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PROJECTION EXPOSURE APPARATUS AND_

DEVICE MANUFACTURING METHOD USING THE SAME

FIELD OF THE INVENTION AND RELATED ART
'.This invention relates té a projection

exposure apparatus and a device manufacturing mefhod
fbr manufacturing microdevices such as ICs, LSIs,
liguid crystal'deVices'or magnetic heads, forlexample,
by using such a projection exposure apparatus;

| - In a pfojéction‘exposure apparatus for
manufactufe of semiconductor chips such as ICs or
LSIs,'for examﬁle,.during repetitions of pfojection

exposure, a projection optical system absorbs a

portion of exposurellight energy so that it is heated.

The absorbed heat is then radiated. This causes shift
of the position of the imaging plane of the projection

optical system or a change of the projection

'magnification. Such shift of the imaging plane or

change in the projection magﬁification may be detected
on the basis of equations with parameters such as
total light guantity passing a.reticle pattern, the.
time consumed for the exposure process and the time
between suqcessive exposures in addition to the time
constant peculiar to the préjection qptical system.
Then, drive of a wafer stage or driﬁe of a lens or
lenses of the projection optical system or the

pressure between lenses of the projection optical
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system may be controlled to correct the shift of the
imaging plane or the change of the projection
magnification.

However, it has been found that, even if the

total light quantity passing the reticle pattern is

the samé, in a case where a reticle having a pattern
of different type is used or a phase shift reticle is
used or, alternatively, in a case where an oblique

illumination method is used in an illumination optical

system, the 1ight guantity distribution of the optical

elements of the ﬁrojection optical 5ystem diffefs.
This results in a_different change in ﬁhe 6pticé1
chatacteristic of the'projection opticél éystem and, -
therefore,.it is not possible to detect and correct

the change of the optical characteristic, such as

imaging plane position or projection magnification of '

‘the projection optical system, on the basis of the

eduations as mentioned above. This problem may be
attributable to that the light quantity distribution
of the optical elements of the projection optical

system differs and that the tempefature distribution

of.the projection optical system changes.

SUMMARY OF THE INVENTION
‘It is an object of the present invention to
provide a projection exposure apparatus'by which a

change in optical characteristic of a projection'
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optieal system can be detected and corrected
accurately. /

It is another object.of the present invention
to provide a device manufecturing nethod for
manufacturing de&ices by using such a projection
exposure appararus.

In accordance with an aspect of the present
invention, there is provided a projection exposure
apparatus, comprising: a projection optical system for
projecting a pattern of a reticle onto a substrate;"
optical characteristic detecting means for detecting a
change in opfical characteristic of said projection

optical system, which change may results from the

-projection of the reticle pattern onto the substrate

through said projection optical system; and light
detecting means for detecting at least one of (i) an
intensity distribution of light from the reticle
pattern,_at a position adjacent to the reticle or

adjacent to an imaging plane on which the reticle is’

to be imaged, and (ii) an intensity distribution of

the light-from the reticle pattern, at a position
adjacent to a pupil plane of said projection optical
system; wherein said optical characteristic detecting
means is arranged to detect the amount of change in
optical characterisric in accordance with the
intensity distribnfion detected by said light

detecting means.
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In accordance with another aspect of the

present inventicn, there is provided a projection

exposure apparatus, comprisingi a_projection optical
system for projecting a pattern of a reticle onto a
substrate; optical characteristic detecting means for
detecting a change in optical characteristic of said
projection optical system, which change may results
from the projection cf the reticle pattern onto the
substrate through said projection optical system;

optical characteristic correcting means for

_substantially correcting the change in optical

characteristic of said projection optical system in

accordance with an cutput of said optical

_characteristic-detecting_means; and light detecting

means for detecting at least one of (i) an intensity
distribution of light from the reticie paftern, at a
position adjacent fo the reticle or adjacent to an
imaging plane on which the reticle is to be imaged,
and (ii) an'intensity distribution of the light from
theirericle pattern, at a position adjaceht to a pupil

plane of said projection optical system; wherein said

‘optical characteristic detecting means is arranged to

detect the amount of change in optical characteristic

in accordance with the intensity distribution detected

by said light detecting means.

In one preferred form of the invention, said

optical characteristic detecting means is arranged tc
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detect at least one of the amount of.change of said
imaging plane of said projection optical system énd
the amount éf change of projecfion magnification.

In anther preferred form of the invention,
said optical characteristic correcting means is
arranged to correct at least one of the amount 6f
chahge in said imaging plane'of said projection
optical system and the amount of change in projection
magnification. . |

| Preferably, said thicél characteristié
detécting'means'and said opticél-characteristic
correcting means afe'a:ranged to.detect and correct
the change of said imaging plane of said projection
optical system and the change ¢f projection
magnifiﬁation.thereof.

.In a further preferred form of the invention,
said light deﬁecting means includes first light
detector means having a light detecting surface
adjacent to said imaging plane of said projection

optiCal system, for detecting a light intensity

distribution adjacent to the reticle, and éecond light

detector means having a light detecting surface at a

positibn away from said imaging plane of said

| projéction optical system, for detecting a light

intensity distribution adjacent to the pupil piane of
said projection bptical system.

In a still further preferred form of the
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invention, said light detecting means'includes_a'light

blocking plate with a piﬁhple disposed adjacent to
said imaging plane, and a plurélity of phoﬁoeléctric
converting eléménts afrayed at a position away from
said imaging plane for detecting_light péssing'through
the reticle pattern and through said projecﬁion
optical system and coming from said light blocking
plate, whereiﬁ the light'intensity distribution

adjacent to the pupil plane of said projection optical

.system is'deterMined on the basis of an output

distribution of said photoelectric converting
elements, wherein thellight intensity_adjacent to the
reticle is determined on the basis.of fhe sum of
outputs of said photoelectric converting elements, and
wherein said light blocking plate and said -

photoelectric converting elements are movabie as a

‘unit along said imaging plane.

'In a yet further aspect of the present
invention, a projection exposure apparatus such-as

above is used to print a device pattérn of a reticle

~on a workpiece such as a silicon wafer or a glass

substrate, for example, for accurate manufacture of

. devices such as ICs, LSls, CCDs, liquid crystal

‘elements or magnetic heads, for example.

These and other objects, features and
advantages of the present invention will become more

apparént upon a consideration of the following
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-deScri?tion.of the preferred embodiments of the

present invention taken in conjunction with the

accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 is a schematic view of a projection

exposure apparatus according to one embodiment of the

.present invention.

Figure 2 is a plan view for explaining a
modified form of the projection exposure apparatus 6f
Figure 1. | |

| Figures 3A, 3B and 3C are schematic views for
explaining examples of a split sensor.

Figure 4 is a flow chart of device
manufacturing processes.
| Figure 5 is a flow chart of a wafer process

in a portion of the flow of Figure 4.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

Figure 1 is a schematic view showing one
embodiment of the present invention, wherein the
inventibn is applied to a step—and—repeat type
projection.eprsure apparatus for.manufacture of
microdevices'éuch as ICs, LS1s, CCDs, liquid crYstél
elements or_magnetic heads, for.example; |

Denoted in Figure 1 at 1 is an illumination

‘system, and denoted at 2 is a reticle having a device
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pattérh formed thereon. Denoted at 3 is a reticle
stage, and denoted at 4 is a projection lens system’
for projecting the device patférn of the reticle 2 in
a reduced scale. Denoted at 5 is a wafer on which the

device pattern of the reticle is to be transferred or

'printed, and dehoted at 6 is a wafer chuck for holding

'~ the wafer 5. The wafer chuck 6 is movable along the

direction of an optical axis 25. Denoted at 7 is an
X-Y stage for holding the wafer chuck 6. The X-Y
stage 7 is movable two—dimensiohally-along a plane |
perpendicular to the 6ptica1 axis 25. _Dénoted af 8'is'
a base on which the projection.lens system 4 and the
X-Y stage 7, fo: example, are mounted.

Denoted at § is a stop of the illumination
éystemll.. The stop 9 has an.opening which is variable
in size and in shape. Denoted at 10 is a driving
mechaniSm for changing the size or shape of the
6pening of the stop 9, to thereby changé fhe numerical
aperfure (N.A.). Denoted ét 11 is a certain lens of
the projectibn_lens'system 4, which lens 11 is movable

along the optical axis 25 direction. Denoted at 12 is

~a driving mechanism for moving and displacing the lens

11 along the optical axis 25 direction, to thereby
change the projedtion magnification of the'pfojection
lens sYstem 4. Dengted at 13 is a‘stop (pupil) of fhe
prqjection lénS'system 4. The étop 13 is.at a

position optically conjugate with the stop 9. The
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Denoted at 14 is a driving mechanism for changing the

'size of the opening of the sto§ 13, to thereby change

the numerical aperture (N.A.).

Denoted at 15 and 16 are components for
detecting the positionwﬁievel) of the wafer 5 surface
with respect to the optical axis 25 direction. More
specificallj, denoted at 15 is an illumination device

for illuminating the wafer 5, and denoted at 16 is a

light receiving device for receiving reflected'light

from the wafer 5 surface and for producing a signal
éorresponding to the position of the wafér 5 surface.
Denoted at 17 is a controller for controlling the
coﬂponents 15 and 16.

Denoted at 18 is a fefléctor fixedly mounfed
on the X-Y stage 7, énd denbted at 19 is a laser
interferbmeter for projecting a laser beam to the

reflection surface of.the refléctor 18 and for

'detectiﬁg the amount of displacement of the X-Y Stage

7. Denoted at 20 is a driving mechanism for

confrolling movement of the X-Y stage 7 in response to

. the output of the laser interferometer.

The driving mechanism 20 receives information

~related to the level of the wafer 5 surface, from the

controller 17. Then, it serves to move the wafer
chuck 6 along the optical axis direction, such that

the wafer 5 surface is brought into registration with
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the imaging plane on which tﬁe device pattern of the
reticle 2 is to be imaged by the projection lens
system 4. . ._ |

Deneted at 21 is a light blqcking plate
having a central pinhole, ahd denoted at 22 is an
array of photoelectric con§etting elements sach as
Ccﬁs (the atray'heteinafter will be referred to as
"CCD 22"). The light blocking plate 21 is so set that
the surface thereof is at the saﬁe level of the wafer'
5 surface, aad it is disposed adjacent to the imaging
plane of the device pattern of the reticle 2 through

the projection optical system 4. The CCD 22 is

‘disposéd at a position which is below and is at a

predetermined distance from the light bloeking plate
21, so that it receives the light passing through the
pinhole of the light bloeking plate 21.

The CCD 22 is at a position spaced aWay from
the imaging Plane of the reticle device pattern. This
position is sueh a position about which a light

intensity distribution that corresponds to the light

intensity dist:ibution of diffraction light from the

device pattern of the reticle 2 as produced at the
opening of the stop 13 of the projection optical

system 4, is produced. The light blocking plate 21

and the CCD 22 are fixedly mounted on the X-Y stage 7

as a unit therewith. Thus, by moving the X-ray stage

7. the pinhole of the light blocking plate 21 is
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positioned sequentially at different positions within
the imaging ﬁlane and, fhus, detection of light
intensitY-or light intensity distribution is enabled
at these positioné. |

Denoted at 23-is-a.¢ontroller which serves to
drive the CCD 22, to receive dutputs from the CCD 22,
to detect the light intensity distribution of the |

device patterh image as formed on the imaging plane

'(which corresponds to the intensity distribution,

adjacent to the-reticie 2, of the light passed through
the device pattérn of the:reticle 2) and to detect the
light intensity distribution at the opening of the
stop 13 as formed on thé light receiving surface of
the CCD 22 (which corresponds to the light intensity

distribution at the pupil of the projection optical

" system 4).

The light intensity distribution of the

device pattern image is detected by moving the X-Y

state 7 to sequentially place the pinhole of the light

blocking plate 21 at different positions within the
imaging'plahe of the device patte:n and by detecting
the sum bf outputs of the picture_eléments of the CCD
22 at these positions. The light intensity
distribution at the 6pening of the stop 13 is defected

by moving the X-Y stage 7 to sequentially place the

- pinhole of the light blocking plate 21 at different

positions within the imaging plane of the device
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pattern and by detecting an average of the light
intensify'distributions'obtainable from the outputs of
the CCD 22 at these positions.'

In addition to the light intensity
distribution Qf the device patte:n'image, the
controller 23 produces, from the outputs of the CCD
22, the ihformation related to the total light
quantity of the light passed through the device
pattern of the réticle.z.

 Denoted at 24 is a main controller for

- controlling the élements denoted at 10,'12, 14, 17, 20

and 23. Various data such as the information related
to the'open and closed periods of an exposure

controlling shutter (not shown) of the illumination

. system 1 (that is, the time period t consumed for the

exposure and time period t' between successive
éxposure.periods), the information related to the
light inténsity distribution of the device pattern
image from the contrbller 23, and the infqrmation'
related to the light intensity distribution at the -
opening of the stop 13 from the contrpoller 23, are all
applied.to this main controller 24.

As a'reticlé 2 is set in the exposure
apparatus of Figure 1 and the size and shape of each
of the stops 9 and 13 are deterﬁined by the mechanism
12 or 14 and when the exposure process ié repeatedly

performed tb different shots of a wafer 5 and then to
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successive wafers, the controller 24 calculates a
change AF of the position of the imaging plane of the

device pattern through the proﬂection optical system 4

_ resulting from the repetition of exposurés as well as

a change A8 of the device pattern p_rojection
magnification of the projection iens system 4 also
resulting from the repetition of exposures, this being
performed'in accordance with equations (1) and (2)
below. This calculation is done by using equations
which_are obtainable-by modifying.conventionally used
correction equations by adding parameters dependent

upon the light intensity distributioh of diffraction

light.~
AF = AF1+AF2 - e (1)
AF1 = SF»QD+Da+Db+DT
AF2 = -AF'eexp(-kpet)
AB = AB1+A82 | ... (2)
ABL = SB+QD+Da:Db+DT |

AS2 -AB'+ exp(-Kg' t)

In these equations, SF and SB are
proportional constants; QD is a'parametef
corresponding to the total guantity of light passed
through the device pattern; Da is a'parameter'

dependent upon thée light intensity distribution of the
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device pattern image (i.e., the distribution of light
transmissivity of the deﬁice pattérn of the reticle
2); Db is a parameter dependenf upon the light
iptensity.distfibution at the opening of the stop 13
(i.e., the light intensity distribution at the pupil
plane of the préjection optical system 4, of the light

from the reticle 2); Ky and Kg are parameters which

‘'represent the heat conductivity of the projection lens

system 4; DT is the ratio of time éeriod, within unit
time in calculation, in which period the shufter is
kept open;.AF; and qﬂ’ are the émount of change of the
imaging plane and the amount of change of the.
magnification, respectively, of the projection lens
system as calculated in the preceding unit time jusf
before; AF1l andAﬁl each is the amount 'o'f change per
unit time of the ptojection lens'system due to heat_
abéorpfion; and AFZIandIAﬁZ each is the amount of
change pef unit time of the projection lens system 4
due to heat radiation. The changes AF2 and AﬁZ may be
expressed in the form of linear coupling of plural
terms. The values of Da and Db may be determined
beforehand, throﬁgh‘experiments, for example, in
relation to Qarious light intensity distributions'to
be produced by the controller 23. The thus determined
data may be stored into the contiollér 24,'such that
corresponding one of the storedlones in the controller

24 may be used.
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Variable Da aﬁd Db may be determined by
calculation, using calculation formulae memo;ized in
the controller 24. Such caléuiation-formulae may be
determined by experiments, for examplé, using several
typical type reticles. As an example, as for the

formula in relation to the Variable Db, the foIlowing

‘equation may be used:

Db = (aE1+bE2+cE3+dE4+eE5)/(E1+E2+E3+E4+E5)

The above equation may be used in an occasion where

"the light intensity distribution at the opening of the

stop 13 is detécted-by using a split sensor (Figure
3A) to be des;ribéd later or in a case where five
split zones are defined'iﬁ the light receiving surface
of the CCD 22 (such as the split sensor illustrated in
Figure 3A) so fhat evaiuation of the light intensity
distribution at the opening ofithe stop 13 may be done

with respect to each zone. In the equation above,-El,

',Ez, E3, E4 and Eg represent the magnitudes of the.

outputs (iight intensities) as produced by the

photoelectric converting portions Sl, Sz, S3, S4 and

'S of the split sensor of Figure 3A. Also, symbols a,

b, ¢, 4, and e are cbefficients. The values of these
coefficients a, b, ¢, d and e may determined from
experimentally determined Db and a volume of data

related to E;, E,, E5, E, and Eg and by applying the
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least square method to this eQuafion.

As regérds the calculation formula related to
the va:iable_Da, similar equation related to the light
transmissivity distribution of the device patternlOf
the reticle 2 may be used.

‘ At every unit time, the calculation is

performed. Thus the calculation is répeated.

: Therefore,.the_amount of change as obtainable from the

calcuiation changes along a curve whose envelope can
be represented by'a function of nétural logarithm}' 

| In the émbodiment, every time a shot on the
wafer 5 is exposed, the error'AF of the position of
the imaéing plane of the device pattern and the error
Aﬂ of the projecti'on magnification of the device
pattern are calculated by using equations'(l) and_(2)
above. Then, by using the components 12, 17 and 20,
the position of the lehs_ll and/or the position 6f the
wafer 5 surface is adjusted so as to correct the error
AF of the position of the imaging plane of the device
pattern and the error A8 of the projection
magnification. The surface of the wafer 5 is thus
brought into the position corresponding to the.result
of adding the error AF to the original position of the
imaging plane of the device pattern of the pfcjeétion
lens system 4. | | |

In this embodiment, detection of the total

light quantity of the light passed through the device
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pattern of the reticle 2, and detection of the
distribution of the light transmissivity of the device
pattern of the reticle 1 (the iight intensity
distribution of the device pattern image) as well as
detection of the inteneity distribution at the pupil

plane of the projection lens system 4 of the light

'from'the device pattern of the reticle 2 (i.e., the

light intensity distribution at the opening of the
stop 13), are all performed every time the reticle 2
is replaced by a different :eticle having a different
device pattern. The paraneters obtainable from the
results are sto;ed into the controller 24 as reticle
data related to the reticle used. After this, when

the same reticle is loaded into the expeSure

- apparatus, corresponding data having been memorized is

read out and is used fer the calculation of the error
AF of the position of the imaging plane and the error
AB of the projection magnifi'cation.

| In this embodiment, as described above, for
calculation of the errof Aﬁ in the poSition of the

imaging plane and the error AB in the magnification,

-parameters dependent upon the light intensity

distribution of the device pattern image (distribution
of the light transmissivity of the device pattern of

the reticle 2) as well as parameters'Db dependent upon
the light.intensity dist;ibution at the opening of the

stop 13 (light intensity distribution at the pupil
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plane of fhe brojection lens system 4 of the light

from the reticle 2) are used. It is therefore
possible to obtain exact values of the change AF of
position of the imaging plane and the change Aﬁ of

magnification, while taking into account the inténsity.

-distribution of the light which comes from the reticle

pattern and enters the projection optical system. As

a result, it is possible tq perform the projection

- exposure whilé accurately correcting the change in

position of the iméging plane and the change in
projection magnification.

The error AF in position of the imaging plane

of the device pattern and the error A/B in projection

magnification may.be corrected by using a known.
method. For example, the error AF.in positibn of'the
imaging plane may be corrected by changing the focal
length of fhe projection lens system 4 or by moving,_
upwardly or dqwnwardly, the reticle 2 and the |
p:ojection lens system 4 as a unit along the optiqal
axis 25 direction. The error A8 of ﬁrojection
magnification may be corrected by changing the focal
length of the projection lens system 4 or by moving
the reticle 2 upwardly Or'downwardlf aldng the opticél
axis 25 direction; For changing the focal length of
the projection lens system 4, a pafticular lens or
lenses of the projection lens system'4 may be

displaced along the optical axis 25 or, alternatively,



10

15

20

25

. =19-

" the interspace between adjacent lenses of the

projectidn lens systém 4 may be shielded to provide a
gas—tight chamber'(éir lens) and the inside pressure
oi the chamber may be changed.

In this embodiment, bdfh a change in position
of tﬁe imaging plane and a change in projection
magnification of a projection optical system are
detected and coﬁrécted. Howevér, only one of them may
be detected and corrected.

Further, while in this embodiment a change in
pdsition of the imaging plane of the device ﬁattern
and a change in projection magnification are detected
and corrected, thé concept of the ﬁresént invention is

applicable also fo detection and correction of a

change in aberration of a projection optical system

such as curvature of image filed, for example.

Furthermore, in the embodiment described
above, both of distribution of light transmissivity of
a de§i¢e pattern of a reticle 2 and intensity

distribution at the pupil plane of the projection lens

system 4 of the light from the device pattern of the

reticle 2, are performed and then error calculation is
performed by using both of the parameters Da and Db.
However, only one of these intensity distributions may

be detected and the error calculétion may be done by

_using-only one of these parameters. In that occasion,

the other parameter may be held fixed at 1 or any
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" other value.

Still further, while in this embodiment the

projection lens system 4 is used for projection of a

'device'pattern, the invention is applicable also to a

case where a projection mirror systém is used for
projection of a device pattern or a case where a
projection mirror and lens system (cata-dioptric
system) is used for projection of a device patfern.

Also, while in this embodiment the invention

" is applied to a step-andfrepeat type projection

exposure apparatus, fhe'invention is applicable also
to a step-and-scan type sdanning projection exposure
apparatus.

The intensity distribution at the pupil plane

of the projection lens system 4 of the light from the

device pattern, may be detected by changing the size
of the opening of fhe stop 13 sequentially ahd
stepwise by using the mechanism 14 and thén by
detecting the total sum of the outputs.of the elements
of the CCD 22 at all steps. In that occasion, the CCD
22 may be.replaced by a photodiode.

| | As régards the CCD 22, either a one-
dimensional_CCD array or a twb—dimensional CCDh érray
may be used. A.line sensor may be used in place of a
oné—dimensioﬁal CCD. A split sensor such as
illustrated in Figure 3A, 3B or 3C may be used in

place of a two-dimensional CCD.
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The light from the pinhole of the light

blocking plate 21 may not be received directly. It

may be received by way of an optical fiber or a lens,
for exemple. If a lens is to be ﬁsed, preferably a
lens which is adaptedlfo image the Stbp 13 upon the
light receiving surface of the CCD 22 may be used.

Further, the structure may be modified as

"illustrated in Figure 2. That is, a first light

detector which comprises a 1ight blocking piate 21
with a pinhole and a CCD 22 as well as a second light
detector which comprises a light blocking plate 121 a3
with a pinhole and a photodiode 122, may be provided _
on the X-Y stage 7. The intensity distribution at the
pupil plene of the projection lens system 4 ofwthe-

light from the device pattefn may be detected by means

~of the first light detector (21, 22), while the light

intensity distribution of the device pattern image of
the reticle 2 may be detected by means of the second
light detector (121, 122). The.outputs of these light
detectors may'be applied to the controller 23 of |
Figure 1; -

Next, an embodiment of device manufacturing
method according to the present invention, for
manufacturing devices by using a projection exposure
apparatus according to any one of the preferred_forms
of the present invention, will be ekplained. |

Figure 4 is a flow chart of the segquence of
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manufacturing a semiconductor device such as a
semiconductor chip (e.g. IC or LSI), a liquid crystal

panel or a CCD, for example. Step 1 is a design

process for designing the circuit of a semiconductor

"device. Step 2 is a process for manufacturing a mask

on the basis of the circuit pattern design. Step 3 is

‘a process for manufacturing a wafer by using a

material such as silicon.

Step 4 is a wafer process which is called a
pre—pfocesé.wherein, by using the.so prepared mask and
wafer, circuits are practically formed on the wafer
through'lithography. Step 5 subsequent to.this is an
assembling step which is called a post-process wherein
the wafer proCessed by step 4 is formed into
semiconductor chips. This step includes assembling
(dicing and bonding) and packaging (chip sealing).
Step 6 is an inspection step wherein operability
check, durability check and so on of the semiconductor
devices produced by step 5 are carried out. With
these processes, semiconductbr devices are finished
and they are shipped (step 7).

Figure 5 is a flow chart showing details of
the wafer process. Step 11 is an oxidation process

for bxidizing the surface of a wafer. Step 12 is a

- CVD process for forming an insuiating film on the

wafer_surface. Step 13 is an electrode'forming

'process for forming electrodes on the wafer by vapor
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deposition. Step 14 is an ion implanting process for
implanting ions to the wafer. Step 15 is a resist

process  for épplying a resist (photosensitive

'material) to the wafer. BStep 16 is an exposure

process for printing, by exposure, the circuit pattern
of the mask on'fhe wafer through the exposure |
apparatus described above. ‘Step 17 is a develnping
process for developing the exposed wafer. Step 18 is
an etching process for removing portions other than

the developed resist image. Step 19 is a resist

- separation process for separating the resist material

remaining on the wafer after being subjected to the

" etching process. By repeating these processes,

circuit patterns are superposedly formed on the wafer.
While the invention has been deécribed with
reference to the structures disclosed herein, it is
not confined to the details set forth and this
application is intended to cover such modifications or
changes as may cqme within the pufposes of the

improvements or the scope of the following claims.
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WHAT IS CLAIMED IS:

1. A projection exposure apparatus, comprising:

a projection optical éystem for prqjecting a

-pattern of a reticle onto a substrate:

optical characteristic detecting means for
detécting a change in optical characteristic of said

projection optical system, which change may results

from the projection of the reticle pattern onto the

substrate through said projection optical system; and
light detecting’means-for detecting at least

one of (i) an intensity distribution of ligﬁf from the

reticle pattern, at a position adjacent to the reticle

or adjacent to an imaging plane on which the reticle

is to be imaged, and (ii) an intensity distribution of.

the light from the reticle pattern, at a position
adjacent to a pupil plane of said projection'optical
system;

whefein said optical characteristic detecting
means is arranged to detect the amount of change in
optical characteristic in accordance'with.the
intensity distribution detected by said light

detecting means.

2. An apparatus according to Claim 1, wherein
said light detecting means is arranged to detect both
of the intensity distribution adjacent to the reticle

or upon said imaging plane and the intensity
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distribution adjacent to the pupil plane of said

'projection optical system.

3. An apparatus according'to Claim 1, wherein
said optical characteristic detecting means is
arranged to detect at léast one of the amount of
change of said imaging plane of said projection
optical system and the amount of change of projection

magnification.

4. An apparafus'according to Claim 3, wherein
said optical.characteriS£ic detecting means is
arranged to detect both of the amount of change in
said imaging plane of said projection optical system-

and the amount of change in projection magnification.

5. An apparatus according to Claim 2, wherein

said light detecting means includes first light

‘detector means having a light detecting surface

adjacént to said imaging plane of said projection
optical sjstem, for detecfing a light intensity
diétribution adjacent to the reticle, and second light
detectof means having a light detecting surface at a
position awéy from said imaging pléne-of said |
prdjection opticél system, for detecting a light
intensity distribution adjacent to the pupil plane of

said projection optical system.
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6. An apparatué acéording to Claim 3, wherein
said first and second light detector means are movable
as a unit along said imaging pléne, wherein the light
intensity'distribution adjacent to the reticle is
determined on the basis of an output.of said first
1light detector means and of a movement pos1t10n
thereof, and wherein the llght intensity d1str1but10n
adjacent to the pupil plane of said projection optical
system is determined on the basis of one of (i) the
sum of outputs of the second light detector means
provided at all movement positions thereof and (ii) an
.average of outputs of said.second detector means

provided at all movement positions thereof.

7. An apparatus according to Claim 2, wherein
said light détecting means includes a light blocking
plate with a pinhole disposed adjacent to said imaging
plane,-and a plurality of photoelectric converting
elements afrayed at a position away from said imaging
plane for detecting light passing through the reticle
pattern and.through-said projection optical system and
coming from said light blocking plate, wherein the
light intensity distribution adjacenf to the pupil
piane of said projection optical syétem is determined
on the basis of an output distribufion of said

pPhotoelectric converting elements, wherein the light
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infensity adjacent to the reticle is determined on the
basis of the sum of outputs of said photoelectric
converting'elemenfs, and'wherein said light blocking
plate and said photoelectric coﬁvertinglelements are

movable as a unit along said imaging plane.

8. An apparatus according to Claim 1, further

comprising optical characteristic correcting means for

' substantially correcting the change in optical

characteristie of said projection optical system in
accordance with an output of said optical

characteristic detecting means.

9. An apparatus aceording to Claim.8, wherein
said light detecting meens is arranged to detect both
of the intensity distribﬁtion adjacent to the reticle
or upon said imaging plane and the intensity
distribution adjacent to the pupil plane of said

perection optical system.

10. An apparatus according to Claim 8, wherein'
said optical characteristie detecting means is
arranged to defect at least one of_(i) thelamount of
change of said imaginglplane of seid projection
optical.system and_(ii)_the amoﬁnt of change of
projection magnification of said projection optical

system.
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11. An apparatus according to Claim 10, wherein
said optical characteristic detecting means is
arranged to detect both of the amount of change of
said imaging plane of said projection_optical system
and.the amount of change of projectibn magnification

of said projection'optical system.

12. An apparatus according to Claim 9, wherein
said 11ght detecting means includes first light
detector means having a light detecting surface

adjacent to said imaging plane of said projection

. optical system, for detecting a light intensity

distributioh adjacent to the reticle, and second light
detector means having a light detecting surface at a
position away from said imaging plane of said
projection optical system, for detecting a light
intensity distribution adjacent to the pupil prlane of

said projection optical system.

13. An apparatus according to Claim 12, wherein
said first and second light detector means arelmovable
as a unit along said imaging plane, wherein the light
intensity distribution adjacent to the reticle is
determined on the basis of an outpﬁt of said first
light detector means and of a movement position

thereof, and wherein the light intensity distribution
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adjacent to the pupil plane of said projection optical
system is determined on the basis of one of (i) the
sum of outputs of the second light_detector means

provided at all movement positions thereof and (ii) an

average of outputs of said second detector means

provided at all movement positiqns thereof.

14. An apparatus according to Claim 9, wherein
said light detecting means iﬁcludes_a light blocking
plate with a pinhole disposed adjacent to said imaging

plane, and a plurality of photoelectric converting '

_elements arrayed at a position away'from said imaging

plane for dete¢ting light passing through the reticle
pattern and through said projection optical system and
coming from said light blocking plate, wherein.the
light intensity distribution adjacent to the pupil
plane of said'projection optical system is determined
on the basis of an output distribution of saia
photoelectric converting elements, wherein the light
intensity adjacent to the reticle is-détermiﬁed on the
basis of the sum of outputs of said photoelectric
converting eléments,'and wherein said light:bloéking
plate and said photoelectric converting elements are

movable as a unit along said imaging plane.

15. An apparatus according to Claim 10 or 11,

wherein said optical characteristic correcting means
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is arranged to perform one of (i) moving the reticle
and said projection optical system along an optical
axis direction and (ii) moving.the substrate élong the
optical axis direction to thereby correct the change

of.said imaging plane and to place the surface of the

substrate and said imaging plane registered.

.16. An apparatus according to Claim 10 or 11,
wherein said optical characteristic correcting means
is arranged to change a focal distance of said
proﬁection optical system to correct'the change of
said imaging.piane and to place the surface of the

substrate and said imaging plane registered.

17.__An apparatus according to Claim 10 or 11,
wherein said opfical characferistic corrééting means
is arranged to:move one of the reticle and a lens of
said projection optical system along an optical axis
direction to correct the éhange of the projectioh

magnification.

18. An apba:atus according to Claim 10 or 11,
wherein said'optical characteristic correcting means
is arranged to change a focal distance bf said
projection optical system to correct the change in the

projection magnification.
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19. A device manufacturing method for
manufacturing a device by use of a projection exposure

apparatus as recited in any oné of Claims 1 - 18.
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