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DEVICE MANUFACTURING METHOD USING THE SAME

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

exposure apparatus and a device manufacturing method
for manufacturing microdevices such as ICs, LSIs,
liguid crystal'deVices'or magnetic heads, forlexample,
by using such a projection exposure apparatusi

| - In a projection‘exposure apparatus for
manufacture of semiconductor chips such as ICs or
LSIs, for example during repetitions of progection

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 magnification may be detected
on the basis of equations with parameters such as
total light guantity pa551ng a reticle pattern, the
time consumed for the exposure process and the time
between suocessive exposures in addition to the time
constant peculiar to the projection optical 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

Thi s causes PRODECUEONhEXPOSUREOAPPARARUSI ANDI ng pl ane of the




magni fication. Such shift of the imging plane or change in the projection
magni fi cation may be detected 20 .on the basis of equations with paraneters
such as total light quantity passing a reticle pattern, the tine consuned
for the exposure process and the tinme between successive exposures in
addition to the time constant peculiar to the projection optical system 25
Then, drive of a wafer stage or drive afz.a |lens or lenses of the projection
optlcal system or the pressure between | enses of the projection optical

-2- systemnmay be controlled to correct the shift of the imaging plane or
the change of the projection magnification.

system may be controlled to correct the shift of the
imaging plane or the change of the projection
magnification. '
h However, it has been found that, even if the
5 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
10 system,'the iight.quantity 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
15 the change of the optical characteristic, such as
imaging plane position or projection magnification of
'the projection opti;al system, on the basis of the
eduations as mentioned above. This problem may be
attribUtabIe tb that the light quantity distribution
20 of the obtical elements of the projection optical
system differs and that the tempefature distribution

of.the projection optical system changes.

SUMMARY OF THE INVENTION

25 ‘It is an object of the present invention to
provide a projection exposure apparatus'by which a

change in optical characteristic of a projection'



However, it has been found that, even if the 5  total light quantity
passing the reticle pattern is the sane, 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 illumnation nethod is used in an
i 1lum nation optical 10 system the light quantity distribution of the
optical elenments of the projection optical systemdiffers. This results in

a different change in the optical characteristic of the projection optical
system and, therefore, it is not possible to detect and correct 15 t he
change of the optical characteristic, such as inmaging plane position or

proj ecti on magpticsl | HFstdm (dih B RSd e g doSysdteda on the basis of

the equations as nentioned above. This problem may be attributable to that

-the |ight quardgdyrattesXyi bution 20 of the optical elenents of the

proj-ection optical o _ l

It is another object of the present invention
to provide a device manufecturing nethod for

5 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

10 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

15 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

20 '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

25 optical characterisric in accordance with the
intensity distribnfion detected by said light

detecting means.



éysten1differs and that the tenperature distribution of the projection

optical system changes. SUMVARY OF THE | NVENTI ON 25 It is an
object of the present invention to provide a projection exposure apparatus
by which a change in optical characteristic of a projection -3- opti cal

system can be detected and corrected accurately. It is another object of
the present invention to provide a dengg manuf acturing nethod for 5
manuf act uri ng devi ces by ‘using such a projection exposure apparatus. In
accordance with an aspect of the present '

in accordance with another aspect of the
present invention,.there is provided a projection
exposure apparatus, comprisingi a_projection optical
system for projecting a pattern of a reticle onto a
'5 substrate; optical characteristic detecting means for
detecting 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;
10 optical characteristic correcting means for
_substantially correcting the_change in optical
characteristic of said projection optical system in
accordance with an output of said optical
‘characteristic detecting means; aod-light detecting
15 means for detecting at least one of (i) an intensity
| distribution of light from the reticie 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
20 theireticle pattern, at a position adjaceot to a pupil.
plane of said projection optical system; wherein said
‘optical characteristic detecting means is arranged to
detect the amount of change io optical characteristic-
in accordance with the inteﬁsity distribution detected
25 lby said light detecting means. |
In one preferred form of the invention; said

optical characteristic detecting means is arranged to



invention, there is provided a projection exposure apparatus, comprising: a
projection optical systemfor 10 projecting a pattern of a reticle onto a
substrate; optical characteristic detecting nmeans for detecting a change in
optical characteristic of said projection optical system which change may
results fromthe projection of the reticle pattern onto the substrate 15

t hrough said projection optical system_gnd |ight detecting neans for
detecting at |east one of (i) an intensity distribution of light fromthe
reticle pattern, at a position adjacent to the reticle or adjacent to an

I magi ng plane on which the reticle is 20 to be imaged, and (ii) an
intensity di stqdtiadt ait dfeddie drigdlBf fymamdntridtetd ££lchdifd &, safd a position

adjacent to a pupil plane of said projection optical system wherein said
optical char acinesgistg coldateecdf rgninde s jexctaroraroyetd dal destsetodm taved anount  of
change 1n the amount éf change of projecfion magnification. '

In anther preferred form of the invention,

5 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. . _ |

10 - 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

15 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

20 opfiCal system, for detecting a 1ight intensity
| Idistributibn adjacenf to the-retiéle, and éecond light
defector means having a light detecting surface at a
positibn away from said imaging plane of said
| projéction optical system, for detecting a light
- 25 intensity distribution adjacent to the pupil piéne of
said projection bptical system.

In a still further preferred form of the



25 optical characteristic in accordance with the intensity distribution
detected by said |ight detecting neans. -4- I n accordance w th anot her
aspect of the present invention, there is provided a projection exposure
apparatus, conprising: a projection optical systemfor projecting a pattern
of areticle onto a 5. substrate; optical characteristic detecting neans
for detecting a change in optical charaggeristic of said projection optical
- system which change nay results fromthe projection of the reticle pattern
ont-o the substrate through said projection optical system 10 opti cal
characteristic-correcting neans for '

invention, said light detecting means'includes_ailight
blocking plate with a-piﬁhple disposed adjacent to
said imaging plane, and a plurélity of photoeléctric
converting eléménts afrayed at a position away from
5 said imaging plane for detecting_light péssing'through
| the reticle pattern and through said projection
optical system and coming from said light blocking
plate, whereiﬁ the light'intensity distribution
adjacent to the pupil-plane of said préjection optical
10 .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 the sum of
outputs of said photoelectric converting elements, and
15 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
20 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 accuraté manufacture of
. devices Such as iCs, LSIs, CCDs, liquid crystal
_elements or magnetic heads, for example.
25 , ' These and othet objects, features and
advantages of the present invention will become more

apparént upon a consideration of the following



substantially correcting the change in optical characteristic of said
projection optical systemin accordance with an output of said optical
characteristic detecting neans; and |ight detecting 15 nmeans for
detecting at |least one'of (i) an intensity distribution of light fromthe
reticle pattern, at a position adjacent to the reticle or. adjacent to an

i magi ng plane on which the reticle is te7be imaged, and (ii) an intensity
di stribution of the Iight from 20 the reticle pattern, at a position

adj acent to a pupil plane of said projection-optical system wherein said
optical characteristic detecting neans is arranged to detect the anount of
change in optiéescEhpkiencpfsthe Prefersedanmbodimgntgeofntbasity

di stribution detected 25 by said |ight detectlngoneans |n one preferred

form of the i nDEREEBH, 1§3?BtbﬁF|E%*eﬁhéPaE?EangF BeWéEPIﬁB means i s

arranged .to
accompanying drawings.

S5 BRIEF DESCRIPTION OF THE DRAWINGS
| Figure l.is a schematié view:of a projection
exposure apparatus according to one embodiment of the
. present inventién. |
Figure 2 is a plan view for explaining a
10 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
15 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
20 Figure 1lis 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, LSl1s, CCDs, 11qu1d crystal
25 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



det ect at | east one of the anpbunt of change of said imaging pl ane of said
projection optical systemand the anobunt of change of projection .
pagni fication. In anther preferred formof the invention, 5 said optical
characteristic correcting means is arranged to correct at |east one of the
amount of change in said inmaging plane of said projection optical system.
and- t he anount of change in projection fggnification. 10 . .
Preferably, said optical characteristic detecting nmeans and said optical
characteristic correcting neans are arranged to detect and correct the
change of said inmaging plane of said projection optical systemand the
change of projRatie¥n formed thereon. Denoted at 3 is a reticle
' stage, and denoted at 4 is a projection lens system’
for projecting the device pattérn of the reticle 2 in
a reduced scale. Denoted at 5 is a wafer on which the
5 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
10 stage 7 is movable two-dimensionally along a'plane
perpendicular to the optical axis 25. Denoted af 8'is'
a base on which the projection.lens system 4 and the
X-Y stage 7, for example, are mounted.
Denoted at 9 is a stop of the illumination
15 systemll. The stop 9 has an opening which is wvariable
in size and in shape. Denoted at 10 is a driving
mechaniSm for changing the size or shape of the
opening of the stop 9, to thereby changé the numerical
aperfure (N.A.). Denoted at 11 is a certain lens of
20 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 projection magnification of the'pfojection
25 lens system 4. Denoted at 13 is a stop (pupil) of the

prqjection lénS'system 4. The stop 13 is at a

position optically conjugate with the stop 9. The



15 magni fication thereof. In a further preferred formof the invention,
said |ight detecting means includes first |ight detector means having a
klght detecting surface adjacent to said innaging plane of said projection
20 optical system for detecting a light intensity distribution adjacent
to the reticle, and second |ight detector nmeans having a |ight detecting
surface at a position away fromsaid i i ng plane of said projection
optical system for detecting a |ight 2t intensity distribution adjacent
‘to the pupil plane of said projection optical system In a still further
preferred formof the invention, said |ight detecting neans includes a

light stop 13 has an opening which is.variable in size.
Denoted at 14 is a driving mechanism for changing the
' size of fhe opening of the sto§ 13, to thereby change
the numerical aperture (N.A.). .

5 : 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

fpr illuminating the wafér 5, and denoted at 16 is a

10 . 1light 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.

15 ' 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 refléctqr 18 and for
'détectiﬁg the amount of displacement of the X-Y Stage

20 .7. Denoted at'20 is a driving mechanism for |

| controlllng 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 6f the wafer 5 sﬁrface, from the

25 controller 17. Then, it serves fo move thé wafer
chuck 6 along the optical axis difection,_such that

the wafer 5 surface is brought into registration with



blocking plate with a pinhole disposed adjacent to said inmging plane, and -
a plurality of photoelectric converting elements arrayed at a position away
Erom 5 sai d imaging plane for detecting |ight passing through the reticle
pattern and through said projection optical systemand conmng fromsaid
l'ight blocking plate, wherein the [ight intensity distribution adjacent to
the pupil plane of said projection opticgl- 10 systemis determ ned on the
basis of an output distribution of said phot oel ectric converting el ements,
“wherein the light intensity adjacent to the reticle is deternmned on the
basi s of the sum of outputs of said photoelectric converting elements, and
15  wherein sdie inagitng|pdekien grp lvatiestarithes aled it tpeet tantny icf cver ti ng
el ements are novable as a unjt along said i maging plane. In a yet further
aspect of the §ftdqdit 2 is to be imaged by the projection lens '
system 4. o |

Denoted at 21 is a light blqcking plate

-5 having a central pinhole, and denoted ét 22 is an
array of photoelectric converting elements such as
CCDs (the array hereinafter will be referred to as
"CCD 22"). The light blocking plate 21 is so set that
the surface thereof is at the same level of the wafer'

- 10 5 surface, and it is disposed adjacent to the imaging
plane of thg device péttern 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 blodking plate

15 21, so that it receives the light passing through the
pinhole of the light bloéking plate 21.

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

20 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 plafe 21

25 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



invention, a projection exposure apparatus such as 20 above is used to
print a device pattern of a reticle on a workpiece such as a silicon wafer
or a glass substrate, for exanple, for accurate manufacture of devices such

as 1Cs, LSIs, CCDs, liquid crystal elenents or magnetic heads, for exanple.
25 . These and ot her objects, features and advantages of the
present invention will beconme nore appacgft. upon a consideration of the
following - -7- description of the preferred enbodi nents of the present

i nvention taken in conjunction with the acconpanying dramnngs 5 BRI EF
DESCRI PTI ON OF THE DRAW NGS

positioned sequentially at different positions within
the imaging plane and, fhus, detection of light |
intensitY-or light intensity distribution is enabled
at these positioné. |

5 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.correspohds to the intensity distribution,

10  adjacent to the-reficie 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

15 distribution at thé-pupil of the projection optical

| " system 4). |
The light intensity distribution of the
device pattern image is détected by'moviﬂg the X-Y
state 7 to sequentially place the binhole of fhe light

20 blocking plaﬁe 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

25 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



Figure 1 is a schematic view of a projection exposure apparatus according
to one enbodi nent of the present invention. Figure 2 is a plan view for
expl aining a 10 nodi fied formof the projection exposure apparatus of
Figure 1. Figures 3A 3B and 3C are schematic views for explaining exanples-
of a split sensor. Figure 4 is a flow chart of device 15 manuf act uri ng
processes. Figure 5 is a flow chart of ajpafer process in a portion of the
_flow of Figure 4. DESCRI PTI ON OF THE PREFERRED EMBODI MENTS 20
Figure 1 is a schematic view show ng one enbodi ment of the present
i nvention, wherein the invention is applied to a step-and-repeat type-
proj ection exppatterappadabysdébectingfant average of the light
intensity distributions obtainable from the outputs of
the CCD 22 at these positions.'
In addition to the light intensity
5 distribution Qf the device patte:n'image, the
controller 23 produces, from the outputs of the CCD
22, the information related to the total light
quantity of the light passed through the device
pattern of the reticle 2.
10  Denoted at 24 is a main controller for
-controlling the elements denoted at 10,'12, 14, 17, 20
and 23. Various data such as the information related
to the'open énd closed periods of an exposure
controlling shutter (not shown) of the illumination
15 . 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 controller 23, and the infqrmation'
20 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 reticle 2 is set in the exposure
apparatus of Figure 1 and the size and shape of each
25 . of the stops 9 and 13 are determined by the mechanism

12 or 14 and when the exposure process is repeatedly

performed tb different shots of a wafer 5 and then to



m crodevi ces such as |Cs,
magneti ¢ heads,

LSl s,
for exanple.

CCDs;

t her eon.

liquid crystal
Denoted in Figure 1 at 1 is an illum nation
system and denoted at 2 is a reticle having a device
Denoted at 3 is a reticle stage,

25 el enents or

pattern forned
and denoted at 4 is a projection

| ens systemfor projecting the device pattern of the reticle 2 in a reduced

scale. Denoted at 5 is a wafer
reticle is to be transferred or printed,

on mhich_i

e 5 devi ce pattern of the

and denoted at 6 is a wafer chuck

for holding the wafer 5. The wafer chuck 6 is novable along the direction

of an opti cal

axis 25. Denoted at 7 is an X-Y stage for

hol di ng the wafer

chuck 6. The XsYcdfssivbag8rdrss Ry abbetionidrneascanahlytekoag a pl ane

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 AB of the device pattern projection

magnification of the projection lens 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

correction equations by adding parameters dependent

which are obtainable by modifying conventionally used

upon the light intensity distributioh of diffraction

.ﬂ;(l)

...(2)

In these equations, SF and SB are

5
10
Iight.~
15 AF = AF1+AF2
AFl = SF+*QD¢Da+*Db+DT
AF2 = -AF'eexp(-kpet)
AB = AB1+AB2
20 Aﬁl = SB*QD+*Da*Db+DT
AB2 = -AB'+exp(-Kg't)
proportional constants; QD is a'parametef
25

corresponding to the total guantity of light passed

through the device pattern; Da is a'parameter'

dependent upon thée light intensity distribution of the



perpendi cul ar to the optical axis 25. Denoted at 8 is a base on which the
projection | ens system4 and the X-Y stage 7, for exanple, are nounted.
Denoted at 9 is a stop of the illumnation 15 system 1. The stop 9 has
an opening which is variable in size and in shape. Denoted at 10 is a
driving nmechani smfor changing the size or shape of the opening of the stop
9, to thereby change the nunerical apertyje (N A). Denoted at 11-is a

“certain lens of 20

the projection |l ens system4, which lens 11 is novable

along the optical axis 25 direction. Denoted at 12 is a driving mechani sm
for nmoving and displacing the lens 11 along the optical axis. 25 direction,
to thereby chadgeitdecpatbeentimagangiiél cathenddéttivupioneoti bghd

system 4

The stop 13 i stnansmpssivibtw oftthel dgvionj pghterni 0fi the sebpcde The

10 -

15

20

25

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.

| ens

Denoted at 13 is a stop (pupil) of the projection.lens system 4.



-9- stop 13 has an opening which is variable in size. Denoted at 14 i's a
driving nechani smfor changing the size of the opening of the stop 13, to
t hereby change the nunerical aperture (NA). 5 Denoted at 15
and 16 are conponents for detecting the position (level) of the wafer 5
surface with respect to the optical axis 25 direction. Mre specifically,
denoted at 15 is an illumnation devicejfgar illumnating the wafer 5, and
denoted at 16 is a 10 light receiving device for receiving reflected
light fromthe wafer 5 surface and for producing a signal corresponding to
the position of the wafer 5 surface. Denoted at 17 is a controller for
controlling the , Variable Da and 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'
5 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)

10
The.above quatiop may be used'iﬁ an occasion_whére iy
"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
- 15 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 eqﬁation above,-El,
20 '.Ez, E3., E4 and Eg represent the magnitudes of the.
outputs (iight intensities) as produced by the |
phétoelectric converting portions Sl, Sz, 83; S4 and
'S of the split sensor of Figuie 3A. Also, symbols a,
b, ¢, 4, and e are cbefficients. The values of fhese
25 coefficients a, b, ¢, d and e may detefminéd from
experimentally determined Db and a volume of déta

related to E;, E,, E5, E, and Eg and by applying the



conponents 15 and 16. 15 Denoted at 18 is a reflector fixedly
nmounted on the X-Y stage 7, and denoted at 19 is a laser interferoneter for
projecting a | aser beamto the reflection surface of the reflector 18 and
for detecting the anount. of displacenent -of the X-Y stage 20 7. Denoted
at 20 is a driving nechanismfor controlling novenent of the X-Y stage 7 in
response to the output of the |aser intgderoneter. The driving nechani sm
20 receives information related to the |l evel of the wafer 5 surface, from
the 25 controller 17. Then, it serves to nove the wafer chuck 6 al ong
the optical axis direction, such that the wafer 5 surface is brought into
‘regi strati on iiddst square method to this equation.

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 réﬁeated. _

: Therefore,.the_amount of change as obtainable from the
calcuiation changes along a curve whose envelope can
10 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
15 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
20 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
25 lens system 4. | | |

In this embodiment, detection of the total

light quantity of the light passed through the device



=10- the imaging plane on which the device pattern of the reticle 2 is to
be i maged by the prOJectlon lens system 4. Denoted at 21 is a |ight

bl ocking plate 5 having a central pinhole, and denoted at 22 is an array
of photoelectric converting el enents such as CCDs (the array hereinafter
will be referred to as "CCD 22"). The light blocking plate 21 is so set
that the surface thereof is at the samej-evel of the wafer 10 5 surface,
and it is disposed adjacent to the imaging plane of the device pattern of
the reticle 2 through the projection optical system4. The CCD 22 is

di sposed at a position which is below and is at a predetern ned distance
fromthe |ightpdtosia nef ptad erdbicl12, sand hdstedctiecedfeshehe |ight

passi ng through the pinhole of the Ilght bl ocki ng plate 21.
distribution of the light transmlss1v1ty of the device
pattern of the reticle 1 (the light 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 pattetn of the reticle 2 (i.e., the
light intensitf distribution at the opening of the
stop 13), are all performed every time the reticle 2
:10 is replaced by a different reticle 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
15 -apparetus, corresponding data having been memorized is
read out and is used fer the calculatidn'oflthe 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

20 calculation of the errof Aﬁ in the poSition of the
imaging plane and the error A8 in the magnification,
-parameters dependent upon the light 1nten51ty
dlstrlbutlon of the device pattern image (distribution
of the light transmissivity of the device pattern of
2 the reticle 2) as well as parameters'Db dependent upon

the light intensity disttibution at the opening of the

stop 13'(light intensity distribution at the pupil



The CCD 22 is at 'a position spaced away fromthe inmaging plane of the
reticle device pattern. This position is such a position about which a
Light 20 intensity distribution that. corresponds to the light intensity
distribution of diffraction light fromthe 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;gl 25 and the CCD 22 are fixedly
nounted on the X-Y stage 7 as a unit therewith. Thus, by noving the X-ray
stage 7, the pinhole of the Iight blocking plate 21 is posi tioned '
sequentially at different positions within the imging plane and, thus,
detection of |ppideidf etisetprojettihh iahensysvedi 4t 6f bthéonightenabl ed

from the reticle 2) are used. It is therefore
possible to obtain exact valueé of the change AF of
position of the imaging plane and the.change Aﬁ of
magnification, while taking inté account the inténsity.
.diétribution 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
10 position of the iméging plane ahd 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.
15 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
20 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,



at these positions. 5 : Denoted at 23 is a controller which serves
to drive the CCD 22, to receive outputs fromthe CCD 22, to detect the
Light intensity distribution of the device pattern inmage as forned on the
i magi ng pl ane (which corresponds to the intensity distribution, 10
adjacent to the reticle 2, of the |ight passed through the device pattern
of the reticle 2) and to detect the |igl#g4 ntensity distribution at the
opening of the stop 13 as forned on the light receiving surface of the CCD
22 (which corresponds to the light intensity 15 di stribution at the pupi
of the projection optical system4). The light intensity distribution of
t he devi ce patther intemprace hetwseay dasjaasnthd ensesKof sthee 7 to
sequentially place the pinhole of the [ight 20 bl ocking plate 21 at
di fferent posREGIRCHFAhilpnshsystem 4 may be shielded to provide a
gas—tight chamber (air lens) and the inside pressure
of the chamber may be changed.
In this embodiment, both a change in position
of the imaging plane and a change in projection
magnification of a projection optical system are
detected and corrected. However, only one of them may
be detected and corrected.
10 Further, while in this embodiment a change in
position of the imaging plane of the device pattern
and a change in projection magnification are detected
and corrected, thé concept of the presént invention is
applicable alsé fo detection and correction of a
15 change in aberration of a projection optical system
such as curvature of image filed, for example.
Furthermo;e, in the embodiment described

above, both of distribution of light transmissivity of
a device pattern of a reticle 2 and intensity
20 _ : _
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
25 , : : '

: be detected and the error calculation may be done by

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

the other parameter may be held fixed at 1 or any



| magi ng pl ane of the device pattern and by detecting the sum of outputs of

the picture elenents of the CCD 22 at these positions.

The light intensity

distribution at the opening of the stop 13 is detected 25 by noving the
X-Y stage 7.to sequentially place the pinhole of the light blocking plate
21 at different positions within the inmaging plane of the device -12-
pattern and by detecting an average of tpg-light intensity distributions
.obtainable fromthe outputs of the CCD 22 at these positions. In addition
to the light intensity 5 distribution of the device pattern inmage, the

control l.er 23 produces, fromthe outputs of the CCD
" 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 system 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 pattern.

Also, while in this embodiment the invention

10

exposure apparatus, the invention is applicable also

" is applied to a step-andfrepeat type projection

to a step-and-scan type sdanning projection exposure

apparatus.

The intensity distribution at the pupil plane

15

of the projection lens system 4 of the light from the

device pattern, may be detected by changing the size

of the opening of the stop 13 sequentially ahd

stepwise by using the mechanism 14 and then by

detecting the total sum of the outputs of the elements

20

of the CCD 22 at all steps. In that occasion, the CCD

22 may be replaced by a photodiode.

As regards the CCD 22, either a one-

dimensional CCD array or a twb—dimensional CCDh érray

25

may be used. A line sensor may be used in place of a

one-dimensional CCD. A split sensor such as

illustrated in Figure 3A, 3B or 3C may be used in

place of a two-dimensional CCD.



22, the information related to the total light quantity of the |ight passed
t hrough the device pattern of the reticle 2. 10 . Denoted at 24 is-
a main controller for controlling the elenents denoted at 10, 12, 14, 17,
20 and 23. Various data such as the information related to the open and
cl osed periods of an exposure controlling shutter (not .shown) of the
I 1lumnation 15 system 1l (that is, the2t+nme period t consunmed for the
exposure and tinme period t' between successive exposure periods), the
information related to the light intensity distribution of the device
pattern image fromthe controller 23, and the information 20 related to
the light intensity di s¥hebdigbt &romhghepeanhglef ofh&hset d39B% from the
controller 23, are_ all agplied to this nain controller 24. As a_reticle 2
is set in the_?iﬁ&gﬁﬂg plate 21 may not be received directly. It
may be received by way of an optical fiber or a lens,
for example. If a lens is to be used, preferably a
3 lens which is adapted to image the Stop 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 light blocking plate 21
10 with a pinhole and a CCD 22 as well as a second light
detector which comprises a light blocking plate 121 ° *
with a pinhole and a photodiode 122, may be provided
on the X-Y stage 7. The intensity distribution at the
pupil plane of the projection lens system 4 ofwthe-
15 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
20 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
25 ' ' :
apparatus according to any one of the preferred forms

of the present invention, will be explained.

Figure 4 is a flow chart of the segquence of



épparatus of Figure 1 and the size and shape of each 25. of the stops 9 and
13 are determ ned by the nechanism 12 or 14 and when the exposure process
l.s repeatedly perfornmed to different shots of a wafer 5 and then to -13-
" successive.wafers, the'controller 24 calculates a change [err] of the
position of the imaging plane of the device pattern through the projection
optical system4 resulting fromthe repe22+ion of exposures as well as 5 a
change [err] of the device pattern projection magnification of the
projection | ens system4 also resulting fromthe repetition of exposures,
this being perforned in accordance with equations (1) and (2) below. This
cal cul ation i smemwdaglupinggacgemisonductor 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
_prbceSS'for designing the circuit of a semiconductor
3  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

10 pre-process wherein, by using the so prepared mask and
wafer, circuits are practically formed on the wafer g
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
15 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
20 these processes, semiconductor 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
25 ' - _
. CVD process for forming an insulating film on the

wafer_surface. Step 13 is an electrode'forming

'process for forming electrodes on the wafer by vapor



10 which are obtainable by nodifying conventionally used correction
equations by addi ng paraneters dependent upon the light intensity
distribution of diffraction light. [err] In these-equations, SF and SB are
proportional constants; Q is a paraneter 25 corresponding to the total
quantity of |ight passed through the device pattern; Da is a paraneter
dependent upon the light intensity distridgtion of the  -14- device
pattern image (i.e., the distribution of light transmssivity of the device
" pattern of the reticle :

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 developing
process for developing the exposed wafer. Step 18 is
an etching process for removing portions other than

10 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.'
15 ' ' _

While the invention has been described 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 come within the purposes of the

20 .
improvements or the scope of the following claims.

25



é) Db is a par dependent upon t he Iight'intensity distribution at
the opening of the stop 13 5 .€., the light intensityggicfrihnflnn at

the pupil plane 01;‘ mm,u'mm! ptical system 4, of the

reticle 2); KF an lﬂ"ﬂ?s whi ch represent the heal
of the projection I"ens shst®ms4; *DT is the ratio of time peri
unit 10 time in calculation, in which-2eBriod the shutter

i

[err] and [err] are the anmount of change of the imaging plane and t he
anmount of change of the nmgnification, respectively, of the projection |ens

systemas calcul ated in the preceding unit time just 15

bef ore;

[err] and’

[err] each is

change per -unit ti
The changes [err] and

10

15

20

25

AIME fge per unit time of the projection |ens
system due to heat absorptlon and AF2 and [err]each is the ampunt of

r
e Jje ®1on optical system for progectlng 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 1ight

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

of® tRﬁ?%ﬁQH¥RR|QﬁPQQHE?sﬁﬂﬂﬁiﬁtpﬁhmﬁqm9¢k§ﬁngadlatlon



20 expressed in the formof |inear coupllng of plural terms. The val ues
of Da and Db—may—be—determ ned bef orehand, through ex erinents for

“exanple, inre light intensity distr B%n laced
produced by th%m‘ l“!‘““umugmhhe t hus deternm ned 25 tor ed

into the contr
-the controller

4, such t'hat correspondi ng one of
24 may be used. -15- ¥a%+able Da and Db nay be de ern1ned

by cal cul ati on, using.calculation formulae nenorized in the controller 24.
Such cal cul ati on fornulae may be determ ned by experinents, for exanple,

usi ng several

10

15

20

25

5 I cal tyge reticles. As an exanple, as for the
d1str1 ution 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 o
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 1ight
detector means having a light detectlng surface at a
position away from said imaging plane of said |
projection optical system, for detecting a light
intensity distribution adjacent to the pupil plane of

said projection optical system.



formula in rel

split sensor (
split zones ar

[err] 10 Thgﬁggggg_gguaLLgn—ﬁay
intensity dirstribution a\ “5

ation to the variable Db, the foll ow ng equation may be used:

(MO

peni ng of the stop 13Th§$Q§HFC ed b
mfdescrl bed |l ater or in:
l'i ght receiving surfac

as the split sehsor |IIustrated in Figurgs3A) so that
light intensity distribution at.the opening of the stop 13 nay be done with
respect to each zone. In the equation above, [err], 20 E2, E3, E4

represent the
t he phot oel ect
of Figure 3A

magni t udes of the outputs (light intensities) as produ
ric converting portlons [err] and [err] of the split s
Al so, synbols a,

6. An apparatus accordlng to Claim 3, whereln
said first and second light detector means are movable
as a unit along said imaging plane, 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

10

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

15

20

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 arrayed 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 adjacent to the pupil

25

plane of said projection optical syétem is determined
on the basis of an output distribution of said

pPhotoelectric converting elements, wherein the light

be used in an occasion—where the |jght

u5|ng a

(such
t he

and E5 -
ced by
ensor



b, c, d, and e are coefficients. The values of these 25 coefficients a,
b, ¢, d and emay determi ned fromexperinentally determ ed Dh and a volune
of data reI ate “m“ m appl yi ng t he | east as lageg) th| s
equat i on. mmw | u Ltlonforrrula rel ated t

simlar equatlon* atedmtosthe light transmssivity d the
device pattern of the reticle 2 may be uggd. At every un|t time, the
calculation is perfornmed. Thus the calculation is repeated. Therefore, the
amount of - change as obtai nable fromthe cal cul ati on changes al ong a curve

whose envel ope can be represented by a function of natural |ogarithm
: intensity adjacent to the reticle is determlned on the

basis of the sum of outputs of said photoelectric
converting'elements, and'wherein said light blocking
plate and said photoelectric converting.elements are

movable as a unit along said imaging plane.

8. An apparatus according to Claim 1, further
comprising optical charactefistic correcting means for
' substantially correcting the change in optical
10 characferistic of said projection optical system in

accordance with an output of said optical

characteristic detecting means.

9. An apparatus aceording to Claim.8, wherein
15 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 obtical system.
20
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 seid imaginglplane of seid projection
25 optical.system and_(ii)_the amoﬁnt of change of

projection magnification of said projection optical

system.



I'n the enmbodinent, every time a shot on the wafer 5 is exposed, the error
AF of the pOSLLLcn—e#—thE‘TﬁﬁﬁThg pl ane of the deviece—pattern—and—the error.

[err] of ‘the pr ‘ tion of the devi ciskReet HRHebB1aEE
cal cul ated by ug\ m “H“\ and (2) above. T he
conponents 12, , Wt he p’b5|t|on of the lens ﬂﬂm\ Ip05|tion
of the wafer 5 surface |s adj usted so as2go correct: f the
position of the imaging plane of the device 20 pattern and the error [err]
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 imging plane of the device pattern of
t he prOJectlon 25 | ens system 4.

. 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 projecticn magnification

of said projection'optical system.

12. An apparatus according to Claim 9, wherein
10 said 11ght detecting means includes first light
detector means having a light detecting surface
adjacent to said imaging plane of said projection
_optical-systeﬁ, for detecting a light intensity
distributioh adjacent to the reticle, and second light
15 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.
20
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



of the distri bu“‘mmum“ l‘m transmssivity of tha Sd&VH&%e&ﬁi ﬁdfe
the reticle 1 ( ty distribution of th -
i mage) as well ag dét ection of the intensity distribu Mumﬂmgm p||
pl ane of the projection |ens system4 of ,ghe light fro pattern
of the reticle 2 (i.e., the light intensify distribution at the opening of
the stop 13), are all perfornmed every time the reticle 2 10 is replaced by
a different reticle having a different

adjacent to the pupil plane of said projection optical

In this enboq%gggl___—LenLLon—ef the total light quantity of the Iight
passed through the device Hﬁﬁ pattern of the r |on

system is determined on the baéis 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.

14. An apparatus aooording to Claim 9, wherein
said light detecting means iﬁcludes_é light blocking
10 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 deteoting light passing through the reticle
pattern and through said projection optical system and
15 coming from said light blocking rlate, 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 saio
photoelectric converting elements, wherein the light
20 intensity adjacent to the reticle is determined on the
basis of the sum of outputs of said photoelectric
converting eléments,'and wherein said light:blooking
plate and said photoelectric converting elements are
'25 movable as a unit along said imaging plane.
15. An appatatus accordiog to Claim 10 or 11,

wherein said optical characteristic correcting means



device pattern. The paraneters obtainable fromthe results are stored into
the controller 24 as LPTIPIP data related to thé_TETTCTe-used—ﬁALLer this,

when the sane retlcl | s into the exposure §r§§pond|ng
data havi ng be “u l E ead out and is used ation of
the error AF o t he i magi ng pl ane err] of

the projection nagnlflcatlon In this euaBgdi nent, as bove, for
20 calculation of the error [err] in the position of the |nag|ng pl ane and
the error [err] in the magnification, parameters dependent upon the |ight-
intensity distribution of the device pattern image (distribution of the
l'i ght transm sisviatyaageiheodeeréerpabher nfof i}5Smbkéngethel eeZlicae wel | as
paranmeters Db dependent upon _

and said projection optical system along an optical

axis direction and (ii) moving.the substrate along 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
10 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. |
15 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

20 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

25 projection optical system to correct the change in the

projection magnification.



the light intensity distribut+on at the opening of the stop 13 (light
intensity distribution -18- plane_of the projection |ens
system 4 of theu‘mﬂ m‘jﬂﬂ@ﬂietl cle 2) are used, It s therefore—.

possi ble to obt of the change AF offhipShettiHapBeenRepldaq | Magi Ng
pl ane and the change [err] of magnification, while t [ ount the
intensity distribution of the |ight whie3icones fro attern
and enters the projection optical system As a result, it I's possible - to

performthe projection exposure while accurately correcting the change in

position of the ina%ing pl ane and the change in projection magnification.
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.

10

15

20

25



The error AF in position of the inmaging plane of the device pattern and the
error [err] in projection magnification may be corr ed by using a known
15 nmethod. For exanple, the error [err] in positioﬁi%F‘FHE‘TWHg%ﬁg~pLane

may be corrected by changing the focal Iength of the as Beep| SeegYSLEM
4 or by noving, upwardly or downwardly, the reticle 2 |t on
| ens system 4 as a unit along the optical320 axis 25 di error

[err] of projection nmagnification nmay be corrected by changing ocal
| ength of the projection lens system4 or by noving the reticle 2 upwardly
or downwardly along the optical axis 25 direction. For changing the focal
| ength of 25 t ABSTRAGTtOBHTHEMRISCLOSURE, a particular |ens or :

_A projection-exposure'apparafus including a
projection optical system for'projecting a pattern of
a reticle onto a substrate, an optical cha:actéristic
‘detecting device for detecting a change in opticai
characteristic of the projection optical system, ﬁhich
change may results from the projection of the';eticle
pattern onto the substrate through the projection
optical system, and a light détecting device for
10 . detecting at least one of (i) an intensity -

distribution of light from the reticle pattern, at a

positionladjacent to the :eticle or adjacentlto an

imaging'plane on which the reticle is to be imaged,

" and (ii) an intensity distribution of the light from’

15 the reticle pattern, at a position.adjaéent to a pupil
plane of the prqjection optical system, wherein the
opfical'characteristic detecting device is arranged to
detect the amount of change in optical characteristic
in accordance with the intensity distribution detected

20 :
by the light detecting device.
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[ enses of the projection |lens system4 may be di spl aced al ong the optical
axis 25 or, alternatively, the i nterspace between ?ﬁl ce | enses of the
projection lens system4 may be shielded to provide a St i1

(air lens) and the inside pressure of the chanber may q {M/IAM t hi s
~enbodi nent, both a change in position of the inmaging pl ge in

- projection magnification of a projection optical systemare detected and
corrected. However, only one of them may be detected and corrected. 10

Further, while in this enbodi mrent a change in position of the imaging plane
of the device pattern and a change in projection nmagnification are detected
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and corrected, the concept of the present invention is applicable also to
detection and correction of a 15 change in aberration of a projection
optical systemsuch as curvature of image filed, for exanfhigShe Bron Replaged
in the enbodi mnent described above, both of distribution ofl I"E

transm ssivity of a device pattern of a reticle 2 and inte

distribution at the pupil plane of the projection |lens system4 of the
light fromthe device pattern of the reticle 2, are performed and then
error calculation is perforned by using both of the paraneters Da and Db.
However, only one of these intensity distributions my 25 be detected and
the error cal culation may be done by using only one of these paraneters. In
t hat occasion, the other parameter may be held fixed at 1 or any

19
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-20- other value. Still
| ens system 4 is used for
applicable also to a 5

system (cata-dioptric systen)
Al so,

further,
prOjectlon of a device pattern

( case where a projection mrror

projection of a device pattern or a case where a projecti

while in this enbodi ment the project
the 1 nven

is used for projection of a

the inventionis

applicable also. to a step-and-scan type scanni ng projection exposure

Si
S2
Ss3
S4
Ss

F1G. 3A

tIOI’l

Has Bera

mmnuurﬁﬂmm

while in this enbodinment the invention 10is applied to a
st ep-and-repeat type .projection exposure apparatus,



apparatus. The intensity distribution at the pupil plane

projection |l ens system4 of the light fromthe device pihSﬂk&Ehgﬁ&m c“,
detected by changing the size of the opening of the stop

and stepw se by using the nechanism 14 and then by det ec W %i’

of the outputs of the elenents 20 of the CCD 22 at all steps.

occasion, the CCD 22 may be replaced by a photodi ode. As regards the CCD
22, either a one- di mensional OCD array or a two-dinmensional CCD array may
be used. A line sensor may be used in place of a 25 one-dinensional CCD. A
split sensor such as illustrated in Flgure 3A, 3B or 3C may be used in

pl ace- of a two-di nensi onal CCD.

CIRCUIT DESIGN WAFER MANUFACTURE
(STEP 1) (STEP 3)
Y
MASK MANUFACTURE
(STEP 2)
' 5
WAFER PROCESS(PRE-PROCESS)
(STEP 4)

ASSEMBLY PROCESS (POST-PROCESS)

(STEP 5)
: ) |
INSPECTION
l (STEP 6)
SHIPMENT
(STEP 7)

FIG 4



-21- The Ilght fromthe plnhole of the Ilght bl ocki ng ptate 21 may not be
received directly. It nmay be received by way of an Opt'?ﬁLSe& r_or_a Iens
.for exanple. If alens is to be used, preferably a 5 ¢ e1a<:<=d
"adapted to image the stop 13 upon the | i ght receiving su 22
may be used. Further, the structure may be nodified as i
Figure 2. That is, a first light detector which conprises a Ilght bIocklng
plate 21 10 with a pinhole and a CCD 22 as well as a second |ight
detector which conprises a |light blocking plate 121 with a pinhole and a
photodlode 122, may be prOV|ded on the X-Y stage 7. The intensity
dlstrlbutlon at t he

X
- OXIDATION |- RESIST PROCESS
(STEP I1) o (STEP I5)
Y
CVD EXPOSURE
(STEP 12) (STEP 16)
. y
-~ ELLCTRODE FORMATION - DEVELOPMENT
(STEP 13) (STEP I7) -
Y
-~ ION IMPLANTATION | ETCHING
' (STEP 14) | (STEP 18)
1 |
RESIST SEPARATION
REPEAT (STEP 19)

FIG 5



li'ght fromthe |

p'upi?l | ane,of the pI‘OJ ectlon | ens system 4 of the-15

devi:c patter T %h' FgTEags; Of |t he fiTst—Tght—detestor—-2]

22), while the Li ?&gﬁgﬁyt g tiorl of the dﬂERlﬁl\(DEDtSHEEﬁgage

the reticle 2 §" %&%&X t?ré;"ﬁ’ &ld‘l’ tlhe se¢ond |ight detector (121Qé

122). The ouf }t}es%agf’ ?h‘t ot dct or s | Weheseptian ppagsd .1.o.. thpaged ...... --

control ler 23 Srpatg i fent  of Oo@aimes}  mapayedcl.ul. itd'Baged ....... '

met hod accor di Abs Fl'e pf@sg@ﬁt 1\RASEE orr, |f or Lﬁrﬁ\ﬁhhbk&j nﬁadéﬁv' ces EX

usin ' EEB 1986a 0 paged .......
g a projeg¢tion exposure 25 hﬁo t98Ladcor di 20y on 8 ‘the

preferred for fsDATB OF RECHEIRAT . Lnue.n.tton v¢|ll b g medpagﬁ gur'e“llpﬁ'!!?da ------
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-22- manufacturing a seni conductor device such as a seni conductor chip
~(e.g. ICor LSI), . aliquid crystal panel or a CCD, for exanple. Step 1.is a
‘desi gn process for designing the circuit of a sem conductor 5 devi ce.
Step.2 is a process for manufacturing a nask 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 10
pre-process wherein, by using the so prepared mask and wafer, circuits are
practically formed on the wafer through |ithography. Step 5 subsequent to

this is an assenbling step which is called a post- s RStheWaplatement shud er
processed by step 4 is formed into 15 s®m conductor chips. This step

i ncl udes assenbl i ng Date: {qlz{qg
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(di cing and bondi ng) and packagi ng (chip sealing). Step 6 is an .inspection
-st.ep wherein operability check, durability check and so on of the
sem conduct or devi ces produced by step 5 are carried out. Wth 20 these
processes, sem conductor devices are finished and they are shipped (step
7). Figure 5is a flow chart showi ng details of the wafer process. Step 11
is an oxidation process for oxidizing the surface of a wafer. Step 12 is a
25 CVD process for formng an insulating filmon the wafer surface. Step 13
is an el ectrode form ng process for form1ng electrodes on the wafer by
vapor - 23-

2
This is the replacement sheet

S
-S2 owes |4[2[q6
S3
S4

Ss

FIG 3A




.deposition. Step 14 is an ion inplanting process for inplanting ions to the
wafer. Step 15 is a resist process for applying a resist (photosensitive
material) to the wafer. Step 16 is an exposure process for printing,. by
exposure, the circuit pattern of the mask on the wafer fhrough the exposure
apparatus descri bed above. Step 17 is a devel oping cags for developlng
the exposed wafer. Step 18 is an etching process for MQMQW,

ot her than 10 t he devel oped resist imge. Step 19 is a resi st separQPFBn

process for separating the resist mater4al renalnlngxn r after
bei ng subjected to the etching process. By repeating the sses,
circuit patterns are superposedly fornmed on the wafer. 15 e t he

i nventi on has been described with reference to the structures di scl osed
herein, it is

CIRCUIT DESIGN - |WAFER MANUFACTURE
J (STEP 1) (STEP 3)
MASK MANUFACTURE
(STEP 2)
Y
WAFER PROCESS(PRE-PROCESS)
(STEP 4) .,
Y
ASSEMBLY PROCESS (POST-PROCESS)
(STEP 5)
Yy
INSPECTION
(STEP 6)
|
SHIPMENT
(STEP 7)

FIG 4
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not confined to the details set forth and this application is intended to

" covér such nodifications or changes as may cone within the purposes of -t he

20 i nprovenents or the scope of the following clains. 25 . WHAT |'S CLAI MED
|S: ‘1. A projection exposure apparatus. conprising an illum nation system
(1) for illumnating a reticle (2); a projection optical system (4) for
projecting a pattern of the reticle on to a substrate; and optical
characteristic detecting neans (21, 23, 23, 24) for detecting a change in
optical characteristic of said projection optical s %Iﬂtﬂeej’eplace__h@nf shest

proj ection of the ,
Pate: |yl 2(q6

- OX1DATION RESIST PROCESS |
(STEP I1) (STEP 15)
\ &
cVD EXPOSURE
(STEP 12) (STEP 16)
_JELCTRODE FORMATION DEVELOPMENT
(STEP 13) I(STEP 17)
ION IMPLANTATION ETCHING
(STEP 14) l (STEP 18)
RESIST SEPARATION
STEP 19
REPEAT (STEP 19)

FIG S



reticlke. pattern on to the substrate through said projection optical system
characterized in that: said optical characteristic detecting neans includes
l'i ght detecting nmeans (21, 22, 23) for detecting an i Thangiy | Stribtuion
of the light fromthe reticle pattern, which di strlbutlxﬁl égégk'%ﬁ%eﬁhshm
pupil plane (13) of said projection optical system wherein said optical
characteristic detecting means detects t he anDunt of &mge( ?%GIC&
characteristic iBRGIECEION EXRG APRARA i D ected by

said |ight detect !ﬂméﬂc m%ﬁw -fmg:cgmppg to claim1, wherein

said |ight detecting means detects an rntensity distribution on the

reticle. 3. AR ROS B O BacpduyrE! ai m 1, wherein said optical
characteristic aetectlng means detects at |east one of (i) the amount of

change of an inmaging pl anepxdiset toprexposune appacatusyshebuding(ai) the
anount of change of projection magnification.
projection optical system for projecting a pattern of

a reticle onto a substrate, an optical characte;istic
detecting device for detecting a change in optical
characteristic'of the projection optical eystem, which
change may results from the projection of the reticle
pattern onto the substrate through the projection
optical system, and a light detecting device 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 the projection optical system, wherein the
optical characteristic detecting device is arranged to
.detect the amount. of change~in-optical-characteristic”“
in accordance with the 1ntens1ty dlstrlbutlon detected ;

"by the 11ght detecting dev1ce. ;ft
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of sai
2, whelr
havi ng
pr oj ec}
on the
surfac

pr oj ecl

d. [ Depeitioon paged .catko Pagadan. 4, An apparatus according to claim
)gii/lﬂllaﬁﬁi(sj Iig:hgedi&(&mpiag@ aps conprisgs fi rst rTgn
@0 IDraRingt9 t: pagedrg.. saphgak...di $posed at tjhe i RE %DQHEETSsm &G
@Q\Hgggétcal éﬁgﬁ errnofpaged:iet e¢ting the I sén %oeny t d| stribution
reticle, secozcs sﬁh%e ectQr rrear TRE" elod@abthg ..... -
b E ylfromthe i awyﬂblaﬁﬁgef © paged .2
i B Sl e Sy st-SH—F Ot — ting the | lll;jﬁtawlngtgnsmgeu (;Il st,[,l‘;gg on’
on the pgphimgl ane of said projection optical |gyAbdt S mﬁ?%q appara us™t
according to claim2, wherein said |ight detediing neans ¢ rrp'f'l"éeg Paged ght-

REPLACEMENT SHEETS  SG

bl ocking plate with a pinhole disposed at the imaging plane, anad a
plurality,of mhpiegkeeiohCegpoyatei agpakragustscampaiedngt a position away

fromthe inag] ngro;]ectlon optical system for projecting a pattern of a

reticle on to a substrate;

optical characteristic detecting means for detecting a
change in optical characteristic of said projection optical
system due to the projection of the reticle pattern on to the
substrate through said projection optical system; and

light detecting means for detecting an intensity
distribution of the light from the reticle pattern as defined on
a pupil plane of said projection optical system;

- wherein said optical characteristic detecting means detect
the amount of change in optical characteristic in accordance with
the intensity distribution detected by said 1light detecting
means.

2. An apparatus according to claim 1, wherein said 1light
detecting means detects an intensity distribution on the reticle.

3. An apparatus according to claim 1, wherein said optical

characteristic detecting means detects at least one of (i) the’

amount of change of an imaging plane of said projection optical
system and (ii) the amount of change of projection magnification
of said projection optical system.

4. An apparétus according to claim 2, wherein ‘said light
detecting means comprises first light detector means having a
light detecting surface disposed at the imaging plane of said
projection optical system, for detecting the light intensity
distribution -on the reticle, and second light detector means
having a light detecting surface disposed at a position away from
the imaging plane of said projection optical system, for
detecting the light intensity distribution on the pupil plane of
said projection optical system.

[
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pl ane, for detecting |ight pa55|ng t hrough the reti , attern through
sai d projection optical systemand through the pinh
bl ocki ng pl ane, wherein the light intensity distribu mﬂ pl ane
of said projection optical systemis determ ned on t put

di stribution of said photoelectric conﬁgrtlng elenents, wherein the |ight
intensity on the reticle is determ ned™by using the sum of outputs of said
phot oel ectric converting el ements, and wherein said |light blocking plate
and sai dg phot gyl %ﬁgﬁwvse&bealﬁger@t £185 PYaRe AR 48kl ol pgict he
i magi ng p ane. roj ection expOsure apparatu$, conprising a

i |1 uni nadebﬁcgyggmqqg ¢QIP~PIJ—$%$n Ehalel-%t ab qqking’ Ielzate WD %cﬂ%hole

optical §yspesed4at (e PiRAGER &n@ﬁtéﬁn Na G1dFeEl i@j | 6f eplmsrté@l@ctrlc
substrate; optical characterls iC gétectl nmeans 4) for

det ect i IECAVEREHRE FHEBEATR ATERYE C?Er"i‘sﬁ gHogaéxﬁay fron “the “{haglhg
plane, for detecting light passing through the reticle pattern,

through said projection optical system and through the pinhole -
of said 1light blocking plane, wherein the 1light intensity
distribution on the pupil plane of said projection optical system
is determined on the basis of output distribution of said
photoelectric converting elements, wherein the light intensity
on the reticle is determined by using the sum of outputs of said
photoelectric converting elements, and wherein said 1light
blocking plate and said photoelectric converting elements are
movable as a unit along the imaging plane.

6. A projection exposure apparatus, comprising:

a projection optical system for projecting a pattern of a
reticle on to a substrate;

optical characteristic detecting means for detecting a
change in optical characteristic of said projection- optical - :
system due to the projection of the reticle pattern on to the
substrate through said projection optical system;

light detecting means for detecting an intensity
distribution of the light from the reticle pattern as defined on
a pupil plane of said projection optical system;

wherein said optical characteristic detecting means detect
the amount of change in optical characteristic in accordance with
the intensity distribution detected by said light detecting
means; and

optical characteristic correcting means for substantially
correcting the change - in.  optical characteristic of said
projection optical system in accordance with an output of said
optical characteristic detecting means.

7. An apparatus according to claim 6, wherein said light
detecting means detects an intensity distribution on the reticle.

TR




projection optical systemdue to the projection of the reticl : on
t.o the substrate through said projection optical s m and opthpq*md
g

characteristic correcting nmeans for substantially corhieSlice nge in:
optical characteristic of said projection optical syst ce with
an out put of said optical characteristb%_detectlng_nea _ zed in
that: said optical characteristic deteCting neans includes |ight detecting

means (21, 22, 23) for detecting an intensity distribution of the |ight

f h [ ' ' Lhutd | S¢ def i 0N PURL k ane
(rlg)m E)f .egéiezilmrlga%g%%ﬁﬂg \tlziiﬁccgk&s%/s (ra{r:r? \%%pédl ns‘sal{”ggggtl?caﬁg%agg{ékgghst I C
det ecti ng ﬂE%% ehé?%t?sdﬁﬁﬁcﬁﬁﬁﬁnmeéﬂscﬁ&ﬁ&@tﬁnaﬁﬁhﬂﬁﬂt(QQ@a%fefiEttbe

amount of change of an imaging plane of said projection optical
system and (ii) the amount of change of projection magnification
of said projection optical system.

9. An apparatus according to claim 7, wherein said 1light
detecting means comprises first light detector means having a
light detecting surface disposed at the imaging plane of said
projection optical system, for detecting the light intensity
distribution on the reticle, and second light detector means
having a light detecting surface disposed at a position away from
the imaging plane of said projection optical system, for
detecting the light intensity distribution on the pupil plane of
said projection optical system.

10. An apparatus according to claim 7, wherein said light
detecting means comprises a light blocking plate with a pinhole
disposed at the imaging plane, and a plurality of photoelectric
converting elements arrayed at a position away from the imaging:. . -
plane, for detecting light passing through the reticle pattern, .
through said projection optical system and through the pinhole .
of said 1light blocking plane, wherein the 1light intensity
distribution on the pupil plane of said projection optical system
is determined on the basis of output distribution of said
photoelectric converting elements, wherein the light intensity
on the reticle is determined by using the sum of outputs of said
photoelectric converting elements, and wherein said light
blocking plate and said photoelectric donverting elements are
movable as a unit along the imaging plane.

11. An apparatus according to claim 8, wherein said optical
characteristic correcting means performs one of (i) moving the
reticle and said projection optical system along an optical axis
direction and (ii) moving the substrate along the optical axis
direction to thereby correct the change of the imaging plane and
to register the surface of the substrate and the imaging plane.

T




in accordance with the intensity distribution detéﬁf@ﬂ’ﬁ?_gara_rr—__
detecting neans. 7. An apparatus according to clamns ‘ﬁ d Ilght
detecting neans detects an intensity distribution on m
apparatus according to claim®6, wherein said optical
detecting neans detects at |east one o% A1) the amount of change of an

a

I mgi ng plane of said projection optic systemand (ii) the anmount of
change of projection magnification of said projection optical system 9.

An appar ghus ﬁﬁC%bQJa'iﬁth% AddtdrdinghebeidlaSal dg) | thré&hecstdﬂﬂ 1€al
conprises first hg det ect or, mreans having a Ilght aﬁa Qtlng ace

di sposedcaereﬁger BLRCOTEREt BRI Agan jandss R 9SG 1sLaneR, °ffo$ald

det ect i ngrbhectiight optieati bystemt tiobwordiec tHie ditindga eof atite staagingi ght
det ect or fgﬁgsand to register the surface of the substrate and the

imaging plane.

13. An apparatus according to claim 8, wherein said optical
characteristic correcting means moves one of the reticle and a
lens of said prdjection optical system along an optical axis
direction to correct the change of the projection magnification.

1l4. An apparatus according to claim 8, wherein said optical
characteristic correcting means changes a focal distance of said
projection optical system to correct the change in the projection
magnification.

15. A device manufacturing method for manufacturing a device
such as an integrated circuit, a large scale integrated circuit,
a liquid crystal device or a magnetic -head, said method
comprisings

printing a device pattern on a substrate by use of -a .mask
that includes the device pattern and a projection- expdsurefx.
apparatus as recited in any one of clalms 1 - 14.

e e
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having a |ight detecting surface disposed at a position away fromthe

I magi‘ng pl ane of said projection optical System for detecting the |ight
i.mntensity distribution on the pupil plane of said projection opticat

system -10. An apparatus according to claim7, wherei b flmil o cting
means conprises a light blocking plate with a pinhol e”mﬂmﬂmngulﬂﬁg

i magi ng plane, and a plurality of photoelegtric converting el ewe rayed
at a position away fromthe inmagi ng plane, for detecting |ight passing
through the reticle pattern, through said projection optical system and

t hrough the pi nhom@#bl ocki ng pl ane, wherein the |ight
intensity distrib *| plane of said projection optical system
is determ ned on the_ basis of output distribution of said photoelectric

converting el enent s, ! wherbiHF RS HPGHEXPREGFR i IRPAF A e FOFPELELRE
determ ned by using, of. t put s L d, Jahot. LC ting
el enents, and mégef%f‘gﬁf%ﬁ%%g’ﬁ%’é‘kfﬂg g‘?’étg‘ a l%gg'lq'g%hof"%g?ég%ri C

converting el emengy;agprojection optical system (4) for projecting a

pattern of the reticla on to a substrate; and optical
characteristic datacting means (21, 22, 23, 24) for
detecting a change in cptical characteristic of said
projaction aptical system dua to tha projection of the
raticle pattarn oﬁ to the substrate through said
projection cptical system, characterized in that:

said optical cha_racteristic detecting means
includes light detecting means (21, 22, 23) for

datecting an intansity distribution of the light from

the reticle pattern, which distribution-is defined on
the pupil plane (13) of said projection optical system,
wherein said optical characteristic detecting means
detects 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 1light
detecting means detects an intensity distribution on the reticle.

3. An apparatus according to claim 1, wherein said optical
characteristic detecting means detects at least one of (i) the
amount of change of an imaging plane of said projection optical
system and (ii) the amount of change of projection magnification
of said projection optical system.
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novabl e as a unit along the imging plane. 11. An apparatus according to
claim8, wherein said optical characteristic correcting neans perforns one
of (i) noving the reticle and said proj-ection optical_system al ong an
optical .axis direction and (ii) noving the substrate along the optical axis
direction to thereby correct the change of the imagi ngr 'Imﬂﬂ"mﬂuug

regi ster the surface of the substrate angst.he i magi ng [l l”“llz
An apparatus according to claim8, wherein said optlcal char act®ri’st i*c
correcting nmeans changes a focal distance of said projection optical system

to correct the change of the inmaging plane and to register the surface of

the substrate and the imaging plane. 13. An apparatus according to claim
8, wherein said optical

4. An apparatus according to claim 2, wherein said light
detecting means comprises first light detector means having a
light detecting surface disposed at the imaging plane of said
projection optical system, for detecting the light intensity
distribution --on the -reticle, and second light detector means
having a light detecting surface disposed at a position away from
the imaging plane of said projection optical system, for
S detecting the light intensity distribution on the pupil plane of
' said projection optical system..

'5. An apparatus according to claim 2, wherein said light
detecting means comprises a light blocking plate with a pinhole
disposed at the imaging plane, and a plurality of photoelectric
converting elements arrayéd at a position away from the imaging
plane, for detecting light passing through the reticle pattern,
through said projection optical system and through the pinhole
of said 1light blocking plane, wherein the 1light intensity
distribution on the pupil plane of said projection optical system
is determined on the basis of output distribution of said
photoelectric ¢onverting elements, wherein the light intensity

N on the reticle is determined by using the sum of outputs of said
photoelectric converting elements, and wherein said 1light
blocking plate and said photoelectric converting elements are
movable as a unit along the imaging plane.

6. A projection exposura apparatus, coaprising
an fllumination system (1) for illuminating a reticle
(2): a projection optical system {(4) for projecting a
pattern of the reticle on to a substrate; optical
characteristic detecting means (21, 22, 23, 24) for
detecting a' changa in optical charactaristic of said

is'Sheet Has Been Replaced
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characteristic correcting nmeans noves one of the reticle and a |l ens of said
projection optical system along an opticadl axis diLeGLFeﬁ—tU*CﬁFFEET—Fhe

change of *the projection magnification: 14. An appar at [ claim
8, wherein said optical characteristic correcting ma\mﬂl\mlm“m“&mﬂ
di stance of said projection optical systemto correct ange Fn the
projection magnification. 15. A device mapgéacturing nethod for

manuf acturi ng a device such as. an integrated circuit, a large scale
integrated circuit, a liquid crystal panel, a CCD, or a nmagnetic head, said
met hod conprising: printing a device pattern on a substrate by use of a

2o recited in aRFURECAPRPREHES] Sl que® B SR SRPA A1 8
reticle pattern on to the substrata through said
projaction optical systam; and optical charactaristic
correcting means for substantially correctﬁné tha
change in optical charactaristic of said projectian
optical system in accordance with an output of said
optical charactaristic detacting means, characterized
in that:

said.optical charactaristic detecting means
includes light detecting means (21, 22, 23) for

detecting an inteasity distribution of the light from

the reticle pattern, which distribution is defined on
the pupil plane (13) of said projection optical system,
wherein said optical characteristic detecting means
detects the amount of change in optical characteristic
in accordance with the intensity distribution detected
by said light detecting means.

Y 7. An apparatus according to claim 6, wherein said light
detecting means detects an intensity distribution on the reticle.

8. An apparatus according to claim 6, wherein said optical
characteristic detecting means detects at least one of (i) the
amount of change of an imaging plane of said projection optical
system and (ii) the amount of change of projection magnification
of said projection optical system.
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-29- adjacent to the pupil plane of said projection optical systemis
determ ned on the basis of one of (i) the sum of outW
l-i ght "det eéctor nmeans provided at all novenent positi ereof and an
average.of outputs of said second detector means provi “‘“‘m %ﬁwﬂ
positions thereof. 14. An apparatus according to J ai m(im\ m\“ﬁ

| i ght detecting neans i ncl udes a i ght bbecki ng 10 platecwi th & pi nhoI e
di sposed adjacent to said inaging plane, and a plurality of photoelectric
converting elenents arrayed at a position away from said i magi ng pl ane for

detecting |light passing through the reticle pattern and through said
projection optical systemand 15 comng fromsaid |ight blocking plate,

wherein the, aAn apparatus according to claim 7, wherein said light
detecting means comprises first light detector means having a
light detecting surface disposed at the imaging plane of said.
projection optical system, for detecting the light intensity
distribution on the reticle, and second light detector means
having a light detecting surface disposed at a position away from
the imaging plane of said projection optical system, for
- detecting the light intensity distribution on the pupil plane of

said projection optical system.

10. An apparatus according to claim 7, wherein said 1light
'detecting means comprises a light blocking plate with a pinhole
disposed at the imaging plane, and a plurality of photoelectric
converting elements arrayed. at.a posxtlon away from the imaging
plane, for detecting light pass:.ng through the reticle pattern,
through said projection optical system and through the pinhole
of said light blocking plane, wherein the _light intensity
distribution on the pupil plane of said projectiori' optical system
is determined on the basis of output distribution of said
photoelectric converting elements, wherein the light intensity
on the reticle is determined by using the sum of outputs of said
photoelectric converting elements, and wherein said 1light
blocking plate and said photoé_lectric converting elements are
movable as a unit along the iméging plane.

11. An apparatus according to claim 8, wherein said optical
characteristic correcting means performs one of (i) moving the
reticle and said projection optical system along an optical axis
direction and (ii) moving the substrate along the optical axis
direction to thereby correct the change of the :Lmag:mg plane and
to register the surface of the substrate and the imaging plane.
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light intensity distribution adjacent to the pupil plane of said projection
optical -systemis determ ned on the basi.s of an output dlslillﬁﬂiiﬂLiﬁ_jﬁﬁjl_
phot.oel ectric converting elenents, wherein the |ight 20 intensity adjacen

to the reticle is determ ned on the basis of the sum of ouuﬂﬂﬂu'

phot oel ectric converting el enents, and wherein said |ight ’m”m#m,”l!, |
and sai d photoel ectric.converting el enentspgre novable as a ‘uni’t &l ohg sai

i magi ng plane. 25 15. An apparat us according to Claim110 or 11, wherein
said optical characteristic correcting neans - 30-

12. An apparatus according to claim 8, wherein said optical
characteristic correcting means changes a focal distance of said
projection optical system to correct the change of the imaging

. pPlane and to register the surface of the substrate and the
imaging plane.

13. An apparatus according to claim 8, wherein said optical
characteristic:éorrecting means moves one of the reticle and a
lens of said projection optical system along an optical axis
- direction to correct the change of the projection magnification.

14. An apparatus according to claim 8, wherein said optical
characteristic correcting means changes a focal distance of said
projection optical system to Gorrect the change in the projection
magnification.

15. A devica manufacturing method for
manufacturing a device such as an integrated cizcuit,
a large scale intagratad circuit, a liquid crystal
panel, a.CCb, or a magnetic head, said method
comprising:

printing a device pattern on a substrate by
use of a mask that includes the device pattern aot a

projection exposure spparatus as recited in any one of
Claims 1 - 14.
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is-ar r};mged o performone of (i) moving the ret| cl eREMACENMENTD TS ONxe,

optical syste ' axi s direction andl Oes¢riptidni :Pedd'e. to paso
substrate al oM“E&EM“!@“ |m‘ s direction to thef&Yaifgs) eClp, ?%@%;ﬁg/
| p LY

said i magi n ace the surface of thel Dginkal e S )
ol ane C%ﬁ 2“;@11 gy 19 paged....
i S

i magi ng plane registered. 16: An apparatus accor|dimgbk®s, & b
ra" ----- H
t fo corr gjjﬁd
ﬁlﬁﬁocwst-r-at-e..an.d

wherein said optical Thiaas dsd eapladentent heatt. N9 ans 10
change a focal distance of said projection opti
change of said inmaging pl @ggmme pl ace the s St
sai d i magi ng pl agg aled. . 1D 17. An apparatus according to
" Claim110 or 11, et sa *cal characteristic correcting neans is
arranged to nove onf of the retigle and a lens of said projection optical

system al ong an opt EBi Sﬁp?%“%ﬂ?@drattﬁé'CHSHQEiﬁf-nﬁhe

proj ection . an illumipation system (1) for illuminating a reticle

(2); a pzojection optical system (4) for projecting a
pattern of the reticle on to 2 substrate; and optical
characteristic datecting means (21, 22, 23, 24) for
detecting a change in optical characteristic of said
Projaction optical system dua to tha projection of the
raticie pattarn on to the substrate through said
projection aoptical system, characterized in that:

said optical characteristic detecting means

includes light detecting means (21, 22, 23) for

datecting an intensity distribution of the light from

the reticle pattern, which distribution is defined on
the pupil plane (13) of said projection optical system,
wherein said optical characteristic detecting means
detects 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 detects an intensity distribution on the reticle.

3. An apparatus according to claim 1, wherein said optical
characteristic detecting means detects at least one of (i) the
amount of change of an imaging plane of said projection optical
system and (ii) the amount of change of projection magnification
of said projection optical system.

-;")“'



20 rriagnification. 18. An apparatus according to Caim10 or 11, wherein
said optical characteristic correcting neans is arranged to change a focal
di st ance of_s’ai_q,&_pr_oj_eet—i—eﬁ optical systemto correct the change in the

proj ection nagnifi cat | on -31- 19. A device manuf a?@ri 38 met hod for

manuf act uri ng of a projection exposur p’B @ feRfacamentosigen
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4. An apparatus according to claim 2, wherein said 1light
detecting means comprises first light detector means having a
light detecting surface disposed at the imaging plane of said
projection optical system, for detecting the light intensity
distribution -on -the reticle, and second light detector means
having a light detecting surface disposed at a position away from
the imaging plane of said projection optical system, for
detecting the light intensity distribution on the pupil plane of
said projection optical system. .

5. An apparatus according to claim 2, wherein said 1light
detecting means comprises a light blocking plate with a pinhole
disposed at the imaging plane, and a plurality of photoelectric
converting elements arrayed at.a pos:.t:.on away from the imaging
plane, for detecting light pass:.ng through the reticle pattern,
through said projection optical system and through the pinhole
of said light blocking plane, wherein the 1light intensity
distribution on the pupil plane of said projection optical system
is determined on the basis of output distribution of said
photoelectric ¢onverting elements, wherein the light intensity
on the reticle is determined by using the sum of outputs of said
photoelectric converting elements, and wherein said light
blocking plate and said photoelectric converting elements are
movable as a unit along the imaging plane.

6. A projection exposura apparatus, coaprising
an 1lluminatiom system (1)} for illuminating a reticle
(2): a projection optical system (4) for projecting a
pattern of the reticle on to a substrate; .optical
characteristic detecting means (21, 22, 23, 24) for
detacting a change in optical charactaristic of said
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prajection aptical system due to the projection of the
reticle pattern oo to the suhstrate through said
projaction optical gystam; and optical characteristic
correcting means for esubstantially ¢orrect£ng the
change in optical characteristic of said projectieon
optical gystem in accordance with an output of said

. opticai charactaristic detetting means, charactarized
in that:

said optical characteristic detecting means

includes light detecting means (21; 22, 23) for

detecting an iatensity distribution of the light from

the reticle pattern, which distribution is defined on .
the pupil plane (13) .of. said projection optical system,
wherein said optical charactérigtiq detecting means

detects the amount of'chénéé.in'gbtiéél characteristic
in accordance with the intensity distribution detected
by said light detecting means. '

7. An apparatus according to claim 6, wherein said light
detecting means detects an intensity distribution on the reticle.

8. An apparatus according to claim 6, wherein said optical
characteristic detecting means detects at least one of (i) the
amount of change of an imaging plane of said projection optical
system and (ii) the amount of change of projection magnification
of said projection optical system.
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9. An apparatus according to claim 7, wherein said light
detecting means comprises first light detector means having a
light detecting surface disposed at the imaging plane of said.
projection optical system, for detecting the light intensity
distribution on the reticle, and second light detector means
having a light detectincj surface disposed at a position away from
the imaging plane of said projection optical system, for
detecting the light intensity distribution on the pupil plane of
said projection optical system.

10. An apparatus according to claim 7, wherein said 1light
"detecting means comprises a light blocking plate with a pinhole
disposed at the imaging plane, and a plurality of photoelectric
converting elements arraYed at a 'position' away from the imaging
plane, for detecting light passing through the reticle pattern,
through said projection optical: system and through the pinhole
of said 1light blocking plane,. wherein the light intensity
distribution on the pupil plane of said projection optical system
is determined on the basis of output distribution of said
photoelectric converting elements, wherein the light intensity
on the reticle is determined by using the sum of outputs of said
photoelectric converting elements, and wherein said 1light
blocking plate and said photoé;l.ectric converting elements are
movable as a unit along the imégi.ng plane.

11. An apparatus according to claim 8, wherein said optical
characteristic correcting means performs one of (i) moving the
reticle and said projection optical system along an optical axis
direction and (ii) moving the substrate along the optical axis
direction to thereby correct the change of the imaging plane and
to register the surface of the substrate and the imaging plane.



—_—_—
_—

A O o
| -28 - TﬁkfoEf:fEfffffflfﬁggL”

Dale: [ g JU“.’ 198

12. An apparatus according to claim 8, wherein said optical
characteristic correcting means changes a focal distance of said
projection optical system to correct the change of the imaging
plane and to register the surface of the substrate and the
imaging plane.

13. An apparatus according to claim 8, wherein said optical
characteristic correcting means moves one of the reticle and a
lens of said projection optical system along an optical axis
. direction to correct the change of the projection magnification.

14. An apparatus according to claim 8, wherein said optical
characteristic correcting means changes a focal distance of said
projecfion optical system to correct.the change in the projection
magnification. ' ' s

15. A device manufacturing method for
manufacturing a device such as an integrated circuit,
a large scale intagratad circuit, a liquid crystal
panel, a.CCH, or a magnetic head, said mathod
comprising:

printing a device pattern on a substrate by
use of a mask that includes the device pattern ant §

projection exposure apparatus as recited in any one of
Claims 1 ~ 14. | |



