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(57) ABSTRACT 

A projection optical apparatus for projection an image of an 
object onto a workpiece, which is Suitable for use, for 
example, as an exposure apparatus used in the manufacture 
of integrated circuits. The projection optical apparatus 
includes an image forming optical System whose optical 
characteristic is changed by the light energy Supplied from 
the illuminated object. A change of the optical characteristic 
of the optical System is determined by the use of a prede 
termined parameter whereby when the distribution of the 
light energy on the pupil of the optical System is changed, 
the parameter is correct in Such a manner that the change of 
the optical characteristic determined by the parameter is 
changed in correspondence to the change in the distribution 
of the light energy. 
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PROJECTION OPTICAL 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 application is a continuation of application Ser. No. 
999,455, filed Dec. 12 1993, now abandoned, which is a 
continuation of application Ser. No. 859,238, filed Mar. 26, 
1992, now abandoned, which is a continuation of application 
Ser. No. 740,871, filed Jul. 31, 1991, now abandoned, which 
is a continuation of application Ser. No. 464,621, filed Jan. 
3, 1990, now abandoned, which is a continuation of appli 
cation Ser. No. 326,391, filed Mar. 17, 1989, and now 
abandoned, which is a continuation of application Ser. No. 
945,648, filed Dec. 23, 1986, and now abandoned. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to projection optical appa 
ratus for forming desired images, Such as, exposure appa 
ratus used in the fabrication of integrated circuits, and more 
particularly to improvements in the correction control of 
changes in the imaging characteristic of the apparatus. 

2. Description of the Prior Art 
One of the important optical characteristics of the pro 

jection optical apparatus, e.g., reduction projection exposure 
apparatus is the matching precision and a magnification 
error of the projection optical System is an important one of 
various factors which affect the matching precision. 

In recent years, the Scale of integration for integrated 
circuits has been improved with the resulting tendency 
toward the realization of finer patterns and consequently 
there has been an increasing demand for improvement in the 
matching precision. Thus, there has been a very high degree 
of necessity for maintaining the projection magnification at 
a desired value. 

In this connection, the magnification of the projection 
optical apparatus varies in the vicinity of the desired mag 
nification due to Such causes as Small temperature changes 
of the apparatus, Small barometric changes and temperature 
changes of the atmosphere in the clean room in which the 
apparatus is installed or the projection of an energy beam to 
the projection optical System. 
AS a result, reduction projection exposure apparatus of the 

type employing a magnification correcting mechanism for 
effecting a fine adjustment of the magnification of the 
projection optical System and attaining the required magni 
fication have recently been proposed. Such correction 
mechanisms have been So designed that as, for example, the 
spacing between a reticle and the projection lens is varied, 
the lens Spacing in the projection lens is varied or the 
preSSure in the Suitable air chamber of the projection lens is 
adjusted as disclosed in U.S. patent application Ser. No. 
656,777 filed on Oct. 1, 1984. 
On the other hand, the focus of the exposure apparatus is 

also changed due to the Similar reasons as the previously 
mentioned variation factorS relating to the magnification. 
Thus, exposure apparatus employing focus correcting 
mechanisms have also been proposed. 

Then, of these imaging characteristic changing factors the 
accumulation of heat due to the projection of an energy 
beam to the projection optical System is a heat diffusion 
phenomenon having a specific time constant. In the conven 
tional exposure apparatus, the numerical apertures of their 
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2 
illuminating Systems are generally constant in many cases. 
Thus, the manner in which the energy beam is incident to the 
projection optical System is fixed and the time constant of 
the heat diffusion is constant. As a result, the variation 
characteristics of the imaging characteristics, e.g., the mag 
nification and focus, are constant and one and the same 
control method for their adjustment can be used. 

In recent years, however, an exposure apparatus has been 
proposed in which the numerical aperture of the illuminating 
System is varied So as to obtain an improved resolving power 
for a Specific pattern. The results of the experiments con 
ducted on this exposure apparatus have shown that a change 
of the numerical aperture results in a change in the distri 
bution of the illuminating light beam on the pupil of the 
projection optical System and therefore the time constant of 
the heat diffusion is also changed. Thus, there is a disad 
Vantage that even if the previously mentioned control 
method relating to the constant time constant is applied, the 
imaging characteristic cannot be adjusted Satisfactorily and 
it is impossible to deal with Such change of the time 
COnStant. 

Also, where the total amount of the incident energy beam 
to the projection optical System or the illuminance is mea 
Sured on the image plane Side of the projection optical 
System and the imaging characteristic is corrected by using 
the measured value as a parameter, the change is considered 
as a simple change in the incident energy quantity from the 
correction control point of view. Generally, while a change 
of the numerical aperture of the illuminating System results 
in the corresponding change in the illuminance at the image 
plane, the distribution of the light beam on the pupil, i.e., the 
energy density in the vicinity of the pupil plane, is also 
changed as mentioned previously. Thus, it is expected that 
not only the previously mentioned time constant but also the 
coefficient term of a model formula or the like for Specifying 
the variation of the optical characteristic are changed. 
Therefor, there is a disadvantage that if Such changes of the 
coefficient are not taken into consideration, the correction 
control is effected inaccurately. 

SUMMARY OF THE INVENTION 

It is the primary object of the present to provide a 
projection optical apparatus So designed that the variation of 
an imaging characteristic can be adjusted Satisfactorily 
against changes in the distribution of an energy beam 
incident to a projection optical System. 
Where a mask is illuminated by the light energy from a 

light Source to form an image of the mask in the desired 
imaging condition on a workpiece through the projection 
optical System, the distribution of the light beam on the pupil 
of the projection optical System is changed as occasion 
demands. 

In response to Such change in the distribution of the light 
beam, a parameter (e.g., a time constant or coefficient) for 
determining a change of an optical characteristic of the 
projection optical System is corrected. 
The desired change of the optical characteristic of the 

projection optical System is determined on the basis of the 
corrected parameter So that the imaging condition on the 
Workpiece is corrected in accordance with the change of the 
optical characteristic. By virtue of this correction, the imag 
ing condition is Satisfactorily maintained in a desired con 
dition even if the distribution of the light beam is changed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram showing a first embodiment of 
the present invention. 
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FIG. 2A and 2B are diagrams for explaining the distri 
butions of light in two projection lenses which are set to 
different numerical apertures. 

FIG. 3 is a diagram for explaining the numerical aperture. 
FIG. 4 is a graph showing how the imaging characteristic 

changes with changes of the numerical aperture. 
FIG. 5 and 6 are diagrams for explaining the optical 

Systems required respectively for increasing and decreasing 
the numerical aperture. 

FIG. 7 is a graph showing how the time constant changes 
with changes of the numerical aperture. 

FIG. 8 is a graph showing how the imaging characteristic 
changes with changes of the numerical aperture. 

FIG. 9 is a graph showing how the coefficient changes 
with changes of the numerical aperture(O value). 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

The overall construction of a first embodiment of the 
present invention will now be described with reference to 
FIG. 1. In FIG. 1, the light emitted from a light source 10 
for exposure illumination purposes falls on a lens 14 through 
a shutter 12 so that the light is collimated and then falls on 
an optical integrator of the type disclosed in U.S. Pat. No. 
4,477,015 or fly-eye lens 16. 

The light beam passed through the fly-eye lens 16 passes 
through an aperture Stop 18 whose numerical aperture is 
automatically or manually adjustable and then the light 
beam falls on a dichroic mirror 20. Thus, the optical path of 
the light beam is bent downwardly so that the light beam 
falls on a main condenser lens 22 and illuminates uniformly 
a reticle R containing the required pattern. After passing 
through the reticle R, the light beam further passes through 
a projection lens 24 and reaches a wafer W on a stage 26, 
thereby projecting the pattern of the reticle R onto the wafer 
W. Note that the aperture stop 18 is arranged conjugate to the 
entrance pupil of the projection lens 24. 

The projection lens 24 includes typical lens elements 
24A, 24B, 24C and 24D and sealed lens chambers 24E, 24F 
and 24G are respectively defined by these lens elements. 
With these sealed lens chambers, the internal pressure of the 
sealed lens chamber 24F is controlled by means which will 
be described later, thereby controlling an imaging charac 
teristic of the projection lens 24 for adjustment. 

Next, its control system will be described. The imaging 
characteristic is controlled mainly by a main controller 28. 
The main controller 28 is connected to a shutter actuator 30. 
The actuator 30 controls the opening and closing of the 
shutter 12. 

The sealed lens chamber 24F of the projection lens 24 is 
connected to a barometric controller 32 which in turn is 
connected to a compression System 34 for Supplying com 
pressed air and an exhaust System 36 for producing a 
Vacuum, thereby controlling the internal pressure of the 
sealed lens chamber 24F through a suitable Solenoid value. 
The Sealed lens chamber 24F is also connected to a pressure 
sensor 38, and the pressure sensor 38 and the barometric 
controller 32 are connected to the main controller 28. Thus, 
the internal pressure of the sealed lens chamber 24F is 
detected and also the barometric controller 32 is operated by 
the main controller 28 So as to maintain the internal pressure 
at a given value. 
The aperture stop 18 is connected to a selector 40 which 

in turn is connected to the main controller 28 through a 
memory 42. The selector 40 selects from the memory 42 a 
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4 
time constant corresponding to the g value of the illumina 
tion aperture stop 18 which will be described later. The 
memory 42 Stores different time constants of change of the 
imaging characteristic which have preliminarily been deter 
mined by experiments in correspondence to different O 
values or numerical apertures. The O value corresponds to 
the degree of opening and is given as a ratio of the numerical 
aperture of the illuminating optical System to the object 
(reticle R) side numerical aperture of the projection optical 
System. 

Next, the manner in which the light distribution in the 
projection optical System changes with changes of the 
numerical aperture will be described. FIGS. 2A and 2B show 
Schematically the Section of the illuminating optical System 
and the projecting optical System in the apparatus of FIG. 1. 
The solid lines LA and LB show the paths of light beams. 

Symbol PA designates the position of the entrance pupil, PB 
the principal plane, and PC the image plane. The broken line 
LC shows the object Side or image Side aperture of the 
projecting optical System. 
The numerical aperture will now be explained with ref 

erence to FIG. 3. If 0 represents the angle of the incident 
light L to the reticle R, 0 the angle of the light transmitted 
through the reticle R, 0, the angle of incidence of the light 
to the image plane PC and n the refraction index of air with 
respect to vacuum, the numerical aperture of the illuminat 
ing optical System or the numerical aperture on the incident 
Side to the reticle R is given by n-Sin0 and Similarly the 
numerical apertures of the projection optical System or the 
projection lens 24 on the reticle R Side and the image plane 
PC Side are respectively given by n-Sind and n-sine). Since 
the refractive index n is usually 1, practically these numeri 
cal apertures are given by Sin6, Sin6 and sin6, respec 
tively. 

FIG. 2A shows the case where the aperture stop 18 has a 
relatively wide opening and the numerical aperture is also 
large. AS shown in the FIG. 2A, of the illuminating light 
beam concentrating at three points on the reticle R, the 
Zero-order beam travels Straight without diffraction and its 
path LA up to the image formation spreads throughout the 
inside of the projection lens 24. 
On the other hand, FIG. 2B shows the case where the 

aperture Stop 18 is closed relatively and the numerical 
aperture is Small. In this case, as will be seen from the path 
LB of the Zero-order beam, the light beam concentrates 
around the optical path inside the projection lens 24. In this 
case, while the light beam Spreads to the outside of the 
illustrated extent due to the presence of the diffracted light 
at the Surface of the reticle R, even if this point is considered, 
the light beam tends to concentrate around the optical axis 
as compared with the case where the numerical aperture is 
large. 
From the foregoing it will be seen that the light beam 

distribution or the light image area at the pupil position PA 
(or the principal plane position PB) in the projection lens 24 
changes with changes of the numerical aperture or the O 
value of the illuminating optical System. Thus, when Such 
change occurs in the light beam distribution, it causes a 
change in the time constant of change of the optical char 
acteristic due to a temperature rise caused by the abortion of 
a portion of the light beam by the projection lens 24. 
The selector 40 and the memory 42 will now be described. 

AS mentioned previously, the time constant of change of the 
optical characteristic is varied with changes of the opening 
or the O value of the illuminating aperture stop 18. FIG. 4 
shows the variation with time of the magnification (or focus) 
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changes of the projection lens 24 obtained by varying the O 
value as a parameter. Note that the changes are shown in 
normalized form with the saturation point as 100%. In FIG. 
4, four exemplary cases for different O values are respec 
tively shown as characteristics C, C2, Cls,and C. The 
Shutter 12 is opened from a time t to a time t and it is closed 
from the time to onward. With the characteristic C. for the 
maximum O Value, the Saturation point is attained at the time 
t, whereas the Saturation point is reached at the times t, t 
and t for the characteristics C2, Cls and C., respectively. 
From the time to on, the four cases differ in the rate of 
decrease from one another as shown by characteristics B to 
B. In this way, the time constant of change of the imaging 
characteristic is varied with changes of the O value corre 
sponding to the numerical aperture. Thus, as shown in Table 
1, preliminarily the corresponding imaging characteristic 
change data to different values of the O value or the 
numerical aperture of the aperture Stop 18 are obtained and 
the corresponding time constants Ti are determined. These 
time constants Ri are Stored in the memory 42 and they are 
selectively supplied to the main controller 28 by the selector 
40 as occasion demands. 

TABLE 1. 

Numerical Time 
aperture constant 

O.1 T 
O.2 T. 
O.3 T 
0.4 T 
0.5 Ts 
O.6 T 
O.7 T, 
O.8 Ts 
O.9 To 
1.O To 

The overall operation of the embodiment will now be 
described. Firstly, the illuminating lift emitted from the light 
Source 10 falls on the lens 14 in response to the opening and 
closing of the shutter 12 effected under the control of the 
actuator 30 so that the collimated light beam falls on the 
fly-eye lens 16 and it is transmitted through the aperture Stop 
18. At this time, the spread of the light beam is suitably 
adjusted in dependence on the magnitude of the O Value or 
the numerical aperture of the aperture stop 18. The illumi 
nating light beam of the adjusted Spread is projected onto the 
reticle R through the dichroic mirror 20 and the main 
condenser 22 and it is then transmitted through the projec 
tion lens 24 to reach the wafer W, thereby forming an image 
of the pattern of the reticle R on the wafer W. 
On the other hand, the selector 40 selects from the 

memory 42 the time constant corresponding to the preset 
numerical aperture of the aperture Stop 18 in accordance 
with the Table 1. For instance, the time constant T is 
selected when the numerical aperture is 0.6. The selected 
time constant is Supplied to the main controller 28 So that the 
desired magnification change is determined in accordance 
with this time constant as shown in FIG. 4. In accordance 
with this magnification change and the internal pressure of 
the sealed lens chamber 24F detected by the barometric 
Sensor 38, the main controller 28 applies a control signal to 
the barometric controller 32. Thus the internal pressure of 
the sealed lens chamber 24F is controlled by means of the 
compression System 34 and the exhaust System 36. AS a 
result of this control, the magnification of the projection lens 
24 is controlled at a desired value. Any of the known 
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6 
methods of using the time constant for the variation char 
acteristic of the projection lens 24 to control its internal 
preSSure may be used, and more Specifically the method 
disclosed in the previously mentioned U.S. patent applica 
tion may be used. It is to be noted that the selector 40 may 
be manually operated at the discretion of the operator to 
receive an input. 
The aperture Stop 18 may be replaced with a group of 

lenses forming a Galileian System Such as disclosed in U.S. 
Pat. No. 4,498,742. FIG. 5 shows an example in which the 
numerical aperture is increased. More specifically, a Galile 
ian System including a concave lens 50 and a convex lens 52 
is arranged on the incident Side of the fly-eye lens 16 So as 
to expand the illuminating light beam collimated by the lens 
14. Where no Galileian System is arranged, the illuminating 
light beam becomes as shown by the broken lines in FIG. 5 
and the Size of a Second-order light Source image is IPO. This 
image is formed on an image plane 16A positioned conju 
gate to the pupil of the projection lens 24. Where the 
Galileian System is arranged, the illuminating light beam 
becomes as shown by the solid lines in FIG. 5 and the size 
of a Second-order light Source image becomes IP, thereby 
increasing the numerical aperture. 
On the other hand, where the concave lens 50 and the 

convex lens 52 are interchanged with each other as shown in 
FIG. 6, the illuminating light beam becomes as shown by the 
solid lines in FIG. 6 and the size of a second-order light 
Source image becomes IP, thereby producing the same 
condition as if the numerical aperture were decreased. 
By using these arrangements, it is possible to vary the O 

value of the illuminating optical System without using the 
aperture stop 18 and this has the effect of preventing any 
Vignetting and improving the illumination efficiency. If it is 
desired to vary the o Value continuously, this can be accom 
plished by arranging a Zoom lens System in front of the 
fly-eye lens 16. 

Instead of Storing the relation between the numerical 
aperture and the time constant in the form of Table 1 in the 
memory 42, it is possible to approximate the relation 
between the numerical aperture and the time constant with 
a Suitable function, e.g., n-order function as shown in FIG. 
7, and store the function in the memory 42. Then, the 
corresponding time constant will be determined by calcula 
tion from the preset numerical aperture. In this case, the 
Selector 40 functions as a means for inputting a change of the 
numerical aperture. 

Thus, it is possible to deal with cases where the numerical 
aperture is changed Stepwise as well as cases where the 
numerical aperture is changed continuously. 

While, in the above-described embodiment, the single 
time constant is used to represent the change of the imaging 
characteristic, there are cases where two or more parameters 
are used to represent a variable characteristic (e.g., attenu 
ation characteristic). In this case, the required two or more 
parameters are related to the respective numerical apertures. 
For instance, in the case shown in Table 1, the required 
numbers of parameters (time constants) are Stored in the 
memory 42 in the form of T, T., T., ---. In the case of FIG. 
7, the functions of the required number of parameters are 
Stored in the memory 42. Also, there is the correspondence 
between the numerical aperture and the O Value and either of 
them may be used, 
ASSume that AP represents a change of the magnification 

or focus, i.e., a variable characteristic, with respect to the 
instantaneous energy beam projection, T1, T2, T, 
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(T>T>T) time constants and a, a2, a coefficients, thus 
establishing the following equation 

In this case, if it is also necessary to make a correction for 
the coefficient ai, it is only necessary to Similarly change the 
coefficient ai in correspondence to the numerical aperture (or 
the O value). 

While the above-described embodiment is mainly con 
cerned with changes of the time constant, there are cases 
where practically no change occurs in the time constant even 
if the O Value is changed, 

FIG. 8 shows four different variation characteristics of the 
magnification (or the focus) in a case where the value of the 
aperture Stop 18 is varied as a parameter while maintaining 
constant the total incident quantity of the illuminating light 
to the projection lens 24 (the illuminance at the image 
plane). In FIG. 8, the abscissa represents the time t. The 
Shutter 12 is opened from a time t to a time t and it is closed 
from the time to on. In FIG. 8, the ordinate represents the 
variation of the magnification (or the focus). 

These differences in characteristic are caused by different 
projection lens Structures, lens glass materials, etc., and it is 
considered that a change of the o Value does not practically 
cause the corresponding change of the time constant and it 
causes a change in the coefficient term Serving as a param 
eter. In Such a case, the imaging characteristic change data 
corresponding to a plurality of O values (or numerical 
apertures) of the aperture stop 18 are preliminarily obtained 
as shown in Table 2, thereby determining and Storing the 
coefficients Ci (corresponding to ai in the previously men 
tioned equation) corresponding to the O values in the 
memory 42 shown in FIG. 1. Then, the selector 40 of FIG. 
1 selects and sends a desired one of the coefficients Ci to the 
main controller 28. 

TABLE 2 

Numerical 
aperture Coefficient 

O.1 C 
O.2 C2 
O.3 Cs 
0.4 C 
0.5 Cs 
O.6 Cs 
O.7 C7 
O.8 Cs 
O.9 Co 
1.O Co 

Also, as in the case of FIG. 7, the relation between the O 
the coefficient Ci may be approximated by a Suitable 
function, e.g., n-order function or a hyperbola, So as to Store 
its functional formula in the memory 42 and determine the 
coefficient corresponding to the preset O Value of the illu 
minating optical System by calculation. Of course, the 
control may be effected by storing both of the time constants 
and the coefficients in the memory 42 and Suitably reading 
either one or both of them in response to changes of the O 
value. 

Further, while, in the above-described embodiments, the 
method of correcting an optical characteristic of the projec 
tion lens 24 itself is used as a means of correcting the 
imaging condition, any other method may be used. For 
instance, if the reticle Side of the projection lens 24 is 
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8 
nontelecentric, the magnification on the wafer W can be 
changed by automatically shifting the reticle R toward the 
optical axis. Therefore, by causing the amount of shift to 
change to follow up in accordance with the calculated 
variation characteristic, it is possible to always maintain the 
magnification at a constant value. Further, where changes in 
the focus of the projection lens 24 present difficulties, it is 
necessary to arrange So that the offset corresponding to the 
variation characteristic is applied to the automatic focusing 
mechanism which maintains the gap between the projection 
lens 24 and the wafer W constant and the presumed in-focus 
position of the wafer W is varied in response to a shift of the 
image plane of the projection lens 24 toward the optical axis. 
In other words, in accordance with the invention any method 
may be used provided that the imaging condition of the 
projected image on the wafer W is corrected. 

Further, it is desired that when the shape of a light Source 
image (e.g., an of the aperture Stop) on the pupil of the 
projection lens changes from the circular shape to any other 
shape, the parameter Such as the time constant or the 
coefficient is changed similarly. 

Still further, where it is desired to change the numerical 
aperture (the size of the pupil) of the projection optical 
System itself by the Stop or the Like, the same effect can be 
obtained by changing the parameter in the like manner as in 
the case where the numerical aperture of the illuminating 
optical System is changed. In this case, the Selector 40 
functions as a means of inputting a change of the numerical 
aperture (the O Value). 
We claim: 
1. Apparatus for projecting an image of an object along an 

optical axis onto a workpiece including, in combination, an 
illumination optical System, an optical lens System and a 
control System, with Said illuminating optical system com 
prising: 

light Source means for generating a beam of light energy 
to illuminate Said object; 

Shutter means for interrupting Said beam of light energy at 
given time intervals with Said interrupted beam reach 
ing full illumination in each time interval over a time 
constant dependent upon the numerical aperture of Said 
illumination optical System; 

reticle means containing a pattern representing Said 
object; 

aperture means having an adjustable aperture; 
means for adjusting the Size of the aperture, 
means for directing Said beam of light energy through Said 

aperture means and upon Said reticle means for forming 
Said image; 

Said optical lens System comprising means including a 
Sealed pressurized lens chamber containing a plurality 
of lenses for projecting light onto Said workpiece and 
having an optical characteristic responsive to an accu 
mulation of heat in Said pressurized lens chamber from 
Said light energy, and 

Said control System comprising means responsive to Said 
aperture means for varying the light distribution to Said 
optical lens System in accordance with changes in the 
numerical aperture of Said illuminating optical System; 

storage means for storing a plurality of time constant 
constants or coefficients of change, given as a ratio of 
the numerical aperture of the illumination optical Sys 
tem to the numerical aperture of the optical lens System, 
corresponding to a multiplicity of different numerical 
aperture sizes of Said aperture means, 

Selector means responsive to Said aperture means for 
Selecting the time constant or coefficient of change 
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from Said Storage means corresponding to the numeri 
cal aperture size of Said aperture means, and 

means for controlling the preSSure in Said optical lens 
System corresponding to the Selection of Said time 
COnStant. 

2. Apparatus for projecting an image of an object along an 
optical axis onto a workpiece including, in combination, an 
illumination optical System, an optical lens System and a 
control System, with Said illuminating optical System com 
prising: 

light Source means for generating a beam of light energy 
to illuminate Said object; 

shutter means for interrupting Said beam of light energy at 
given time intervals with Said interrupted beam reach 
ing full illumination in each time interval over a time 
constant dependent upon the numerical aperture of Said 
illumination optical System; 

reticle means containing a pattern representing Said 
object; 

aperture means having an adjustable aperture; 
means for adjusting the Size of the aperture, 
means for directing Said beam of light energy through Said 

aperture means and upon Said reticle means for forming 
Said image; 

Said optical lens System comprising means including a 
Seated pressurized lens chamber containing a plurality 
of lenses for projecting light onto Said workpiece and 
having an optical characteristic responsive to an accu 
mulation of heat in Said pressurized lens chamber from 
Said light energy, and 

Said control System comprising means responsive to Said 
aperture means for varying the light distribution to Said 
optical lens System in accordance With changes in the 
numerical aperture of Said illuminating optical System, 

Storage means for Storing a plurality of time constants or 
coefficients of change, given as a ratio of the numerical 
aperture of the illumination optical System to the 
numerical aperture of the optical lens System, corre 
sponding to a multiplicity of different numerical aper 
ture sizes of Said aperture means, and 

Selector means responsive to Said aperture means for 
Selecting the time constant or coefficient of change 
from Said Storage means corresponding to the numeri 
cal aperture size of Said aperture means, and 

means for controlling the light distribution in Said optical 
lens System corresponding to the Selection of Said time 
COnStant. 

3. Apparatus for projecting an image of an object along an 
optical axis onto a workpiece including, in combination, an 
illumination optical System, an optical lens System and a 
control System, with Said illuminating optical System com 
prising: 

light Source means for generating a beam of light energy 
to illuminate Said object; 

shutter means for interrupting Said beam of light energy at 
given time intervals with Said interrupted beam reach 
ing full illumination in each time interval over a time 
constant dependent upon the numerical aperture of Said 
illumination optical System; 

reticle means containing a pattern representing Said 
object; 

aperture means having an adjustable aperture; 
means for adjusting the Size of the aperture, 
means for directing Said beam of light energy through Said 

aperture means and upon Said reticle means for forming 
Said image; 
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Said optical lens System comprising means including a 

Sealed pressurized lens chamber containing a plurality 
of lenses for projecting light onto Said workpiece and 
having an optical characteristic responsive to an accu 
mulation of heat in Said pressurized lens chamber from 
Said light energy, and 

Said control System comprising means responsive to Said 
aperture means for varying the light distribution to Said 
optical lens System in accordance with changes in the 
numerical aperture of Said illuminating optical System, 

Storage means for Storing a plurality of time constants or 
coefficients of change, given as a ratio of the numerical 
aperture of the illumination optical System to the 
numerical aperture of the optical lens System, corre 
sponding to a multiplicity of different numerical aper 
ture sizes of Said aperture means, and 

Selector means for controlling Said aperture means in a 
relationship corresponding to a Selected time constant 
or coefficient of change in Said Storage means. 

4. Apparatus for projecting an image of an Object along 
an Optical axis Onto a workpiece including an illumination 
Optical System, an optical lens System and a control System, 
Said illuminating optical System comprising: 

a reticle device containing a pattern representing Said 
object, 

an aperture device having an adjustable aperture, 
an adjusting device adjusting a Size of the aperture, 
Said Optical lens System having a Sealed pressurized lens 

chamber projecting light Onto Said workpiece and 
having an Optical characteristic responsive to an accu 
mulation of heat in Said pressurized lens chamber from 
Said light energy, 

a Storage device that Stores a plurality of time COinStants 
Or coefficients of change, given as a ratio of a numeri 
cal aperture of the illumination optical System to a 
numerical aperture of the Optical lens System, corre 
Sponding to a multiplicity of different numerical aper 
ture Sizes of Said aperture device, 

a selector device responsive to Said aperture device that 
Selects the time constant or coefficient of change from 
Said Storage device corresponding to the numerical 
aperture Size of Said aperture device, and 

a control device that controls a pressure in Said optical 
lens System corresponding to the Selection of Said time 
COISIGift. 

5. Apparatus for projecting an image of an Object along 
an Optical axis Onto a workpiece including an illumination 
Optical System, an optical lens System and a control System, 
Said illuminating optical System comprising: 

a reticle device containing a pattern representing Said 
object, 

an aperture device having an adjustable aperture, 
an adjusting device adjusting a Size of the aperture, 
Said Optical lens System having a Sealed pressurized lens 

chamber projecting light Onto Said workpiece and 
having an Optical characteristic responsive to an accu 
mulation of heat in Said pressurized lens chamber from 
Said light energy, 

a Storage device that Stores a plurality of time COinStants 
Or coefficients of change, given as a ratio of a numeri 
cal aperture of the illumination optical System to a 
numerical aperture of the Optical lens System, corre 
Sponding to a multiplicity of different numerical aper 
ture Sizes of Said aperture device, and 
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a selector device responsive to said aperture device that 
Selects the time constant or coefficient of change from 
Said Storage device corresponding to the numerical 
aperture Size of Said aperture device, and 

a control device that controls a light distribution in Said 
Optical lens System corresponding to the Selection of 
Said time COinStant. 

6. Apparatus for projecting an image of an Object along 
an Optical axis Onto a workpiece including an illumination 
Optical System, an optical lens System and a control System, 
Said illuminating optical System comprising: 

a reticle device containing a pattern representing Said 
object, 

an aperture device having an adjustable aperture, 
an adjusting device adjusting a Size of the aperture, 
Said Optical lens System having a Sealed pressurized lens 

chamber projecting light Onto Said workpiece and 
having an Optical characteristic responsive to an accu 
mulation of heat in Said pressurized lens chamber from 
Said light energy, 

a Storage device that Stores a plurality of time COinStants 
Or coefficients of change, given as a ratio of a numeri 
cal aperture of the illumination optical System to a 
numerical aperture of the Optical lens System, corre 
Sponding to a multiplicity of different numerical aper 
ture Sizes of Said aperture device, and 

a selector device controlling Said aperture device in a 
relationship corresponding to a Selected time constant 
Or coefficient of change in Said Storage device. 

7. A projection exposure apparatus comprising: 
an illumination optical System that forms a Secondary 

light Source, of which a Size or a Shape is changed, with 
light from a primary light Source to illuminate a pattern 
with light from the Secondary light Source, 

a projection optical System that projects an image of the 
pattern On a SubStrate, 

an imaging controller that adjusts an Optical property of 
the projection optical System, using a plurality of 
constants corresponding to different Sizes Or Shapes of 
Secondary light SOurces, and 

a proceSSOr that Sets a constant Selected in accordance 
with the changed size or Shape of the Secondary light 
Source in the imaging controller SO that a change in the 
Optical property caused by the change of the Size Or the 
Shape of the Secondary light Source is substantially 
corrected. 

8. An apparatus according to claim 7, wherein Said 
imaging controller calculates the change in Said optical 
property by using Said Selected constant and adjusts Said 
Optical property based On the calculated change. 

9. A projection exposure apparatus comprising: 
an illumination System that forms a Secondary light 

Source, of which a Size or Shape is changed, with light 
from a primary light Source to illuminate a pattern with 
light from the Secondary light Source, 

a projection optical System that projects an image of the 
pattern On a SubStrate, and 

an imaging controller connected with the projection Opti 
cal System, the imaging controller adjusting an optical 
property of the projection optical System based On One 
of a plurality of constants corresponding to different 
Sizes Or Shapes of Secondary light Sources, which is 
Selected in accordance with the changed Size or Shape 
SO as to correct a change in the Optical property caused 
by the change of the size or the Shape. 

5 

15 

25 

35 

45 

50 

55 

60 

65 

12 
10. An apparatus according to claim 9, wherein Said 

imaging controller includes a device that adjusts pressure in 
a chamber located between said pattern and Said Substrate, 
Said light irradiated from Said pattern passing through Said 
chamber. 

11. An apparatus according to claim 10, wherein Said 
imaging controller includes a calculator that calculates the 
change in Said Optical property by using Said Selected 
constant, the calculator controlling said device based on the 
calculated change. 

12. A projection exposure method comprising the Steps of 
changing a Size Or a Shape of a Secondary light Source 
formed with light from a primary light Source, 

determining a constant used in adjusting a change in an 
Optical property of a projection optical System in accor 
dance with the changed size or Shape of the Secondary 
light Source, and 

illuminating a pattern with light from the changed Sec 
Ondary light Source SO as to expose a SubStrate with the 
illuminated pattern through the projection optical Sys 
tem of which the change in the optical property is 
corrected based on the determined constant. 

13. A projection exposure method comprising the Steps of 
changing a Size Or a Shape of a Secondary light Source 
formed with light from a primary light Source, and 

adjusting an optical property of a projection optical 
System based On One of a plurality of COinStants corre 
Sponding to different Sizes Or Shapes of Secondary light 
Sources, which is selected in accordance with the 
changed Size or Shape of the Secondary light Source SO 
as to correct a change in the Optical property caused by 
the change of the Size or the Shape. 

14. A method according to claim 13, further comprising: 
illuminating Said pattern with light from Said changed 

Secondary light Source SO as to expose a SubStrate with 
the illuminated pattern through Said projection optical 
System of which the optical property is corrected. 

15. A method according to claim 13, wherein an optical 
distance between Said pattern and Said projection optical 
System is changed to adjust Said Optical property. 

16. A method according to claim 13, wherein a refractive 
index in at least One of Spaces between Said pattern and a 
SubStrate exposed with Said illuminated pattern is changed 
to adjust Said Optical property. 

17. A projection exposure method comprising the Steps of 
changing a Size Or a Shape of an illumination Source of 

which an image is SubStantially formed On a pupil 
plane of a projection optical System SO as to illuminate 
a pattern with the changed illumination Source, 

adjusting a distance between the pattern and the projec 
tion optical System based On One of a plurality of 
constants corresponding to different Sizes Or Shapes of 
illumination Sources, which is Selected in accordance 
with the changed size or Shape of the illumination 
Source SO as to correct a change in an optical property 
of the projection optical System caused by the change 
of the Size or the Shape. 

18. A Semiconductor device manufacturing method com 
prising the Steps of 

providing a wafer and a device pattern, 
changing a Size Or a Shape of an illumination Source 

illuminating the pattern, 
adjusting an optical property of a projection optical 

System based On a constant Selected in accordance with 
the changed Size or Shape to compensate for a change 
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in the optical property caused by the change of the Size 
Or the Shape, and 

illuminating the pattern with the changed illumination 
Source SO as to transfer the illuminated pattern Onto the 
wafer through the adjusted projection optical System. 

19. A Semiconductor device manufacturing apparatuS 
comprising: 

an illumination System that illuminates a device pattern 
with an illumination Source of which a size or a Shape 
is changed, 

a projection System that projects an image of the pattern 
On a wafer and having a pupil plane On which an image 
of the illumination Source is Substantially formed; and 

an adjusting System that adjusts an optical property of the 
projection System based On a constant Selected in 
accordance with the changed size or Shape of the 
illumination Source to compensate for a change in the 
Optical property caused by the change of the Size Or the 
Shape. 

20. A projection exposure method comprising the Steps of 
changing a Size Or a Shape of an illumination light, and 
adjusting an optical property of a projection optical 

System based On One of a plurality of constants corre 
Sponding to different Sizes Or Shapes of illumination 
lights, which is selected in accordance with the 
changed Size or Shape of the illumination light SO as to 
correct a change in the optical property caused by the 
change of the Size or the Shape. 

21. A projection exposure apparatus comprising: 
an illumination System that Outputs an illumination light, 

of which a Size or Shape is changed, to illuminate a 
pattern, 

a projection optical System that projects an image of the 
pattern On a SubStrate, and 

an imaging controller connected with the projection Opti 
cal System, the imaging controller adjusting an optical 
property of the projection optical System based On One 
of a plurality of constants corresponding to different 
Sizes or Shapes of the illumination light, which is 
Selected in accordance with the changed Size or Shape 
SO as to adjust a change in the Optical property caused 
by the change of the size or the Shape. 

22. A projection exposure apparatus comprising: 
an illumination optical System that illuminates a pattern 

through an optical integrator, with illumination light 
from a light Source, 

a projection optical System that projects the illuminated 
pattern Onto an Object, 

an optical device disposed On an optical path through 
which the illumination light passes to change an inten 
sity distribution of the illumination light On a plane, in 
the illumination optical System, SubStantially conjugate 
with a pupil plane of the projection optical System, and 

an adjusting System that adjusts the projection optical 
System SO as to correct a change in an optical property 
of the projection optical System caused by the change 
of the intensity distribution. 

23. An apparatus according to claim 22, wherein 
Said optical device includes a Stop disposed between Said 

pattern and Said optical integrator. 
24. An apparatus according to claim 22, wherein 
Said Optical device includes an optical element disposed 

between Said Optical integrator and Said light Source. 
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25. A projection exposure method comprising: 
changing an intensity distribution of light On a pupil plane 

of a projection optical System, generated from a pattern 
by irradiation of illumination light to expose an object 
with the light through the projection optical System, 
and 

adjusting the projection optical System based On a param 
eter determined in accordance with the intensity dis 
tribution SO as to correct a change in an optical 
property of the projection optical System caused by the 
change of the intensity distribution. 

26. A method according to claim 25, wherein 
a distance between Said projection optical System and at 

leaSt One of Said pattern and Said Object is adjusted. 
27. A method according to claim 25, wherein 
Said intensity distribution of light is changed by adjusting 

a distribution of Said illumination light On a plane, in 
an illumination optical System to illuminate Said 
pattern, SubStantially conjugate with the pupil plane of 
Said projection optical System. 

28. A method according to claim 25, wherein 
Said intensity distribution of light is changed by adjusting 

a numerical aperture of Said projection optical System. 
29. A projection exposure method comprising: 
changing an intensity distribution of light On a pupil plane 

of a projection optical System, Said light being gener 
ated from a pattern by irradiation of illumination light 
to expose an object with the light through the projection 
Optical System, and 

performing an imaging adjustment in accordance with the 
change of the intensity distribution in Order to form a 
desired image on the object through the projection 
Optical System. 

30. A method according to claim 29, wherein the imaging 
adjustment compensates for a change of an Optical property 
of the projection optical System that would be caused by the 
change of the intensity distribution. 

31. A method according to claim 29, wherein the intensity 
distribution is changeable continuously. 

32. A method according to claim 29, wherein Said change 
of the intensity distribution is performed by using a zoom 
Optical System disposed in an illumination System which 
directs the illumination light to said pattern. 

33. A method according to claim 29, wherein Said change 
of the intensity distribution is performed by changing an 
arrangement of optical elements disposed in an illumination 
System which directs the illumination light to said pattern. 

34. A method according to claim 29, wherein Said change 
of the intensity distribution is performed by expanding Said 
illumination light. 

35. A method according to claim 29, wherein Said change 
of the intensity distribution includes a change of a numerical 
aperture of the projection optical System. 

36. A method according to claim 29, wherein Said change 
of the intensity distribution includes a change of a distri 
bution of the light from a circular Shape to an Other Shape. 

37. A method according to claim 29, wherein Said imaging 
adjustment includes an adjustment of the projection optical 
System. 

38. A method according to claim 29, wherein Said imaging 
adjustment includes a movement of a mask On which Said 
pattern is formed. 

39. A method according to claim 29, wherein Said imaging 
adjustment includes a relative movement of the object and 
an image Surface formed through the projection optical 
System. 



US RE37,352 E 
15 

40. A projection exposure apparatus comprising: 
an illumination System having a plurality of Optical ele 

ments that include an optical integrator and that are 
disposed in a path of illumination light from a light 
Source, 

an Optical device disposed between the optical integrator 
and the light Source in the illumination System, which 
changes an intensity distribution of light On a pupil 
plane of a projection optical System, Said light being 
generated from a pattern by irradiation of the illumi 
nation light to expose an object with the light through 
the projection optical System, and 

an adjustment System functionally aSSOciated with the 
Optical device, that performs an imaging adjustment in 
accordance with the change in the intensity distribution 
in Order to form a desired pattern image on the object 
through the projection optical System. 

41. An apparatus according to claim 40, wherein Said 
change of the intensity distribution includes a change of a 
distribution of the light from a circular Shape to an Other 
Shape. 

42. An apparatus according to claim 40, wherein Said 
imaging adjustment includes an adjustment of the projection 
Optical System. 
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43. An apparatus according to claim 40, wherein Said 

imaging adjustment includes a movement of a mask On 
which said pattern is formed. 

44. An apparatus according to claim 40, wherein Said 
imaging adjustment includes a relative movement of the 
Object and an image Surface formed through the projection 
Optical System. 

45. A Semiconductor device manufacturing method com 
10 prising: 

providing a wafer and a device pattern, 
changing an intensity distribution of light On a pupil plane 

of a projection optical System, the light being generated 
from the device pattern by irradiation of illumination 
light to expose the wafer with the light through the 
projection optical System, and 

performing an imaging adjustment in accordance with the 
change of the intensity distribution in Order to form a 
desired image on the wafer through the projection 
Optical System. 


