Second lens with negative refracting power in 
Said intermediate lens group in Said Second lens group is fa 
and a focal length of Said third lens with negative refracting 
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power in Said intermediate lens group in Said Second lens 
group is fa: 

24. A projection optical System according to claim 13, 
wherein the following condition is Satisfied when an axial 
distance from a Second-object-side lens Surface of Said 
fourth lens with negative refracting power in Said interme 
diate lens group in Said Second lens group to a first-object 
Side lens Surface of Said rear lens in Said Second lens group 
is D and the distance from the first object to the second 
object is L: 

25. A projection optical System according to claim 13, 
wherein Said first lens with positive refracting power in Said 
intermediate lens group in Said Second lens group has a lens 
shape with a conveX Surface to the Second object, and 

wherein the following condition is satisfied when the 
refracting power of a Second-object-side lens Surface of 
Said first lens with positive refracting power in Said 
intermediate lens group in Said Second lens group is 
do and the distance from the first object to the Second 
object is L: 

26. A projection optical System according to claim 13, 
wherein the following condition is Satisfied when a focal 
length of Said first lens with positive refracting power in Said 
intermediate lens group in Said Second lens group is f and 
the distance from the first object to the second object is L: 

27. A projection optical System according to claim 13, 
wherein the following condition is satisfied when the focal 
length of Said fourth lens group is f and the distance from 
said the first object to the second object is L. 

-0.098<f/L-0.005. 

28. A projection optical System according to claim 13, 
wherein Said fourth lens group comprises a front lens placed 
as closest to the first object and having negative refracting 
power with a concave Surface to the Second object, a rear 
lens placed as closest to the Second object and having 
negative refracting power with a concave Surface to the first 
object, and at least one negative lens placed between Said 
front lens in Said fourth lens group and Said rear lens in Said 
fourth lens group, and 

wherein the following condition is Satisfied when a radius 
of curvature on the first object Side in Said rear lens 
places as closest to the Second object in Said fourth lens 
group is r and a radius of curvature on the Second 
object Side in Said rear lens placed as closest to the 
Second object in Said fourth lens group is r. 

-1.00s (ra-ra)/(ra-ra)<0. 

29. A projection optical System according to claim 13, 
wherein Said fifth lens group comprises a negative meniscus 
lens, and a positive lens placed as adjacent to a concave 
Surface of Said negative meniscus lens and having a convex 
Surface opposed to the concave Surface of Said negative 
meniscus lens, and 

wherein the following condition is Satisfied when a radius 
of curvature of the concave Surface of Said negative 
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meniscus lens in Said fifth lens group is rs, and a radius 
of curvature of the conveX Surface opposed to the 
concave Surface of Said negative meniscus lens in Said 
positive lens placed adjacent to the concave Surface of 
Said negative meniscus lens in Said fifth lens group is 

30. A projection optical System according to claim 29, 
wherein Said negative meniscus lens and Said positive lens 
adjacent to the concave Surface of Said negative meniscus 
lens are placed between positive lenses in Said fifth lens 
grOup. 

31. A projection optical System according to claim 13, 
wherein Said fifth lens group comprises a negative lens 
placed as closest to the Second object and having a concave 
Surface opposed to the Second object, and 

wherein the following condition is Satisfied when a radius 
of curvature on the first object Side in Said negative lens 
closest to the Second object in Said fifth lens group is rs 
and a radius of curvature on the Second object Side in 
Said negative lens closest to the Second object in Said 
fifth lens group is rs: 

32. A projection optical System according to claim 13, 
wherein Said fifth lens group comprises a negative lens 
placed as closest to the Second object and having a concave 
Surface opposed to the Second object and Said Sixth lens 
group comprises a lens placed as closest to the first object 
and having a conveX Surface opposed to the first object, and 

wherein the following condition is Satisfied when a radius 
of curvature on the Second object Side, of Said negative 
lens placed as closest to the Second object in Said fifth 
lens group is rs and a radius of curvature on the first 
object Side, of Said lens placed as closest to the first 
object in Said Sixth lens group is re. 

33. A projection optical System according to claim 13, 
wherein the following condition is Satisfied when a lens 
group Separation between Said fifth lens group and Said Sixth 
lens group is ds and the distance from the first object to the 
Second object is L. 

dise/L-0.017. 

34. A projection optical System according to claim 13, 
wherein the following condition is Satisfied when a radius of 
curvature of a lens Surface closest to the first object in Said 
Sixth lens group is r and an axial distance from the lens 
Surface closest to the first object in Said Sixth lens group to 
the Second object is d: 

35. A projection optical System according to claim 13, 
wherein Said Sixth lens group comprises three or less lenses 
having at least one Surface Satisfying the following condi 
tion: 

where d: refracting power of the lens Surface; 
L: object-image distance from the first object to the 

Second object. 
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36. A projection optical System according to claim 13, 

wherein a magnification of Said projection optical System is 
5:1. 

37. A method for fabricating at least semiconductor 
devices or liquid crystal display devices by using a projec 
tion optical System according to claim 13, comprising the 
Steps of 

illuminating a mask prepared as Said first object with light 
of a predetermined wavelength, Said mask being 
formed with a predetermined pattern thereon, and 

projecting an image of the pattern on Said mask onto a 
photosensitive Substrate prepared as Said Second object 
through Said projection optical System, thereby per 
forming an exposure process. 

38. A projection optical System according to claim 13, 
wherein Said fifth lens group comprises a negative lens 
placed as closest to the Second object and having a concave 
Surface opposed to the Second object. 

39. A projection optical System according to claim 38, 
wherein the following condition is Satisfied when a lens 
group Separation between Said fifth lens group and Said Sixth 
lens group is dise and the distance from the first object to the 
Second object is L. 

dise/L-0.017. 

40. A projection optical System according to claim 38, 
wherein the following condition is Satisfied when a radius of 
curvature of a lens Surface closest to the first object in Said 
Sixth lens group is r and an axial distance from the lens 
Surface closest to the first object in Said Sixth lens group to 
the Second object is do: 

41. A projection optical System according to claim 38, 
wherein Said Sixth lens group comprises three or less lenses 
having at least one Surface Satisfying the following condi 
tion: 

1/(pL420. 

where do: refracting power of the lens Surface; 
L: 

object-image distance from the first object to the Second 
object. 

42. An exposure apparatus comprising: 
a stage allowing a photoSensitive Substrate to be held on 

a main Surface thereof; 
an illumination optical System for emitting exposure light 

of a predetermined wavelength and transferring a pre 
determined pattern on a mask onto the Substrate; and 

a projecting optical System for projecting an image of the 
mask, on the Substrate Surface, Said projecting optical 
System having: 
a first lens group with positive refracting power, Said 

first lens group being placed between the mask and 
the main Surface of Said Stage; 

a Second lens group with negative refracting power, 
Said Second lens group being placed between Said 
first lens group and the main Surface of Said Stage; 

a third lens group with positive refracting power, Said 
third lens groups being placed between said Second 
lens group and the main Surface of Said Stage; 

a fourth lens group with negative refracting power, Said 
fourth lens group being placed between said third 
lens group and the main Surface of Said Stage; 



US RE38,465 E 
33 

a fifth lens group with positive refracting power, Said 
fifth lens group being placed between Said fourth 
lens group and the main Surface of Said Stage, and 

a sixth lens group, Said Sixth lens group being placed 
between Said fifth lens group and the main Surface of 5 
Said Stage, 

wherein Said first lens group includes at least two 
positive lenses, Said third lens group includes at least 
three positive lenses, Said fourth lens group includes 
at least three negative lenses, Said fifth lens group 
includes at least five positive lenses and at least one 
negative lens, and Said Sixth lens group includes at 
least one positive lens, 

wherein Said Second lens group comprises a front lens 
placed as closest to the first object and having a 
negative refracting power with a concave Surface to 
the Second object, a rear lens as closest to the Second 
object and having negative refracting power with a 
concave Surface to the first object, and an interme 
diate lens group placed between said front and rear 
lenses in Said Second lens group, and 

wherein Said intermediate lens group has a first lens 
with positive refracting power, a Second lens with 
negative refracting power, a third lens with negative 
refracting power, and a fourth lens with negative 
refracting power in the named order from the first 
object toward the Second object. 

43. An exposure apparatus according to claim 42, 
wherein the following conditions are Satisfied when a 

focal length of Said first lens group is f, a focal length 
of said Second lens group is f, a focal length of Said 
third lens group is f, a focal length of Said fourth lens 
group is f, a focal length of Said fifth lens group is fs, 
a focal length of Said Sixth lens group is f, an overall 
focal length of Said Second lens to Said fourth lens in 
Said intermediate lens group in Said Second lens group 
is f, and a distance from the first object to the Second 
object is L: 

44. A projection optical System located between a first 
object and a Second object, for projecting an image of the 
first object onto the Second object, Said projection optical 
System having: 

a first lens group with positive refracting power, Said first 
lens group being placed between the first and Second 
objects, 

a Second lens group with negative refracting power, Said 
Second lens group being placed between Said first lens 
group and the Second object; 

a third lens group with positive power, Said third lens 
group being placed between Said Second lens group and 
the Second object; 

a fourth lens group with negative refracting power, Said 
fourth lens group being placed between said third lens 
group and the Second object; 

a fifth lens group with positive refracting power, Said fifth 
lens group being placed between said fourth lens group 
and the Second object; and 

15 

25 

35 

40 

45 

50 

55 

60 

65 

34 
a sixth lens group with positive refracting power, Said Six 

lens group being placed between Said fifth lens group 
and the Second object, 

wherein Said first lens group includes at least two positive 
lenses, Said third lens group includes at least three 
positive lenses, Said fourth lens group includes at least 
three negative lenses, Said fifth lens group includes at 
least five positive lenses and at least one negative lens, 
and Said Sixth lens group includes at least one positive 
lens, and 

wherein Said fifth lens group comprises a negative menis 
cus lens, and a positive lens placed as adjacent to a 
concave Surface of Said negative meniscus lens and 
having a conveX Surface opposed to the concave Sur 
face of Said negative meniscus lens. 

45. A projection optical System according to claim 44, 
wherein Said negative meniscus lens and Said positive lens 
adjacent to the concave Surface of Said negative meniscus 
lens are placed between positive lenses in Said fifth lens 
grOup. 

46. A projection optical System according to claim 45, 
wherein the following condition is Satisfied when an axial 
distance from the first object to a first-object-side focal point 
of the whole of Said projection optical System is I and the 
distance from the first object to the second object is L. 

47. A projection optical System according to claim 46, 
wherein Said fourth lens group comprises a front lens placed 
as closest to the first object and having negative refracting 
power with a concave Surface to the Second object, a rear 
lens placed as closest to the Second object and having 
negative refracting power with a concave Surface to the first 
object, and at least one negative lens placed between Said 
front lens in Said fourth lens group and Said rear lens in Said 
fourth lens group. 

48. A projection optical System according to claim 47, 
wherein Said Second lens group comprises a front lens 

placed as closest to the first object and having negative 
refracting power with a concave Surface to the Second 
object, a rear lens placed as closest to the Second object 
and having negative refracting power with a concave 
Surface to the Second object and having negative 
refracting power with a concave Surface to the first 
object, and an intermediate lens group placed between 
Said front and rear lenses in Said Second lens group, 

wherein Said intermediate lens group has a first lens with 
positive refracting power, a Second lens with negative 
refracting power, a third lens with negative refracting 
power, and a fourth lens with negative refracting power 
in the named order from the first object toward the 
Second object, and 

wherein the following conditions are Satisfied when a 
focal length of Said first lens group is f, a focal length 
of Said Second lens group is f, a focal length of Said 
third lens group is f, a focal length of Said fourth lens 
group is f, a focal length of Said fifth lens group is fs, 
a focal length of Said Sixth lens group is f, an overall 
focal length of Said Second lens to Said fourth lens in 
Said intermediate lens group in Said Second lens group 
is f, and a distance from the first object to the Second 
object is L: 
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49. A projection optical System according to claim 48, 
wherein the following condition is Satisfied when a focal 
length of Said third lens with negative refracting power in 
Said Second lens group is f and a focal length of Said fourth 
lens with negative refracting power in Said intermediate lens 
group in Said Second lens group is f: 

50. A projection optical System according to claim 49, 
wherein the following condition is Satisfied when a focal 
length of Said Second lens with negative refracting power in 
said intermediate lens group in said Second lens group is fa 
and a focal length of Said third lens with negative refracting 
power in Said intermediate lens group in Said Second lens 
group is fas: 

0.01<faffs.<10. 

51. A projection optical System according to claim 49 
48, wherein the following condition is satisfied when a focal 
length of Said Second lens with negative refracting power in 
Said intermediate lens group in Said Second lens group is fa 
and a focal length of Said third lens with negative refracting 
power in Said intermediate lens group in Said Second lens 
group is fas: 

0.01<fffs.<10. 

52. A projection optical system according to claim 50, 
wherein the following condition is Satisfied when a focal 
length of Said first lens with positive refracting power in Said 
intermediate lens group in Second lens group is f. and the 
distance from the first object to the second object is L. 

53. A projection optical system according to claim 50 
48, wherein the following condition is satisfied when a focal 
length of Said first lens with positive refracting power in Said 
intermediate lens group in Said Second lens group is f. and 
the distance from the first object to the second object is L: 

54. A method for fabricating at least semiconductor 
devices or liquid crystal display devices by using a projec 
tion optical System according to claim 50, comprising the 
Steps of: 

illuminating a mask prepared as Said first object with light 
of a predetermined wavelength, Said mask being 
formed with a predetermined pattern thereon, and 

projecting an image of the pattern on Said mask onto a 
photosensitive Substrate prepared as Said Second object 
through Said projection optical System, thereby per 
forming an exposure process. 

55. A projection optical System according to claim 46, 
wherein Said Second lens group comprises a front lens 

placed as closest to the first object and having negative 
refracting power with a concave Surface to the Second 
object, a rear lens placed as closest to the Second object 
and having negative refracting power with a concave 
Surface to the first object, and an intermediate lens 
group placed between Said front and rear lenses in Said 
Second lens group, 
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wherein Said intermediate lens group has a first lens with 

positive refracting power, a Second lens with negative 
refracting power, a third lens with negative refracting 
power, and a fourth lens with negative refracting power 
in the named order from the first object toward the 
Second object, and 

wherein the following conditions are Satisfied when a 
focal length of Said first lens group is f, a focal length 
of Said Second lens group is f, a focal length of Said 
third lens group is f, a focal length of Said fourth lens 
group is f, a focal length of Said fifth lens group is fs, 
a focal length of Said Sixth lens group is f, an overall 
focal length of Said Second lens to Said fourth lens in 
Said intermediate lens group in Said Second lens group 
is f, and a distance from the first object to the Second 
object is L: 

56. A projection optical System according to claim 55, 
wherein the following condition is Satisfied when a focal 
length of Said third lens with negative refracting power in 
Said Second lens group is f and a focal length of Said fourth 
lens with negative refracting power in Said intermediate lens 
group in Said Second lens group is f: 

57. A projection optical System according to claim 47, 
wherein Said fifth lens group comprises a negative lens 
placed as closest to the Second object and having a concave 
Surface opposed to the Second object. 

58. A projection optical system according to claim 57, 
wherein the following condition is Satisfied when a radius of 
curvature of a lens Surface closest to the first object in Said 
Sixth lens group is r and an axial distance from the lens 
Surface closest to the first object in Said Sixth lens group to 
the Second object is d: 

0.50<defree-1.50. 

59. A method for fabricating at least semiconductor 
devices or liquid crystal display devices by using a projec 
tion optical System according to claim 58, comprising the 
Steps of 

illuminating a mask prepared as Said first object with light 
of a predetermined wavelength, Said mask being 
formed with a predetermined pattern thereon, and 

projecting an image of the pattern on Said mask onto a 
photosensitive Substrate prepared as Said Second object 
through Said projection optical System, thereby per 
forming an exposure process. 

60. A projection optical System according to claim 58, 
wherein Said Second lens group comprises a front lens 

placed as closest to the first object and having negative 
refracting power with a concave Surface to the Second 
object, a rear lens placed as closest to the Second object 
and having negative refracting power with a concave 
Surface to the first object, and an intermediate lens 
group placed between Said front and rear lenses in Said 
Second lens group, 
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wherein Said intermediate lens group has a first lens with 
positive refracting power, a Second lens with negative 
refracting power, a third lens with negative refracting 
power, and a fourth lens with negative refracting power 
in the named order from the first object toward the 
Second object, and 

wherein the following conditions are Satisfied when a 
focal length of Said first lens group is f, a focal length 
of Said Second lens group is f, a focal length of Said 
third lens group is f, a focal length of Said fourth lens 
group is f, a focal length of Said fifth lens group is fs, 
a focal length of Said Sixth lens group is f, an overall 
focal length of Said Second lens to Said fourth lens in 
Said intermediate lens group in Said Second lens group 
is f, and a distance from the first object to the Second 
object is L: 

61. A projection optical System according to claim 60, 
wherein the following condition is Satisfied when a focal 
length of Said third lens with negative refracting power in 
Said Second lens group is f and a focal length of Said fourth 
lens with negative refracting power in Said intermediate lens 
group in Said Second lens group is f: 

62. A projection optical System according to claim 61, 
wherein the following condition is Satisfied when a focal 
length of Said Second lens with negative refracting power in 
Said intermediate lens group in Said Second lens group is fa 
and a focal length of Said third lens with negative refracting 
power in Said intermediate lens group in Said Second lens 
group is fa: 

0.01<faffs.<10. 

63. A projection optical System according to claim 62, 
wherein the following condition is Satisfied when a focal 
length of Said first lens with positive refracting power in Said 
intermediate lens group in Said Second lens group is f. and 
the distance from the first object to the second object is L: 

64. A method for fabricating at least Semiconductor 
devices or liquid crystal display devices by using a projec 
tion optical System according to claim 44, comprising the 
Steps of: 

illuminating a mask prepared as Said first object with light 
of a predetermined wavelength, Said mask being 
formed with a predetermined pattern thereon, and 

projecting an image of the pattern on Said mask onto a 
photosensitive Substrate prepared as Said Second object 
through Said projection optical System, thereby per 
forming an exposure process. 

65. A projection optical System located between a first 
object and a Second object, for projecting an image of the 
first object onto the Second object, Said projection optical 
System having: 

a first lens group with positive refracting power, Said first 
lens group being placed between the first and Second 
objects, 
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a Second lens group with negative refracting power, Said 

Second lens group being placed between said first lens 
group and the Second object; 

a third lens group with positive refracting power, Said 
third lens group being placed between Said Second lens 
group and the Second object; 

a fourth lens group with negative refracting power, Said 
fourth lens group being placed between said third lens 
group and the Second object; 

a fifth lens group with positive refracting power, Said fifth 
lens group being placed between said fourth lens group 
and the Second object; and 

a Sixth lens group with positive refracting power, Said 
Sixth lens group being placed between Said fifth lens 
group and the Second object, 

wherein Said first lens group includes at least two positive 
lenses, Said third lens group includes at least three 
positive lenses, Said fourth lens group includes at least 
three negative lenses, Said fifth lens group includes at 
least five positive lenses and at least one negative lens, 
and Said Sixth lens group includes at least one positive 
lens, 

wherein Said fourth lens group comprises a front lens 
placed as closest to the first object and having negative 
refracting power with a concave Surface to the Second 
object, a rear lens placed as closest to the Second object 
and having negative refracting power with a concave 
Surface to the first object, and at least one negative lens 
placed between Said front lens in Said fourth lens group 
and Said rear lens in Said fourth lens group, and 

wherein the following condition is Satisfied when a radius 
of curvature on the first object Side in said rear lens 
placed as closest to the Second object in Said fourth lens 
group is r and a radius of curvature on the Second 
object Side in Said rear lens placed as closest to the 
Second object in Said fourth lens group is r. 

-1.00s (ra-ra)/(ra-ra)<0. 

66. A method for fabricating at least Semiconductor 
devices or liquid crystal display devices by using a projec 
tion optical System according to claim 65, comprising the 
Steps of 

illuminating a mask prepared as Said first object with light 
of a predetermined wavelength, Said mask being 
formed with a predetermined pattern thereon, and 

projecting an image of the pattern on Said mask onto a 
photosensitive Substrate prepared as Said Second object 
through Said projection optical System, thereby per 
forming an exposure process. 

67. A projection optical System according to claim 65, 
wherein Said fifth lens group comprises a negative meniscus 
lens, and a positive lens places as adjacent to a concave 
Surface of Said negative meniscus lens and having a convex 
Surface opposed to the concave Surface of Said negative 
meniscus lens, and 

wherein the following condition is Satisfied when a radius 
of curvature of the concave Surface of Said negative 
meniscus lens in Said fifth lens group is rs, and a radius 
of curvature of the conveX Surface opposed to the 
concave Surface of Said negative meniscus lens in Said 
positive lens placed adjacent to the concave Surface of 
Said negative meniscus lens in Said fifth lens group is 
Is: 
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68. A projection optical System according to claim 67, 
wherein Said negative meniscus lens and Said positive lens 
adjacent to the concave Surface of Said negative meniscus 
lens are placed between positive lenses in Said fifth lens 
grOup. 

69. A method for fabricating at least semiconductor 
devices or liquid crystal display devices by using a projec 
tion optical System according to claim 68, comprising the 
Steps of: 

illuminating a mask prepared as Said first object with light 
of a predetermined wavelength, Said mask being 
formed with a predetermined pattern thereon, and 

projecting an image of the pattern on Said mask onto a 
photosensitive Substrate prepared as Said Second object 
through Said projection optical System, thereby per 
forming an exposure process. 

70. An exposure apparatus comprising: 
a stage allowing a photoSensitive Substrate to be held on 

a main Surface thereof; 
an illumination optical System for emitting exposure light 

of a predetermined wavelength and transferring a pre 
determined pattern on a mask onto Said Substrate, and 

a projecting optical System for projecting an image of the 
pattern on Said mask onto Said Substrate, Said projecting 
optical System being provided between Said mask and 
Said Substrate and having: 
a first lens group with positive refracting power, Said 

first lens group being placed between Said mask and 
Said Substrate; 

a Second lens group with negative refracting power, 
Said Second lens group being placed between Said 
first lens group and Said Substrate; 

a third lens group with positive refracting power, said 
third lens group being placed between said Second 
lens group and Said Substrate; 

a fourth lens group with negative refracting power, Said 
fourth lens group being placed between Said third 
lens group and Said Substrate; 

a fifth lens group with positive refracting power, Said 
fifth lens group being placed between Said fourth 
lens group and Said Substrate; and 

a sixth lens group with positive refracting power, Said 
Sixth lens group being placed between Said fifth lens 
group and Said SubStrate, 

wherein Said first lens group includes at least two 
positive lenses, Said third lens group includes at least 
three positive lenses, Said fourth lens group includes 
at least three negative lenses, Said fifth lens group 
includes at least five positive lenses and at least one 
negative lens, and Said Sixth lens group includes at 
least one positive lens, and 

wherein Said fifth lens group comprises a negative 
meniscus lens, and a positive lens placed as adjacent 
to a concave Surface of Said negative meniscus lens 
and having a conveX Surface opposed to the concave 
Surface of Said negative meniscus lens. 

71. An exposure apparatus according to claim 70, wherein 
Said negative meniscus lens and Said positive lens adjacent 
to the concave Surface of Said negative meniscus lens are 
placed between positive lenses in Said fifth lens group. 

72. A projection optical System located between a first 
object and a Second object, for projecting an image of the 
first object onto the Second object, Said projection optical 
System having: 

a first lens group with positive refracting power, and first 
lens group being placed between the first and Second 
objects, 
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a Second lens group with negative refracting power, Said 

Second lens group being placed between said first lens 
group and the Second object; 

a third lens group with positive refracting power, Said 
third lens group being placed between Said Second lens 
group and the Second object; 

a fourth lens group with negative refracting power, Said 
fourth lens group being placed between said third lens 
group and the Second object; 

a fifth lens group with positive refracting power, Said fifth 
lens group being placed between said fourth lens group 
and the Second object; and 

a sixth lens group with positive refracting power, Said Six 
lens group being placed between Said fifth lens group 
and the Second object, 

wherein Said first lens group includes at least two positive 
lenses, Said third lens group includes at least three 
positive lenses, Said fourth lens group includes at least 
three negative lenses, Said fifth lens group includes at 
least five positive lenses and at least one negative lens, 
and Said Sixth lens group includes at least one positive 
lens, 

wherein Said Second lens group comprises a front lens 
placed as closest to the first object and having negative 
refracting power with a concave Surface to the Second 
object, a rear lens placed as closest to the Second object 
and having negative refracting power with a concave 
Surface to the first object, and an intermediate lens 
group placed between Said front and rear lenses in Said 
Second lens group, and 

wherein Said intermediate lens group includes a positive 
lens and a negative lens. 

73. A projection optical System according to claim 72, 
wherein the following condition is Satisfied when an axial 
distance from the first object to a first-object-side focal point 
of the whole of Said projection optical System is I and the 
distance from the first object to the second object is L. 

74. A projection optical System according to claim 73, 
wherein Said fourth lens group comprises a front lens placed 
as closest to the first object and having negative refracting 
power with a concave Surface to the Second object, a rear 
lens placed as closest to the Second object and having 
negative refracting power with a concave Surface to the first 
object, and at least one negative lens placed between Said 
front lens in Said fourth lens group and Said rear lens in Said 
fourth lens group. 

75. A projection optical System according to claim 73, 
wherein Said fifth lens group comprises a negative meniscus 
lens, and a positive lens placed as adjacent to a concave 
Surface of Said negative meniscus lens and having a convex 
Surface opposed to the concave Surface of Said negative 
meniscus lens. 

76. A projection optical System according to claim 75, 
wherein Said negative meniscus lens and Said positive lens 
adjacent to the concave Surface of Said negative meniscus 
lens are placed between positive lenses in Said fifth lens 
grOup. 

77. A projection optical System according to claim 76, 
wherein Said fifth lens group comprises a negative lens 
placed as closest to the Second object and having a concave 
Surface opposed to the Second object. 

78. A projection optical system according to claim 77, 
wherein Said Sixth lens group comprises a lens placed as 
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closest to the first object and having a conveX Surface 
opposed to the first object. 

79. A projection optical System according to claim 74, 
wherein Said fifth lens group comprises a negative meniscus 
lens, and a positive lens placed as adjacent to a concave 
Surface of Said negative meniscus lens and having a convex 
Surface opposed to the concave Surface of Said negative 
meniscus lens. 

80. A projection optical system according to claim 79, 
wherein Said negative meniscus lens and Said positive lens 
adjacent to the concave Surface of Said negative meniscus 
lens are placed between positive lenses in Said fifth lens 
grOup. 

81. A projection optical System according to claim 80, 
wherein Said fifth lens group comprises a negative lens 
placed as closest to the Second object and having a concave 
Surface opposed to the Second object. 

82. A method for fabricating at least semiconductor 
devices or liquid crystal display devices by using a projec 
tion optical System according to claim 80, comprising the 
Steps of: 

illuminating a mask prepared as Said first object with light 
of a predetermined wavelength, Said mask being 
formed with a predetermined pattern thereon, and 

projecting an image of the pattern on Said mask onto a 
photosensitive Substrate prepared as Said Second object 
through Said projection optical System, thereby per 
forming an exposure process. 

83. A projection optical System according to claim 81, 
wherein Said Sixth lens group comprises a lens placed as 
closest to the first object and having a conveX Surface 
opposed to the first object. 

84. A method for fabricating at least Semiconductor 
devices or liquid crystal display devices by using a projec 
tion optical System according to claim 72, comprising the 
Steps of: 

illuminating a mask prepared as Said first object with light 
of a predetermined wavelength, Said mask being 
formed with a predetermined pattern thereon, and 

projecting an image of the pattern on Said mask onto a 
photosensitive Substrate prepared as Said Second object 
through Said projection optical System, thereby per 
forming an exposure process. 

85. A method of manufacturing a projection optical Sys 
tem to project an image of a first Object Onto a Second Object, 
comprising the Steps of 

preparing a first lens group with positive power which 
includes at least two positive lenses, 

preparing a Second lens group with negative power, 
preparing a third lens group with positive power which 

includes at least three positive lenses, 
preparing a fourth lens group with negative power which 

includes at least three negative lenses; 
preparing a fifth lens group with positive power which 

includes at least five positive first lenses and at least 
One negative first lens, said fifth lens group further 
including a negative additional lens and a positive 
additional lens placed adjacent to Said negative addi 
tional lens; 

preparing a Sixth lens group with positive power which 
includes at least One positive lens, 

disposing Said first lens group in an Optical path between 
an object surface in which the first object is disposed 
and Said Second lens group, 

disposing Said Second lens group in an Optical path 
between Said first lens group and Said third lens group, 
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disposing Said third lens group in an optical path between 

Said Second lens group and Said fourth lens group, 
disposing Said fourth lens group in an Optical path 

between said third lens group and Said fifth lens group, 
disposing Said fifth lens group in an Optical path between 

Said fourth lens group and Said Sixth lens group, and 
disposing Said Sixth lens group in an optical path between 

Said fifth lens group and an image plane in which the 
Second Object is disposed. 

86. A method according to claim 85, wherein Said Step of 
disposing Said fifth lens group comprises the Step of placing 
Said negative additional lens and Said positive additional 
lens between two positive first lenses of Said at least five 
positive first lenses. 

87. A method according to claim 86, wherein Said nega 
tive additional lens in Said fifth lens group has a concave 
Surface, and Said positive additional lens in Said fifth lens 
group has a convex Surface facing the concave Surface of 
Said negative additional lens. 

88. A method according to claim 85, wherein Said nega 
tive additional lens in Said fifth lens group has a concave 
Surface, and Said positive additional lens in Said fifth lens 
group has a convex Surface facing the concave Surface of 
Said negative additional lens. 

89. A method according to claim 85, wherein Said nega 
tive additional lens in Said fifth lens group includes a 
negative meniscus lens having a concave Surface, and Said 
positive additional lens in Said fifth lens group has a convex 
Surface facing the concave Surface of Said negative meniscus 
lens. 

90. A method according to claim 86, wherein Said nega 
tive additional lens in Said fifth lens group includes a 
negative meniscus lens. 

91. A method according to claim 85, further comprising 
the Step of disposing an aperture Stop between Said negative 
additional lens of said fifth lens group and at least One of the 
three negative lenses of the fourth lens group. 

92. A method according to claim 86, further comprising 
the Step of disposing an aperture Stop between Said negative 
additional lens of said fifth lens group and at least One of the 
three negative lenses of the fourth lens group. 

93. A method according to claim 87, further comprising 
the Step of disposing an aperture Stop between Said negative 
additional lens of said fifth lens group and at least One of the 
three negative lenses of the fourth lens group. 

94. A method according to claim 88, further comprising 
the Step of disposing an aperture Stop between Said negative 
additional lens of said fifth lens group and at least One of the 
three negative lenses of the fourth lens group. 

95. A method according to claim 90, further comprising 
the Step of disposing an aperture Stop between Said negative 
additional lens of said fifth lens group and at least One of the 
three negative lenses of the fourth lens group. 

96. A method for fabricating at least a semiconductor 
device Or a liquid crystal device by using a projection 
Optical System manufactured by a method according to claim 
85, comprising the Steps of 

disposing a reticle as the first object in the object surface; 
disposing a SubStrate as the Second Object in the image 

plane, 
illuminating the reticle with light having a predetermined 

wavelength, and 
projecting an image of a pattern formed On the reticle 

Onto the SubStrate through Said projection optical Sys 
tein. 

97. A method for fabricating at least a semiconductor 
device Or a liquid crystal device by using a projection 
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Optical System manufactured by a method according to claim 
86, comprising the Steps of 

disposing a reticle as the first object in the object Surface, 
disposing a SubStrate as the Second Object in the image 

plane, 
illuminating the reticle with light having a predetermined 

wavelength, and 
projecting an image of a pattern formed On the reticle 

Onto the SubStrate through Said projection optical Sys 
tein. 

98. A method for fabricating at least a semiconductor 
device Or a liquid crystal device by using a projection 
Optical System manufactured by a method according to claim 
87, comprising the Steps of 

disposing a reticle as the first object in the object Surface, 
disposing a SubStrate as the Second Object in the image 

plane, 
illuminating the reticle with light having a predetermined 

wavelength, and 
projecting an image of a pattern formed On the reticle 

Onto the SubStrate through Said projection optical Sys 
tein. 

99. A method for fabricating at least a semiconductor 
device Or a liquid crystal device by using a projection 
Optical System manufactured by a method according to claim 
88, comprising the Steps of 

disposing a reticle as the first object in the object Surface, 
disposing a SubStrate as the Second Object in the image 

plane, 
illuminating the reticle with light having a predetermined 

wavelength, and 
projecting an image of a pattern formed On the reticle 

Onto the SubStrate through Said projection optical Sys 
tein. 

100. A method for fabricating at least a semiconductor 
device Or a liquid crystal device by using a projection 
Optical System manufactured by a method according to claim 
89, comprising the Steps of 

disposing a reticle as the first object in the object Surface, 
disposing a SubStrate as the Second Object in the image 

plane, 
illuminating the reticle with light having a predetermined 

wavelength, and 
projecting an image of a pattern formed On the reticle 

Onto the SubStrate through Said projection optical Sys 
tein. 

101. A method for fabricating at least a semiconductor 
device Or a liquid crystal device by using a projection 
Optical System manufactured by a method according to claim 
90, comprising the Steps of 

disposing a reticle as the first object in the object Surface, 
disposing a SubStrate as the Second Object in the image 

plane, 
illuminating the reticle with light having a predetermined 

wavelength, and 
projecting an image of a pattern formed On the reticle 

Onto the SubStrate through Said projection optical Sys 
tein. 

102. A method for fabricating at least a semiconductor 
device Or a liquid crystal device by using a projection 
Optical System manufactured by a method according to claim 
91, comprising the Steps of 

44 
disposing a reticle as the first object in the object surface; 
disposing a SubStrate as the Second Object in the image 

plane, 
illuminating the reticle with light having a predetermined 

5 wavelength, and 
projecting an image of a pattern formed On the reticle 

Onto the SubStrate through Said projection optical Sys 
tein. 

103. A method for fabricating at least a semiconductor 
device Or a liquid crystal device by using a projection 
Optical System manufactured by a method according to claim 
92, comprising the Steps of 

disposing a reticle as the first object in the object surface; 
15 disposing a SubStrate as the Second Object in the image 

plane, 
illuminating the reticle with light having a predetermined 

wavelength, and 
projecting an image of a pattern formed On the reticle 

Onto the SubStrate through Said projection optical Sys 
tein. 

104. A method for fabricating at least a semiconductor 
device Or a liquid crystal device by using a projection 
Optical System manufactured by a method according to claim 
93, comprising the Steps of 25 

disposing a reticle as the first object in the object surface; 
disposing a SubStrate as the Second Object in the image 

plane, 
illuminating the reticle with light having a predetermined 

wavelength, and 
projecting an image of a pattern formed On the reticle 

Onto the Substrate through Said projection optical Sys 
tein. 

105. A method for exposing a pattern formed On a reticle 
Onto a SubStrate by using a projection optical System manu 
factured by a method according to claim 85, comprising the 
Steps of 

disposing the reticle as the first object in the object 
Surface, 

disposing the SubStrate as the Second Object in the image 
plane, 

illuminating the reticle with light having a predetermined 
wavelength, and 
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projecting an image of a pattern formed On the reticle 
Onto the SubStrate through Said projection optical Sys 
tein. 

106. A method for exposing a pattern formed On a reticle 
50 Onto a SubStrate by using a projection optical System manu 

factured by a method according to claim 86, comprising the 
Steps of 

disposing the reticle as the first object in the object 
Surface, 

disposing the SubStrate as the Second Object in the image 
plane, 

illuminating the reticle with light having a predetermined 
wavelength, and 

projecting an image of a pattern formed On the reticle 
Onto the SubStrate through Said projection optical Sys 
tein. 

107. A method of manufacturing an exposure apparatus to 
expose an image of a first Object Onto a Second Object, 

65 comprising the Steps of 
providing an illumination optical System to illuminate the 

first object, and 
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providing a projection optical System to project the image 
of the first object onto the Second object, 

wherein Said projection optical System comprises. 
a first lens group with positive power, Said first lens 

group including at least two positive lenses, 
a Second lens group with negative power, 
a third lens group with positive power, Said third lens 

group including at least three positive lenses, 
a fourth lens group with negative power, Said fourth 

lens group including at least three negative lenses, 
a fifth lens group with positive power, Said fifth lens 

group including at least five positive first lenses and 
at least One negative first lens, Said fifth lens group 
further including a negative additional lens and a 
positive additional lens placed adjacent to Said 
negative additional lens, and 

a Sixth lens group with positive power, Said Sixth lens 
group including at leaSt One positive lens, 

wherein Said first lens group is disposed in an optical 
path between an object surface in which the first 
Object is disposed and Said Second lens group, 

Said Second lens group is disposed in an Optical path 
between said first lens group and Said third lens 
grOup, 

Said third lens group is disposed in an optical path 
between Said Second lens group and Said fourth lens 
grOup, 

Said fourth lens group is disposed in an Optical path 
between said third lens group and Said fifth lens 
grOup, 

Said fifth lens group is disposed in an optical path 
between Said fourth lens group and Said Sixth lens 
group, and 

Said Sixth lens group is disposed in an optical path 
between Said fifth lens group and an image plane in 
which the Second object is disposed. 

108. A method according to claim 107, wherein Said 
negative additional lens and Said positive additional lens are 
placed between two positive first lenses of Said at least five 
positive first lenses. 

109. A method according to claim 108, wherein Said 
negative additional lens placed in Said fifth lens group has 
a concave Surface, and Said positive additional lens in Said 
fifth lens group has a convex Surface facing the concave 
Surface of Said negative additional lens. 

110. A method according to claim 107, wherein Said 
negative additional lens placed in Said fifth lens group has 
a concave Surface, and Said positive additional lens in Said 
fifth lens group has a convex Surface facing the concave 
Surface of Said negative additional lens. 

111. A method according to claim 107, wherein Said 
negative additional lens in Said fifth lens group includes a 
negative meniscus lens having a concave Surface, and Said 
positive additional lens in Said fifth lens group has a convex 
Surface facing the concave Surface of Said negative meniscus 
lens. 

112. A method according to claim 107, wherein Said 
negative additional lens in Said fifth lens group includes a 
negative meniscus lens. 

113. A method according to claim 107, wherein Said 
projection optical System further comprises an aperture Stop 
disposed between said negative additional lens of Said fifth 
lens group and at least One of the three negative lenses of the 
fourth lens group. 

114. A method according to claim 108, wherein Said 
projection optical System further comprises an aperture Stop 
disposed between said negative additional lens of Said fifth 
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lens group and at least One of the three negative lenses of the 
fourth lens group. 

115. A method according to claim 109, wherein Said 
projection optical System further comprises an aperture Stop 
disposed between said negative additional lens of Said fifth 
lens group and at least One of the three negative lenses of the 
fourth lens group. 

116. A method according to claim 112, wherein Said 
projection optical System further comprises an aperture Stop 
disposed between said negative additional lens of Said fifth 
lens group and at least One of the three negative lenses of the 
fourth lens group. 

117. A method for fabricating at least a semiconductor 
device Or a liquid crystal device by using an exposure 
apparatus manufactured by a method according to claim 
107, comprising the Steps of 

disposing a reticle as the first object in the object surface; 
disposing a SubStrate as the Second Object in the image 

plane, 
illuminating the reticle with light having a predetermined 

wavelength by using Said illumination optical System of 
Said exposure apparatus, and 

projecting an image of a pattern formed On the reticle 
Onto the SubStrate through Said projection optical Sys 
tem of Said exposure apparatus. 

118. A method for fabricating at least a semiconductor 
device Or a liquid crystal device by using an exposure 
apparatus manufactured by a method according to claim 
108, comprising the Steps of 

disposing a reticle as the first object in the object surface; 
disposing a SubStrate as the Second Object in the image 

plane, 
illuminating the reticle with light having a predetermined 

wavelength by using Said illumination optical System of 
Said exposure apparatus, and 

projecting an image of a pattern formed On the reticle 
Onto the SubStrate through Said projection optical Sys 
tem of Said exposure apparatus. 

119. A method for fabricating at least a semiconductor 
device Or a liquid crystal device by using an exposure 
apparatus manufactured by a method according to claim 
109, comprising the Steps of 

disposing a reticle as the first object in the object surface; 
disposing a SubStrate as the Second Object in the image 

plane, 
illuminating the reticle with light having a predetermined 

wavelength by using Said illumination optical System of 
Said exposure apparatus, and 

projecting an image of a pattern formed On the reticle 
Onto the SubStrate through Said projection optical Sys 
tem of Said exposure apparatus. 

120. A method for fabricating at least a semiconductor 
device Or a liquid crystal device by using an exposure 
apparatus manufactured by a method according to claim 
112, comprising the Steps of 

disposing a reticle as the first object in the object surface; 
disposing a SubStrate as the Second Object in the image 

plane, 
illuminating the reticle with light having a predetermined 

wavelength by using Said illumination optical System of 
Said exposure apparatus, and 

projecting an image of a pattern formed On the reticle 
Onto the SubStrate through Said projection optical Sys 
tem of Said exposure apparatus. 
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121. A method for fabricating at least a semiconductor 
device Or a liquid crystal device by using an exposure 
apparatus manufactured by a method according to claim 
113, comprising the Steps of 

disposing a reticle as the first object in the object Surface, 5 
disposing a SubStrate as the Second Object in the image 

plane, 
illuminating the reticle with light having a predetermined 

wavelength by using Said illumination optical System of 
Said exposure apparatus, and 

projecting an image of a pattern formed On the reticle 
Onto the SubStrate through Said projection optical Sys 
tem of Said exposure apparatus. 

122. A method for fabricating at least a semiconductor 
device Or a liquid crystal device by using an exposure 
apparatus manufactured by a method according to claim 
114, comprising the Steps of 

disposing a reticle as the first object in the object Surface, 
disposing a Substrate as the Second object in the image 

plane, 
illuminating the reticle with light having a predetermined 

wavelength by using Said illumination optical System of 
Said exposure apparatus, and 

projecting an image of a pattern formed On the reticle 25 
Onto the SubStrate through Said projection optical Sys 
tem of Said exposure apparatus. 

123. A method for exposing a pattern formed On a reticle 
Onto a SubStrate by using an exposure apparatus manufac 
tured by a method according to claim 107, comprising the 
Steps of 

disposing the reticle as the first object in the object 
Surface, 

disposing the SubStrate as the Second Object in the image 
plane, 

illuminating the reticle with light having a predetermined 
wavelength by using Said illumination optical System of 
Said exposure apparatus, and 

projecting an image of a pattern formed On the reticle 
Onto the SubStrate through Said projection optical Sys 
tem of Said exposure apparatus. 

124. A method for exposing a pattern formed On a reticle 
Onto a SubStrate by using an exposure apparatus manufac 
tured by a method according to claim 108, comprising the 
Steps of 

disposing the reticle as the first object in the object 
Surface, 

disposing the SubStrate as the Second Object in the image 
plane, 

illuminating the reticle with light having a predetermined 
wavelength by using Said illumination optical System of 
Said exposure apparatus, and 

projecting an image of a pattern formed On the reticle 
Onto the SubStrate through Said projection optical Sys 
tem of Said exposure apparatus. 

125. A method of manufacturing an exposure apparatus to 
expose an image of a first Object Onto a Second Object, 
comprising the Steps of 

providing an illumination optical System to illuminate the 
first object, and 

providing a projection optical System to project the image 
of the first object onto the Second object, 

wherein Said Step of providing Said projection optical 
System comprises the Steps of 
preparing a first lens group with positive power which 

includes at least two positive lenses, 
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preparing a Second lens group with negative power, 
preparing a third lens group with positive power which 

includes at least three positive lenses; 
preparing a fourth lens group with negative power 

which includes at least three negative lenses, 
preparing a fifth lens group with positive power which 

includes at least five positive first lenses and at least 
One negative first lens, Said fifth lens group further 
including a negative additional lens and a positive 
additional lens placed adjacent to Said negative 
additional lens; 

preparing a lens Sixth group with positive power which 
includes at leaSt One positive lens, 

disposing Said first lens group in an Optical path 
between an object surface in which the first object is 
disposed and Said Second lens group, 

disposing Said Second lens group in an optical path 
between Said first lens group and Said third lens 
grOup, 

disposing Said third lens group in an optical path 
between Said Second lens group and Said fourth lens 
grOup, 

disposing Said fourth lens group in an optical path 
between Said third lens group and Said fifth lens 
grOup, 

disposing Said fifth lens group in an Optical path 
between Said fourth lens group and Said Sixth lens 
group, and 

disposing Said Sixth lens group in an optical path 
between Said fifth lens group and an image plane in 
which the Second object is disposed. 

126. A method according to claim 125, wherein Said Step 
of disposing Said fifth lens group comprises the Step of 
placing Said negative additional lens and Said positive 
additional lens between two positive first lenses of Said at 
least five positive first lenses. 

127. A method according to claim 126, wherein Said 
negative additional lens in Said fifth lens group has a 
concave Surface, and Said positive additional lens in Said 
fifth lens group has a convex Surface facing the concave 
Surface of Said negative additional lens. 

128. A method according to claim 125, wherein Said 
negative additional lens in Said fifth lens group has a 
concave Surface, and Said positive additional lens in Said 
fifth lens group has a convex Surface facing the concave 
Surface of Said negative additional lens. 

129. A method according to claim 125, wherein Said 
negative additional lens in Said fifth lens group includes a 
negative meniscus lens having a concave Surface, and Said 
positive additional lens in Said fifth lens group has a convex 
Surface facing the concave Surface of Said negative meniscus 
lens. 

130. A method according to claim 125, wherein Said 
negative additional lens in Said fifth lens group includes a 
negative meniscus lens. 

131. A method according to claim 125, further comprising 
the Step of disposing an aperture Stop between Said negative 
additional lens of said fifth lens group and at least One of the 
three negative lenses of the fourth lens group. 

132. A method according to claim 126, further comprising 
the Step of disposing an aperture Stop between Said negative 
additional lens of said fifth lens group and at least One of the 
three negative lenses of the fourth lens group. 

133. A method according to claim 127, further comprising 
the Step of disposing an aperture Stop between Said negative 
additional lens of said fifth lens group and at least One of the 
three negative lenses of the fourth lens group. 
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134. A method for fabricating at least a semiconductor 
device Or a liquid crystal device by using an exposure 
apparatus manufactured by a method according to claim 
125, comprising the Steps of 

disposing a reticle as the first object in the object Surface, 
disposing a SubStrate as the Second Object in the image 

plane, 
illuminating the reticle with light having a predetermined 

wavelength by using Said illumination optical System of 
Said exposure apparatus, and 

projecting an image of a pattern formed On the reticle 
Onto the SubStrate through Said projection optical Sys 
tem of Said exposure apparatus. 

135. A method for fabricating at least a semiconductor 
device Or a liquid crystal device by using an exposure 
apparatus manufactured by a method according to claim 
126, comprising the Steps of 

disposing a reticle as the first object in the object Surface, 
disposing a SubStrate as the Second Object in the image 

plane, 
illuminating the reticle with light having a predetermined 

wavelength by using Said illumination optical System of 
Said exposure apparatus, and 

projecting an image of a pattern formed On the reticle 
Onto the SubStrate through Said projection optical Sys 
tem of Said exposure apparatus. 

136. A method for fabricating at least a semiconductor 
device Or a liquid crystal device by using an exposure 
apparatus manufactured by a method according to claim 
127, comprising the Steps of 

disposing a reticle as the first object in the object Surface, 
disposing a SubStrate as the Second object in the image 

plane, 
illuminating the reticle with light having a predetermined 

wavelength by using Said illumination optical System of 
Said exposure apparatus, and 

projecting an image of a pattern formed On the reticle 
Onto the SubStrate through Said projection optical Sys 
tem of Said exposure apparatus. 

137. A method for fabricating at least a semiconductor 
device Or a liquid crystal device by using an exposure 
apparatus manufactured by a method according to claim 
128, comprising the Steps of 

disposing a reticle as the first object in the object Surface, 
disposing a SubStrate as the Second Object in the image 

plane, 
illuminating the reticle with light having a predetermined 

wavelength by using Said illumination optical System of 
Said exposure apparatus, and 

projecting an image of a pattern formed On the reticle 
Onto the SubStrate through Said projection optical Sys 
tem of Said exposure apparatus. 

138. A method for fabricating at least a semiconductor 
device Or a liquid crystal device by using an exposure 
apparatus manufactured by a method according to claim 
131, comprising the Steps of 

disposing a reticle as the first object in the object Surface, 
disposing a SubStrate as the Second Object in the image 

plane, 
illuminating the reticle with light having a predetermined 

wavelength by using Said illumination optical System of 
Said exposure apparatus, and 

projecting an image of a pattern formed On the reticle 
Onto the SubStrate through Said projection optical Sys 
tem of Said exposure apparatus. 

SO 
139. A method for fabricating at least a semiconductor 

device Or a liquid crystal device by using an exposure 
apparatus manufactured by a method according to claim 
132, comprising the Steps of 

5 disposing a reticle as the first object in the object surface; 
disposing a SubStrate as the Second Object in the image 

plane, 
illuminating the reticle with light having a predetermined 

wavelength by using Said illumination optical System of 
Said exposure apparatus, and 

projecting an image of a pattern formed On the reticle 
Onto the SubStrate through Said projection optical Sys 
tem of Said exposure apparatus. 

140. A method for fabricating at least a semiconductor 
device Or a liquid crystal device by using an exposure 
apparatus manufactured by a method according to claim 
133, comprising the Steps of 

disposing a reticle as the first object in the object surface; 
disposing a SubStrate as the Second Object in the image 

plane, 
illuminating the reticle with light having a predetermined 

wavelength by using Said illumination optical System of 
Said exposure apparatus, and 

projecting an image of a pattern formed On the reticle 
Onto the SubStrate through Said projection optical Sys 
tem of Said exposure apparatus. 

141. A method for exposing a pattern formed On a reticle 
Onto a SubStrate by using an exposure apparatus manufac 
tured by a method according to claim 125, comprising the 
Steps of 

disposing the reticle as the first object in the object 
Surface, 

disposing the SubStrate as the Second Object in the image 
plane, 

illuminating the reticle with light having a predetermined 
wavelength by using Said illumination optical System of 
Said exposure apparatus, and 

projecting an image of a pattern formed On the reticle 
Onto the SubStrate through Said projection optical Sys 
tem of Said exposure apparatus. 

142. A method for exposing a pattern formed On a reticle 
Onto a SubStrate by using an exposure apparatus manufac 
tured by a method according to claim 126, comprising the 
Steps of 

disposing the reticle as the first object in the object 
Surface, 

disposing the SubStrate as the Second Object in the image 
plane, 

illuminating the reticle with light having a predetermined 
wavelength by using Said illumination optical System of 
Said exposure apparatus, and 

projecting an image of a pattern formed On the reticle 
Onto the SubStrate through Said projection optical Sys 
tem of Said exposure apparatus. 

143. A method for exposing a pattern formed On a reticle 
Onto a SubStrate by using an exposure apparatus manufac 
tured by a method according to claim 127, comprising the 

go Steps of 
disposing the reticle as the first object in the object 

Surface, 
disposing the SubStrate as the Second Object in the image 

plane, 
illuminating the reticle with light having a predetermined 

wavelength by using Said illumination optical System of 
Said exposure apparatus, and 
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projecting an image of a pattern formed On the reticle 
Onto the SubStrate through Said projection optical Sys 
tem of Said exposure apparatus. 

144. A method for fabricating at least a semiconductor 
device Or a liquid crystal device, comprising the Steps of 

providing a reticle having a predetermined pattern, 
providing a SubStrate, 
illuminating the reticle with light having a predetermined 

wavelength, and 
projecting an image of the pattern formed On the reticle 

Onto the SubStrate by using a projection optical System, 
wherein Said projection optical System comprises. 

a first lens group with positive power, Said first lens 
group including at least two positive lenses, 

a Second lens group with negative power, 
a third lens group with positive power, Said third lens 

group including at least three positive lenses, 
a fourth lens group with negative power, Said fourth 

lens group including at least three negative lenses, 
a fifth lens group with positive power, Said fifth lens 

group including at least five positive first lenses and 
at least One negative first lens, Said fifth lens group 
further including a negative additional lens and a 
positive additional lens placed adjacent to Said 
negative additional lens, and 

a Sixth lens group with positive power, Said Sixth lens 
group including at leaSt One positive lens, 

wherein Said first lens group is disposed in an optical 
path between an object surface in which the reticle 
is disposed and Said Second lens group, 

Said Second group is disposed in an optical path 
between said first lens group and Said third lens 
group, 

Said third lens group is disposed in an optical path 
between Said Second lens group and Said fourth lens 
grOup, 

Said fourth lens group is disposed in an Optical path 
between said third lens group and Said fifth lens 
grOup, 

Said fifth lens group is disposed in an optical path 
between Said fourth lens group and Said Sixth lens 
group, and 

Said Sixth lens group is disposed in an optical path 
between Said fifth lens group and an image plane at 
which the Substrate is disposed. 

145. A method according to claim 144, wherein Said 
negative additional lens and Said positive additional lens are 
placed between two positive first lenses of Said at least five 
positive first lenses. 

146. A method according to claim 145, wherein Said 
negative additional lens in Said fifth lens group has a 
concave Surface, and Said positive additional lens in Said 
fifth lens group has a convex Surface facing the concave 
Surface of Said negative additional lens. 

147. A method according to claim 145, wherein Said 
negative additional lens in Said fifth lens group includes a 
negative meniscus lens. 

148. A method according to claim 144, wherein Said 
projection optical System further comprises an aperture Stop 
disposed between said negative additional lens of Said fifth 
lens group and at least One of the three negative lenses of the 
fourth lens group. 

149. A method according to claim 145, wherein Said 
projection optical System further comprises an aperture Stop 
disposed between said negative additional lens of Said fifth 
lens group and at least One of the three negative lenses of the 
fourth lens group. 
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150. A method according to claim 146, wherein Said 

projection optical System further comprises an aperture Stop 
disposed between said negative additional lens of Said fifth 
lens group and at least One of the three negative lenses of the 
fourth lens group. 

151. A method according to claim 147, wherein Said 
projection optical System further comprises an aperture Stop 
disposed between said negative additional lens of Said fifth 
lens group and at least One of the three negative lenses of the 
fourth lens group. 

152. A method for exposing a pattern formed On a reticle 
Onto a SubStrate, comprising the Steps of 

providing the reticle having a predetermined pattern, 
providing the SubStrate in an image plane, 
illuminating the reticle with light having a predetermined 

wavelength, and 
projecting an image of the pattern formed On the reticle 

Onto the SubStrate by using a projection optical System, 
wherein Said projection optical System comprises. 

a first lens group with positive power, Said first lens 
group including at least two positive lenses, 

a lens Second group with negative power, 
a third lens group with positive power, Said third lens 

group including at least three positive lenses, 
a fourth lens group with negative power, Said fourth 

lens group including at least three negative lenses, 
a fifth lens group with positive power, Said fifth lens 

group including at least five positive first lenses and 
at least One negative first lens, Said fifth lens group 
further including a negative additional lens and a 
positive additional lens placed adjacent to Said 
negative additional lens, and 

a Sixth lens group with positive power, Said Sixth lens 
group including at leaSt One positive lens, 

wherein Said first lens group is disposed in an optical 
path between an object Surface in which the reticle 
is disposed and Said Second lens group, 

Said Second lens group is disposed in an Optical path 
between Said first lens group and Said third lens 
grOup, 

Said third lens group is disposed in an optical path 
between Said Second lens group and Said fourth lens 
grOup, 

Said fourth lens group is disposed in an Optical path 
between Said third lens group and Said fifth lens 
grOup, 

Said Sixth lens group is disposed in an optical path 
between Said fifth lens group and the image plane at 
which the Substrate is disposed. 

153. A method according to claim 152, wherein Said 
negative additional lens and Said positive additional lens are 
placed between two positive first lenses of Said at least five 
positive first lenses. 

154. A method according to claim 153, wherein Said 
negative additional lens in Said fifth lens group has a 
concave Surface, and Said positive additional lens in Said 
fifth lens group has a convex Surface facing the concave 
Surface of Said negative additional lens. 

155. A method according to claim 153, wherein Said 
negative additional lens in Said fifth lens group includes a 
negative meniscus lens. 

156. A method according to claim 152, wherein Said 
projection optical System further comprises an aperture Stop 
disposed between said negative additional lens of Said fifth 
lens group and at least One of the three negative lenses of the 
fourth lens group. 
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157. A method according to claim 153, wherein Said 
projection optical System further comprises an aperture Stop 
disposed between said negative additional lens of Said fifth 
lens group and at least One of the three negative lenses of the 
fourth lens group. 

158. A method according to claim 154, wherein Said 
projection optical System further comprises an aperture Stop 
disposed between said negative additional lens of Said fifth 
lens group and at least One of the three negative lenses of the 
fourth lens group. 

159. A method according to claim 155, wherein Said 
projection optical System further comprises an aperture Stop 
disposed between said negative additional lens of Said fifth 
lens group and at least One of the three negative lenses of the 
fourth lens group. 

160. A projection optical System disposed in an optical 
path between a first surface on which a reticle is arranged 
and a Second Surface On which a SubStrate is arranged, for 
projecting a pattern of the reticle Onto the SubStrate, COm 
prising: 

a first positive lens group having a positive power and 
disposed in the optical path between Said first and 
Second Surfaces, Said first positive lens group compris 
ing a positive lens having a convex Surface and a 
negative lens having a concave Surface disposed near 
Said positive lens and facing Said convex Surface, and 
two adjacent positive lenses disposed in an optical path 
between the positive lens and the Second Surface and 
disposed in an Optical path between the negative lens 
and the Second Surface, 

a first negative lens group having a negative power and 
disposed On an optical path between Said first Surface 
and Said first positive lens group, Said first negative 
lens group comprising at least three negative lenses, 

a Second positive lens group having a positive power and 
disposed in an Optical path between Said first Surface 
and Said first negative lens group, Said Second positive 
lens group comprising at least three positive lenses, 

a Second negative lens group having a negative power 
and disposed in an optical path between Said first 
Surface and Said Second positive lens group, Said 
Second negative lens group comprising at leaSt One lens 
having a concave Surface facing Said first Surface, and 

a rear lens group disposed in an Optical path between the 
first positive lens group and the Second Surface and 
having a positive power, the rear lens group comprising 
at least One positive lens, 

none of the lenses constructing Said projection optical 
System being a compound lens, and a numerical aper 
ture of Said projection optical System at the Second 
Surface on which the Substrate is arranged comprising 
at least 0.55. 

161. The projection optical System according to claim 
160, further comprising an aperture Stop disposed in an 
Optical path at a position upstream with respect to Said 
positive lens having Said convex Surface and Said negative 
lens having Said concave Surface disposed near Said positive 
lens having Said convex Surface. 

162. The projection optical System according to claim 
160, wherein Said projection optical System comprises a lens 
made of fluorite. 

163. The projection optical System according to claim 
160, wherein said first positive lens group comprises a 
plurality of lenses having concave Surfaces opposite to the 
Second Surface respectively. 

164. The projection optical System according to claim 
163, wherein Said projection optical System is telecentric in 
both a Side of the first surface and a side of the Second 
Surface. 
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165. The projection optical System according to claim 

160, wherein the first positive lens group comprises a 
negative lens arranged nearest to the Second Surface. 

166. The projection optical System according to claim 
165, further comprising a front lens group disposed in an 
Optical path between Said Second negative lens group and 
the first Surface, Said front lens group comprising at least 
two lenses. 

167. The projection optical System according to claim 
160, wherein Said projection optical System comprises a lens 
made of fluorite and Said projection optical System is tele 
centric in both a side of the first surface and a side of the 
Second Surface. 

168. The projection optical System according to claim 
161, wherein Said projection optical System comprises a lens 
made of fluorite and Said projection optical System is tele 
centric in both a side of the first surface and a side of the 
Second Surface. 

169. An exposure apparatus for exposing a pattern of a 
reticle Onto a SubStrate, comprising: 
an illumination optical System which illuminates the 

reticle, and 
a projection optical System disposed in an optical path 

between a first Surface on which the reticle is arranged 
and a second surface on which the Substrate is 
arranged, for projecting the pattern of the reticle Onto 
the SubStrate, Said projection optical System compris 
ing. 
a first positive lens group having a positive power and 

disposed in the optical path between Said first and 
Second Surfaces, Said first positive lens group com 
prising a positive lens having a convex Surface, a 
negative lens having a concave Surface disposed 
near Said positive lens and facing Said convex 
Surface, and two adjacent positive lenses disposed in 
an optical path between the positive lens and the 
Second Surface and disposed in an optical path 
between the negative lens and the Second surface; 

a first negative lens group having a negative power and 
disposed On an optical path between Said first Sur 
face and Said first positive lens group, Said first 
negative lens group comprising at least three nega 
tive lenses; 

a Second positive lens group having a positive power 
and disposed in an optical path between Said first 
Surface and Said first negative lens group, Said 
Second positive lens group comprising at least three 
positive lenses, 

a Second negative lens group having a negative power 
and disposed in an Optical path between Said Second 
positive lens group and Said first Surface, Said Sec 
Ond negative lens group comprising at leaSt One lens 
having a concave Surface facing Said first Surface, 
and 

a rear lens group disposed in an Optical path between 
the first positive lens group and the Second Surface 
and having a positive power, the rear lens group 
comprising at least One positive lens, 

none of the lenses constructing Said projection optical 
System being a compound lens, and a numerical 
aperture of Said projection optical System at the 
Second surface on which the Substrate is arranged 
comprising at least 0.55. 

170. The exposure apparatus according to claim 169, 
wherein Said projection optical System comprises a lens 
made of fluorite. 

171. The exposure apparatus according to claim 170, 
further comprising an aperture Stop disposed in an optical 
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path at a position upstream with respect to Said positive lens 
having Said convex Surface and Said negative lens having 
Said concave Surface disposed near Said positive lens having 
Said convex Surface. 

172. The exposure apparatus according to claim 169, 
wherein the two adjacent positive lenses in the first positive 
lens group have concave Surfaces opposite to the Second 
Surface respectively. 

173. The exposure apparatus according to claim 172, 
wherein Said projection optical System is telecentric in both 
a Side of the first Surface and a side of the Second Surface. 

174. The exposure apparatus according to claim 170, 
wherein Said illumination optical System comprises an exci 
mer laser Supplying a light having a wavelength of 193 nm. 

175. The exposure apparatus according to claim 169, 
wherein the first positive lens group and Said comprises a 
negative lens arranged nearest to the Second Surface. 

176. The exposure apparatus according to claim 169, 
further comprising a front lens group disposed in an optical 
path between Said Second negative lens group and the first 
Surface, Said front lens group comprising at least two lenses. 

177. The exposure apparatus according to claim 169, 
wherein Said projection optical System is telecentric in both 
a Side of the first Surface and a side of the Second Surface. 

178. The exposure apparatus according to claim 170, 
wherein Said projection optical System is telecentric in both 
a Side of the first Surface and a side of the Second Surface. 

179. The exposure apparatus according to claim 176, 
wherein Said projection optical System is telecentric in both 
a Side of the first Surface and a side of the Second Surface. 

180. A method of manufacturing a semiconductor device 
Or a liquid crystal device by using the exposure apparatuS 
according to claim 169, Said method comprising the Steps 
of: 

disposing a reticle On Said first Surface, 
disposing a SubStrate On Said Second Surface, 
illuminating said reticle with light having a predeter 
mined wavelength by using Said illumination optical 
System of Said exposure apparatus, and 

projecting an image of a pattern formed On Said reticle 
Onto Said SubStrate by using Said projection optical 
System of Said exposure apparatus. 

181. A method of manufacturing a semiconductor device 
Or a liquid crystal device by using the exposure apparatuS 
according to claim 170, Said method comprising the Steps 
of: 

disposing a reticle On Said first Surface, 
disposing a SubStrate On Said Second Surface, 
illuminating said reticle with light having a predeter 
mined wavelength by using Said illumination optical 
System of Said exposure apparatus, and 

projecting an image of a pattern formed On Said reticle 
Onto Said SubStrate by using Said projection optical 
System of Said exposure apparatus. 

182. A method of manufacturing a semiconductor device 
Or a liquid crystal device by using the exposure apparatuS 
according to claim 171, Said method comprising the StepS 
of: 

disposing a reticle On Said first Surface, 
disposing a SubStrate On Said Second Surface, 
illuminating said reticle with light having a predeter 
mined wavelength by using Said illumination optical 
System of Said exposure apparatus, and 

projecting an image of a pattern formed On Said reticle 
Onto Said SubStrate by using Said projection optical 
System of Said exposure apparatus. 
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183. A method of manufacturing a semiconductor device 

Or a liquid crystal device by using the exposure apparatuS 
according to claim 172, Said method comprising the StepS 
of: 

disposing a reticle On Said first Surface, 
disposing a SubStrate On Said Second Surface, 
illuminating Said reticle with light having a predeter 

mined wavelength by using Said illumination optical 
System of Said exposure apparatus, and 

projecting an image of a pattern formed On Said reticle 
Onto Said SubStrate by using Said projection optical 
System of Said exposure apparatus. 

184. A method of manufacturing a semiconductor device 
Or a liquid crystal device by using the exposure apparatuS 
according to claim 173, Said method comprising the Steps 
of: 

disposing a reticle On Said first Surface, 
disposing a SubStrate On Said Second Surface, 
illuminating Said reticle with light having a predeter 

mined wavelength by using Said illumination optical 
System of Said exposure apparatus, and 

projecting an image of a pattern formed On Said reticle 
Onto Said SubStrate by using Said projection optical 
System of Said exposure apparatus. 

185. A method of manufacturing a semiconductor device 
Or a liquid crystal device by using the exposure apparatuS 
according to claim 174, Said method comprising the StepS 
of: 

disposing a reticle On Said first Surface, 
disposing a SubStrate On Said Second Surface, 
illuminating Said reticle with light having a predeter 

mined wavelength by using Said illumination optical 
System of Said exposure apparatus, and 

projecting an image of a pattern formed On Said reticle 
Onto Said SubStrate by using Said projection optical 
System of Said exposure apparatus. 

186. A method of manufacturing a semiconductor device 
Or a liquid crystal device by using the exposure apparatuS 
according to claim 175, Said method comprising the Steps 
of: 

disposing a reticle On Said first Surface, 
disposing a SubStrate On Said Second Surface, 
illuminating Said reticle with light having a predeter 

mined wavelength by using Said illumination optical 
System of Said exposure apparatus, and 

projecting an image of a pattern formed On Said reticle 
Onto Said SubStrate by using Said projection optical 
System of Said exposure apparatus. 

187. A method of manufacturing a semiconductor device 
Or a liquid crystal device by using the exposure apparatuS 
according to claim 176, Said method comprising the Steps 
of: 

disposing a reticle On Said first Surface, 
disposing a SubStrate On Said Second Surface, 
illuminating Said reticle with light having a predeter 

mined wavelength by using Said illumination optical 
System of Said exposure apparatus, and 

projecting an image of a pattern formed On Said reticle 
Onto Said SubStrate by using Said projection optical 
System of Said exposure apparatus. 

188. A method of manufacturing a semiconductor device 
Or a liquid crystal device by using the exposure apparatuS 
according to claim 177, Said method comprising the Steps 
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disposing a reticle On Said first Surface, 
disposing a SubStrate On Said Second Surface, 
illuminating said reticle with light having a predeter 
mined wavelength by using Said illumination optical 
System of Said exposure apparatus, and 

projecting an image of a pattern formed On Said reticle 
Onto Said SubStrate by using Said projection optical 
System of Said exposure apparatus. 

189. A method of manufacturing a semiconductor device 
Or a liquid crystal device by using the exposure apparatuS 
according to claim 178, Said method comprising the Steps 
of: 

disposing a reticle On Said first Surface, 
disposing a SubStrate On Said Second Surface, 
illuminating said reticle with light having a predeter 
mined wavelength by using Said illumination optical 
System of Said exposure apparatus, and 

58 
projecting an image of a pattern formed On Said reticle 

Onto Said SubStrate by using Said projection optical 
System of Said exposure apparatus. 

190. A method of manufacturing a semiconductor device 
5 or a liquid crystal device by using the exposure apparatus 

according to claim 179, Said method comprising the Steps 
of: 

disposing a reticle On Said first Surface, 
disposing a SubStrate On Said Second Surface, 
illuminating Said reticle with light having a predeter 

mined wavelength by using Said illumination optical 
System of Said exposure apparatus, and 

projecting an image of a pattern formed On Said reticle 
Onto Said SubStrate by using Said projection optical 
System of Said exposure apparatus. 


