
;e3e]L] 6 TL EXPOSURE APPARATUS AND EXPOSURE METHOD CAPABLE OF CONTROLLING
ILLUMINATION DISTRIBUTION BACKGROUND OF THE INVENTION Field of the
Invention: The present invention relates to an exposure apparatus and an
exposure method to be used in order to transfer a mask pattern onto a
substrate through a projection optical system in the lithography step for
producing, for example, semiconductor elements, liquid crystal displacement
elements, plasma display elements, or thin film magnetic heads. In
particular, the present invention relates to an exposure apparatus and an
exposure method capable of controlling the distribution of illumination
generated by an illumination system automatically or precisely. Description
of the Related Art: In order to respond to the improvement in the degree of
integration and the degree of fineness of the semiconductor device, the
exposure apparatus, which is in charge of the lithography step
(representatively including the resist application step, the exposure step,
and the resist development step) for producing the semiconductor device, is
required to further enhance, for example, the resolving power and the
transfer faithfulness. In order    to enhance the resolving power and the
transfer faithfulness as described above, it is necessary that the
wavelength of the exposure light beam as the exposure beam is shortened,
the projection optical system having a large numerical aperture is used,
and the exposure amount is controlled highly accurately in order to expose,
with a proper exposure amount, the photoresist applied on the wafer as the
substrate. In order to extract the image formation characteristic of the
projection optical system to the limit so that the exposure amount is
controlled for the photoresist highly accurately, it is necessary to
optimize the illumination optical system so as to enhance the illumination
characteristic of the illumination optical system for illuminating the
reticle as the mask with the exposure light beam as far as possible. The
adjustment to optimize the illumination optical system of the exposure
apparatus has been hitherto performed in accordance with the following
steps. 



(a) An operator measures the illumination characteristic (for example,
uneven illuminance) of an adjustment objective of the illumination optical
system. (b) The state (for example, position or angle of inclination) of a
predetermined optical member is adjusted by using a driving unit
corresponding to the illumination characteristic on the basis of the
obtained result of the measurement. The driving amount concerning this
process is 2   set so that the illumination characteristic is improved as
far as possible by correcting the optical design value on the basis of the
experience of the operator. (c) After the adjustment, the remaining amount
of the illumination characteristic is measured again. If the remaining
amount exceeds an allowable range, the adjustment is performed again by the
aid of the driving unit. (d) After the completion of the adjustment, the
final state (optimum state) of the optical member is stored. The adjustment
steps as described above are repeated for every illumination characteristic
of the adjustment objective for each of a plurality of illumination
conditions to store the optimum state of the corresponding optical member.
When the illumination condition is switched, the corresponding optical
member is set to be in the optimum state respectively. As described above,
the adjustment for optimizing the illumination optical system of the
conventional exposure apparatus has been performed by the operator, for
example, when the exposure apparatus is assembled and adjusted and when the
maintenance is performed. However, when the operator performs the
adjustment, an inconvenience arises such that a long period of time is
required to perform the adjustment. Further, it is necessary to adjust the
illumination optical system for each of the plurality of illumination
conditions. 3   



Therefore, the overall adjustment time is fairly prolonged. The time
required for the optimization is also affected by the degree of skill of
the operator. Therefore, there has been also such a fear that the
adjustment time is further prolonged depending on the operator. When the
states of a plurality of optical members in the illumination optical system
are required to be adjusted, it is necessary to consider, for example, the
mutual influence caused by the adjustment as well. Therefore, the
adjustment steps have been extremely complicated. As described above, the
adjustment for the conventional illumination optical system has required
the complicated steps which take a long period of time. Therefore, for
example, it has been difficult to perform such an operation that the
allowable level of a predetermined illumination characteristic is changed
depending on, for example, the required accuracy for the device to be
produced. Further, for example, the uneven illuminance of the illumination
characteristic is changed in a time-dependent manner, for example, due to
the cloudiness of the optical member in the illumination optical system and
the deterioration of the saltpeter material in some cases. However, in such
a case, it has been difficult for the conventional adjustment method to
make quick response. 4   The uneven illuminance is principally divided into
the uneven illuminance which is axially symmetrical with respect to the
optical axis (centro-symmetrical unevenness), i.e., the quadratic
function-like unevenness, and the inclination unevenness in which the
illuminance is gradually increased or decreased in the area across the
optical axis, i.e., the linear function-like unevenness. It is necessary
that the uneven illuminance as described above is corrected highly
accurately in the orthogonal two directions in the case of the full field
exposure type exposure apparatus such as the stepper. On the other hand, in
the case of the scanning exposure type exposure apparatus such as those
based on the step-and-scan system, the uneven illuminance in the scanning
direction is averaged by the scanning exposure operation to such an extent
that little problem occurs. Therefore, it is required to especially correct
the uneven illuminance in the non-scanning direction perpendicular to the
scanning direction highly accurately. The uneven illuminance has been
hitherto corrected in ordinary cases by driving a group of predetermined
lenses in the illumination optical system in the optical axis direction, or
by driving the group of lenses so that the tilt angle about the two axes is
changed. In general, the situation of the uneven illuminance differs
depending on the illumination condition. Especially, in the case of the 5
centro-symmetrical unevenness, the degree of concaveness/convexness of the
illuminance is changed corresponding to the change of the position through
which the light flux passes in the lens group depending on the numerical
aperture of the exposure light beam (illumination light beam). Therefore,
for example, as for the lens group as the adjustment objective, the optimum
position is previously stored for each of the illumination conditions, and
the lens group is driven to the optimum position every time when the
illumination condition is changed. A phenomenon is known, in which the
cloudy substance 



adheres to the surface of the optical element when the exposure light beam
in the ultraviolet region reacts with a minute amount of organic matter
contained in the gas existing around the optical element. Usually, the gas,
from which the organic matter or the like is removed, for example, through
a chemical filter, is supplied to the surroundings of the respective lenses
of the illumination optical system and the projection optical system.
However, when the exposure apparatus is used for a long period of time,
then a slight amount of remaining organic matter gradually increases the
cloudiness of the lens, and the centro-symmetrical unevenness, in which the
illuminance is lowered especially at the central portion, is sometimes
advanced in a time-dependent manner. In such a case, the operator has
adjusted the position of the corresponding 6   lens group again, depending
on the degree of advance of the centro-symmetrical unevenness. Further, for
example, when the centro-symmetrical unevenness is extremely advanced
during the process of the use of the exposure apparatus for several years,
the lens group as the adjustment objective itself is exchanged with a lens
group having a strong effect of correction in some cases. As described
above, the uneven illuminance of the conventional exposure apparatus has
been corrected by controlling the tilt angle or the position of the
predetermined lens group including the lens having a certain curvature
(refractive power) in the optical system, or by exchanging the lens group
with another lens group. However, when it is intended to correct the uneven
illuminance by driving the lens having a certain curvature other than the
flat plane, the uniformity of the coherence factor (a value) of the
illumination light beam is occasionally deteriorated in the illumination
area on the reticle as the mask, and in the exposure area on the wafer as
the substrate to be exposed. When the uniformity of the a value is
deteriorated in the exposure area as described above, an inconvenience
arises such that the line width uniformity, which is the original object of
the suppression of the uneven illuminance, is lowered. On the other hand,
if the correction amount of the uneven illuminance is set 7   so that the
deterioration of the uniformity of the a value is suppressed, a limit
appears in the line width control accuracy. Especially, in recent years,
the design rule (standard line width) of the semiconductor device becomes
finer and finer year by year. In order to further improve the line width
control accuracy, it is demanded to develop an exposure method which makes
it possible to improve the uniformity of the exposure amount distribution
without deteriorating the uniformity of the a value. Taking the foregoing
viewpoints into consideration, a 



first object of the present invention is to provide an exposure apparatus
which makes it possible to correctly adjust an illumination optical system
for a short period of time . Further, a second object of the present
invention is to provide an exposure apparatus which makes it possible to
substantially automatically adjust an illumination optical system which is
capable of making switch to a plurality of illumination conditions.
Further, a third object of the present invention is to provide a method for
efficiently using such an exposure apparatus and a method for producing a
highly accurate device based on the use of such an exposure apparatus. A
fourth object of the present invention is to provide an exposure method
which makes it possible to improve the 8   uniformity of the exposure
amount distribution without substantially deteriorating the uniformity of
the coherence factor of an exposure light beam. A fifth object of the
present invention is to provide an exposure apparatus which makes it
possible to carry out the exposure method provided in accordance with the
fourth object. A sixth object of the present invention is to provide a
method for producing a device, which makes it possible to produce the
device with a high line width control accuracy by using the exposure method
according to the present invention. 



SUMMARY OF THE INVENTION According to a first aspect of the present
invention, there is provided an exposure apparatus for exposing a second
object with an exposure light beam passed through a first object, the
exposure apparatus comprising: an illumination system which is provided
with an optical member and which illuminates the first object with the
exposure light beam; an illumination condition-switching system which is
arranged in the illumination system and which switches an illumination
condition of the exposure light beam; and an adjusting system which adjusts
a state of the 9   optical member in the illumination system in order to
control an illumination characteristic of the illumination system depending
on the switched illumination condition. According to the present invention
as described above, when the illumination condition is switched with the 



illumination condition-switching system, the state of the optical member
(for example, position in the optical axis direction, position in the
direction perpendicular to the optical axis, and tilt angle) is adjusted by
the aid of the adjusting system depending on the illumination condition
after the switching operation. Accordingly, the predetermined illumination
characteristic of the illumination system can be substantially
automatically controlled to be in a desired state for a plurality of
illumination conditions respectively. The adjusting system may include a
driving system which moves the optical member, and a control system which
controls the driving system depending on the switched illumination
condition. In this arrangement, an example of the predetermined
illumination characteristic of the evaluation object is at least one of
uneven illuminance of the exposure light beam and a collapse amount of a
telecentric property (telecentricity) of the exposure light beam. Both of
them are extremely important characteristics to obtain a high resolution on
the second object. Further, it is desirable that the illumination
characteristic of the evaluation 10   objective includes an inclination
component and a concave/convex component of the uneven illuminance of the
exposure light beam, and inclination components (twodimensional vector
amounts) and a magnification component of the collapse amount of the
telecentric property of the exposure light. The five components of the
illumination characteristic can be easily controlled substantially singly
by mutually independently driving a plurality of optical members in the
illumination system. Therefore, it is especially easy to effect the
automatization. It is desirable that the exposure apparatus further
comprises a characteristic-measuring system which measures the illumination
characteristic of the illumination system, wherein the control system
determines and stores a relationship between a driving amount of the
driving system and an amount of change of the illumination characteristic
on the basis of a result of the measurement performed by the
characteristic-measuring system. When the illumination characteristic is
changed in a time-dependent manner, the illumination characteristic can be
quickly restored to a desired state, for example, by periodically measuring
the illumination characteristic with the characteristic measuring system,
by updating the previously stored relationship by means of calculation
(simulation), or by simultaneously using both of the foregoing means (i.e.,
by updating the relationship by means of calculation during 11   



the periodic measurement of the illumination characteristic) so that the
optical member is driven on the basis of the obtained result. According to
a second aspect of the present invention, there is provided an exposure
apparatus for exposing a second object with an exposure light beam passed
through a first object, the exposure apparatus comprising: an illumination
system which is provided with an optical member and which illuminates the
first object with the exposure light beam; a characteristic-measuring
system which measures an illumination characteristic of the illumination
system; and an adjusting system which adjusts a state of the optical member
in accordance with a result of the measurement performed by the
characteristic-measuring system. According to the exposure apparatus as
described 



above, the illumination system can be correctly adjusted for a short period
of time by driving the adjusting system on the basis of the result of the
measurement performed by the characteristic-measuring system provided with,
for example, a spatial image-measuring system. In the present invention as
described above, when the illumination system includes an optical
integrator (uniformizer or homogenizer) and a first optical system and a
second optical system which introduce the exposure light 12   beam passed
through the optical integrator into an irradiation plane of the first
object or a plane conjugate therewith, the following illumination
characteristics can be controlled substantially mutually independently by
performing the adjustment for the states of the foregoing optical members
respectively as follows: (al) adjustment for the position of the optical
integrator in the optical axis direction: magnification component of the
collapse amount of the telecentric property of the exposure light beam;
(bl) adjustment for the position of the first optical system in the optical
axis direction: concave/convex component of the uneven illuminance; (cl)
adjustment for the two-dimensional position of 



the second optical system in the direction perpendicular to the optical
axis: inclination component of the collapse amount of the telecentric
property (two-dimensional vector amount); and (dl) adjustment for the tilt
angle of the second optical system: inclination component of the uneven
illuminance in the tilting direction. It is desirable that the tilting
angle corresponds to the non-scanning direction perpendicular to the
scanning direction in the case of the exposure apparatus based on the
scanning exposure system, because of the following reason. That is, the
uneven illuminance is averaged owing to the integral effect in the 13
scanning direction, while it is desirable to make the correction with the
tilt, because no averaging effect is generated in the non-scanning
direction. In the present invention described above, it is desirable that
the illumination system further includes an optical element which sets an
illuminance distribution of the exposure light beam to a local area for
modified illumination, a beam-shaping optical system which introduces the
exposure light beam from an exposure light source into the optical element,
a light-collecting optical system which introduces the exposure light beam
from the optical element, and the optical integrator which uniformizes the
illuminance distribution of the exposure light beam from the
light-collecting optical system, wherein the adjusting system adjusts the
state of the light-collecting optical system or the beam-shaping optical
system. In this arrangement, for example, the beam-shaping optical system
is adjusted so that the magnitude of the illuminance of the exposure light
beam and magnitude of the dispersion of the illuminance distribution of the
exposure light beam are balanced. Thus, it is possible to decrease the
uneven illuminance on condition that the loss of the exposure light beam is
minimized. According to a third aspect of the present invention, there is
provided an exposure apparatus for exposing a 14  



second object with an exposure light beam passed through a first object,
the exposure apparatus comprising: an illumination system which illuminates
the first object with the exposure light beam; a characteristic-measuring
system which measures an illumination characteristic of the illumination
system; and a control system which independently determines a magnification
component and an inclination component of a collapse amount of a
telecentric property of the exposure light beam from the illumination
characteristic measured by the characteristic-measuring system. It is easy
to perform the adjustment substantially mutually independently by dividing
the collapse amount of the telecentric property into the inclination
component and the magnification component as described above. The control
system may independently determine a concave/convex component and an
inclination component of uneven illuminance of the exposure light beam
afforded by the illumination system, from the illumination characteristic
measured by the characteristicmeasuring system. According to a fourth
aspect of the present invention, there is provided an exposure method for
exposing a second object with an exposure light beam from an illumination
system passed through a first object, the exposure method comprising the
steps of: illuminating the first object with the exposure light 15   beam;
measuring an illumination characteristic of the illumination system;
independently determining a magnification component and an inclination
component of a collapse amount of a telecentric property of the exposure
light beam from the measured illumination characteristic; adjusting the
illumination system on the basis of the determined magnification and the
inclination components of the collapse amount of the telecentric property;
and exposing the second object with the exposure light beam from the
adjusted illumination system passing through the first object. According to
this exposure method, the telecentric property of the illumination system
can be adjusted easily for a short period of time. Thus, it is possible to
improve the throughput. This method may further comprise the step of
independently determining a concave/convex component and an inclination
component of uneven illuminance of the exposure light beam afforded by the
illumination system from the measured illumination characteristic. 



According to a fifth aspect of the present invention, there is provided a
method for adjusting an exposure apparatus provided with an illumination
system for illuminating a first object with an exposure light beam, for
exposing a second object with the exposure light beam 16   passed through
the first object, the method comprising the steps of setting a
predetermined optical member in the illumination system in a plurality of
states to measure an illumination characteristic of the illumination system
in each state; determining a relationship between an amount of change of
the state of the optical member and an amount of change of the illumination
characteristic on the basis of a result of the measurement of the
illumination characteristic; and adjusting the state of the optical member
in order to control the illumination characteristic on the basis of the 



determined relationship. According to this adjusting method, it is possible
to efficiently adjust the illumination characteristic by previously
determining the relationship between the driving amount of the optical
member and the amount of change of the illumination characteristic. The
method may further comprise the step of storing the determined
relationship. According to a sixth aspect of the present invention, there
is provided an exposure method for exposing a second object with an
exposure light beam passed through a first object, the exposure method
comprising the steps of: radiating the exposure light beam onto the first
object; and controlling a transmittance distribution of the 17   exposure
light beam in a planer area traversing an optical axis of the exposure
light beam in the vicinity of an exposure plane of the second object or in
the vicinity of a plane conjugate with the exposure plane. According to the
exposure method as described above, the uneven illuminance is adjusted not
by driving an optical element having a predetermined curvature other than
the flat plane. The transmittance distribution of the planer area is
controlled (especially controlled twodimensionally) so that the uneven
illuminance is corrected. Accordingly, the illuminance distribution can be
controlled without substantially deteriorating the uniformity of the
coherence factor of the exposure light beam in the exposure area of the
second object. Therefore, the illuminance distribution is controlled so
that the unevenness of the cumulative exposure amount on the second object
is corrected, and thus it is possible to improve the uniformity of the
exposure amount distribution so that the line width uniformity may be
reliably improved. Further, the transmittance distribution is not fixed, it
can be controlled variably two-dimensionally. Therefore, when any
cloudiness or the like appears on the optical element such as those of the
illumination system, and the illuminance distribution on the second object
is changed in a timedependent manner, then the transmittance distribution
is controlled so that the change is offset. Thus, it is 18  



possible to always maintain high uniformity of the exposure amount
distribution. In this process, for example, the transmittance distribution
for the exposure light beam is controlled to give a concentric distribution
about the center of the optical axis so that the unevenness of the exposure
amount distribution for the second object is corrected. When the concentric
distribution is given as described above, it is possible to appropriately
correct the uneven illuminance (centro-symmetrical unevenness) which is
axially symmetrical with respect to the optical axis. Further, the
centro-symmetrical unevenness can be corrected substantially continuously
within a predetermined range by rotating the transmittance distribution. In
another example, the transmittance distribution for the exposure light beam
is controlled to give a predetermined distribution in a first direction so
that the unevenness of the exposure amount distribution for the second
object is corrected. That is, the transmittance distribution is controlled
to give a one-dimensional predetermined distribution. The direction of the
onedimensional distriyibution is variable. When the onedimensional
transmittance distribution is used as described above, it is possible to
correct the unevenness of the cumulative exposure amount in the
non-scanning direction (direction perpendicular to the scanning direction)
when 19   the scanning exposure is performed. That is, when the
predetermined distribution is a distribution which changes
one-dimensionally symmetrically about the center of the optical axis, the
centro-symmetrical unevenness (quadratic function-like unevenness) can be
corrected substantially continuously within a predetermined range after the
scanning exposure. When the predetermined distribution is a distribution in
which the transmittance is gradually increased or decreased as the position
is separated farther from the optical axis, the inclination unevenness
(linear function-like unevenness) can be corrected substantially
continuously within a predetermined range after the scanning exposure. The
transmittance distribution for the exposure light beam may be further
controlled in a direction intersecting the direction of the predetermined
distribution with the same distribution as the predetermined distribution
or with another distribution. When a plurality of one-dimensional
transmittance distributions are combined, it is possible to correct the
two-dimensional uneven illuminance such as the inclination unevenness and
the centro-symmetrical unevenness in the stationary state. The present
invention can be also applied to the exposure apparatus of the full filed
exposure type such as the stepper. It is also possible to omit the
mechanism for driving a large lens group to be used to correct the uneven
illuminance. 20   In the scanning exposure system in which the first object
and the second object are synchronously moved in a scanning direction when
the second object is exposed, it is desirable that the transmittance
distribution for the exposure light beam is controlled so that exposure
amount distribution (exposure amount distribution in the nonscanning
direction), which is obtained by adding up an exposure amount of the
exposure light beam for the second object in the scanning direction, is
uniformized. In this 



process, the uneven illuminance in the scanning direction is averaged by
the scanning exposure. Therefore, the cumulative exposure amount
distribution is uniformized on the entire surface of the second object by
uniformizing the exposure amount distribution in the non-scanning direction
perpendicular to the scanning direction. Thus, it is possible to obtain a
high line width control accuracy. According to a seventh aspect of the
present invention, there is provided an exposure apparatus for exposing a
second object with an exposure light beam passed through a first object,
the exposure apparatus comprising: an illumination system which illuminates
the first object with the expo~u~e light beam; and at least one filter
which is arranged in the vicinity of an exposure plane of the second object
or in the vicinity of a plane conjugate with the exposure plane on an
optical path for the exposure light beam up to the second 21   object and
which has a predetermined transmittance distribution with respect to the
exposure light beam. According to the present invention as described above,
the transmittance distribution can be controlled substantially
continuously, for example, by mechanically rotating the filter, or by
electrically rotating the transmittance distribution of the filter.
Therefore, it is possible to carry out the exposure method according to the
sixth aspect of the present invention. In this arrangement, the apparatus
may further comprise a driving unit which controls an angle of rotation of
the filter itself or which makes control to electrically rotate the
transmittance distribution of the filter. Accordingly, it is possible to
automatically correct the unevenness of the exposure amount. In this
arrangement, the illumination system may include one stage of optical
integrator or a plurality of stages of optical integrators for uniformizing
an illuminance distribution of the exposure light beam, and a field
diaphragm for defining an illumination area on the first object of the
exposure light beam from the optical integrator; wherein the ~ilter may be
arranged on a plane in the vicinity of the field diaphragm or on a plane in
the vicinity of an irradiation plane of the first object. Accordingly, the
filter can be easily arranged. The filter may be composed of two sheets of
a first 22   filter and a second filter which have the same transmittance
distribution in a one-dimensional direction symmetrically with respect to
an optical axis respectively, and the two sheets of the filters may be
rotated in mutually opposite phases. Accordingly, the centrosymmetrical
unevenness can be corrected continuously by means of the simple control.
When the present invention is applied to an exposure apparatus based on the
scanning exposure system, it is desirable that the exposure apparatus
further comprises a stage system which synchronously moves the first object
and the second object in a scanning direction; an exposure amount
distributionmeasuring unit which measures a distribution of added-up value
in the scanning direction of an exposure amount of the exposure light beam
on the second object; and a control unit which controls an angle of
rotation of the filter by the aid of the driving unit in accordance with
the exposure amount distribution measured by the distribution-measuring
unit. In this arrangement, the unevenness of the exposure amount can be
corrected highly accurately by measuring the distribution of the added-up
value in the non-scanning direction with the distrib~~ion-measuring unit,
and rotating the filter so that the distribution is uniform. 



According to an eighth aspect of the present invention, there is provided
an exposure apparatus for illuminating a first object with an exposure
light beam and 23   exposing a second object with the exposure light beam
passed through the first object, the exposure apparatus comprising: an
illumination optical system which is capable of illuminating the first
object under a plurality of illumination conditions respectively and in
which an illuminance distribution of the exposure light beam has an
identical tendency for the plurality of illumination conditions
respectively; and an optical member which is arranged on an optical path
for the exposure light beam up to the second object and which adjusts the
illuminance distribution. According to the exposure apparatus of the
present invention as described above, when the illumination condition is
changed, for example, from the ordinary illumination to the modified
illumination or the small a value illumination, the uniformity of the
exposure amount distribution can be improved by offsetting the amount of
change of the uneven illuminance by means of the optical member, for
example, when the degree of the centrosymmetrical unevenness or the
inclination unevenness is slightly changed. In this arrangement, it is
desirable that the illumination optical system is adjusted to have uneven
illuminance in which the illuminance distribution is substantially
symmetrical with respect to an optical axis 24   of the illumination
optical system. Accordingly, it is easy to correct the uneven illuminance.
For example, the optical member includes at least one optical fiber which
is arranged separately from an exposure plane of the second object or a
conjugate plane thereof and which has a predetermined transmittance
distribution with respect to the exposure light beam. According to an ninth
aspect of the invention, an exposure method for illuminating a first object
with an exposure light beam and exposing a second object with the exposure
light beam passed through the first object is provided. The exposure method
comprises: 



changing an illumination condition for the first object depending on a
pattern to be transferred onto the second object; adjusting an inclination
component and a centrosymmetrical component of uneven illuminance or uneven
exposure amount in an irradiation area of the exposure light beam,
respectively; and adjusting the centro-symmetrical component without
adjusting the inclination component during a predetermined period after the
adjustment of the uneven illuminance or uneven exposure amount. According
to an tenth aspect of the invention, an exposure method for irradiating a
first object with an exposure light beam passed through an illumination
optical 25   system and exposing a second object with the exposure light
beam passed through the first object is provided. The exposure method
comprises: detecting the exposure light beam on a predetermined plane on
which the second object is arranged to measure an illumination
characteristic including at least one of a distribution of exposure amount
or illuminance in an irradiation area of the exposure light beam and a
telecentricity of the illumination optical system; moving at least one
optical element of the illumination optical system on the basis of the
measured illumination characteristic; updating the measured illumination
characteristic by means of calculation until the illumination
characteristic is measured next time; and moving the at least one optical
element on the basis of the updated illumination characteristic. A method
for producing a device according to the present invention comprises the
step of transferring a device pattern onto a substrate by using the
exposure method according to any one of the aspects of the present
invention. According to the present invention, it is possible to
mass-produce a highly functional device with a high line width control
accuracy. BRIEF DESCRIPTION OF THE DRAWINGS 26 



Fig. 1 shows, with partial cutout, a front view illustrating a projection
exposure apparatus according to a first embodiment of the present
invention. Fig. 2 shows a perspective view illustrating an illumination
area 35 and an optical system ranging from a second fly's eye lens 9 to a
second lens system 13 shown in Fig. 1. Fig. 3A shows a plan view
illustrating a reticle stage 31 and an evaluation mark plate 33, and Fig.
3B shows a magnified plan view to illustrate a method for detecting an
image 36AP of an evaluating mark. Figs. 4A-4C illustrate a method for
measuring an inclination component and a concave/convex component of uneven
illuminance. Figs. 5A-5F illustrates a method for measuring an 



inclination component and a magnification component of illumination
telecentricity. Fig. 6A shows, with partial cutout, main components to be
used when the modified illumination is performed by an illumination optical
system ILS shown in Fig. 1, and Fig. 6B shows a front view illustrating an
apertare diaphragm plate 10 shown in Fig. 6A. Fig. 7 shows an example of
the relationship between the magnitude of illuminance and the uneven
illuminance when the modified illumination is performed. 27   Fig. 8 shows
a flow chart illustrating an example of a measurement sequence for the
driving rate of the entire driving unit in the illumination optical system.
Fig. 9 shows a flow chart illustrating an example of an automatic
adjustment sequence for the illumination optical system. Fig. 10 shows a
flow chart illustrating an example of 



an adjustment sequence for the modified illumination according to a second
embodiment. Fig. 11 shows, with partial cutout, an arrangement illustrating
a projection exposure apparatus according to a third embodiment of the
present invention. Fig. 12 shows a perspective view illustrating the
relationship concerning an illumination area 35 and an optical system
ranging from a second fly's eye lens 9 to a fixed blind 14A shown in Fig.
11. Fig. 13A shows a plan view illustrating an exposure area and an uneven
illuminance sensor 42, and Fig. 13B shows an example of a detection signal
obtained by the uneven illuminance sensor 42. Figs. 14A-14C show states in
which the angle of rotation of a concentration filter plate 51 is changed
in three ways in the third embodiment. Figs. 15A-15C show the concentration
filter plate 51 



and filter plates equivalent thereto. Fig. 16 shows a perspective view
illustrating the 28   relationship concerning an illumination area 35 and
an optical system ranging from a second fly's eye lens 9 to a fixed blind
14A of a projection exposure apparatus according to a fourth embodiment of
the present invention. Fig. 17A shows a concentration filter plate 51A of
the fourth embodiment, Fig. 17B shows a transmittance distribution of the
concentration filter plate 51A, Fig. 17C shows a second concentration
filter plate 51B of the second embodiment, Fig. 17D shows a transmittance
distribution of the concentration filter plate 51B, and Fig. 17E shows a
final transmittance distribution. Figs. 18A-18C show states in which the
angle of rotation of a concentration filter plate 155 according to a fifth
embodiment of the present invention is changed in three ways. Fig. 19A
shows a first concentration filter plate 161 according to a sixth
embodiment of the present invention, and Fig. 19B shows transmittance
distributions at a variety of angles of rotation of the concentration
filter plate 161. Fig. 20A shows a second concentration filter plate 63
according to the sixth embodiment, and Fig. 20B shows transmittance (T(r))
distributions at a variety of angles of rotation of the concentration
filter plate 63. DESCRIPTION OF THE PREFERRED EMBODIMENTS 29   An exemplary
embodiment of the present invention will be explained below with reference
to the drawings. In this embodiment, the present invention is applied to a
scanning exposure type projection exposure apparatus based on the
step-and-scan system or the step-and-stitch system. 



Fig. 1 shows a schematic arrangement of a projection exposure apparatus of
this embodiment. In Fig. 1, an ArF excimer laser light source (wavelength:
193 nm) is used as an exposure light source 1. However, those usable as the
exposure light source 1 include, for example, a KrF excimer laser
(wavelength: 248 nm), an F2 laser (wavelength: 157 nm), a Kr2 laser
(wavelength: 146 nm), a high harmonic wave generator of YAG laser, a high
harmonic wave generator of semiconductor laser, and a mercury lamp. An
exposure light beam IL (exposure beam), which is composed of an ultraviolet
pulse light beam having a wavelength of 193 nm radiated from the exposure
light source 1, passes through a beam matching unit (BMU) 2 for
positionally matching the optical path with respect to the main exposure
apparatus body, and it comes into a variable light-reducing unit 3 to serve
as a light attenuator. An exposure control unit 21, which is provided to
control the exposure amount with respect to the photoresist on a wafer,
controls the start 30   and the stop of the light emission of the exposure
light source 1 as well as the output (oscillation frequency and pulse
energy). The dimming ratio for the variable lightreducing unit 3 is
adjusted continuously or in a stepwise manner. The exposure light beam IL,
which has passed through the variable light-reducing unit 3, passes through
a beamshaping system 5 composed of a first lens system 4A and a second lens
system 4B arranged along a predetermined optical axis, and it comes into a
first fly's eye lens 6 to serve as a first stage optical integrator
(uniformizer or homogenizer). The exposure light beam IL, which outgoes
from the first fly's eye lens 6, comes into a second fly's eye lens 9 to
serve as a second stage optical integrator via a first lens system 7A, an
optical path-bending mirror 8, and a second lens system 7B. A relay optical
system (or may be referred to as "beam-shaping system" as well), which
serves as a light-collecting optical system, is constructed by the first
lens system 7A and the second lens system 7B. An aperture diaphragm plate
10 is arranged rotatably by the aid of a driving motor 10e at a
light-outgoing plane of the second fly's eye lens 9, i.e., an optical
Fourier transformation plane (pupil plane of the illumination system) with
respect to the pattern plane (reticle plane) of a reticle 28 as the
exposure objective. As shown in a front view of Fig. 6B, the aperture
diaphragm plate 10 is 31   exchangeably arranged with a circular aperture
diaphragm IOa for the ordinary illumination, an aperture diaphragm 10b for
tonal illumination as an example of the modified illumination, an aperture
diaphragm 10c composed of a plurality of (in this embodiment, four)
eccentric small apertures for modified light source (or so-called oblique
illumination) as another example of the modified illumination, and a small
circular aperture diaphragm 10d for the small coherence factor (a value).
The aperture diaphragm 10c may be also referred to as the aperture
diaphragm for the four-spot illumination. The "illumination
condition-switching system" for switching the illumination condition into
any one of the plurality of illumination conditions (ordinary illumination,
modified illumination, and small a value illumination) is constructed by
the aperture diaphragm plate 10 and the driving motor 10e. The main control
system 22, which collectively manages and controls the operation of the
entire apparatus, sets the illumination condition by the aid of the driving
motor 10e. With reference to Fig. 1, the aperture diaphragm 10a for the
ordinary illumination is installed at the lightoutgoing plane of the second
fly's eye lens 9. The exposure light beam IL, which outgoes from the second
fly's eye lens 9 and which has passed through the aperture diaphragm 10a,
comes into a beam splitter 11 having a high 



32   transmittance and having a low reflectance. The exposure light beam,
which is reflected by the beam splitter 11, comes into an integrator sensor
20 composed of a photoelectric detector via a light-collecting lens 19. A
detection signal S1 of the integrator sensor 20 is supplied to an exposure
control unit 21. The relationship between the detection signal of the
integrator sensor 20 and the illuminance of the exposure light beam IL on
the wafer W as the substrate to be exposed is previously measured highly
accurately, and it is stored in a memory in the exposure control unit 21.
The exposure control unit 21 is constructed so that the illuminance
(average value) of the exposure light beam IL with respect to the wafer W
and the integral value thereof may be indirectly monitored in accordance
with the detection signal of the integrator sensor 20. The exposure light
beam IL, which is transmitted through the beam splitter 11, passes along
the optical axis IAX through a first lens system 12 (first optical system)
and a second lens system 13 (second optical system), and it successively
comes into a fixed blind (illumination field diaphragm which has an opening
for defining the exposure area 35P on the wafer W (projection area which is
conjugate with the illumination area 35 in relation to the projection
optical system PL and onto which the image of the pattern in the
illumination area 35 is formed) and the illumination 33   area 35 on the
reticle 28 irradiated with the exposure light beam IL and which has a width
of the opening fixed in relation to at least the scanning direction of the
scanning direction (Y direction) in which the reticle 28 and the wafer W
are moved during the scanning exposure and the nonscanning direction (X
direction) perpendicular to the scanning direction in this embodiment) 14A
and a movable blind (movable illumination field diaphragm) 14B. The latter
movable blind 14B is installed at the conjugate plane with respect to the
reticle plane. The former fixed blind 14A is arranged at a plane which is
defocused by a predetermined amount from the conjugate plane. For example,
as disclosed in Japanese Laid-Open Patent Publication No. 4-196513, the
fixed blind 14A has an opening which is arranged to extend in a linear slit
configuration or in a rectangular configuration (hereinafter collectively
referred to as "slit-shaped configuration") in the non-scanning direction
substantially about the center of the optical axis AX in a circular field
of the projection optical system PL. In order to avoid any unnecessary
exposure upon the start and the end of the scanning exposure for the
respective shot areas on the wafer W, the movable blind 14B is used to vary
the width in the scanning direction of the exposure area 35P and the
illumination area 35 defined by the fixed blind 14A. The movable blind 14B
is also used to vary the width 34   corresponding to the size of the
pattern area of the reticle 28 concerning the direction (non-scanning
direction) perpendicular to the scanning direction SD. The information on
the opening ratio of the movable blind 14B is also supplied to the exposure
control unit 21. The value, which is obtained by multiply the illuminance
determined from the detection signal of the integrator sensor 20 by the
opening ratio, is the actual illuminance on the wafer W. The arrangement of
the fixed blind 14A and the movable blind 14B is not limited to the
arrangement shown in Fig. 1. For example, the fixed blind 14A may be
arranged closely to the reticle 28 between the reticle 28 and the
illumination optical system. The exposure light beam IL, which has passed
through the fixed blind 14A during the exposure, radiates the illumination
area (illumination field area) 35 on the pattern plane (lower surface) of
the reticle 28 as the mask via an optical path-bending mirror 15, an
image-forming lens system 16, a sub-condenser lens system 17, and a main
condenser lens system 18. Under the illumination light beam IL, the image
of the circuit pattern in the illumination area of the reticle 28 is
transferred to the slit-shaped exposure area 35P of the photoresist layer
on the wafer W as the substrate (substrate to be exposed) arranged at the
image formation plane of the projection optical system PL at a
predetermined projection 



35   magnification ~ (~ is, for example 1/4, 1/5) via the projection
optical system PL which is telecentric on the both sides. The reticle 28
and the wafer W correspond to the first object and the second object of the
present invention respectively. The wafer W is, for example, a disk-shaped
substrate of semiconductor (silicon or the like), SOI (silicon on
insulator) or the like. The projection optical system PL as the projection
system of this embodiment is a dioptric system (refractive system).
However, it is needless to say that the cata-dioptric system (reflecting
refractive system) and the reflective system can be also used. The
following description will be made assuming that the Z axis extends in
parallel to the optical axis AX of the projection optical system PL, the Y
axis extends in the scanning direction (direction parallel to the plane of
paper of Fig. 1 in this embodiment) in the plane perpendicular to the Z
axis, and the X axis extends in the non-scanning direction (direction
perpendicular to the plane of paper of Fig. 1 in this embodiment)
perpendicular to the scanning direction. In Fig. 1, the illumination
optical system ILS is constructed, for example, by the exposure light
source 1, the beam matching unit 2, the variable light-reducing unit 3, the
beam-shaping system 5, the first fly's eye lens 6, the first lens system
7A, the second lens system 7B, the second fly's eye lens 9, the first lens
system 12, the 36   second lens system 13, the fixed blind 14A, the movable
blind 14B, the image-forming lens system 16, the subcondenser lens system
17, and the main condenser lens system 18. The illumination optical system
ILS or one obtained by adding the exposure light source thereto corresponds
to the illumination system of the present invention. The optical axis IAX
of the illumination optical system ILS is coincident with the optical axis
AX of the projection optical system PL on the reticle 28. In this
embodiment, a first driving unit 23, a second driving unit 24, a driving
unit group 25 are installed to the second fly's eye lens 9, the first lens
system 12, and the second lens system 13 respectively. Fig. 2 shows a
perspective view illustrating the relationship between the illumination
area 35 and the optical system ranging from the second fly's eye lens 9 to
the second lens system 13 shown in Fig. 1. In Fig. 2, the scanning
direction SD (Y direction) for the reticle with respect to the illumination
area 35, and the direction on the second fly's eye lens 9 corresponding to
the nonscanning direction (X direction) are the y direction and the x
direction respectively. The first driving unit 23 adjusts the position of
the second fly's eye lens 9 in the direction of the optical axis IAX
(direction of the arrow A1). The second driving unit 24 adjusts the
position of the first lens system 12 in the direction of the optical 37
axis IAX (direction of the arrow A2). The driving unit group 25 shown in
Fig. 1 is constructed by a third driving unit 25X, a fourth driving unit
25Y, and a fifth driving unit 25T shown in Fig. 2. The driving units 25X,
25Y adjust positions of the second lens system 13 in the y direction
(direction of the arrow A4) and the x direction (direction of the arrow A3)
perpendicular to the optical axis IAX of the second lens system 13
respectively. The driving unit 25T adjusts the tilt angle of the second
lens system 13 about the axis passing through the optical axis IAX and
parallel to the y axis (direction of the arrow A5). In other words, the
driving unit 25T adjusts the tilt angle (angle of inclination) of the lens
system 13 in the direction corresponding to the non-scanning direction of
the illumination area 35. 



Those usable as the driving units 23 to 25T include, for example, a
micrometer based on the electric system, and a driving unit for displacing
a flange section of an optical member as a driving objective with a driving
element such as a piezoelectric element. In this case, each of the driving
units 23 to 25T is incorporated with an encoder (for example, a rotary
encoder) (not shown) to indicate the displacement amount of the optical
member within a range capable of driving (driving stroke). Detection
signals from the encoders are supplied to the driving system 26 shown in
Fig. 1. The driving system 26 38   controls the states of the second fly's
eye lens 9, the first lens system 12, and the second lens system Z3 by the
aid of the driving units 23 to 25T on the basis of the driving information
from the main control system 22 and the detection signals. Alternatively,
for example, an electrostatic capacity sensor may be used for the encoder
for the driving unit 23 to 25T. In this embodiment, as shown in Fig. 6A,
the arrangement is made such that when the modified illumination is
performed, the first fly's eye lens 6 can be exchanged with an light amount
distribution-converting element 55 composed of a diffractive optical
element (DOE) by using a switching unit 56. The light amount
distribution-converting element 55 corresponds to the optical element for
setting the exposure light beam to a local area. In Fig. 6A, when the
modified illumination is performed, for example, the aperture diaphragm 10b
having the tonal configuration (or the aperture diaphragm 10c for the
four-spot illumination) is installed at the lightoutgoing plane of the
second fly's eye lens 9. The light amount distribution-converting element
55 collects the exposure light beam IL to the area having a substantially
tonal configuration of the light-incoming plane of the second fly's eye
lens 9 by means of the diffracting effect. The light amount
distribution-converting element 55 is also 39   included in the
illumination optical system ILS. Accordingly, the efficiency of use of the
exposure light beam IL is enhanced. A high illuminance is obtained on the
wafer even when the modified illumination is performed. In this process, a
driving unit 58 for adjusting the position of the second lens system 7B in
the direction of the optical axis IAx, a driving unit 62 for adjusting the
position of the first lens system 7A in the two-dimensional direction
perpendicular to the optical axis, and a driving unit 57 for adjusting the
position a of the second lens system 4B of the beam-shaping system 5 in the
direction of the optical axis IAX are used. An encoder is also provided for
each of the driving units 57, 58, 62 composed of, for example, a micrometer
based on the electric system. The arrangement is made such that the driving
system 26 is capable of controlling the states of the second lens system
57, the second lens system 7B, and the first lens system 7A by the aid of
the driving units 57, 58, 62 on the basis of the driving information of the
main control system 22 shown in Fig. 1 and the detection signals obtained
by the encoders. The switching unit 56 may be provided with a plurality of
light amount distribution-converting elements for generating exposure light
beams IL having different illumination areas (intensity distributions) on
the lightincoming plane of the second fly's eye lens 9. The light amount
distribution-converting element, with which the 40 



efficiency of use of the exposure light beam IL is the highest, is selected
to be arranged in the illumination optical path depending on the
illumination condition (i.e., the intensity distribution of the exposure
light beam IL on the pupil plane of the illumination optical system, or one
of the plurality of aperture diaphragms 10a to 10d arranged in the
illumination optical path in this embodiment). In this arrangement, it is
not necessarily indispensable to provide the first fly's eye lens 6 for the
switching unit 56. With reference to Fig. 1 again, the reticle 28 is
attracted and held on a reticle stage 31. The reticle stage 31 is placed so
that it is movable at a constant velocity in the Y direction on a reticle
base 32, and it is finely movable in the X direction, the Y direction, and
the direction of rotation. The two-dimensional position and the angle of
rotation of the reticle stage 31 (reticle 28) are measured in real time by
the aid of laser interferometers in a driving control unit 34. Based on the
result of the measurement and the control information from the main control
system 22, a driving motor (for example, a linear motor or a voice coil
motor) in the driving control unit 34 controls the scanning velocity and
the position of the reticle stage 31. An evaluation mark plate 33 composed
of a glass plate is fixed in the vicinity of the reticle 28 on the reticle
stage 31. 41   Fig. 3A shows a plan view illustrating the reticle stage 31
shown in Fig. 1. In Fig. 3A, the evaluation mark plate 33 is fixed on an
opening of an area adjacent to the reticle 28 on the reticle stage 31 in
the scanning direction SD (Y direction). For example, thirteen
twodimensional identical evaluation marks 36A, 36B,... 36M are formed in a
substantially uniform distribution in an area having approximately the same
size as that of the illumination area 35 of the evaluation mark plate 33.
The evaluation mark 36A is a two-dimensional mark obtained by combining an
X axis mark 37X composed of a line-and-space pattern arranged at a
predetermined pitch in the X direction, and a Y axis mark 37Y composed of a
line-andspace pattern arranged at a predetermined pitch in the Y direction.
Alternatively, it is possible to use, for example, a box-in-box mark. In
this embodiment, as described later on, when the collapse amount of the
telecentric property of the illumination optical system is measured, then
the reticle stage 31 is driven in the Y direction to allow the center of
the evaluation mark plate 33 (center of the evaluation mark 36G) to
coincide with the crater of the illumination area 35 (optical axis AX), and
the images of the evaluation marks 36A, 36B,... 36M are projected onto the
wafer via the projection optical system PL. The image 36AP of the
evaluation mark 36A is shown in a magnified view in Fig. 3B. 42   With
reference to Fig. 1 again, the wafer W is attracted and held on a wafer
stage 39 by the aid of a wafer holder 38. The wafer stage 39 is movable
twodimensionally along the XY plane which is parallel to the image plane of
the projection optical system PL on a wafer base 40. That is, the wafer
stage 39 is movable at a constant velocity in the Y direction on the wafer
base 40, and it is movable in a stepping manner in the X direction and in
the Y direction. Further, a Z leveling mechanism for controlling the
position of the wafer W in the Z direction (focus position) and the angle
of rotation about the X axis and the Y axis is also incorporated into the
wafer stage 39. A multiple-point autofocus sensor (not shown) for measuring
the focus position at a plurality of measuring points on the surface of the
wafer W is also provided. During the exposure, the Z leveling mechanism is
driven in accordance with the autofocus system on the basis of the measured
value of the autofocus sensor. 



Accordingly, the surface of the wafer W is focused on the image plane of
the projection optical system PL. When the illumination characteristic is
measured, for example, the Z levc~~ng mechanism in the wafer stage 39 is
driven on the basis of the measured value of the autofocus sensor.
Accordingly, the focus position on the upper surface of the wafer stage 39
can be controlled by an arbitrary amount. The positions of the wafer stage
39 in the X direction 43   and the Y direction and the angles of rotation
about the X axis, the Y axis, and the Z axis are measured in real time by
laser interferometers in the driving control unit 41. Based on the result
of the measurement and the control information from the main control system
22, a driving motor (for example, a linear motor) in the driving control
unit 41 controls the position and the scanning velocity of the wafer stage
39. The main control system 22 sends, to the driving control units 34, 41,
various pieces of information concerning, for example, the movement
position, the movement velocity, the rate of acceleration of the movement,
and the position offset of each of the reticle stage 31 and the wafer stage
39. During the scanning exposure, the wafer W is scanned at a velocity of
~Vr (~ is the projection magnification from the reticle 28 to the wafer W)
in the -Y direction (or in the +Y direction) with respect to the exposure
area 35P of the pattern image of the reticle 28 by the aid of the wafer
stage 39 in synchronization with the scanning of the reticle 28 at a
velocity Vr in the +Y direction (or in the -Y direction) with respect to
the illumination area 35 of the exposure light beam IL by the aid of the
reticle stage 31. During this process, in order to avoid any exposure for
unnecessary portions upon the start and the end of the scanning exposure
the opening/closing operation of the 44   movable blind 14B is controlled
by the driving control unit 34. Further, the main control system 22 reads,
from the exposure data file, various exposure conditions to perform the
scanning exposure in a proper exposure amount for the photoresist in the
respective shot areas on the wafer W to execute an optimum exposure
sequence in combination with the exposure control unit 21 as well. That is,
when the command to start the scanning exposure for one shot area on the
wafer W is given from the main control system 22 to the exposure control
unit 21, then the exposure control unit 21 starts the light emission of the
exposure light source 1, and it calculates an integral value of the
illuminance of the exposure light beam IL with respect to the wafer W (sum
of the pulse energy per unit time) by the aid of the integrator sensor 20.
The integral value is reset to zero upon the start of the scanning
exposure. The exposure control unit 21 successively calculates the integral
value of the illuminance. Based on the obtained result, the exposure
control unit 21 controls the output of the exposure light source 1
(oscillation frequency and pulse energy) and the dimming ratio of the
variable lightreducing unit 3 so that the proper exposure amount is
obtained at the respective points of the photoresist on the wafer W after
the scanning exposure. When the scanning exposure for the concerning shot
area is completed, the 45  



light emission of the exposure light source 1 is stopped. An uneven
illuminance sensor 42, which is composed of a photoelectric detector and
which has a pin hole-shaped light-receiving section 42a (see Fig. 4A), is
installed in the vicinity of the wafer holder 38 on the wafer stage 39 of
this embodiment. A detection signal S2 of the uneven illuminance sensor 42
(exposure amount distributionmeasuring unit} is also supplied to the
exposure control unit 21. The uneven illuminance sensor 42 may be used, for
example, with a light-receiving section (corresponding to the
light-receiving section 42b shown in Fig. 13A) composed of, for example, a
line sensor or a CCD extending in the scanning direction (Y direction) in
which the wafer W is relatively moved with respect to the exposure area 35P
during the scanning exposure, in place of or in combination of the pin
hole-shaped light-receiving section 42a. In this case, illuminances, which
are detected at a plurality of points in the scanning direction in the
exposure area 35P respectively, may be added up at respective positions
concerning the non-scanning direction (X direction) perpendicular to the
scanning direction, and the illuminance di~~ribution concerning the
non-scanning direction may be determined on the basis of the added-up
value. It is possible to obtain the illuminance distribution (uneven
illuminance) in the non-scanning direction in consideration of the
averaging effect of the 46   light emission of the exposure light source 1
is stopped. An uneven illuminance sensor 42, which is composed of a
photoelectric detector and which has a pin hole-shaped light-receiving
section 42a (see Fig. 4A), is installed in the vicinity of the wafer holder
38 on the wafer stage 39 of this embodiment. A detection signal S2 of the
uneven illuminance sensor 42 (exposure amount distributionmeasuring unit)
is also supplied to the exposure control unit 21. The uneven illuminance
sensor 42 may be used, for example, with a light-receiving section
(corresponding to the light-receiving section 42b shown in Fig. 13A)
composed of, for example, a line sensor or a CCD extending in the scanning
direction (Y direction) in which the wafer W is relatively moved with
respect to the exposure area 35P during the scanning exposure, in place of
or in. combination of the pin hole-shaped light-receiving section 42a. In
this case, illuminances, which are detected at a plurality of points in the
scanning direction in the exposure area 35Y respectively, may be added up
at respective positions concerning the non-scanning direction (X direction)
perpendicular to the scanning direction, and the illuminance distribution
concerning the :~a-scanning direction may be determined on the basis of the
added-up value. It is possible to obtain the illuminance distribution
(uneven iliuminance) in the non-scanning direction in consideration of the
averaging effect of the 46   uneven illuminance in the scanning direction
by the scanning exposure, i.e., the exposure amount distribution (exposure
amount unevenness) concerning the non-scanning direction on the wafer after
the scanning exposure. Therefore, the optimization of the illumination
characteristic (correction of the uneven illuminance) described later on
may be performed by using the result of the measurement. The same or
equivalent illuminance distribution can be also determined by using the pin
holeshaped light-receiving section 42a by two-dimensionally moving the
wafer stage 39 during the measurement of the illuminance. Although not
shown, a radiation amount monitor, which has a light-receiving section to
cover the entire exposure area 35P, is also installed. A coefficient, which
is used to indirectly determine the illuminance on the wafer W from the
detection signal of the integrator sensor 20, is calculated on the basis of
the detection signal of the radiation amount monitor and the detection
signal of the integrator sensor 20. Further, a scanning plate 43, which is
composed of a glass substrate, is installed in the vicinity of the wafer
holder 38 on the wafer stage 39. A substantially ~~care opening pattern 43a
is formed in a light-sr~ielding film on the scanning plate 43. A
light-collecting lens 44 and a photoelectric detector 45 are arranged on
the bottom surface side of the scanning plate 43 in the wafer stage 39. A
spatial image 47   measuring system 46 is constructed by the scanning plate
43, the light-collecting lens 44, and the photoelectric detector 45. A
detection signal S3 of the photoelectric detector 45 is supplied to a
calculating section in the exposure control unit 21. Only a part of the
spatial image-measuring system 46 (including, for example, the scanning
plate 43 and at least a part of the light-feeding system including, for
example, the light-collecting lens 44 in this embodiment) may be provided
on the wafer stage 39. The remaining constitutive components (for example,
the photoelectric detector 45) may be arranged at the outside of the wafer
stage 39. As for the spatial image-measuring system 46, only one opening
pattern 43a is formed for the scanning plate 43. When the illumination
characteristic is measured as described later on, then the wafer stage 39
is subjected to two-dimensional stepping, and the opening pattern 43a is
relatively moved in the scanning direction and the non-scanning direction
(X direction and Y direction) respectively with respect to the respective
images of the plurality of (thirteen, in this embodiment) evaluation marks
arranged in the illumination area 35. For example, the opening patterns 43a
of the same number as that of the plurality of evaluation marks may be
formed on the scanning plate 43. The respective images of the plurality of
evaluation marks may be collectively detected respectively during the
relative movement of the image of 48 



the evaluation mark and the opening pattern concerning the scanning
direction and during the relative movement of the image of the evaluation
mark and the opening pattern concerning the non-scanning direction.
Further, for example, the opening patterns 43a of the same number as that
of the plurality of (five, in this embodiment) evaluation marks separated
in the non-scanning direction may be formed on the scanning plate 43 in the
non-scanning direction. The wafer stage 39 may be moved in the scanning
direction to continuously detect the images of the respective evaluation
marks arranged in the scanning direction for each of the opening patterns.
Oppositely to the above, the opening patterns 43a of the same number as
that of the evaluation marks may be formed on the scanning plate 43
concerning the scanning direction. The wafer stage 39 may be moved in the
non-scanning direction to continuously detect the images of the evaluation
marks for each of the opening patterns. In this procedure, it is preferable
that the movable blind 14B is driven in accordance with the movement of the
wafer stage 39 so that only a part of the illumination area 35 is
irradiated with the exposure light beam IL during the detec~ion of the
plurality of evaluation marks. In the former, it is necessary that the
wafer stage 39 is subjected to the stepping in the scanning direction when
the image of the evaluation mark and the opening pattern are relatively 49
moved concerning the non-scanning direction. In the latter, it is necessary
that the wafer stage 39 is subjected to the stepping in the non-scanning
direction when the image of the evaluation mark and the opening pattern are
relatively moved concerning the scanning direction. Therefore, the wafer
stage 39 may be merely moved once in each of the scanning direction and the
nonscanning direction by combining the both. For example, as shown in Figs.
3A and 3B, when the position of the image 36AP of the evaluation mark 36A
in the Y direction is measured, then the opening pattern 43a of the
scanning plate 43 is moved to a position in front of the image 36AP, and
then the wafer stage 39 is driven to scan the image 36AP with the opening
pattern 43a. During this process, the position information on the wafer
stage 39 is also supplied to the exposure control unit 21 by the aid of the
main control system 22. The calculating section in the exposure control
unit 21 calculates the position of the image 36AP in the Y direction from
the signal which is obtained by differentiating the detection signal of the
photoelectric detector 45 concerning the position of the wafer stage 39 in
the X direction. Similarly, he position of the image 36AP in the X
direction is also calculated by scanning the image 36AP in the X direction
with the opening pattern 43a. The position information on the image 36AP in
the X direction and the Y direction is supplied to the main 50   control
system 22. With reference to Fig. 1 again, the evaluation mark plate 33 on
the reticle stage 31, the uneven illuminance sensor 42 on the side of the
wafer stage 39, and the spatial image-measuring system 46 correspond to the
characteristic-measuring system for measuring the predetermined
illumination characteristic (optical characteristic) of the present
invention. Next, an example of the adjusting operation for optimizing the
predetermined illumination characteristic of the illumination optical
system of this embodiment will be explained. This embodiment selects, as
the first set of the predetermined illumination characteristic, the
dispersion of the illuminance distribution of the exposure light beam IL in
the illumination area 35 and consequently in the exposure area 35P
(hereinafter referred to as "uneven illuminance"), and the collapse amount
of the telecentric property of the exposure light beam IL with respect to
the reticle 28 (hereinafter referred to as "illumination telecentricity"),
because of the following reason. That is, the two illumination
characteristics most greatly affects the projected image formed by the
projection optical system PL and the photoresist on the wafer W. The uneven
illuminance is divided into the primary component (referred to as
"inclination component") 



51   concerning the position of the exposure area 35P in the non-scanning
direction (X direction) and the secondary component (referred to as
"concave/convex component") concerning the position. That is, assuming that
the illuminance is represented by a function PF(X) of the position X, the
illuminance PF(X) can be approximated as follows. The coefficient a
represents the inclination component, and the coefficient b represents the
concave/convex component. In this case, the uneven illuminance component in
the scanning direction (Y direction) is averaged by the scanning exposure.
Therefore, the uneven illuminance component in the scanning direction is
not especially an evaluation object in this embodiment. The concave/convex
component is also a component which is symmetrical with respect to the
opticalaxis (axially symmetrical component). PF(X) - aX + bXz + offset
...(lA) The illumination telecentricity is divided into the inclination
components (shift components) c, d corresponding to the average angles of
inclination in the X direction and the Y direction of the exposure light
beam in the illumination area 35 (exposure area 35P), and the magnification
component a corresponding to the average angle of inclination in the radial
direction with respect to the optical axis of the exposure light beam. In
this case, the focus position of the wafer stage 39 is set to 52   the
position defocused by b with respect to the focusing position of the wafer
stage 39 in this embodiment. The positions (distortion amounts) of images
of a large number of evaluation marks are measured at the respective focus
positions by using the spatial image-measuring system 46. The inclination
components c, d can be determined from the average shift amount of the
image of the evaluation mark with respect to the amount of change of the
focus position. The magnification component a can be determined by the
average shift amount of the image of the evaluation mark in the radial
direction. In this embodiment, as having been explained with reference to
Fig. 2, the states of the second fly's eye lens 9, the first lens system
12, and the second lens system 13 can be controlled by the aid of the five
driving units 23, 24, 25X, 25Y, 25T respectively. The control as described
above makes it possible to control the respective illumination
characteristics described above substantially independently as follows.
(a2) positional adjustment for the second fly's eye lens 9 in the optical
axis direction by the aid of the first driving unit 23: magnification
component a [mrad~ of the illumination telecentricity; (b2) positional
adjustment for the first lens system 12 in the optical axis direction by
the aid of the second driving unit 24: concave/convex component b [~] of
the 53  



uneven illuminance; (c2) positional adjustment for the second lens system
13 in the x direction by the aid of the third driving unit 25X: inclination
component c [mrad] in the X direction of the illumination telecentricity;
(c3) positional adjustment for the second lens system 13 in the y direction
by the aid of the fourth driving unit 25Y: inclination component d [mrad]
in the Y direction of the illumination telecentricity; (d2) tilt angle
adjustment for the second lens system 13 by the aid of the fifth driving
unit 25T: inclination component a [~] in the non-scanning direction of the
uneven illuminance. As described above, in this embodiment, the combination
of the optical members for which the state can be controlled is optimized
so that only one type of the illumination characteristic (optical
characteristic) is substantially changed, and the other illumination
characteristics are not changed, when the state of the corresponding
optical member is controlled by using arbitrary one driving unit of the
plurality of driving units 23 to 25T. Accordingly, the automatic adjustment
fc~ the illumination characteristic can be executed highly accurately by
means of the simple control. A11 of the basic illumination characteristics
can be automatically controlled by allowing the number of individuals of
the 54   driving units to be five. However, for example, when the
illumination characteristic as the control objective is only the
illumination telecentricity, the number of individuals and the arrangement
of the driving units are changed depending on the illumination
characteristic of the control objective, for example, such that the number
of individuals of the driving units is three. Actually, it is also feared
that other illumination characteristics are slightly affected concerning
the five driving units. Therefore, it is desirable to also consider the
influence on other illumination characteristics. Accordingly, at first, as
shown in a flow chart in Fig. 8, the driving rate is determined, which
indicates how much the corresponding illumination characteristic is
successfully changed when the five driving units 23, 24, 25X, 25Y, 25T are
driven in unit amount. That is, in the step 101 shown in Fig. B, the
aperture diaphragm plate 10 shown in Fig. 1 is controlled to set the
illumination condition to any one of those for the ordinary illumination,
the modified illumination (tonal illumination or four-spot illumination),
and the small a value illumination. In the next step 102, the ith driving
unit (i = 1 to 5) of the five driving units 23 to 25T is selected. In this
case, it is assumed that the second driving unit 24 corresponding to the
first lens system 12 is selected. In the next step 103, the driving amount
d2 55  



of the driving unit 24 is set to the center (d2 = 0) of the range capable
of driving, and the first lens system 12 is set at the optical origin which
is the designed position. In this state, the uneven illuminance and the
illumination telecentricity are measured. In order to measure the uneven
illuminance, a glass substrate, on which no pattern is formed, is installed
in place of the reticle 28 on the reticle stage 31 shown in Fig. 1. The
illumination area 35 is irradiated with the exposure light beam IL. The
exposure area 35P is scanned in the non-scanning direction (X direction)
with the lightreceiving section of the uneven illuminance sensor 42 to
incorporate the detection signal S2 of the uneven illuminance sensor 42
into the exposure control unit 21. In place of the glass substrate, an area
in which no pattern is formed in the reticle 28, or an area in which no
evaluation mark is formed in the evaluation mark plate 33 may be used. Fig.
4A shows a state in which the exposure area 35P is scanned in the X
direction with the light-receiving section 42a of the uneven illuminance
sensor 42. A curve 151A shown in Fig. 4B depicts the detection signal S2
plotted in this state corresponding to the position of the uneven
illuminance sensor 42 (wafer stage 39) in the X direction. The calculating
section in the exposure control unit 21 of this embodiment calculates the
value al of the 56   inclination component a of the uneven illuminance and
the value bl of the concave/convex component b by approximating the curve
151A in accordance with the least square method with respect to the right
side of the expression (lA). The origin in the X direction in this process
is the optical axis AX of the projection optical system PL. As depicted by
broken lines, when the curve 151A is divided into a linear straight line
152A and a quadric curve 153A, then the slope of the straight line 152A is
al, and the coefficient of Xz of the quadric curve 153A is bl.
Subsequently, with reference to Fig. 1, in order to measure the
illumination telecentricity, the reticle stage 31 is driven to move the
center of the evaluation mark plate 33 to the center of the illumination
area 35. The wafer stage 39 is driven to move the scanning plate 43 of the
spatial image-measuring system 46 to a position in the vicinity of the
exposure area 35P. The Z leveling mechanism in the wafer stage 39 is driven
so that the focus position of the scanning plate 43 is set to be higher
than the image plane (best focus position) with respect to the projection
optical system PL by +S (8 is previously set within a range in which a
predetermined resolution is obtained). The radiation of the exposure light
beam IL is started. As shown in Fig. 5A, the images 36AP to 36MP of the
evaluation marks 36A to 36M of the evaluation mark plate 33 are projected
onto the wafer stage 39. In this 57   



state, as having been explained with reference to Fig. 3B, the images 36AP
to 36MP are scanned in the X direction and the Y direction with the opening
pattern 43a of the scanning plate 43. The obtained detection signal S3 is
processed by the calculating section in the exposure control unit 21.
Accordingly, the positions of the images 36AP to 36MP in the X direction
and the Y direction are calculated. The results of the calculation are
supplied to the main control system 22. The origin in this case is, for
example, the center of the image 36GP of the central evaluation mark 36G.
It is desirable that the movable blind 14B is driven in accordance with the
movement of the wafer stage 39 to radiate the exposure light beam IL onto
only a part of the illumination area 35, for example, only the evaluation
mark for which the image is to be detected by using the spatial
image-measuring system 46 during the operation of the detection described
above. The images of the evaluation marks 36A to 36M, which are measured by
defocusing the scanning plate 43 by +8, are designated as images 54A to 54M
on the lattice depicted by broken lines in Fig. 5A. For convenience of
explanation, the lattice of broken lines is depicted in a rectangular
configuration, however, it is actually distorted to some extent due to any
distortion in some cases. Subsequently, the focus position of the scanning
plate 43 is set to be lower than the best focus position by -b. 58
Similarly, the positions in the X direction and the Y direction of the
images 36AP to 36MP of the evaluation marks 36A, 36B,... 36M are determined
by using the spatial image-measuring system 46. The obtained results are
supplied to the main control system 22. Fig. 5A shows the images 36AP to
36MP in this case and the images 54A to 54M previously measured. As shown
in Fig. 5A, the main control system 22 determines, as vectors <VA> to <VM>,
the twodimensional positional discrepancy amounts in the X direction and
the Y direction of the images 36AP to 36MP as obtained when the focus
position is defocused by -b, with respect to the images 54A to 54M as
obtained when the focus position is defocused by +b. The simple average
value <vl> (_ (cl, dl)) of the vectors, and the average value <V2> (_ el)
of the component in the radial direction (R direction) with respect to the
origin are calculated as shown in Figs. 5B and 5C. The average value (cl,
dl) is the inclination component of the illumination telecentricity, and
the average value el is the magnification component of the illumination
telecentricity. Subsequently, in the step 104, the uneven illuminance and
the illumination telecentricity are measured in a state in which the
driving amount d2 of the driving unit 24 is set to the end (d2 = d2max) on
the plus side in the range capable of driving. Accordingly, as shown in
Fig. 4C, a curve 151B of the detection signal S2 of the uneven 59
illuminance sensor 42 is obtained. The curve 151B is divided into a linear
straight line 152B and a quadric curve 153B. Thus, the inclination
component a2 and the concave/convex component b2 of the uneven illuminance
are obtained. As shown in Fig. 5E and 5F, the inclination component (c2,
d2) of the illumination telecentricity and the magnification component e2
of the illumination telecentricity are obtained from the vectors <VA> to
<VM> of the positional discrepancy of the images 36AP to 36MP of the
evaluation marks 36A to 36M shown in Fig. 5D. 



Subsequently, in the step 105, the uneven illuminance and the illumination
telecentricity are measured in a state in which the driving amount d2 of
the driving unit 24 is set to the end (d2 = -d2max) on the minus side in
the range capable of driving. Accordingly, the inclination component a3 of
the uneven illuminance, the concave/convex component b3, the inclination
component (c3, d3) of the illumination telecentricity, and the
magnification component e3 are obtained in the same manner as described
above. When it is intended to calculate the driving rate more highly
accurately, it is desirable that the driving amount of the driving unit 24
is set to four or more to measure the uneven illuminance and the
illumination telecentricity. In the subsequent step 106, the driving rate
of the driving unit 24 (first lens system 12) is calculated by using the
measured values described above. For example, 60   the inclination
components a, which are obtained when the driving amount d2 is set to 0,
d2max, and -d2max, are al, a2, and a3 respectively. Therefore, the driving
rate ka2 [$/mm] with respect to the inclination component a is as follows.
ka2 = [(a2-al)/d2max-(a3-al)/(2d2max)]/2 ...(1B) Similarly, the driving
rates kb2 [%/mm], kc2 [mrad/mm], kd2 [mrad/mm], and ke2 [mrad/mm] are also
calculated with respect to the concave/convex component b of the uneven
illuminance, the inclination components c, d of the illumination
telecentricity, and the magnification component a of the illumination
telecentricity. The driving rates are stored in a storage unit in the main
control system 22. In this process, the dominant value is only the driving
rate kb2 with respect to the concave/convex component b of the uneven
illuminance. However, even in the case of the other value, those exceeding
predetermined levels may be stored as they are. Values within the
predetermined levels may be stored as zero. Specifically, when the first
lens system 12 is driven, there is such a possibility that the driving rate
ke2 with respect to the magnification component a of the illumination
telecentricity having the characteristic of centro-symmetry (axial
symmetry) may exceed the predetermined level in the same manner as the 61



concave/convex component b. The operations ranging from the step 102 to the
step 106 are executed for a11 of the driving units 23 to 25T as described
above to calculate the driving rates kai, kbi, kci, kdi, kei (i = 1 to 5)
which are stored as parameters fox each of the illumination conditions in
the main control system 22. After that, the routine proceeds from the step
107 to the step 108 to judge whether or not the driving rate is calculated
for a11 of the necessary illumination conditions. If the calculation is not
completed, the routine returns to the step 101 to switch the illumination
condition and calculate the driving rate. The driving rate has been
calculated for a11 of the illumination conditions. However, this embodiment
is not limited thereto. For example, thE< driving rate may be calculated
for a part of a11 of the illumination conditions. The driving rate may be
determined for the remaining illumination conditions, for example, by means
of the interpolation calculation on the basis of the driving rates of other
illumination conditions. In this process, in the case of the second driving
unit 2~ (first lens system 12), the driving rates ka2, kc2, kd2 concerning
the centro-asymmetrical components are amounts of such extents that they
are originally negligible. If such a driving rate is large to be not less
than a certain value, there is such a possibility that the 62   first lens
system 12 is eccentric or inclined. At this stage, it is possible to sense
such an inconvenience. Based on this result, it is possible to perform the
adjustment. Next, explanation will be made with reference to a flow chart
shown in Fig. 9 for an example of the sequence to automatically adjust the
illumination optical system by using the driving rates determined as
described above. At first, in the step 111 shown in Fig. 9, the
illumination condition is selected by the aid of the aperture diaphragm
plate 10 shown in Fig. 1. The driving amounts of all of the driving units
23, 24, 25X to 25T are set to the neutral position. The corresponding
optical member is set to the optical origin. In the next step 112, the
uneven illuminance and the illumination telecentricity are measured in the
same manner as in the step 103 shown in Fig. 8. In the step 113, the
inclination component (primary component) a and the concave/convex
component (secondary component) b of the uneven illuminance are calculated
in accordance with the procedure shown in Fig. 5. Further, the inclination
components (shift components) c, d and ~he magnification component a of the
illumination telecentricity are calculated. In the next step 114, it is
judged whether or not the uneven illuminance a, b and the illumination
telecentricity c, d, a are within allowable ranges respectively. If any one
of them is deviated from 63   the allowable range, the routine proceeds to
the step 115 to calculate the driving amounts di (i = 1 to 5) of the five
driving units 23 to 25T to make the uneven illuminance a, b and the
illumination telecentricity c, d, a to be zero on calculation with the
driving rates kai, kbi, kci, kdi, kei (i = 1 to 5) stored in the main
control system 22. In this case, the following simultaneous equations may
be solved. 



-a = kaldl + ka2d2 + ka3d3 + ka4d4 + ka5d5 -b = kbldl + kb2d2 + kb3d3 +
kb4d4 + kb5d5 -c = kcldl + kc2d2 + kc3d3 + kc4d4 + kc5d5 -d = kdldl + kd2d2
+ kd3d3 + kd4d4 + kd5d5 -a = keldl + ke2d2 + ke3d3 + ke4d4 + ke5d5 However,
actually, the number of those which are not zero of the driving rates is
about one or two in each row. Therefore, the simultaneous equations can be
solved extremely easily. The calculated driving amounts di (i = 1 to 5) are
also stored in the storage unit in the main control system 22 as parameters
corresponding to each of the plurality of illumination conditions.
Specifical~;, it is considered that the following relationship is provided.
That is, both of the driving unit 24 and the driving unit 23 affect the
concave/convex component b of the uneven illuminance and the magnification
component a of the illumination telecentricity. Both of 64   the driving
unit 25T and the driving unit 25X affect the inclination component a of the
uneven illuminance and the inclination component c of the illumination
telecentricity. Only the driving unit 25Y affects the inclination component
d of the illumination telecentricity. Subsequently, the routine proceeds to
the step 116 to drive the five driving units 23 to 25T in the calculated
driving amounts di (i = 1 to 5) respectively. After that, the routine
proceeds to the steps 112 and 113 to measure the uneven illuminance a, b
and the illumination 



telecentricity c, d, a again. In the step 114, if a11 of their values are
not included in the allowable ranges, the routine proceeds to the step 115
again to execute the calculation. If a11 of the values are included within
the allowable ranges, the automatic adjustment is completed. When the same
illumination condition is set next time, the adjustment for the
illumination optical system is completed for an extremely short period of
time only by driving the driving units 23 to 25T on the basis of the stored
driving amounts di. As described above, in this embodiment, the
illumination charG~~2ristic can be automatically measured. Therefore, a11
of the measurement sequence for the driving rate shown in Fig. 8 and the
automatic adjustment sequence for the illumination optical system shown in
Fig. 9 can be performed in an assist-less manner. 65   Next, explanation
will be made for an example of the adjusting method adopted when the
modified illumination is performed by installing the aperture diaphragm 10b
for the tonal illumination (or the aperture diaphragm 10c for the four-spot
illumination) at the light-outgoing plane of the second fly's eye lens 9 as
shown in Fig. 6A with the illumination optical system of this embodiment.
In this case, the light amount distribution-converting element 55, which is
composed of a diffractive optical element (DOE), is installed in place of
the first fly's eye lens 6 shown in Fig. 1. In place of the diffractive
optical element, a prism including, for example, a conical prism (axicon
for tonal illumination) and a prism of the quadrangular pyramid type
(pyramid type) (for four-spot illumination) may be used. In order to adjust
the illumination area of the exposure light beam IL with respect to the
second fly's eye lens 9 depending on whether the aperture diaphragm to be
used is the aperture diaphragm 10b or 10c, the arrangement is made such
that the first lens system 7A can be driven in the direction perpendicular
to the optical axis by the aid of the driving unit 62, and the second lens
system 7B can be driven in the optical axis direction by the aid of the
driving unit 58. A zoom optical signal, an optical signal to continuously
change 66   the aberration, or an optical signal to distort the cross
section of the beam by rotating a cylindrical lens may be used in place of
the light-collecting optical system (beamshaping optical system) composed
of the lens systems 7A, 7B. In the case of the optical system shown in Fig.
6A, it 



has been confirmed by the present inventors that the uneven illuminance is
quickly changed depending on the illumination area used when the second
fly~s eye lens 9 is locally illuminated. The factor of the change of the
uneven illuminance is specifically divided into the following factors. (1)
When the local illumination area is small, the image plane illuminance is
increased, because the amount of light passing through the
aperture~diaphragm is large. However, some of the effective elements of the
second fly~s eye lens 9 are illuminated in a half-finished manner. This
badly affects the uneven illuminance. (2) When the local illumination area
is large, the uneven illuminance is not deteriorated. However, of course,
the amount of light shielded by the aperture diaphragm 10b, 10c is
incre~~~d, and the image plane illuminance is lowered. (3) When the local
illumination area is eccentric, there is such a tendency that the uneven
illuminance on the image plane is also lowered on any of the right and left
67   sides (inclination component). This results from the fact that each of
the elements of the second fly's eye lens 9 has the finite size.
Accordingly, in this embodiment, when the modified illumination is
performed with the light amount distribution-converting element 55, a
special adjustment sequence is prepared as shown in Fig. 10. In the step
121 shown in Fig. 10, the measurement of the driving rate shown in Fig. 8
and the automatic adjustment sequence shown in Fig. 9 are executed in the
state shown in Fig. 1, i.e., by setting the ordinary illumination. In the
next step 122, as shown in Fig. 6A, the first fly's eye lens 6 is changed
to the light amount distribution-converting element 55, and the aperture
diaphragm at the light-outgoing plane of the second fly's eye lens 9 is set
to the aperture diaphragm 10b or 10c for the modified illumination. In the
next step 123, the uneven illuminance is measured by using the uneven
illuminance sensor 42 shown in Fig. 1. The inclination component a and the
concave/convex component b thereof are calculated as shown in Fig. 4. In
this process, if the uneven illuminance having an extreme inclination
appears on the both sides of the illuminance distribution in the
nonscanning direction, ana the inclination component a exceeds the
allowable range, then there is such a possibility that the local
illumination area is eccentric as described above. In this case, in order
to allow the inclination 68   component a to be included within the
allowable range, the first lens system 7A is shifted in the direction
corresponding to the X direction or the Y direction in the plane
perpendicular to the optical axis. The concave/convex component b of the
uneven 



illuminance is regarded to be the evaluation object in this state. That is,
the routine proceeds to the step 124 to judge whether or not the
concave/convex component b is within the allowable range. If the
concave/convex component b is without the allowable range, the routine
proceeds to the step 125 to shift the second lens system 7B in a
predetermined step amount in the optical axis direction. After that, the
routine returns to the step 123, and the concave/convex component b of the
uneven illuminance is measured again to judge whether or not the
concave/convex component b is within the allowable range. The correcting
operation is executed until the concave/convex component b is included in
the allowable range in the step 124. After the concave/convex component b
is included within the allowable range in the step 124, the routine
proceeds to the step 126. The lens ~lstem 4B of the beamshaping system 5
shown in Fig. 6A is gradually changed (scanned) by a predetermined amount
in the optical axis direction. The uneven illuminance sensor 42 shown in
Fig. 1 is scanned in the non-scanning direction at the 69   respective
positions (positions u) of the lens system 4B in the exposure area 35P
including no pattern image. The data array of the detection signals S2 is
incorporated into the exposure control unit 21. Further, the detection
signal S1 of the integrator sensor 20 is also incorporated into the
exposure control unit 21. In the next step 127, the difference DIP between
the maximum value and the minimum value of the detection signal S2
(illuminance) is determined as the uneven illuminance at the respective
positions a of the lens system 4B. The magnitude of the illuminance
(average value) IP on the image plane is indirectly determined from the
detection signal S1 of the integrator sensor 20. The calculating section in
the exposure control unit 21 allows the reciprocal (1/DIP) of the uneven
illuminance DIP and the image plane illuminance IP to correspond to the
respective positions a of the lens system 4B. Fig. 7 shows a diagram
obtained by plotting the image plane illuminance IP and the reciprocal
(1/~IP) of the uneven illuminance with respect to the position a for the
purpose of better understanding. In Fig. 7, the horizontal axis represents
the position a of the lens system 4B, and the vertical axis represents the
image plane illuminance IP and the reciprocal (1/~IP) of the uneven
illuminance SIP. A curve 59 indicates the image plane illuminance IP, and a
curve 60 indicates the 70   reciprocal (1/~IP) of the uneven illuminance.
In this case, when the image plane illuminance IP is increased, then the
reciprocal (1/DIP) of the uneven illuminance is decreased, and the uneven
illuminance is increased. Therefore, it is understood that the image plane
illuminance and the uneven illuminance are in the relationship of
trade-off. Accordingly, in this embodiment, the range 61 of the position a
(ul s a s u2), in which the image plane illuminance is not less than the
allowable value TL1 (position u2) and the reciprocal of the uneven
illuminance is not less than the allowable value TL2 (position ul), is
determined as the settable range for the lens system 4B, and the range 61
is supplied to the main control system 22. In the next step 128, the main
control system 22 shown in Fig. 1 sets the position a of the lens system 4H
shown in Fig. 6A to be within the settable range 61 by the aid of the
driving system 26. Accordingly, a high image plane illuminance is obtained
to successfully improve the throughput of the exposure step. Further, the
uneven illuminance is decreased, and it is possible to obtain a high image
formation accuracy. If any fine and random uneven illuminance is measured
on the image plane, when the optical element for the modified illumination
is shifted in the optical axis 



71   direction, then the random uneven illuminance can be dissolved in some
cases. As described above, the various characteristics of the illumination
optical system are changed by driving the arbitrary optical member of the
illumination optical system. However, when they are selected at the stage
of design, and the optimum driving unit is incorporated into the automatic
adjustment sequence, then it is possible to further improve the chasing
accuracy for the uneven illuminance and the illumination telecentricity. In
the embodiment described above, both of the uneven illuminance and the
collapse amount of the telecentricity are measured (detected). However,
only any one of them may be measured. Further, as for the collapse amount
of the telecentricity, the inclination component is divided into those in
the X direction and the Y direction to perform the measurement. However,
any one of them may be sufficient in some cases. In the embodiment
described above, the uneven illuminance in the non-scanning direction is
detected in the scanning exposure apparatus. However, in the case of the
static exposure system, it is preferable that the uneven illuminance is
detected in the X directi^n and the Y direction respectively to perform the
correction therefor. In Fig. 6A, the light amount distribution-converting
element 55 is arranged in the optical path of the exposure light beam while
being exchanged with the first fly's eye 72   lens 6 during the modified
illumination. However, for example, the light amount
distribution-converting element 55 may be arranged between the exposure
light source 1 and the optical integrator (first fly's eye lens 6 in this
embodiment). In this case, the light amount distributionconverting element
55 may be exchanged with another element for generating a different light
amount distribution, depending on the change of the illumination condition.
Further, also in the illustrative arrangement shown in Fig. 6A, the light
amount distribution-converting element 55 may be exchanged for those for
the zonal illumination and the four-spot illumination. This embodiment is
illustrative of a case in which~a filter (member) of the present invention
is used. Fig. 11 shows a schematic arrangement of a scanning exposure type
projection exposure apparatus based on the step-and-scan system of this
embodiment. This exposure apparatus has substantially the same structure as
that of the exposure apparatus according to the first embodiment except
that a concentration filter plate 51 corresponding to 4 rlaner area with a
variable transmittance distribution is provided, the driving system for the
fly's eye lens 9 is not provided, and the structure of the driving system
25 is different from that in the first embodiment. 73   The concentration
filter plate 51 is provided in the illumination optical system ISL. More
specifically, the concentration filter plate 51 is arranged at the plane
which is further defocused by a predetermined amount from the fixed blind
14A, i.e., at the plane which is slightly defocused from the conjugate
plane with respect to the reticle plane. When the concentration filter
plate 51 is arranged at the plane which is slightly defocused from the
conjugate plane with respect to the reticle plane, any image of foreign
matters such as dust or the like adhered to the concentration filter plate
51 can be prevented from transfer onto the wafer W. Alternatively, the
image of the concentration filter plate 51 or the foreign matter may be
made to be ambiguous in the illumination area 35, i.e., the decrease in
illuminance uniformity and consequently the decrease in uniformity of the
exposure amount distribution on the wafer W may be avoided, for example, by
driving an optical element (for example, at least one of the lens systems
16 to 18 or an unillustrated diffusion plate) arranged between the
concentration filter plate 51 and the reticle in place of or in combination
of the arrangement of the concentration filter plate 51 at the defocused
Flane. The concentration filter plate 51 may be arranged at the plane which
is close to the light-outgoing side of the movable blind 14, not on the
light-incoming side of the fixed blind 14A. Alternatively, for example, the
fixed 



74   blind 14A may be arranged at the plane in the vicinity of the pattern
plane (reticle plane) of the reticle 28, for example, at the plane close to
the upper surface of the reticle 28. The concentration filter plate 51 may
be arranged at the plane which is defocused by a predetermined spacing
distance on the input side of the movable blind 14B shown in Fig. 11.
Accordingly, the concentration filter plate 51 can be easily arranged.
Alternatively, the concentration filter plate 51 may be arranged at the
plane which is separated from another conjugate plane with respect to the
image plane (i.e., the conjugate plane with respect to the reticle plane)
which is different from the plane (conjugate plane with respect to the
image plane) at which the movable blind 14B is arranged in the illumination
optical system ILS. For example, in Fig. 11, the concentration filter plate
51 may be arranged at the plane in the vicinity of the pattern plane of the
reticle 28, for example, at the plane separated by a predetermined spacing
distance from the upper surface or the lower surface of the reticle 28, in
a state in which the fixed blind 14A is arranged in the vicinity of the
movable blind 14B. Further, when the projection optical system PL forms an
intermediate image at the inside, the concentration filter plate 51 may be
arranged at the plane separated from the plane of the formation of the
intermediate image. Further, as for the movable blind 14H, 75   an
arrangement is also available, in which the movable blind 14B is arranged,
for example, closely to the reticle plane. Driving units 24, 25, 52 are
installed to the lens systems 12, 13 and the concentration filter plate 51
of this embodiment respectively. Fig. 12 shows a perspective view
illustrating the relationship between the illumination area 35 and the
optical system ranging from the second fly's eye lens 9 to the fixed blind
14A shown in Fig. 11. In Fig. 12, the scanning direction SD (Y direction)
of the reticle with respect to the illumination area 35, and the direction
on the fixed blind 14A corresponding to the nonscanning direction (X
direction) are designated as the Y direction and the X direction
respectively. Only the slitshaped opening of the fixed blind 14A (fixed
field diaphragm) is illustrated in the drawing. In this arrangement, the
driving unit 24 adjusts the position of the first lens system 12 in the
direction of the optical axis IAX. The driving unit 25 shown in Fig. 11 is
different from that in the first embodiment, which is constructed by a
driving unit 25R shown in Fig. 12. The driving unit 25R adjusts the tilt
angle (angle of inclination) about the axis which passes through the
optical axis IAX of the second lens system 13 and which is parallel to the
Y axis, i.e., the tilt angle in the direction corresponding to the
non-scanning direction of 76   



the illumination area 35. Reference may be made to the arrow TX shown in
Fig. 12. Further, the driving unit 52 shown in Fig. 11 includes a gear
section 52G which is installed to the periphery of the disk-shaped
concentration filter plate 51 shown in Fig. 12 by the aid of an
unillustrated ring-shaped holder, and a driving section 52W which includes
a gear and a motor for driving and rotating the gear section 52G. The
arrangement is made such that the concentration filter plate 51 is
rotatable by a desired angle A within a range of 90 about the center of the
optical axis IAX by the aid of the driving unit 52. Those usable as the
driving units 24, 25R include, for example, a driving unit for displacing
the holder of the optical element as the driving objective with a driving
element such as a micrometer based on the electric system and a
piezoelectric element. In this arrangement, an encoder (for example, a
rotary encoder) (not shown), which indicates the displacement amount of the
optical element in the range capable of driving (driving stroke), is
incorporated into each of the driving units 24, 25R and the driving section
52W. Detection signals of the encoders are supplied to the driving system
26 shown in Fig. 11. The driving system 26 controls the states of the lens
systems 12, 13 and the concentration filter plate 51 by the aid of the
driving units 24, 25, 52 on the basis of the detection signals and the
driving information supplied from the main 77   control system 22. In this
arrangement, as having been explained in the first embodiment, the
centro-symmetrical unevenness (quadratic function-like unevenness), which
is the uneven illuminance axially symmetrical in relation to the optical
axis, is corrected by driving the first lens system 12 in the optical axis
direction. The inclination unevenness (linear function-like unevenness),
which is the uneven illuminance with the illuminance gradually increasing
or decreasing in the area intersecting the optical axis, is corrected by
controlling the tilt angle of the second lens system 13. The angle of
rotation of the concentration filter plate 51 is controlled in order that
the uniformity of the exposure amount distribution on the wafer W is
finally included in a predetermined allowable range (as described in detail
later on). In this embodiment, the centro-symmetrical unevenness can be
substantially corrected by controlling the angle of rotation of the
concentration filter plate 51. Therefore, the driving unit 24 for the first
lens system 12 may be omitted. Accordingly, it is possible to simplify the
mechanism of the illumination optical system. An uneven illuminance sensor
42, which serves as the exposure amount distribution-measuring unit, is
installed in the vicinity of the water holder 38 on the wafer stage 39 of
this embodiment. As shown in Fig. 13A, the uneven 78   illuminance sensor
42 is provided with a first sensor which is composed of a photoelectric
sensor having a pin holeshaped light-receiving section 42a, and a line
sensor 42b (second sensor) which has one array of photoelectric conversion
elements (picture elements or image pixels) arranged in a slender
configuration in the scanning direction SD (Y direction). The photoelectric
conversion signal of any one of the first sensor and the second sensor is
supplied as the detection signal S4 to the exposure control unit 21 shown
in Fig. 11 in accordance with the control information supplied from the
main control system 22. With reference to Fig. 13A, the length of the line
sensor 42b in the scanning direction SD is set to be wider than the width
of the exposure area 35P in the scanning direction SD. When the uneven
illuminance in the non scanning direction (X direction) in the exposure
area 35P is measured, the wafer stage 39 shown in Fig. 11 is driven to
arrange the line sensor 42b of the uneven illuminance sensor 42 on the side
surface of the exposure area 35P in the X direction. The photoelectric
conversion signal, which is read by the line sensor 42b, is supplied as the
detection signal S4 to the exposure control unit 21. Aftar that, the light
emission of the exposure light source 1 is started. The wafer stage 39 is
driven to move the line sensor 42b to a plurality of measuring point
arranged at 79  



predetermined spacing distances in the X direction so that the exposure
area 35P is traversed. An added-up signal, which is obtained by adding up
the detection signals of the line sensor 42b in the Y direction, is
determined by the exposure control unit 21 at the respective measuring
points. The added-up signal is supplied to the main control system 22.
Actually, the exposure light beam IL involves any dispersion of energy to
some extent for each pulse light emission. Therefore, the added-up signal
is normalized with the detection signal S1 of the integrator sensor 20
shown in Fig. 11. The main control system 22 stores the normalized added-up
signal (referred to as "S4" as well) in the storage unit as corresponding
to the position X of the line sensor 42b in the non-scanning direction.
Fig. 13B illustrates an example of the added-up signal S4. In Fig. 13B, the
horizontal axis represents the position X of the line sensor 42b in the
non-scanning direction, and the vertical axis represents the added-up
signal S4. The added-up signal S4 is substantially equal to the exposure
amount obtained by adding up the exposure amounts of the exposure area 35P
in the scanning direction at the respective measuring points in the
non-scanning direction, i.e., the exposure amount (added-up exposure
amount) given to the predetermined point on the wafer by the scanning
exposure. Therefore, the added-up signal S4 80   substantially represents
the distribution (exposure amount unevenness) in the non-scanning direction
of the exposure amount (added-up exposure amount) after performing the
scanning exposure for the respective shot areas on the wafer with the
exposure area 35P. In Fig. 13B, when the added-up signal S4 is flat with
respect to the position X as represented by a straight line 153A, it is
indicated that there is no unevenness of the exposure amount in the
non-scanning direction. In this state, it is possible to obtain high
uniformity (high exposure amount accuracy) of the exposure amount
distribution. On the other hand, when the added-up signal S4 represents a
centrally concave distribution in which it is decreased at a central
portion including the optical axis AX as indicated by a curve 153B, it is
understood that the exposure amount unevenness which is axially symmetrical
in relation to the optical axis, i.e., the axially symmetrical uneven
illuminance (centro-symmetrical unevenness) appears. In order to correct
the unevenness, for example, the concentration filter plate 51 shown in
Fig. 11 may be used to relatively increase the transmittance i~~ she
vicinity of the optical axis. Furtner, when the added-up signal S4
represents the inclination unevenness which gradually increases to traverse
the optical axis AX as indicated by a straight line 153C, for example, the
tilt angle of the second lens 81   system 13 shown in Fig. 11 may be
controlled in order to correct the unevenness. In this embodiment, the
unevenness of the exposure amount in the non-scanning direction after the
scanning exposure, i.e., the uneven illuminance in the non-scanning
direction can be easily measured by using the line sensor 42b as described
above. Further, the uneven illuminance in the X direction and Y direction
in the exposure area 35P can be also measured by moving the pin hole-shaped
light-receiving section 42a shown in Fig. 13A to the plurality of measuring
points installed twodimensionally in the exposure area 35P to measure the
illuminances respectively. Further, the exposure amount distribution
(exposure amount unevenness) concerning the non-scanning direction can be
also obtained in the same manner as in the light-receiving section 42a
described above by adding up the illuminances at the respective measuring
points concerning the scanning direction (Y direction) at the respective
positions in the non-scanning direction (X direction) in the exposure area
35P to determine the added-up light amount (exposure amount) of the
exposure light beam IL. In this procedure, the illuminance may be ~easured
at the respective measuring points while stepping the light-receiving
section 42a in the scanning direction at the respective positions in the
non-scanning direction. However, it is preferable that the light-receiving
section 42a is relatively moved in the 82 



scanning direction with respect to the exposure area 35P at the respective
positions in the non-scanning direction, and the oscillation (oscillation
frequency and pulse energy) of the exposure light source 1 and the movement
velocity of the wafer stage 39 are controlled under the same condition as
that of the scanning exposure for the wafer W. Accordingly, the exposure
light beam IL, which as the same number of pulses as that during the
scanning exposure, is radiated onto the light-receiving section 42a during
the period in which the light-receiving section 42a traverses the exposure
area 35P. The added-up light amount (exposure amount) of the exposure light
beam IL can be correctly measured at the respective positions in the
non-scanning direction. Therefore, although the uneven illuminance sensor
42 has the light-receiving sections 42a, 42b in this embodiment, the uneven
illuminance sensor 42 may be provided with only one of the light-receiving
sections 42a, 42b. As for the light-receiving section 42b described above,
the number of the light-receiving elements (arrays) arranged in the
exposure area 35P when the added-up light amount (exposure amount) of the
exposure light beam IL is measured at the resp~~tive positions in the
non-scanning direction may be the same as the number of the pulses radiated
onto the respective points on the wafer when the scanning exposure is
performed. In this case, for example, it is preferable that the same number
of the exposure light 83   beams IL as those used during the scanning
exposure are radiated, and the outputs of the light-receiving elements
different for each of the pulses are added up to determine the added-up
light amount. The exposure light beam IL of this embodiment is a
substantially vacuum ultraviolet ray (VUV) having a wavelength of not more
than 200 nm. The light beam is greatly absorbed by light-absorbing
substances such as steam and carbon dioxide. The absorption by oxygen is
gradually increased. Accordingly, the purge gas, which is a gas from which
such light-absorbing substances are removed, and organic matters and fine
dust or the like are removed by using, for example, a chemical filter or an
HEPA filter (high efficiency particulate air-filter), is supplied to the
optical path for the exposure light beam IL ranging from the exposure light
source 1 to the wafer W shown in Fig. 11. Those usable as the purge gas
include, for example, dry air, nitrogen gas, and helium gas. Even when the
purge gas, from which organic matters or the like are highly removed as
described above, is used, a minute amount of remaining organic matters or
the like cause the chemical rea~~ion with the exposure light beam IL.
Cloudy substances gradually adhere to the surfaces of the respective
optical elements in the illumination optical system ILS and the projection
optical system PL. As a result, the transmittance distribution is changed,
and any 84   uneven illuminance occurs in the exposure area 35P on the
wafer W in a time-dependent manner. The uneven illuminance caused by the
cloudy substance tends to form the centrosymmetrical unevenness (quadratic
function-like unevenness) which is axially symmetrical in relation to the
optical axis AX (coincident with the exposure center in this embodiment).
Especially, there is such a tendency that the uneven illuminance, in which
the illuminance is lowered at the central portion in the vicinity of the
optical axis AX (hereinafter referred to as "centrally concave
unevenness"), is caused. Accordingly, in this embodiment, the
centro-symmetrical unevenness (especially the centrally concave
unevenness), which is principally caused in the time-depending manner as
described above, is corrected by using the rotatable concentration~filter
plate 51 shown in Fig. 11. Explanation will be made in detail below for an 



example of the arrangement and the method of the use of the rotatable
concentration filter plate 51. Fig. 14A shows the arrangement of the
concentration filter plate 51 shown in Fig. 11 (or Fig. 12) in the initial
state. With reference to Fig. 14A, the concentration filter plate 51 is
provided with a predetermined light-shielding substance or a dimming
substance such as metal (for example, chromium) which is deposited, for
example, by means of vapor deposition on a first surface of a flat
disk-shaped glass 85   substrate which transmits the exposure light beam so
that a predetermined one-dimensional transmittance distribution T(X) is
obtained axially symmetrically in relation to the optical axis IAX. In Fig.
14A, the portion having the denser black color is deposited with a larger
amount of the substance, and the transmittance is lowered at the portion in
accordance therewith. In Fig. 14A, the direction of the concentration
filter plate 51 to have the transmittance distribution is set to be in the
Y direction (scanning direction) with respect to the fixed blind 14A
(represented by the slit-shaped opening as in the same manner in the
followings). The transmittance T(Y) in the Y direction is represented as
follows by using a coefficient a. T(Y) - 1/(aYZ + 1) ...(2A) This function
is determined to offset the quadratic function-like unevenness, resulting
from the fact that the centro-symmetrical unevenness ordinary forms the
quadratic function-like unevenness. This function is determined in various
ways depending on the (expected) amount of generation of the actual
centro-symmetrical unevenness. The coefficient a in the expression (2A) is
a parameter to determine the maximum correction amount of the concentration
filter plate 51. Assuming that R represents the radius of the concentration
filter plate 51 and D represents the maximum correction amount for the 



86   transmittance at the outermost periphery of the concentration filter
plate 51, the coefficient a is represented as follows. The maximum
correction amount D is, for example, 0.1 (10 %). a = D/{(1 - D)RZ} ...(2B)
In this embodiment, it is assumed that the uneven illuminance, which is
caused by the cloudy substance gradually adhered to the optical element in
the optical system, is successfully corrected by one sheet of the
concentration filter plate 51, even when the projection exposure apparatus
shown in Fig. 11 is operated in the actual exposure step for not less than
about two years. If the degree of the centro-symmetrical unevenness in the
exposure area 35P, especially the centrally concave unevenness, which is
caused after using the projection exposure apparatus for two years, is
about 10 % in range, the value of the coefficient a in the expression (2B)
is as follows. a = 0.1/(0.9R2) ...(2C) As shown in Figs. 14A to 14C, the
concentration filter plate 51 is rotatable by an arbitrary angle 8 within a
range of 90 about the center of the optical axis IAX. Fig. 14A shows a
state in which the concentration filter plate 51 is not rotated, i.e., the
angle 8 is 0. In this state, the average transmittance T(X) in the non 87 



scanning direction (X direction) in the opening of the fixed blind 14A is
flat as indicated by a straight line 154A. The function to adjust the
uneven illuminance in the non-scanning direction is not operated. In the
following drawings, it is assumed that the X coordinate at the optical axis
IAX is 0. The transmittance distribution is high at the central portion
with respect to the scanning direction (Y direction). The uneven
illuminance caused thereby is averaged by means of the scanning exposure.
On the other hand, Fig. 14C illustrates a case in which the concentration
filter plate 51 is rotated by 90, in order to correct the centrally concave
unevenness extremely advanced by the time-dependent change. In this case,
the transmittance T(X) in the non-scanning direction is as follows. T(X) -
1/(aXZ + 1) ...(3) In this case, the difference between the maximum value
and the minimum value is maximized as indicated by a curve 154C for the
distribution of the transmittance T(X). The effect of correcting the
centrally concave unevenness by the concentration filter plate 51 is
maximized. The value T' of the minimum value of the curve 154C is 0.9 (90
~) according to the expression (2B). Fig. 14B shows a state in which the
concentration filter plate 51 is rotated by 45 ((~ = 45) . In this case, 88
the transmittance T (X, Y, H) corresponding to each of the points in the
opening of the fixed blind 14A (corresponding to the exposure area 35P on
the wafer) is as follows. T (X, Y, 8) - 1/{a(Xsin6 - Ycos6)2 + 1} ...(4)
The transmittance T(X) in the non-scanning direction, 



which is obtained by averaging the transmittance in the Y direction, is
represented by a curve 154B. Accordingly, it is understood that the
correcting is effect is obtained for the centrally concave unevenness of an
intermediate degree between those of 8 = 90 and B = 0. As shown in Figs.
14A to 14C, the average transmittance distribution in the non-scanning
direction can be regulated to have an arbitrary characteristic by rotating
the concentration filter plate 51 to have an arbitrary angle. It is
possible to successively correct the centrally concave unevenness caused by
the variation of radiation in the time-dependent manner. Further, the
concentration filter plate 51 is a thin flat plate which is installed in
the vicinity of the conjugate plane with respect to the image plane.
Therefore, the uniformity of the coherence factor (Q value) of the
illumination optical system is scarcely affected when the uneven
illuminance is corrected. That is, on condition that the uniformity of the
a value is previously adjusted to be within a predetermined allowable range
in the initial state, the 89   uniformity of the a value is not
deteriorated even when the uneven illuminance due to the time-dependent
change is corrected. Thus, it is possible to always obtain high line width
uniformity. The mechanism for rotating the concentration filter plate 51 is
based on the electric system (automatic control system). Therefore, for
example, the uneven exposure amount (uneven illuminance) in the
non-scanning direction may be measured as shown in Fig. 13 by using the
uneven illuminance sensor 42 during the periodic maintenance, and the
concentration filter plate 51 can be driven and rotated at an optimum angle
to offset the uneven exposure amount situ. Further, the degree of the
centrally concave unevenness may be determined by approximate calculation
at an arbitrary period of elapse time by temporally~managing the projection
exposure apparatus for a long period of time, or managing the total
radiation amount. The concentration filter plate 51 can be also rotated
automatically (in real time) so that the centrally concave unevenness is
corrected. Further, the correction can be also made for the difference
between a plurality of illumination conditions concerning the uneven
illuminance initially generated. The concentration filter plate 51 of this
embodiment has only the function to make the centrally concave unevenness
to be flat. However, for example, a fixed concentration filter 90   plate
or the like may be previously inserted in the vicinity of the concentration
filter plate 51 shown in Fig. 12. The uneven illuminance under a11 of the
illumination conditions may be made to slight centrally concave unevenness.
The difference may be corrected by rotating the concentration filter plate
51. Accordingly, it is possible to suppress the occurrence of the uneven
illuminance even when the illumination condition is switched between the
ordinary illumination and the modified illumination. The concentration
filter plate 51 of this embodiment can be electrically controlled.
Therefore, the concentration filter plate 51 may be rotated up to an
optimum angle every time when the illumination condition is switched.
Slight illumination loss initially appears in all cases. However, actually,
it is possible to suppress the illumination loss to be not more than about
5 The concentration filter plate 51 can be produced in 



accordance with a variety of production methods as shown in Fig. 15. In the
concentration filter plate 51 shown in Fig. 15A, the transmittance
distribution, which is continuously changed in the Y direction, is obtained
by vapor-depositing a dimming substance such as chromium (Cr) on a
light-transmissive substrate while continuously changing the film
thickness. The metal such as chromium behaves as a light-shielding
substance in the case of an ordinary film thickness. However, in this
embodiment, 91   chromium or the like is used as the dimming substance in a
region of the film thickness in which the light is transmitted to some
extent. In the concentration filter plate 51G shown in Fig. 15B, a first
surface of a substrate is divided into a plurality of band-shaped areas in
the Y direction, and a dielectric multilayered film is formed in the
band-shaped areas so that predetermined transmittances are obtained
respectively. That is, in the concentration filter plate 51G, the
transmittance distribution is changed in a stepwise manner in the Y
direction. However, the number of division is increased to be not less than
about 10, it is possible to obtain the correcting effect for the uneven
illuminance which is substantially equivalent to that obtained by the
continuously changing transmittance distribution. On the other hand, in the
concentration filter plate 51D shown in Fig. 15C, a large number of
light-shielding fine dot patterns composed of, for example, chromium, are
deposited in the Y direction on a substrate in a ratio of existence so that
a predetermined transmittance distribution (macroscopic concentration
distribution) is obtained as a whole. Even when the concentrat~~n filter
plate 51D is used, it is possible to correct the uneven illuminance in the
same manner as in the case shown in Fig. 15A. The concentration filter
plate 51D is also installed at the position slightly defocused from the
conjugate plane 92   with respect to the image plane. Because of the
formation with a random distribution in partial areas respectively, the dot
pattern is not transferred onto the image plane. The random dot pattern is,
for example, a fine circular pattern having a diameter of about 25 Vim.
Assuming that the maximum correction amount for the centrally concave
unevenness is about 10 $, the probability of existence of the dot pattern
at an arbitrary position in the concentration filter plate 51D is
postulated to be included within a range of about 0 to 15 $. Next, a forth
embodiment of the present invention will be explained with reference to
Figs. 16 and 17. In this embodiment, the centro-symmetrical unevenness can
be corrected even in a static exposure state, not in a state after
performing the scanning exposure. The basic arrangement of the projection
exposure apparatus of this embodiment is the same as that shown in Fig. 11.
However, this embodiment differs in that two concentration filter plates,
which are rotatable respectively, are installed in place of the single
concentration filter plate 51 shown in Fig. 11. In Fig. 16, components or
parts corresponding to those shown in Fig. 12 are designated by the same
reference numerals, detailed explanation of which will be omitted. Fig. 16
shows a relationship between the slit-shape 93 



illumination area 35 and the optical system ranging from the fly's eye lens
9 to the fixed blind 14A of the projection exposure apparatus of this
embodiment. In Fig. 16, a first concentration filter plate 51A and a second
concentration filter plate 51B are adjacently arranged rotatably about the
optical axis IAX at the position slightly defocused toward the second lens
system 13 from the plane slightly defocused from the arrangement plane of
the fixed blind 14A, i.e., the conjugate plane with respect to the reticle
plane (conjugate plane with respect to the image plane). One-dimensional
transmittance distribution, which has the same characteristic as that of
the concentration filter plate 51 shown in Fig. 11 and which is axially
symmetrical in relation to the optical axis, is formed on each of the two
concentration filter plates 51A, 51B. The concentration filter plate 51A is
driven and rotated by an angle 8A within a range of 90 counterclockwise
about the center of the optical axis IAX by the aid of a driving section
52WA and a gear section 52GA installed to the periphery of the first
concentration filter plate 51A. On the other hand, the concentration filter
plate 51B is driven and rotated by an angle AB within a range of 90
clockwise about the center of the optical axis IAX by the aid of a driving
section 52WB and a 94   gear section 52GB installed to the periphery of the
second concentration filter plate 51B. Further, in the initial state of
this embodiment, the angles of rotation of the two concentration filter
plates 51A, 51B are set so that the average transmittance distribution in
the non-scanning direction is flat in the same manner as in the
concentration filter plate 51 shown in Fig. 14A. When the
centro-symmetrical unevenness (especially the centrally concave unevenness)
is corrected, the two concentration filter plates 51A, 51B are driven by an
identical angle of rotation in opposite phases, i.e., by an identical angle
of rotation in opposite directions. Accordingly, the transmittance
distribution can be corrected with an axially symmetrical two-dimensional
distribution about the center of the optical axis IAX. Therefore, it is
possible to obtain a uniform illuminance distribution over the entire
surface of the illumination area 35 (and consequently the exposure area
35P) in the static state. Further, the uniformity of the a value of the
illumination optical system is not deteriorated. Fig. 17 shows a state in
which the concentration filter plates 51A, 51B are rotated in the opposite
phases as described above. In Fig. 17A, the concentration filter plate 51A
is rotated counterclockwise by 45 (AA = 45). In Fig. 17B, the concentration
filter plate 51B is rotated 95   



clockwise by 45 (BB = 45). In this case, the transmittance distributions in
the opening of the fixed blind 14A, which are brought about by the
concentration filter plates 51A, 51B, are those shown in Figs. 17B and 17D
respectively. Actually, the transmittance distribution in the opening of
the fixed blind 14A is concentric about the center of the optical axis IAX
as shown in Fig. 17E. That is, the bright and dark areas in Figs. 17B and
17D are offset to one another. Thus, the ideal centrally symmetrical
secondary transmittance distribution is obtained in both of the X direction
and Y direction without performing any integration in the scanning
direction. When the ordinary centrally concave unevenness is corrected with
this transmittance distribution, the uneven illuminance in the static
exposure state can be also corrected simultaneously. The two-dimensional
uneven illuminance as described above can be measured with the sensor
having the pin hole-shaped light-receiving section 42a, of the uneven
illuminance sensor 42 shown in Fig. 13A. Upon the maintenance for the
actual projection exposure apparatus of the scanning exposure type, a case
also arises, in which the exposure is performed in a static state without
performing the scanning. Therefore, the correction of the uneven
illuminance in the static state according to this embodiment is effective.
The two concentration filter plates 51A, 51B of this embodiment are 96
not limited to the use for the scanning exposure type exposure apparatus,
which can be also adopted in order to correct the uneven illuminance in the
exposure apparatus of the full field exposure type (static exposure type).
That is, the present invention is also applicable to the exposure apparatus
of the full field exposure type. Next, a fifth embodiment of the present
invention will be explained with reference to Figs. 12 and 18. In this
embodiment, the present invention is applied to correct the inclination
unevenness (linear function-like unevenness) in which the illuminance is
gradually increased or decreased so that the optical axis is traversed in
the non-scanning direction. The inclination unevenness is not changed in a
time-dependent manner by the cloudiness of the optical element of the
illumination optical system or the like. It is unnecessary to provide an
extremely wide correction range as well. However, the inclination
unevenness is an amount to be corrected, for example, upon the start-up
after the assembling and the adjustment of the projection exposure
apparatus. In the projection exposure apparatus shown in Fig. 11, the
inclination unevenness is corrected by controlling the tilt angle of the
second lens system 13. However, it is feared that the uniformity of the a
value of the 97   illumination optical system is deteriorated during this
process. In order to avoid such an inconvenience, in this embodiment, the
concentration filter plate 51 shown in Fig. 12 is exchanged with a
concentration filter plate 155 for correcting the inclination unevenness.
The concentration filter plate 155 for correcting the inclination
unevenness may be arranged closely to the concentration filter plate 51 for
correcting the centro-symmetrical unevenness. A rotary driving unit (52G,
52W) for the concentration filter plate 155 for correcting the inclination
unevenness has such a function that the concentration filter plate 155 is
rotated by an arbitrary angle 8 within a range of 90 (180 in range) about
the center of.the optical axis IAX. Fig. 18A shows a positional
relationship between the fixed blind 14A and the concentration filter plate
155 for correcting the inclination unevenness in the initial state. In Fig.
18A, the transmittance distribution T(X) of the disk-shaped concentration
filter plate 155 is set to be a one-dimensional distribution which is
gradually increased across the optical axis from the end in the -Y
direction to the end in the +Y direction. That is, the transmittance T(Y)
of the concentration filter plate 155 in the Y direction is represented by
the following expression with a coefficient b. The origin of the Y
coordinate is the optical axis, and R represents the radius of the
concentration filter plate 155. 98 



T(Y) - bY + ( 1 - bR) ...(5) The maximum value of the transmittance is 1 (Y
= R), and the minimum value is (1 - 2bR) (Y = -R). The maximum correction
amount is 2bR. The inclination unevenness is not changed in a
time-dependent manner unlike the centrosymmetrical unevenness. It in enough
to provide a slight correction amount. The coefficient b has an extremely
small value. Accordingly, when the filter plate is not rotated, the
illuminance loss is kept within a slight ratio. Therefore, the average
transmittance T(X) in the non-scanning direction shown in Fig. 18A is
constant at a value which is slightly lowered from 1 (100 $) as shown by a
straight line 156A. Actually, when the unevenness of the exposure amount in
the non-scanning direction measured by using the uneven illuminance sensor
42 shown in Fig. 13 is the inclination unevenness, the inclination
unevenness can be corrected by rotating the concentration filter plate 155
so that the inclination unevenness is offset. In this embodiment, the
maximum correction amount of the inclination unevenness is obtained in the
case of A = 90. Fig. 18C is illustrative of a ease of 8 = +90. In this
case, the transmittance T(X) in the non-scanning direction is represented
by an expression in which Y is substituted with -X in the expression (5) as
shown by a straight line 156C (provided that the origin of the 99 



coordinate X is the optical axis). In this case, for example, if it is
assumed that the inclination unevenness may be generated in 1 $ in maximum
at the periphery with respect to the position in the vicinity of the
optical axis in the optical system of this embodiment, the coefficient b
may be set as follows in order to correct the inclination unevenness. b =
0.98/(2R) ...(6) Next, a sixth embodiment of the present invention will be
explained with reference to Figs. 19 and 20. In this embodiment, the
centro-symmetrical unevenness in the static exposure state is corrected
without badly affecting the uniformity of the a value of the illumination
optical system by using one concentration filter plate. Also in this
embodiment, the projection exposure apparatus shown in Figs. 11 and 12 is
basically used. However, this embodiment differs in that a rotatable
concentration filter 



plate, which has a substantially concentric transmittance distribution, is
used in place of the concentration filter plate 51 shown in Fig. 12. Fig.
19A shows the rotatable concentration filter plate 161 for correcting the
centrally concave unevenness to be used in this embodiment. In Fig. 19A,
the 100   concentration filter plate 161 is formed by deposing a
light-shielding substance or a dimming substance with a predetermined
substantially concentric transmittance distribution T(r) on a first surface
of a lighttransmissive circular thin substrate. The center of the
concentration filter plate 161 is coincident with the optical axis of the
illumination optical system. Explanation will be made assuming that the y
axis extends in the direction corresponding to the scanning direction
passing through the optical axis, and the x axis extends in the direction
corresponding to the non-scanning direction. In order to explain the
transmittance distribution in this embodiment, the transmittance T (r, ~)
represented by the polar coordinate is expressed as follows by substituting
the coefficient a with a function a(~) of the angle ~ and substituting the
position Y with the radius r, in the transmittance T(Y) in the expression
(2C). The 



coefficient a(~) is represented as follows assuming that the maximum
correction amount D in the expression (2B) is the function D(~) of the
angle ~. T(r, ~) - 1/{a(~)r~ + 1} a(~) - D(~)/~(1 - D(~))R2} ...(11)
...(12) In this case, the polar coordinate system (~, r) can be converted
into the rectangular coordinate system (x, y) 101   by using the following
expressions of relations. = tan-1(y/x) ... (13) r = ( x2 + yz ) lie . . . (
14 ) Accordingly, the expression (11) is expressed by the rectangular
coordinate system (x, y) as follows by using the expressions of relations. 



T(x, y) - 1/~a(x, y)(x2 + y2) + 1} ... (15) If the coefficient a is
determined assuming that "the angular velocity is constant" for the change
of the transmittance, a(~) in the expression (12) is represented as
follows. ~D/~ (~/2 - ~D)RZ} ...(16) The transmittance T(x, y, A) in the
rectangular coordinate system (x, y), which is obtained after rotating the
concentration filter plate 161 shown in Fig. 19A by the angle 8, is
represented as follows. T~x~Y~e)= 1 ...~17) ~-~ ycos9+xsinB . D xcos6
-ysin9 , x2 + y2 +1 _,~ - ~ _1 y cos B + x sin B . D R Z 2 x cos E - y sin
9 According to the expression (17), it is possible to determine the
transmittance at an arbitrary position (x, y) at an arbitrary angle of
rotation 8. 



Specifically, Fig. 19B shows the value T of the 102   transmittance T(x, y,
8) at the position of the radius r in the non-scanning direction from the
center (optical axis) when the angle of rotation 8 (rad) is set to have
three types. In Fig. 19B, a flat straight line 162A represents the
transmittance T obtained when the angle of rotation 8 is 0. A curve 162B
represents the transmittance T obtained when the angle of rotation B is ~/4
(45). A curve 162C represents the transmittance T obtained when the angle
of rotation H is ~/2 (90). The following facts are appreciated. That is, as
the angle of rotation 8 approaches ~/2, the transmittance T at the
peripheral portion decreases in a manner of quadratic function of the
radius r. When the angle of rotation 8 is ~/2, then the amount of decrease
of the transmittance at the peripheral portion with respect to the central
portion is the maximum correction amount D, and the correction amount with
respect to the centrally concave unevenness is maximum. The concentration
filter plate 161 described above is provided to correct the centrally
concave unevenness. Similarly, it is also possible to produce a
concentration filter plate for correcting the uneven illuminance in which
the illuminance is increased at the position in the vicinity of the optical
axis in a manner of quadratic function (hereinafter referred to as
"centrally convex 103   unevenness"). For this purpose, a transmittance
distribution, in which the transmittance distribution of the concentration
filter plate 161 is inverted, may be possessed. Further, it is also
possible to produce a concentration filter plate capable of correcting both
of the centrally concave unevenness and the centrally convex unevenness by
changing the angle of rotation of one concentration filter plate. Fig. 20A
shows the concentration filter plate 63 which is rotatable and which is
capable of correcting both of the centrally concave unevenness and the
centrally convex unevenness. In Fig. 20A, the center of the concentration
filter plate 63 is coincident with the optical axis of the illumination
optical system. Explanation will be made assuming that the x axis and the y
axis extend in the directions corresponding to the non-scanning direction
and the scanning direction passing through the optical axis respectively.
Also for the concentration filter plate 63, it is assumed that the change
of the correction amount of the centrally concave unevenness and the
centrally convex unevenness at an arbitrary angle of rotation is
proportional to the change of angle. It is assumed that M represents the
correction amount for the centrally convex unevenness, and ~' represents
the angle of rotation upon the change from the correction for the centrally
convex 



104   unevenness to the correction for the centrally concave unevenness. on
this assumption, the transmittance T(x, y, ') at the coordinate (x, y) when
the angle of rotation 8 is ~', and the transmittance T(xmax, ymax, 0) in
which the angle of rotation 8 is 0 and the coordinate (x, y) is the maximum
value (value at the position most separated from the optical axis) (xmax,
ymax) are as follows respectively. T(x, y, ~') - 1 - M .. .(18A) T(xmax,
ymax, 0) - 1 ...(18B) When these expressions are used, the maximum
correction amount D(~), and the maximum correction amount D(x, y, 6) at the
angle of rotation B are as follows. Maximum correction D(~~ ~ -1 "'~ 19 )
amount 1- ZM ~' 



D x B = M 1 ~-~ ycosB+xsinB -1 ...~20) 1-2M ~' xcos6-ysin9 When the maximum
correction amount D(x, y, 8) is used, the transmittance T(x, y, 8) at the
angle of rotation B in the expression (17) is as follows. 1 T(x, y,B) _
...~ 21 ) D(x~y~e) z ~xz + yz)+ 1 (1-D~x, y,e))  R (1-M 105   According to
the expression (21), it is possible to determine the transmittance at an
arbitrary position (x, y) at an arbitrary angle of rotation 8.
Specifically, Fig. 20B shows the value T(r) of the transmittance T(x, y, 8)
at the position of the radius r in the non-scanning direction from the
center (optical axis) when the angle of rotation 8 (rad) is set to have
three types. In Fig. 20B, an upwardly directed curve 64A 



represents the transmittance T obtained when the angle of rotation B is 0.
A flat straight line 64B represents the transmittance T obtained when the
angle of rotation 8 is ~' (0 < ~' < ~/2). A downwardly directed curve 64C
represents the transmittance T obtained when the angle of rotation 8 is ~/2
(90). It is understood that in the range in which the angle of rotation 8
is smaller than ~', the transmittance T is increased in a manner of
quadratic function of the radius r, and thus it is possible to correct the
centrally convex unevenness, while in the range in which the angle of
rotation 6 is larger than ~', the transmittance T is decreased in a manner
of quadratic function of the radius r, and thus it is possible to correct
the centrally concave unevenness. Further, when the angle of rotation 8 is
0, then the amount of increase of the transmittance at the peripheral
portion with respect 106 



to the central portion is the maximum correction amount M, and the
correction amount for the centrally convex unevenness is maximum. When the
angle of rotation H is ~/2, the correction amount for the centrally concave
unevenness is the maximum correction amount D represented by the following
expression. M 1 n _1 D=1_~ ~r-2 ...~22) In the concentration filter plates
161, 63 shown in Figs. 19 and 20 of this embodiment, the transmittance
distribution is optimized two-dimensionally. Therefore, they are not
limited to the use for the projection exposure apparatus of the scanning
exposure type. They can be also used for the projection exposure apparatus
of the full field exposure type. In the embodiment described above, for
example, the concentration filter plates 51, 161, 63 are used as the
filter. In place thereof, for example, a transmission type liquid crystal
panel, in which the internal pattern is controllable, may be used, and the
internal pattern (transmittance distribution) may be electrically
controlled. In the embodiment described above, the adjustment is performed
during the measurement of the illumination characteristic (at least one of
the illumination telecentricity and the uneven illuminance 



107   (exposure amount unevenness)). Alternatively, the illumination
characteristic may be adjusted during a period other than the period of the
measurement. For example, the change of the illumination characteristic may
be calculated (for example, by means of simulation), and the illumination
characteristic may be successively adjusted on the basis of the result of
the calculation. Alternatively, the illumination characteristic may be
periodically measured to perform the adjustment, and the illumination
characteristic may be adjusted by means of the calculation as described
above during the period of the periodic measurement. As for the uneven
illuminance (exposure amount unevenness), both of the inclination
unevenness and the centro symmetrical unevenness (concave/convex
unevenness) may be adjusted upon the change of the illumination condition,
i.e., the intensity distribution (especially its shape) of the exposure
light beam IL on the pupil plane of the illumination optical system. Only
the centro-symmetrical unevenness may be adjusted until the change of the
illumination condition next time. In the embodiment described above, the
illumination condition-switching system includes a11 of the aperture
diaphragm plate 10, the optical integrator (first fly's eye lens) 6, the
light amount distribution-converting element (diffractive optical element)
55, and the switching unit 56. However, the illumination
condition-switching system 108   may include only the aperture diaphragm
plate 10 or only the switching unit 56. The switching unit 56 may perform
only the exchange of the plurality of light amount distribution-converting
elements described above. Further, for example, at least one of a zoom
optical system and a pair of prisms (conical prism (axicon) or quadrangular
pyramid prism) relatively movable in the direction of the optical axis of
the illumination optical system may be arranged between the exposure light
source 1 and the optical integrator (second fly's eye lens) 9, in
combination of at least one of the aperture diaphragm plate 10 and the
switching unit 56, or in place of the aperture diaphragm plate 10 and the
switching unit 56. In the embodiment described above, the fly's eye lens 6,
9 is used as the optical integrator. However, it is clear that the present
invention is also applicable when an inner surface reflection type
integrator (rod integrator) is used as the optical integrator. Further, in
the embodiment described above, the illumination optical system ILS based
on the so-called double-fly's eye system, in 4~hich the two-stage fly's eye
lens system 6, 9 is employed, is used. However, the present invention is
also applicable when the illumination optical system is adjusted by using
only the one-stage optical integrator (for example, fly's eye lens and rod
integrator). Further, the diffractive optical element (DOE) may be used as
the optical integrator 109   not only for the modified illumination but
also, for 



example, for the ordinary illumination and the small a value illumination.
Of course, in this case, it is desirable that a plurality of diffractive
optical elements are prepared to exchange them depending on the
illumination condition. For example, when the inner surface reflection type
integrator, in which the light-incoming plane is arranged at the pupil
plane of the illumination optical system and the light-outgoing plane is
arranged in conjugation with the pattern plane of the reticle 28, is used
as the optical integrator 9, and the optical unit, which includes at least
one of the plurality of light amount distribution-converting elements
(diffractive optical elements), the zoom optical system, and the pair of
prisms described above, is arranged between the exposure light source 1 and
the optical integrator 9, then the incident angle range of the exposure
light beam IL coming into the inner surface reflection type integrator is
changed upon the change of the illumination condition. When the fly's eye
lens is used as the optical integrator 9, a surface light source composed
of a plurality of light source images, i.e., a secondary light source is
formed on the side of the light-outgoing plane. When the inner surface
reflection type integrator is used, a secondary light source composed of a
plurality of virtual images is formed on the side of the light-incoming
plane. Therefore, 110   the change of the illumination condition in each of
the embodiments described above is equivalent to the change of the
intensity distribution of the exposure light beam IL on the pupil plane of
the illumination optical system, and the change of at least one of the size
and the shape of the secondary light source formed on the pupil plane of
the illumination optical system. In the embodiment described above, the
present invention is applied to the projection exposure apparatus based on
the scanning exposure system. However, the present invention is also
applicable to the projection exposure apparatus (stepper) based on the
step-and-repeat system (full field exposure system), and the exposure
apparatus based on, for example, the proximity system in which the
projection system is not used. The exposure light beam (exposure beam) is
not limited to the ultraviolet light as described above. For example, the
EUV light beam in the soft X-ray region (wavelength: 5 to 50 nm) generated
from the SOR (Synchrotron Orbital Radiation) ring or the laser plasma light
source may be used. In the EUV exposure apparatus, each of the illumination
optical system and the projection optical system is constructed by only a
plurality of reflection optical elements. In this case, the concentration
filter 51 may be composed of a reflecting member. A semiconductor device
can be produced from the wafer 111   W shown in Fig. 1. The semiconductor
device is produced by performing, for example, a step of designing the
function and the performance of the device, a step of producing a reticle
based on the foregoing step, a step of manufacturing the wafer from a
silicon material, a step of exposing the wafer with a pattern on the
reticle by using the projection exposure apparatus of the embodiment
described above, a step of assembling the device (including a dicing step,
a bonding step, and a packaging step), and an inspection step. The way of
use of the exposure apparatus is not 



limited to the exposure apparatus for producing the semiconductor element.
The present invention is also widely applicable, for example, to the
exposure apparatus for the liquid crystal display element formed on an
angular glass plate or for the display device such as the plasma display,
and the exposure apparatus for producing various devices including, for
example, the image pickup element (for example, CCD), the micromachine, and
the thin film magnetic head. Further, the present invention is also
applicable to the exposure step (exposure apparatus) to be used when the
mask (for example, photomask and reticle) formed with the mask pattern of
various devices is produced by using the photolithography step. It should
be understood that the present invention is not limited to the embodiments
described above, which 112   includes a variety of modifications and
improvements of the embodiments described above conceived by those skilled
in the art within a range not deviated from the scope and the spirit of the
present invention. For example, the shape of the concentration filter plate
is not limited to the circular configuration, which may be an arbitrary
configuration such as a rectangular configuration. An arbitrary dimming
material may be used as the material for constructing the concentration
filter plate. In order to control the transmittance distribution, the
concentration filter plate is not necessarily rotated in the plane. The
concentration filter plate may be rotated or moved threedimensionally. The
embodiment described above is illustrative of the case in which the filter
of the present invention is provided in the vicinity of the plane conjugate
with the exposure plane of the wafer corresponding to the second object.
However, there is no limitation thereto. The filter may be provided in the
vicinity of the exposure plane of the wafer corresponding to the second
object, for example, in the space between the wafer and the projection
optical system. According to the present invention, the illumination system
(illumination optical system) of the exposure apparatus can be adjusted
correctly for a short period of time. When the characteristic-measuring
system for measuring the illumination characteristic of the 113
illumination system is provided, the illumination system having a plurality
of illumination conditions can be adjusted automatically. When the
inclination component and the magnification component of the collapse
amount of the telecentric property of the exposure light beam are measured
in a divided manner as the illumination characteristic, the adjustment can
be correctly performed for a short period of time by independently
adjusting the both. According to the present invention, the transmittance
distribution of the planer area or the flat plate-shaped filter is
controlled. Accordingly, an advantage is obtained such that the uniformity
of the exposure amount distribution can be improved without substantially
deteriorating the uniformity of the coherence factor of the exposure light
beam. The centro-symmetrical unevenness or the inclination unevenness can
be corrected after the scanning exposure by using the one filter which is
rotatable and which has the one-dimensional transmittance distribution.
Further, various types of the centro-symmetrical unevenness can be
corrected even in the static exposure state by using the two filter having
the one-dimensional transmittance distribution in combination, or by using
the one filter having the concentric transmittance distribution. Further,
according to the method for 



114   producing the device of the present invention, the device can be
produced with a high line width control accuracy by using the exposure
method of the present invention. 115   What is claimed is: 1. An exposure
method for exposing a second object with an exposure light beam passed
through a first object, the exposure method comprising the steps of:
radiating the exposure light beam onto the first object; and controlling a
transmittance distribution of the exposure light beam in a planer area
traversing an optical axis of the exposure light beam in the vicinity of an
exposure plane of the second object or in the vicinity of a plane conjugate
with the exposure plane. 2. The exposure method according to claim 1,
wherein the transmittance distribution is controlled by a filter with a
predetermined transmittance distribution inserted in an optical path of the
exposure light beam in the vicinity of the exposure plane of the second
object or in the vicinity of the plane conjugate with the exposure plane.
3. The exposure method according to claim 1, wherein the transmittance
distribution corrects unevenness of an exposure amount distribution for the
second object. 4. The exposure method according to claim 3, wherein the
transmittance distribution is controlled to give a concentric distribution.
5. The exposure method according to claim 3, wherein the transmittance
distribution is controlled to have a distribution one-dimensionally in a
predetermined direction. 



l16   6. The exposure method according to claim 5, wherein the
transmittance distribution is controlled to have a combination of
one-dimensional distributions in predetermined directions. 7. The exposure
method according to claim 3, wherein the transmittance distribution is a
distribution which changes one-dimensionally symmetrically about a center
of an optical axis. 8. The exposure method according to claim 3, wherein
the transmittance distribution is a distribution in which transmittance is
increased or decreased as being farther separated from an optical axis. 9.
The exposure method according to claim 1, wherein: the first object and the
second object are synchronously moved in a scanning direction when the
second object is exposed; and the transmittance distribution for the
exposure light beam is controlled so that an exposure amount distribution,
which is obtained by adding up an exposure amount of the exposure light
beam for the second object in the scanning direction, is uniformized. 10.
An exposure apparatus for exposing a second object with an exposure light
beam passed through a first object, the exposure apparatus comprising: an
illumination system which illuminates the first object with the exposure
light beam; and at least one rilter which is arranged in the vicinity of an
exposure plane of the second object or in the 1~ 7   vicinity of a plane
conjugate with the exposure plane on an optical path for the exposure light
beam up to the second object and which has a predetermined transmittance
distribution with respect to the exposure light beam. 11. The exposure
apparatus according to claim 10, wherein: 



the illumination system includes at least one optical integrator for
uniformizing an illuminance distribution of the exposure light beam, and a
field diaphragm for defining an illumination area on the first object of
the exposure light beam from the optical integrator, and the filter is
arranged on a plane in the vicinity of the field diaphragm or on a plane in
the vicinity of an irradiation plane of the first object; and the exposure
apparatus further comprises a driving unit which moves the filter to
predetermined arrangement. 12. The exposure apparatus according to claim
10, wherein the filter has a concentric transmittance distribution. 13. The
exposure apparatus according to claim 10, wherein the filter has a
predetermined transmittance distribution in a one-dimensional direction
symmetrically with respect to an optical axis. 14. The exposure apparatus
according to claim 10, wherein the filter is composed of first and second
filters which have the same transmittance distribution in a onedimensional
direction symmetrically with respec~~ to an optical axis respectively, and
the exposure apparatus 118   further comprises a driving unit which rotates
the first and second filters in mutually opposite phases. 15. The exposure
apparatus according to claim 11, further comprising: a stage system which
synchronously moves the first object and the second object in a scanning
direction; an exposure amount distribution-measuring unit which measures a
distribution of added-up value in the scanning direction of an exposure
amount of the exposure light beam on the second object; and a control unit
which controls the driving unit to change an angle of rotation of the
filter in accordance with an exposure amount distribution measured by the
distribution-measuring unit. 16. The exposure apparatus according to claim
11, wherein the filter is a light-transmissive substrate deposited with
metal, which is selected depending on the transmittance distribution. 17.
The exposure apparatus according to claim 10, wherein the exposure light
beam has a wavelength of not more than 200 nm. 18. A method for producing a
device, comprising the step of transferring a device pattern onto a
substrate by the exposure method as defined in claim 1. 119 
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