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1 TITLE OF THE INVENTION SPECIFICATION DETERMINING
METHOD, PROJECTION OPTICAL SYSTEM MAKING METHOD AND
ADJUSTING 5 METHOD, EXPOSURE APPARATUS AND MAKING

.METHOD THEREOF, AND COMPUTER SYSTEM BACKGROUND OF

THE INVENTION Field of The Inventionllo The present invention relat_es
to a specification determining method, a projection optical system making

method and adjusting maethed; apgxpesHre (?Wfﬁ making
more Speci

method thereof, and a computer system, an no |cql[y tq a
specification determining method of 15 determining the specification of a

projecticn optical system to be provided. in an optical apparatus, a
method §P%WEWhWMh§yﬁoW®ucwMTION

to be prow ' opti a N exposure apparatus provided

with she %%%e‘zic%on op%g%sm a%@v('ﬁéﬁg to‘z’tg@ VST BING
jectiopEptieabsy stebans frakin 108 o} r

projectio 24 g BISHIOH HREE0h a1 nﬁﬁmg%m%ﬁ(%ee - METHOD

system suitable for implementing the specification determi

and adjuStRgREEIMag Ehacrisrws! i@ gigstion optical system
provided 25 in the exposure apparatus. Description of The Re_lated ArtIn
a lithography process for manufacturing 2 semiconductor devices (CPU,

DRAM, etc.), imagg, pickipgetRndpVicss Slfi gyid erysial display
devices,
Field of The Invention

The present invention relates to a specificatiocon
determining method, a projection optical system making
method and adjusting method, an eéxposure apparatus and
making method thereof, and a computer system, and more
specifically to a specification determining method of
determining the specification of a projection optical
system to be provided in an optical apparatus, a method
of making and a method of adjusting a projection optical
system to be provided in an optical apparatus, an
exposure apparatus provided with the projection optical
system made according to the method of =a projection
optical system and making method thereof, and a computer
system suitable for implementing the specification
determining method»and'adjusting the imaging
characteristic of the projection optical system provided

in the exposure apparatus.

Description of The Related Art

In a lithography process for manufacturing
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membrane magnetic heads or the like, exposure apparatuses have been
used which form device patterns on a substrate. 5 Because of increasingly
high integration of semiconductor devices in these years, a
step-and-repeat type of reduction projection exposure apparatus (the
so-called stepper) that can form fine patterns on a substrate such as a
wafer or glass plate, a step-and-scan type of scan 10 projection exposure
ag)%ar,atus (the so-called ,scannin% stepper) that is improved over the

ste

ber COFtHE TiRE 1S THaIRR usEd Hy thEHtces’ o manufewfing 1 cking-up
sgmjgenductor-deviges, becayse {pétrj(l]tipée}% ?gg%lea&p of which has a sub-
4 - 4 I

spla eyices,
15 circuit pattern need to be overtaid and formed on a s%]bs%a Jitis

imperantio aceyrately alignaireticle @g@qsgkggvi@gﬁog{pfgr%tp aratuses
pattern formed thereon with respect to the already-formed pattern in each
Shodt carbs oh aisubsstrate.dn ofderto @evdratelp aligrs the 20opticalubstrate .,
aracteristic of the [{Jro'ec,tion optical system needs to be precisely
j

measurad afhd &4 torbE ' a "deBired 'SHATE ffor eREniple, Bstateonductor
where seagnification error.of the transferred image of a reég:ggzattegn

relative to each shot area'’s pattern on the substrate 1s _ Sted): It is
reavarked that ralsg whendransfestirg: a cretislenattens forafirst layer, entoy

each shot area of the substrate, the imaging characteristic of the

profech6H bptical Syster sorafefably agiustetiinorder 3 towestrately such
transfer,eticle patterns for segond and, later layers onto gach shotarea. .
projection exposure apparatus (the so-called scanning
stepper) that is improved over the stepper, or the like
is mainly used.

In the process of manufacturing semiconductor
devices, because multiple layers each of which has a sub-
circuit pattern need to be overlaid and formed on a
substrate, it is important to accurately align a reticle
(or mask) having a sub-circuit pattern formed thereon
with respect to the already-formed pattern in each shot
area on a substrate. In order to accurately align, the
optical characteristic of the projebtion optical system
needs to be precisely measured and adjusted to be in a
desired state (for example, a state where magnification
error of the transferred image Qf a reticle patterh
relative to each shot area’s pattern on the substrate is
corrected). It 1s remarked that, also when transferring a
reticle pattern for a first layer onto each shot area of

the substrate, the imaging characteristic of the

projection optical system is preferably adjusted in order
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As the method measuring the optical characteristic ,the =imagine _
characteristic, etc.) of the 5 projection optical. system, a method is mainly
used which calculates the optical characteristic based on the result of
measuring a resist image obtained by exposing a substrate through a
measurement reticle having a predeterniined measurement pattern that
remarkably 10 responds to a specific abberration, formed thereon and

then developing the substrate where the projected image of thg
méastifétént satterh i formea, the methediseir: vakied atprirtcond and

method”, herein: ﬁ%rhlﬁnoe@aogires péptaratuses of the prior art, measuring
e dggr a s

15 lower-or errafions such as Seidefl's five aberrations, i._e., _
spherical abeationccarpa, astigmatism, figld curvatyre, and distortion

according to the print method and adjusting and managing the above.
abefrationsdaes té ahe phejedtionodpticatsystem hased ondhe smeasyripg the
23 result has been performed. For example when measuring distortion

dRiE19 the 5H0jechibn Optical S5, ameastretehretielénis Used oh which
whigh-inner box marks that each &%%ﬁasgyg? having a_dimensionof = ..

100um and outer box marks that each are a 25 squarée havi goan .t
diiensies of 20Qun are formed; aRd afterhavingransferred.the ipner or
outer box marks onto a wafer whose surface is coated with a resist
tRrORGR ERE rojectivalopticalsystentithe wafertstage: istmovedyand 4
Shen Clth;g other mgrks are transferred and overlaid onto the wafer through
the projection optical syster-Wien fattern that remarkably

responds to a specific aberration, formed thereon and
tﬁen developing the substrate where the projected image
of the measurement pattern is formed, the method being
called a “print method”, hereinafter.

In exposure apparatuses of the prior art, measuring
lower—order aberrations such as Seidel’s five aberrations,
i.e., spherical aberration, coma, astigmatism, field
curvature, and distortion according to the print method
and adjusting and managing the above aberrations due to
the projection optical system based on the measuring
result has been performed.

For example when measuring distortion due to the
projection optical system, a measurement reticle is used
on which inner box marks that each are a square having a
dimension of 100um and outer box marks that each are a
square having a dimension of 200um are formed, and after
having transferred the inner or outer box marks onto a
wafer whose surface is coated with a resist through the

projection optical system, the wafer stage is moved and
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magnification is equal to 1/'5 for example, the resist image of box-in-box
marks appears, after development of 5 the wafer, in each of which a box
mark having a dimension of 20um is located inside of a box mark having
a dimension of 40um. And distortion due to the projection optical system
is detected by measuring the positional #elation between both the marks
and deviation from their 10 reference point in the stage coordinate system.

Moreover, when measuring the coma, a measurement reticle is used on
WHicH a TiHg-dhd §padadatiers {Refefid=teE Féfefted tolag BET1S) d/Ssmt O
um is formed, and the

h@M@%Q’f@'W%W&Sé% Wg%tg Is, for. ex%@glﬁ, O%cleqélcos‘a*}/ég&ﬁﬁh aWhen the

15 pattern is transferred onto a‘warter whose st

resigtithraugh therprojection gptical systern,When the magnification is; .
equal to 1/5 for example, the resist image of the L/S pattern appears,

affer develdphrent bhithecwafes Havirgoatine widta 6f 20 0dE8wMoARG Nt of
\(I:&ogna due to the projection o%tical system is detected by measuring the

iths'14. € 5 of thoTRES irf ‘ot éhds 8f ﬁﬁ%a‘ﬁ‘éﬁi{qﬁ@%%iﬁg @imension

lipe-wigth, abnotrgal.value giyen by-he-following equation: the lire-width
abnormal vale =(Li -L5)/(L1 +L5) (1). 55 oreover, in measurln% a best
fadus=paesiton of theo projection epticabsystem, auaferds moy eﬁr_oj ection
sequentially to a plurality of positions along the optical axis direction
WHIER @fe agiveiraistance ¥step piteh papare Ssfrarreachiotherp and thea 1

[ ' i f th f
L/g lpaﬁer% |§Dté%gvse1‘gge% gggh ttgne onto a different area of the wafer

tﬁou% %ﬁe e marks and dev1atioh from their
reference point in the stage coordinate system.
Moreover, when measuring the coma, a measurement
reticle is used on which a line-and space pattern
(hereinafter, referred to as a “L/S”) having five lines
whose width is, for example, 0.9%um is formed, and the
pattern is transferred onto a wafer whose surface is
coated with a resist through the projection optical
system. When the magnification is equal to 1/5 for
example, the resist image of the L/S pattern appears,
after development of the wafer, having a line width of
0.18um. And coma due to the projection optical system is
detected by measuring the widths L1, L5 of two lines in
both ends of the pattern and obtaining a line-width
abnormal value given by the following equation:
the line-width abnormal vale =(L1 -LS)/ (L1 +L.5) (1) .
Moreover, in measuring a best focus position of the
projection optical system, a wafer is moved sequentially

to a plurality of positions along the optical axis

direction which are a given distance (step pitch) apart
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projection optical system. the wafer position associated with one whqse
line width is maximal out of the resist 5 images of the L/S pattern, which
appear after development of the wafer, is adop.ted as the best focus
position. When measuring the spherical aberra_tlon, the measurement of a
best focus position is performed a plurality of times each time with a
different L/S pattern 10 having a different duty ratio, and based on the

differences between, the best focus positions, the spherical aberration is
obtained. Whef %]eee{‘éuriﬁﬁ%&ﬁ@ldiﬂ%ﬁ@@?%ﬂné@stﬁém@ﬁt of acdséstach

fag ition i f in. a plurality of . 15 mea remengpoints_within
tﬁgﬁee?d%% grg?ggﬁggp#%a%%ﬁe% P aﬁtcjih ﬁasvé%%genrthté%géﬁﬂm@he

resultse the dieldgurvature Eb‘y@@ﬂate@l}g@ingg@% p%g-ggggrgﬁ g]_gg})ogia ted
In addition, when measuring the astigmatism due to 20 thg projection
optiCal SYRterpemedsirementof d bestafotus. positian istperfermesls i st
ith two kinds of periodic patterns whose period directions are
pe%gnedslcﬁgr t%ggeaétf%t &t T Basel drrthe diférafice befeatethe L opment

hest faeus,pesitions; the, astigmatism, ist%acjc_%%gg. 25 Icnuthe rior art, the

specification of a projection opt-;cal system in the mating of & %%Eéﬁﬂe

apparatugtisrdetermined agcardingsprbe same standard as i the-ahove
managing of the optical characteristic of the projection 6 opt|caf system.

That 75, 1€ SPécificationds deteipmined 1sact thaetheifiverabeitations a
@?@%QEQQyIﬂ?@H%%s each time with a different L/S pattern

having a different duty ratio, and based on the
differences between the best focus positions, the
sphericél aberration is obtained.

When measuring the field curvature, the measurement
of a best focus position is performed in a plurality of
measurement points within the field of the projection
optical system, and based on the measuring results, the
field curvature is calculated using the least-squares
method.

In addition, when measuring the astigmatism due to
the projection optical system, the measurement of a best
focus position is performed with two kinds of periodic
patterns whose period directions are perpendicular to
each other,‘and based on the difference between the best
focus positions, the astigmatism is calculated.

In the prior art, the specification of a projection
optical system in the making of an exposure apparatus is
determined according to the same standard as in the above

managing of the optical characteristic of the projection



10

15

20

25

method or obtained by a simulation substantially equivalent thereto are at
or below given respective 5 values. However, because of the o]emanc_:i for
further improved exposure accuracy corresponding to increasmgly high
integration in these years, measuring only the lower- order abe_rratlons
according to the prior art method and, 10¢based on the measuring result,
adjusting the optical characteristic of the projection optical system does
not T:y,ield a desired result. The reason for that is as follows. The space

image of a measiBment Pattern; for "Exanmsie id L/ patterninasdetermined

-f ney,compone intrinsic frequency components), i.e,._a
Aot Wavs. Conebpbnina b o IS PAToR e Rionb iadhiorics,

anet theipatternidetermines thesspace-freguencies ¢f the, components
that pass through the pupil plane of the projection optical system.
NEEAWHRIlES réticlésshiaing 20vazibus paiterhs are iised in therastual ve
manufacturing of devices, the space images of which patterns include
innumerable space-frequency components. Therefore, the prior art

method @IJ@%@%‘HDQ%%%S@B atl}géraggﬁ nbaa}sggronfthgtliﬂneitgdimproved
information hardly meet the demand 25 for further |mprove(LJl1 exposurée

accoracyr in thisccase; althoughe reticleqiattiernshaving datrinsicifrequeney
components that are missing in the -n-formation_, need to be measured, _t
thkéS dh Thbfiiods 7 t&mdaNnt 6ErRcasuremantandtime] so tiet itisnetr -

@?ﬁ@%ﬂaberrations according to the prior art method and,
based on the measuring result, adjusting the optical
characteristic of the projection optical system does not
yield a desired result. The reason for that is as follows.

The space image of a measurement pattern, for
example, a L/S pattern has Space—frequency components
(intriﬁsic frequency components), i.e. a fundamental wave
corresponding to the L/S period and higher harmonics, and
the pattern determines the space-frequencies of the
components that pass through the pupil plane of the
projection optical system. Meanwhile, reticles having
various patterns are used in the actual manufacturing of
devices, the space images of which patterns include
innumerable space-frequency components. Therefore, the
prior art method of measuring and adjusting aberrations
based on the limited information hardly meet the demand
for further improved exposure accuracy.

In this case, although reticle patterns having
intrinsic frequency components that are missing in the

information need to be measured, it takes an enormous
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Furthermore, because of the accuracy in measuring resist images, which
are affected by the intrinsic 5 characteristic of the c resist, et the .
correlation between the resist image and a corresponding optical image
needs to be found before extracting data from the measuring result.
Furthermore, when an aberration "_s largé, the 10 linearity of the resist
image to the corresponding space image of the pattern i_s lost, so that
accurate measurement of the aberration is difficult. In this case, for the
plrpose of accliately hid4string the dBéteatiore itisHecéssary tochange
the-patterp-pitch, the line width (space frequepcy), etc., of the
measurement pattern of the reticle, through trial and error, such that the

intrinsic characteristic of the easist san be nﬂ%@“&%@dﬂ%@neﬂﬁitw'éasuring
obtained). For the same reason, the method of determining the 20

speéificdtiohnsfeeprojettibhloptical systearaecordingttoetheraboye criteria

has reached its limit. It is because a_ projection optical system satjsfying
thceﬁ Spéi ccfl;‘llccea‘?i:éﬁ “d é:te?rﬁ i n‘g?ieo bYiotUS R canfbot achibVé espasine atéuracy

demanded alipeesent and. inibe fuuee, 25 In sueh choumstances, the
adjusting m=ethod has been adopted where, W]:nen r%a INg a proﬁ?g
optiealesystemsaccording fo thesspesifisation: determingdy the, pasitions, e
etc., of lens devices are adjusted such that 8 the Seidel's five aberrations

(oWt ordérabeirativhs)

Furthermore, when an aberration is large, the
linearity of the resist image to the corresponding space
image of the pattern is lost, so that accurate
measurement of the aberration is difficult. In this case,
for the purpose of accurately measuring the aberration,
it is necessary to change the pattern-pitch, the line
width (space freguency), etc., of the measurement pattern
of the reticle, through trial and error, such that the
intrinsic characteristic of the resist can be measured
(the linearity is obtained).

For the same reason, the method of determining the
specification of a projection optical system according to
the above criteria has reached its limit. Tt is because a
projection optical system satisfying the specification
determined obviously cannot achieve exposure accuracy
demanded at present and in the future.

In such circumstances, the adjusting method has
been adopted where, when making a projection optical
system according to the specification determined, the

positions, etc., of lens devices are adjusted such that
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satisfy the determined specification, based on the result of measu_ring the
aberration due to the projection optical system according to the print
method after the assembly S of the projection optical system in the
making process, and, after that, detecting residual higher order N
aberrations by a light-rays tracing metho#l and adjusting the positions,
etc., of lens devices in the projection optical system (additionally
reprocessing such as non 10 spherical-surface process, if necessary) are

performed “(refet td JdFarese PatenCrEid-OpeirNo CI0iE5468 R rrat EOHS )
However, t 0 of making a projection optical system needs

the t%ﬁ%@%e%%gﬁﬁggiﬁv%r-s 8%(2%% %?Jrgﬁ_gﬁls’a%qagoer%c?mgﬂ_le result
highersorder-abefrationsa % apd-alsohcemputation for lightstays tiaging, o . 4
that even super-computer will take several days to perform. .

Fure hefn 6res Whéhram absertation{nondinear raberration) oceties byswhigh v
th% Iiggarit of the resist -image to the corresponding space image of a

O C

pa-tern s 20 1ot Baﬁ@tiﬁé)ﬁfecﬁrbje%ﬁéﬁ%ﬁtiégl s?@l%rﬁ“@ﬁﬂﬁié}\@ d?ﬁ‘m@ess ,
d r,in ich r@Eio I qu ed s, nged d.hF.or exa[ncp e, when

g)rr?a isa\llg?gge, ?r%? %mag;&%f% § ;C)%atter% ?s not reso vedl,%%etﬁat actttate

data of distortionp astigratism ~and;spherical aberation LANIRLDE 45 yst ing

obtained. 25 Therefore, it is necessary to measure coma using a paftern

foPEcERaie feasurerieht of e6masir®l adjustthe projettien pptica ct ion

system, to make the coma small enough and then measure distortion,
éégi%%caa[ﬁgms A %%hgr?g'ﬁé égélr?r;]tﬁé% and, Jased dh'tRe AEakufifignon-

result, adiust-the-race process, if necessary) are performed
(refer to Japanese Patent Laid-Open No. 10-154657) .
However, the above method of making a projection
optical system needs the two steps of correcting lower-
order aberrations and correcting higher-order aberrations
and also computation for light-rays tracing that even
super-computer will take several days to perform.
Furthermore, when an aberration (non-linear
aberration) occurs by which the‘linearity of the resist
image to the corresponding space image of a pattern is
lost, adjusting the projection optical system in view of
the order in which aberrations are adjusted 1s needed.
For example, when coma is large, the image of a pattern
is not resolved, so that accurate data of distortion,
astigmatism and spherical aberration cannot be obtained.
Therefore, it 1is necessary to measure coma using a
pattern for accurate measurement of coma and adjust the
projection optical system to make the coma small enough

and then measure distortion, astigmatism and spherical
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projection optical system. The fact that the order of measuring the
aberrations to be adjusted is specified means that the selection of the
lenses used is restricted. 5 In addition, the prior art method uses,
regardless of what maker the user of the exposure apparatus is,
measurement patterns suitable to measure the respective aberrations by
in order to determine the specification of the projection optical system and
adjust thecgptical rl}g characteristic, the measurement patterns remarkably

ic 5’ spEAVE heTratibfs TMEsHWhiRd tHiEeffedts thal thet the

rgsﬁornoalng to'the
; . L i : - i
eyplions die 4o the projeclian.gpticg) sysiem have an the maging,

h
characteristic for various pat are different. For 1I example,
coatact-holeyfeatures mee more dnflienced by -astigmatism thaphy-the: o 4
others while a fine line-and- space pattern is more influenced by coma
tR&3 By thé adthérs eFwthermotenthe heshiocusspositionisadifferentrestricted.

between n ig(c)ilggeg.line ar]glline-and-space pattern. 20 Therefore, the
optical charaéferistic Sberrationss “ete of the Projelich Bpfical syseardless

and other capabilities, of an exposure ﬁ@p@gﬁ%ss_%%a! giffer, hetween
its users. 25 DISCLOSURE of INVENTION This invention'was made™ "~ ’
e suehiecitcupsstancess andia first pUOSA®a s thespresentinyeatian: ve
isto provide a specification determining method with which it 10 possible

t@%?rﬁﬁﬁ‘f%ﬁ@%ré@és%%f Aiakiy & projeétionepticalsystemeactbiding foon of
t@ﬁ@%g?gy@%%ion optical system and adjust the optical

characteristic, the measurement patterns remarkably
responding to the respective aberrations.

Meanwhile, the effects that the aberrations due to
the projection optical system have on the imaging
characteristic for various patterns are different. For
example, contact-hole features are more influenced by
astigmatism than by the others while a fine line-and-
space pattern is more influenced by coma than by the
others. Furthermore, the best focus position is different
between an isolated line and line-and-space pattern.

Therefore, the optical characteristic (aberrations,
etc.) of the projection optical system and other
capabilities of an exposure apparatus actually differ

between its users.

DISCLOSURE of INVENTION
This invention was made under such circumstances,

and a first purpose of the present invention is to

provide a specification determining method with which it
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specification and securely achieve a target that an optical apparatus with
the projection optical system is 5 to achieve. Moreover, a second purpose
of the present invention is to provide a projection optical system making
method with which it is possible to simplify the process of making a
projection optical system and securely achieve a 10 target that an optical
apparatus is to achieve. A third purpose of the present invention is to
provide an adjusting method which can accurately and easily adjust the

opticalSharacterisfic SFAproicétion Bplicat S§sene 157 foiirth purpose
of the present inyention is t%/ gjéoe\{%dea%k% 8%%9@%? 2 p%@tus which can
T 0 s a

accurately transfer a pattern on a mask onto a substrate ﬁlrgﬁé;hefﬁ@%ned
projeciion optical:system anda-making methed thereaf, Moregver, a fifih
purpose of the present invention 20 is to provide a computer system.W|th
WRIEhGEis$ possibles Tl 8implify: tHesropessiefahaking arprojeetion opticat is
scystem according to the determined specification and securely achieve a
ta?geaﬁﬁétegn%ptical apparatus with the projection optical system is to

achieve.\25-Ashdh ﬁugp%s@c%fr{geﬁ?@%@g Qvg%tioc%ies tﬁr%r?c%”rgg a.'Jd’lV@IltiOﬂ
computer system which can automatically perform setting o desired
éxpasure conditiens:fos anexposute apparaius. vk AGeording o,afitst 1o

aspect of the present invention, there is provided a ’
§Bé€ﬁé@ﬂbﬁ@ek§nﬁﬁn@osSible to simplify the process of
making a projection optical system and securely achieve a
target that an optical apparatus is to achieve.

A third purpose of the present invention is to
provide an adjusting method which can accurately and
easily adjust the optical characteristic of a projection
optical system.

A fourth purpose of the present invention is to
provide an exposure apparatus which can accurately
transfer a pattern on a mask onto a substrate through the
projection optical system and a making method thereof.

Moreover, a fifth purpose of the present invention
is to provide a computer system with which it is possible
to simplify the process of making a projection optical
system according to the determined specification and
securely achieve a target that an optical apparatus with
the projection optical system is to achieve.

A sixth purpose of the present invention is to
provide a computer system which can automatically perform
setting of desired exposure conditions for an exposure

apparatus.
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method with which to determine a specification of a projection optical
system used in an optical apparatus, 5 said deter.minin.g method _
comprising obtaining target information which said optlcgl apparatus is to
achieve; and determining, based on said target information, the
specification of said projection optical system with usir_lg one of a
wave-front aberration amount and value i0 corresponding to a wave-front
aberratio%, Whica said projection optical system is to satisfy, as a

standard” HePéin tHe vdlué céﬁéﬁ%n@lﬁ’f@?ﬁt\/\/%-ﬁ@r@t abefration
nclydes:an index,of fhe wave;ont aberration, such as a2erks ;- rining

-

coefficient, etc., and target 15 informationmeans a resoiving po
minirhura lineawidit, ithe wavelengih-(centerwayelength, wavelength

width, etc.) of illumination light incident on the projec_tion op'FicaI system.,
iRfOPMaGicH 6Fa patéArdulsiect terprojeetion rother information apputtheus,
psrgjlegti%gglp tical system which determines the capabilities of the

optical apparafus. which irforat-Grean be'd targétiter e rojectiont
opticaksystemnAgeardingdo thys method, the specification, of aghg r%!gh on ..

optical system is determined based on target gifn?ormatlon which ;
cpticatiapparatusisdo athieve, with using one af awaverkontabesration ;.
amount and vale corresponding to a wave-front aberration, which the
pre&etidn' GpticaP Bystém? t- Satisty, bsce dtandarel 12aThatis,the with
stpgﬁiﬂgaggg og@eaprv%e&éigg Qgg%ala stem is determined using overall

DL SIS o8 erration amount and value
corresponding to a wave-front aberration, which said
projection optical system ié to satisfy, as a standard.

Herein, the value corresponding to a wave-front
aberration includes an index of the wave—-front aberration
such as a Zernike coefficient, etc., and target
information means a resolving power, a minimum line width,
the wavelength (center wavelength, wavelength width,
etc.) of illumination light incident on the préjection
optical system, information of a pattern subject to
projection, other information about the projection
optical system which determines the capabilities of the
optical apparatus, which information can be a target for
the projection optical system.

According to this method, the specification of a
projection optical system is determined based on target
information which the optical apparatus is to achieve,
with using one of a wave-front aberration amount and

value corresponding to a wave-front aberration, which the

projection optical system is to satisfy, as a standard.
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Standard., which is information of the wave-front on the pupil plane of the
Projection optical system and 5 different from the above limited
information about light that passes through the pupil plane. Therefore, in
making the projection optical system according to the determined
specification, higher-order aberrations are simultaneously corrected as
well as lower-order 10 aberra'=ions by adjusting the projection optical
Sﬁstem based on the result of measuring the wave-front aberration, so

c

Hethe'aking procsssiis Smaplified. Pdrtiérenare; & targstdhatear: aptical

apparatys with the projectign optical system is_to achieve can be securely
1 apchieved. éIn #ﬁsf %%ének,r%relgreuagré Q/%rigﬁfs? histhods of ddtemimingthe®

spesification of.a projection;qptical, system %%anaV%y%ggqn%gcgﬁéfaggn the

amount as a standard. For example, in the determining of said
speéeificatidi the spedificationaof saidiprojestion copticak system is,q

ddet%r ined with usin%as a standard the coefficient of a specific term

se ec%&eﬁétseﬁ%?{% i Stafget Fiforhidtiore frofmdoetficidnits of térmstoflal ght

Zerpike polynomial ip which awave-front in said 2S Ero'ection optical

system. is expanded. Alternatively, it the deteratining Of 5aiCLe, 1n making

speeificatigr.dbe specification of spid-prejection rgﬂ.tfﬁfrll BYSMIS 4t o rqin ed
determined with using as a standard the -3 RNS va..ue
(Rovt-hidatrsduidie valuel of coefficientsaf rtenrns of.a Zerkke polynomial

in .vvhrfi a wave-front in
simultaneously corrected as well as lower-order

aberrations by adjusting the projection optical system
based on the result of measuring the wave-front
aberration, so that the making process is simplified.
Furthermore, a target that an optical apparatus with the
projection optical system is to achievé can be securely
achieved.

In this case, there are various methods of
determining the specification of a projection optical
system using‘a wave-front aberration amount as a standard.

For example, in the determining of said
specification, the specification of said projection
optical system is determined with using as a standard the
coefficient of a specific term selected, based on said
target information, from coefficients of terms of a
Zernike polynomial in which a wave-front in said
projection optical system is expanded.

Alternatively, in the determining of said

-specification, the specification of said projection

optical system is determined with using as a standard the
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said rojection optical system is expanded such that said RMS value within
the entire field of said projection 5 optical system not over a given
Alternatively, in the determining of said specification, the specification of
said projection optical system is determined with using as standards t_he
coefficients of terms of a Zernike polynondal in which a 10 wave-front in
said projection optical system, is expanded such that said coefficients are
not over given respective limits. Alternatively, in the determining of said
sB%éifiB&t%d’rﬁ tH& Spécification ot $aicprojektion 15 bpticalfsystemiss of

ined-with using. as a standard the, RMS value, within the field of1_ ,
ggl%r r%%jeot(:%io‘% ozg%éé% %ﬁst@?na% B Chbfficient on%Jtﬁ%rd?‘er‘f’ﬁw‘Oetéﬁﬁgm in

corresponding &0 awatshed, specific aperration aut of, coefficients of, .. .. 4

terms of a Zernike polynomial in which a 20 wave-front in said projectllon
opficalvsystem vs. ekpgandetk sach: that sdiddRMSwalusnisnot pyeea given
limit. Alternatively, in the determining of said specification, the

SPREificatior FS&H préjebidn Opfical 3ystehtis detritined with usinglg as
. I ithin the field of .said projection optica
L e )

system, of coefficients of ach group of m

value-outiofderms, whisk copespandlea; watehed, sog if-c-aberration,
out of terms of a Zernike 14 polynomial in which a Wave-fEr)ont In said
projettierl opEeasystenrisexpandet suchhthatsaid RMSvaluedisrds the
coefficients of terms of a Zernike polynomial in which a
wave-front in said projection optical system is expanded
such that said coefficients are not over given respective
limits,

Alternatively, in the determining of said
specification, the specification of said projection
optical system is determined with using as a standard the
RMS value, within the field of said projection optical
system, of coefficients of n’th order, mb terms
corresponding to a watched, specific aberration out of
coefficients of terms of a Zernike polynomial in which a
wave-front in said projection optical system is expanded
such that said RMS value is not over a given limit.

Alternatively, in the determining of said
specification, the specification of said projection
optical system i1s determined with using as a standard the
RMS value, within the field of said projection optical
system, of coefficients of each group of mf terms having
the same mb value out of terms, which correspond to a

watched, specific aberration, out of terms of a Zernike
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not over a given respective limit. Alternatively, in the determining of said 5
specification, the specification of said projection optical system is _
determined with using as a standard the RMS value of coefficients given
by weighting according to said target information the coefficients of terms
of a Zernike polynomial in which a wave4ront in said 10 projection optical
system is expanded such that said RMS value of the weighted .
coefficients is not over a given limit. In the specification-determining

methdd deeording' 8-S Fn\fﬂenﬁaﬁ,eg"aﬁérqf%\?ge%%féﬁrﬁdtiﬁmwrﬁ@l@dle |

[ jon --tern subject to projection hy said praojection optical .
s%%?n?gl% tr% %gégglfi%e%ioe;%&grc%%inégu%%th%aéccc%?fﬁ g 10 thig? e 1o
inventione said epticahapparatusimay:be an; exposure apparatus w_hlch
transfers a given pattern onto a 20 substrate via said projection optical
system. hlthespecification déterminingimethodiaccording te:this '
inventi.oP, in the determining of said specification, based on information of

& paftern'stbject to profectibit by SaicFrofeetion opidal syt @250

$210-atien may-he,pedormed that gbtains.a space irﬁnrcgc gsva%fr:“sggf%%ﬂi—ﬁ‘%d the

image plane when said projection optical system pro o
patternzanctsaid siroalation iresuls maywke.apalyzed to-determine alimit ng «
for wave front @' nation as a standard such that said pate, n s transferred
firfely 1h WigThsé NddBmadiation rayobtdif saiksgaceot terms of a

Zernike polynomial in which a wave-front in said
projection optical system is expanded such that said RMS
value of the weighted coefficients is not over a given
limit.

In the specification-determining method according
to this invention, said target information may include

information of a patternlsubject to projection by said

- projection optical system.

In the specification-determining method according
to this invention, said optical apparatus may be an
exposure apparatus which transfers a given pattern onto
substrate via said projection optical system.

In the specification-determining method according
to this invention, in the determining of said
specification, based on information of a pattern subject
to projection by said projection optical system, a
simulation may be performed that obtains a space image
formed on the image plane when said projection optical
system projects with said pattern, and said simulation

result may be analyzed to determine a limit for wave-

O

3]
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image based on linear combinations between sensitivitie_s 5 (Ze_rnike

Sensitivity) of coefficients of terms of a Zernike polynomial in WhICh.a.

wave-front in said projection optical system is expanded, to a specific

aberration for said pattern as a pattern subject to projection and the _

coefficients of terms of a Zernike 10 polygomial in which a wave-front_ in

said projection optical system is expanded, said s_e_n_sitivities depgndlng

on said pattern. Here, "sensitivities (Zernike Sensitivity) o;flcqefflmer.lts of |

terSibf & Zefiiké ‘pdlyricial shearsthe imwagitmgtda@abm?of tpeﬁle rn is
ject tical system under given exposure conditions, for example,

\%%g%%%g?ﬁcﬁl %%%ﬁ%#the coefficients of Zernike polynomial's terms

corresponging io vaigus. aherations feribel indeyes) Herdla, fhetom .
(Zernike Sensi~ivity) is used to denote such meanin J. 2 gcordlng oa
skeond dspeetcoithe piesent inventionathereis provideda frshsitivities
projection-optical- system making method with which to make a projection

ot

ichl'system Ul in Ghiopticalapiratis ciaia rrethdd comprising a

3inino t ification of said 25 projection optical system.
g?%%gr{(%lrggg] %) ﬁﬁ%@%%%qlf?c%atiéﬁ- ggtle?;rlr%in#gwjr%‘é?_ aod Gt this Thvhtion, and

adjustingesaid. projecan optealsystem Lo safish.said specification, ¢,
According to this, the specification of a 16 projection optical system. is
déteinmed by therspecification determining methad based:pn target o
D e e O L IR SR S 22N E s of 2 sernike
polynomial in which a wave-front in said projection
optical system is expanded, said sensitivities depending
on said pattern. Here, “sensitivities (Zernike
Sensitivity) of coefficients of terms of a Zernike
polynomial” means the imaging capability of the
projection optical system under given exposure conditions,
for example, variation per 1A in each of the coefficients
of Zernike polynomial’s terms corresponding to various
aberrations (or their indexes). Herein, the term (Zernike
Sensitivity) is used to denote such meaning.

According to a second aspect of the present
invention, there is provided a first projection-optical-
system making method with which to make a projection
optical system used in an optical apparatus, said method
comprising determining the specification of sai
projection optical system according to the speéification~
determining method of this invention: and adjusting said

projection optical system to satisfy said specification.

According to this, the specification of a
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with using a wave-front aberration amount, which the 3 prqjection opti(_:al
system is to satisfy, as a standard. And the projection (_)ptlpal sysftem IS
adjusted to satisfy the specification. Therefore, the prolectlon optical
system is adjusted to satisfy the specification determined using overall
information as a standard, which 10 is infgrmation c the wave-fror.t on the
pupil plane of the projection optical system and different from the above
limited information about light that passes through the pupil plane. Hlere,
higHferrdérabetritions aré vadjested asdveiicasiowertordertaberrations,

so that.the 13 two-step adjustment in the prior art and light-rays tracing
for 5&1652%1%% of hig éF—%#@e%naﬁ%%aﬁg%ﬁg% RotRECESRal: THEfefore,

the.proese o maling.a proieclon pplical sysiem.issimplfied, oo ove,
Furthermore, a target that an optical apparatus with the projection

optical systery is:toachieviercartbe seeurelyiachiesedurdn thefirsth the
projection-optical-system making method according to this invention, any
St Taidue nvéthods of eteffiiningthe spaaifiéatfan ofes projectiondard.

[ t | e-front aberration amount as a 2.5 standard
ggﬁ:ﬁ;‘ét %ﬁﬁﬁﬁgﬁy %V%E&e%g rgmiﬁ%aqcoe?msajﬁ spedificatioh a© satisfy

simsulatien may-he performed that ohtaing a:s0acs jmage formed.qn.the
image plane when said projection optical system projects Wlth a pastern
stibfdetto projectionhesait prejectionfopticaksystern; @nd saidon

sébmul aticn .result may be analyzed to determine a limit. for wave-front

Sberratioh'Hs s SnddrPSGctPthat did At Rotransfered finelyrin thishich
case; 8&idrmation of the wave-front on the pupil plane of

the projection optical system and different from the
above limited information about light that passes through
the pupil plane. Here, higher-order aberrations are

adjusted as well as lower-order aberrations, so that the

'two—step adjustment in the prior art and light-rays

tracing for adjustment of higher-order aberrations are
not necessary. Therefore, the process of making a
projection optical system is simplified. Furthermore, a
target that an optical apparatus with the prcijection
optical system is to achieve can be securely achieved.
In the first projection-optical-system making
method according to this invention, any of the various
methods of determining the specification of a projection
optical system using a wave-front aberration amount as a
standard can be used. Moreover, in the determining of
said specification a simulation may be performed that
obtains a space image formed on the image plane when said

projection optical system projects with a pattern subiject
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5 simulation may obtain said space image based on lines- combinatio_ns
between sensitivities coeff.i.c-_ents of terms of a Zernike polynomial in

which a wave-front in said projection optical system is expanded‘, to a

specific aberration -or said pattern as a pattern subject to 1_0 projection

and the coefficients of terms of a Zernike polynomial in which a o
wave-front in said projection optical system is expanded, said sensitivities
depending on said pattern. In the first projection-optical-sy;tem making

15" metHedatedrding 1o m.mvgmﬂnjﬁsambnargm-tmmaélp@m@y‘ and said
includelinformation of a pattern subject to projection by said projection

optical syster. hiAe fifstPrdjebfiormapticat-egstem makingethod 1init
%&Qr%%@@&wye@%ﬁ%%éﬂ%gssaa‘dé_ Ogueétiono fical syst
' j

r em:,
=} Srd uc! alid
said Project ~ _on optical system may be adjustedbased on a it of

measuring a wavesfiontabesation insaid prejeetionsoptical system so as
to satisfy said specification. Here, "adjusting the projection opt_lcal system
75 fieans ERENGIAY te besiior A(beldistance from anothess dilt etcl, iofed r
Ig%%t one %ptical d vi%e of the %ro'ection optical system. and, when the

[

Tohs Bely 3 ts 'eckemttiely 8F rotatmiglit ab6uttRe o f

optlc}aﬁé](aawce IS a ens,%%%na i )
opticakaxis, andzreplacing i SJ!LVMX QP“E@J %%\{LI%%S Oaf tvogx%q%%tlonnt in
optical system and, when the projection optical system has a pIuraﬁiy of

lepd Barrels) seplacingdens batrelsaswmitsi and fpehered, to a specific
aberration for said pattern as a pattern subject to
projection and the coefficients of terms of a Zernike
polynomial in which a wave-front in said projection
optical system is expanded, said sensitivities depending
on said pattern.

In the first projection-optical-system making
method according to this invention, said target
information may include information of a pattern subject
to projection by said projection optical system.

In the first projection-optical-system making
method according to this invention, in adjusting said
projection optical system, said projection optical system
may be adjusted baéed on a result of measuring a wave-
front aberration in said projection optical system so as
to satisfy said specification.

Here, “adjusting the projection optical system”
means changing the position (or distance from another),
tilt, etc., of at least one optical device of the

projection optical system and, when the optical device is

a lens, changing its eccentricity or rotating it about
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5 reprocessing at least one optical device of the pr-oect_i_on optical
system, especially when the optical device is a lens, processing its
surface to become non- spherical, if necessary. Herein, the expression
"adjusting the. projection optical system" is used to IC denote such
meaning. this case, said measuring of-4 wave-front aberration may be
performed before installing said projection optical system in the main

body %%%’k@iaPPQ%'SQD%@Wegﬁ%@gme%%ucgifpgdﬁuaawave-front 15,

- G iy .optical.
aberration may be performed after having installed said pVOJegtlon optical
systenein the mamn body)efcsaid roptical apparaius: dmthefirstynen the
grojection.—optical-system making method according to this invention, said

pticdl Zo-8pparatusiay DESHitBxpostre apparafusiihiich fraksferslearrels,
given-patiern,qrita asubstrate via sgid projection optical system.

According to a third aspect of the present mvenUon,%ﬁere iS5 ‘provided a
second pegjection-oplieals 21 bsystept makingit thodawity whigh to make a
projection optical system used in an exposure apparatus, said method

BoMprising adjusting 3aid profetionopticak systemy zeeofding totical
@é@gé‘ér?i%o%diti%?‘ﬁs?(:wg!:ee%@i%%(u%%g 19, such that a best focus,
position in at least one point of an exposure area within the fefd ot S48
projectiore loptical systermsis isplaieed:by a givien ameuat saig exposure
area being illuminated. with exposure

“adjusting the projection optical system” is used to
denote such meaning.

In this case, said measuring of a wave-front
aberration may be performed before installing said
projection optical system in the main body of said
optical apparatus, or said measuring of a wave-front
aberration may be performed after having installed said
projection optical system in the main body of said
optical apparatus.

In the first projection-optical-system making
method according to this invention, said optical
apparatus may be an exposure apparatus which transfers a
given pattern onto a substrate via said projection |
optical system.

According to a third aspect of the present
invention, there is provided a second projection-optical-
system making method with which to make a projection
optical system used in an exposure apparatus, said method
comprising adjusting said projection optical system

according to exposure conditions scheduled to be used
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5 illumination light. According to this, corresponding to exposure

conditions scheduled to he used, the projection optical system is adjusted
such that the best focus position in at least one point of an exposure area
within the field 10 of the projection optical system is displaced by a given
amount, the exposure area being illuminated with exposure iIIumina}t!on

light. That is, under certain exposure conditions, the best focus position

within the exposure area may deviate due to _the aberrations of .the

projetion a5 o‘"ﬁ)ti@ﬁ%VSt%‘Pr?HégP@ﬁigméﬁSn%@phéﬁd&kabe'rrgn@n,plett:n)t of
sgr}h%t thesdueyéh of focu% ngcj)__rgl]es sma%ler. According to this invention,

r Which R &t fodus positiohdn

the pro}jgé)tlon optﬁ:léfs%ystem. is ma%% i _
a6 Jeasione;paletef anexnasure,ated Is orregteg 20 acearding 9.,
exposure conditions. Therefore, an exposure apparatus having the
projection epticad systemminstalledrtherein can perHoun exposure un'd'er .
the exposure conditions, where the deviation of the best focus position is
gréatifreduict8and ¥HE Bepth of focus is 25 larger than before. In this

case, sai re canditions may include an illumination condition that
a cohere%(g,eea.Sg’fggt%rr1 sqg(rjna%%%hncd?gfffﬁgﬁ?helg&o%% exposure

projectien-opiicalsystem aking methad-according {n this inveption, said. .
exposure conditions may include use of p'_ase-shift-t ype masks.
system 1is adjusted such that the best focus position in
at least one point of an exposure area within the field
of the projection optical system is displaced by a given
amount, the exposure area being illuminated with exposure
illumination light. That is, under certain exposure
conditions, the best focus position within the exposure
area may deviate due to the aberrations of the projection
optical system (e.g. astigmatism, spherical aberration,
etc.), so that the depth of focus becomes smaller.
According to this invention, the projection optical
system 1s made in which the best focus position in at
least one point of an exposure area is corrected
according to exposure conditions. Therefore, an exposure
apparatus having the projection optical system installed
therein can perform exposure under the exposure
conditions, where the deviation of the best focus
position is greatly reduced and the depth of focus is
larger than before.

In this case, said exposure conditions may include
an illumination condition that a coherence factor is

smaller than 0.5.
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According to a fourth aspect of the present 5 invention, there is provided a
first exposure apparatus which transfers a pattern formed on a mask onto
a substrate via an exposure optical system, said exposure apparatus.
comprising a projection optical system made according to one of the f_|rst
and second making methods 10 of this ingention as said exposure optlcal
system. According to this, when the first exposure apparatus comprises
a projection optical system made according to the first malgmg metho‘d as
the exposute “opticaf Systent betauselinthe plojectibnopticatsystem s
' Qg{-o({d%r aberr&atié)nsLhavg been adjusted as well as lower-order
gﬁ%rreftDions,,CitC Can acclrately frafisfer thepattdin of & Hask BB

substiate; Yhenqthe first- expesye apparatys comprises,a pro %Ct%ﬁa”%s .
optical system made according to the second making method as the
exposure‘optitati systems itaafdqerform-axpesure under the expesure
conditions, where the deviation of the best focus position is greatly
reBUESd ARE the A6t of fodUs Tl IARGer #hani bisfbres Therefore, 2 finsh t U s

r ratus can perform exposure with high accuracy. 25
,%pcgégir%%%%‘l t l%a:tsspa(iecgtar}tE %%r&eggnﬁﬁﬁ\%rﬁ%n%tﬁ%?é fs provitied a

reethed it which t@rﬁn@%@&ﬁ)@oéﬁ@iwr%wétﬁq methad .o sure
comprising making a projection optical system by using one _of the_ﬁr%t _
arP2r.2 SesondmarSix 2Qomethods f this inv eop €l &and yrstalling.said
%rgizec?ygg_r?gti%% Sgrslgrréifn tthk?eexipfggrte %pnpgr%tgiond making methods
of this invention as said exposure optical system.
According to this, when the first exposure
apparatus comprises a projection optical system made
according to the first making method as the exposure
optical system, because in the projection optical system
higher-order aberrations have been adjusted as well as
lower-order aberrations, it can accurately transfer the
pattern of a mask onto a substrate. When the first
exposure apparatus comprises a projection optical system
made according to the second making method as the
exposure optical system, it can perform exposure under
the exposure conditions, where the deviation of the best
focus position is greatly reduced and the depth of focus
is larger than before. Therefore, the first exposure
apparatus can perform exposure with high accuracy.
According to a fifth aspect of thé present
invention, there is provided a method with which to make
an exposure apparatus, said method comprising making a

projection optical system by using one of the first and
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main body. According to a sixth aspect of the present 5 inven?ion, there IS
provided a first projection-optical- system adjustir_lg method with Wh!Ch to
adjust a projection optical system used in an optical. gpparatus, _salql

adjusting method comprising measuring a Wave-fron_t in said projection

optical system.; and adjusting said. 10 prgjection optical system based on

a result of said measuring of a wave-front. According to phis, the _

projection optical system is adjusted based_ on the r,esult of measuring 'Fhe‘
WAVESSht i tHedrofeclie Dptidal system Therefore; theas! pnﬁ]ﬁﬁilﬁmllng
optical system is_adjusted based on the result of measuring overa

e AR 10 MO A i of THE bivebfrorion (RS RN BmETa 2t us
the: projection . optical system and different from the_ above limited

information about light that passes through the pupil 20 plane. Here,.
higher-ordercabstiatipnsare adjusted asw&ltasdgwgh@rqefgggf{@tlons

with no need to consider the order of aberrations like in the prior art.
THEYETBre: Othe dpticaFcHatabrafgticcttdhe projectioncoptical systemmpan cal -

b@y‘ée&éxﬁ‘c%fﬁ&%}é ?H% eﬁéﬂ%%gj”%t%ghzsh'{‘ this case, in said adjusting,

said projection o"tca 1 system may be a&fust% &R tR&XHE toéfiieiRt @FtLon

aosuterzfic tegm@meqsa@sei%p@@r@%&qfegma%afE%fELFQ?]‘Ti%ef&S of
terms of a 'Zero-ke polynomial in 22 which a wave-front in sa:";_
prejeeRdH opticet Shstent expandeichis not everd given limitre-front in

said projection optical system; and adjusting said
projection optical system based on a result of said
measuring of a wave-front.

' According to this, the projection optical system is
adjusted based on the result of measuring the wave-front
in the projection optical system. Therefore, the
projection optical system is adjusted based on the result
of measuring overall information which ié information of
the wave-front on the pupil plane of the projection
optical system and different from the above limited
information about light that passes through the pupil
plane. Here, higher-order aberrations are adjusted as
well as lower-order aberrations with no need to consider
the order of aberrations like in the prior art. Therefore,
the optical characteristic of the projection optical
system can be very accurately and easily adjusted.

In this céase, in said adjusting,'said projection
optical system may be adjusted such that the coefficient
of a specific term selected, based on target information,

from coefficients of terms of a Zernike polynomial in
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Alternatively, in said adjusting, said projection optical system is adjusted
such that the RMS value of 5 coeffficients of terms of a Zernike

polynomial in which said wave-front within the entire field of said

projection optical system is expanded is not over a given limit.

Alternatively, in said adjusting, said projection 10 optical, system is

adjusted such that the coefficients of terms of a Zernike polynomial in

which a wave-front in said projection optical system is expanded are not
ofEr- Gliveh respectiveclintitst Al Serhativety: i saitcadjusting csdid system is
pﬁrég!ectiog 5io tica%system is adjusted such that the RMS value, within

the field of said projection optital Sy¥teh, 'of "Cdefficients of n'th order, mo
terms coniesponding (aca watched, spaciia abevation out of cocfficlents ; o,
of terms of a Zernike polynomial in which a wave-front in sali 20
prajectionLoptical system isexpanded isgt overa gives lmit value of
Alternatively, in said adjusting, said projection optical system is adjusted

Such tHat the RV SValues iithif thesficiag bl aid prdjectioniopticah which

system, of 25 coefficients af each group of mO terms having the same m8
va%ue outao‘ﬁe(r\frorll:g,nw igﬁggﬁé}spto%%. t%lg waltc ,]s%e&ﬁ% Abefration,

quit 6f) terms &£enrnike palyagmial inwhich.a wave-frontinsaid .. given
projection optical system is expanded is riot over a given respectlveﬁlm t.
L iehtthe first prejection-optical-system adjusting method according to
this invention further comprises

ternatively, in said adjusting, said projection
optical system is adjusted such that the coefficients of
terms of a Zernike polynomial in which a wave-front in
sald projection optical system is expanded are not over
given respective limits.

Alternatively, in said adjusting, said projection
optical system is adjusted such that the RMS value,
within the field of said projection optical system, of
coefficients of n’th order, mb terms corresponding to a
watched, specific aberration out of coefficients of terms
of a Zernike polynomial in which a wave-front in said
projection optical system is expanded is not over a given
limit.

_Alternétively, in said adjusting, said projection

optical system is adjusted such that the RMS value,

~within the field of said projection optical system, of

coefficients of each group of mb terms having the same mé
value out of terms, which correspond to a watched,
specific aberration, out of terms of a Zernike polynomial

in which a wave-front in said projection optical system
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obtaining information of a pattern subject to projection 5 in said projection
optical system, said projection optical system, in said adjusting, may be
adjusted based on a space image of said pattern calculated based on
linear combinations between sensitivities (Zernike Sensitivity; , to a
watched aberration, coefficients of 10 tetms of a Zernike polynomial in
which a wave-front in said projection optical system is expanded and the
coefficients terms of a Zernike polynomial "_n which a wave-front
meastied iH8ald projeetiorPdstical systErTis rexpanded, such thatsaid
watched gherra i%neisfr},_ot overa 15 limit, said sensitivities degending}gg -
said pattern. When the-first projection-optical8ysteri adftisfing Tmathies t ing
ageerting to-this-inventianfurthes comprises ohtaining target %@f@gg

that said optical apparatus is to achieve, said projection optical system, in
sali- 20 adjusting fmay.beiagh ustecsuch thatithe sRMSvalue Otprojection
coefficients given by weighting according to said target information the

coRffitderits of terfrfs of A 'z &Mt & SadlysotaiafTh-whieh 8 waveifrontinisaid
ject ' stem is expanded is not over a given limit. 25 1,, this
Riglectian apiepLaysam Sgldqa%ruu, S,tiln%?ddemﬁg'oﬁneati%ﬂde%\tﬁﬁte?ﬁ‘Sed

case, said target ;._nf may ormation
stbject 4o pre~ectien by saids prejegtion-epticalsystem.Inthe first .

projects-cn-oct.ca_-sys-eT adjusting 24 method accordinc to this

ihvérition, vanbds metliods rhay Weensethtosmhedsute theswave-frionkJor
%ﬁ%@@%&@kty>, to a watched aberration, of coefficients of
terms of a Zernike polynomial in which a wave-front in
said projection optical system is expanded and the
coefficients of terms of a Zernike polynomial in which a
wave-front measured in said projection optical system is
expanded, such that said watched aberration is not over a
limit, said sensitivities depending on said pattern.

When the first projection-optical-system adjusting
method according to this invention further comprises
obtaining target information that said optical apparatus
is to achieve, said projection optical system, in said
adjusting, may be adjusted such that the RMS value of
coefficients given by weighting according to said target
information the coefficients of terms of a Zernike
polynomial in which a wave-front in said projection
optical system is expanded is not over a given limit.

In this case, said target information may include
information of a pattern subject to projection by said

projection optical System.

In the first projection-optical-system adjusting
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measuring said wave-front, a wave-front in said projection optical system.

may be measured based on a 5 result of printing a given pattern on a

wafer via a pinhole and said projection optical system, or a wave- front in

said projection optical system may be measured based. on a space

image formed via a pinhole and said prgjection optical system. 10

According to a seventh aspect of the present invention, there is provided

a second projection-optical- system adjusting me-hod with which to adjust

dsrejeetion Copticdlisystém usedsin anexposure appardtusssaidthods may
djusting method comprising performing, when setting 15 exposure

%%dﬁi%%g tﬁ%ﬁ amﬁﬁaassggﬁwif%ﬁ?a%g%’s‘é& @ith / a E6RerRAREHACt0r 1

smalley; than 0.9 as.an, llymination. condition, pript focus correctian that
displaces a best focus position in at least one poin,_ of an exposure area
withiri thecfield ob said projestien optiead sysiemdeysa 20.given amount, o
said exposure area being illuminated with exposure illumination light.
Aceording B9 this, WHer setfing eXposure conditions: thata phasershifta

mﬁ%ﬁligluesegrygth a cgherence factor of smaller than 0.5 as an
ifimination condition, prior 25 focus Borr&dtibhids pEHEHEd tat displtes ™

%'Q%SEMOQU}S @Q_%i&%%%'@@%9“%8@9&8&%?}80&%%3 e%\é\/itrqigatsht?red
Fie-d of the projection optical system by a given™ amount, the exposure
dreabeingnillamiratedt with exposuren2id llumanatier; light+.<Therefose, the
projection optical sgstem can perform exposure under the exncsure

donditfonsron optical system.

According to a seventh aspect of the present
invention, there is provided a second projection-optical-
system adjusting method with which to adjust a projection
optical system used in an exposure apparatus, said
adjusting method comprising performing, when setting
exposure conditions that a phase-shift mask is used with
a coherence factor of smaller than 0.5 as an illumination
condition, prior focus correction that displaces a best
focus position in at least one point of an exposure area
within the field of said projection optical system by a
given amount, said exposure area being illuminated with
exposure illumination light.

According to this, when setting exposure‘conditions
that a phase-shift mask is used with a coherence factor
of smaller than 0.5 as an illumination condition, prior
focus correction is performed that displaces a best focus
position in at least one point of an exposure area within
the field of the projection optical system by a given

amount, the exposure area being illuminated with exposure
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where the deviation of the best focus position is greatly reduced and the
depth of focus is larger than before. 5 In this case, although the _
phase-shift mask may be. of a half-tone type or of another type, said
phase-shift t mask is preferably a space-frequency-modulatlt_)n type of
phase-shift mask. In the second projectigg-optical-system adjystlng 110
method according to this 4n-venttion, said prior focus correction may be

implemented by adjusting an aberration in said projection opt@cal system.
A?ciéi‘ﬂﬁﬁd‘ﬁi?é@@ighﬁ}aépeéﬂm tefpresentt inveption cthereds provideda
second exposure ag%aratus 15 which transfers a given pattern onto a

substrate vix 4 projection opticRPSystém "4iG Bxposuré apparatus conditions,

isi i | -front in
COmPFISInG-a Wavesltont mmeasuring unjt that measures a_waye-frog £]
said projection opti]éal system; an adjus%inaé unit that adjusts aState df ah 2ty

image of Saieh20 patteradprmed by saigprojestion eptical §M§t§%§@g A
controller that controls said adjusting unit using a result of said wave-front
measuringFuriitreasSainy aawabefront. Aeeordirpto-thisi awavesfrontay be
rg(%asaur'}pgl%n_ii;E 25 measures a wave-front in the projection optical system,

and a controllef controls-an adjust gaﬁh(?ttuhsqﬁg PR resittof rﬁ_éwm@hift
the wavedrontdhatproyides overall-infarmation &FQHE light #ﬁ%mg type of
through the pupil plane 26 of t e projection optical system. Therefore;
becasee the ft mask.

In the second projection-optical-system adjusting
method according to this invention, said prior focus
correction may be implemented by adjusting an aberration
in said projection optical system.

According to an eighth aspect of the present
invention, there is provided a second exXposure apparatus
which transfers a given pattern onto a substrate via a
projection optical system, said exposure apparatus
comprising a wave-front measuring unit that measures a
wave-front in said projection optical system; an
adjusting unit that adjusts a state of an image of said
pattern formed by said projection optical system; and a

controller that controls said adjusting unit using a

result of said wave-front measuring unit measuring a

‘wave-front.

According to this, a wave-front measuring unit
measures a wave-front in the projection optical system,
and a controller controls an adjusting unit using the
result of measuring the wave-front that provides overall

information about light passing through the pupil plane
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state of the image of the pattern formed by the projection optical system

is automatically adjusted based on the result of measuring the wave-front,

the projection 5 optical system can accurately transfer the pattern onto a
substrate. In this case, the construction of the adjusting unit does not

matter as long as it can adjust the state of the image of the pattern

formed by the projection 10 optical system. For example, said a_djustlng

unit may comprise an imaging-characteristic adjusting mechanlsm that
adjustshthermagimgscharacteristicaof sajd tprojection:epticat systemcinthe the
second exposure apparatus according to this 15 invent-or., said.

con-2roflePmay tontrdr §4id ‘Prf‘\a_lﬁitﬁ@- ERdragtetistic adjasting/mebhanism
B e s based

m S
combinations betveen sensifivities (2ern e sSens

abewa%@%ﬁﬁ§@ﬁﬁm&ﬂ“&@5§ﬁm§&@a@ﬁﬁ”%@é@”%%ﬂ%%Wabﬂémﬂg%?ection
wave-front in said projection optical system is expanded and the

coefiitients 6Mekms ofzarZerniloe polyhemialan which amwaveoBtrn onto a
me SUEed in said projection optical system is expanded, such that_ said
W%%Sedr%grration I's not over a limit, said 2d sensitivities depending on

sald patterp. Aecording Lo a Dy aSAEt o 1ag present inventian there i
provided a first computer System comprising a first computer if o'which

tanget inforenationt2 fndhatean epticabapparatusds t achigveisinpytteds o+ o
agg the image of the pattern formed by the projection
optical system. For example, said adjusting unit may
comprise an imaging-characteristic adjusting mechanism
that adjusts the imaging-characteristic of said‘
projection optical system.

In the second exposure apparatus according to this
invention, said controller may control said imaging-
characteristic adjusting mechanism based on a Space image
of said pattern calculated based on linear combinations
between sensitivities (Zernike Sensitivity), to a watched
aberration, of coefficients of terms of a Zernike
polynomial in which a wave~froht in said projection
optical system is expanded and the coefficients of terms
of a Zernike polynomial in which a wave-front measured in
said projection optical system is expanded, such that
said watched aberration is not over a limit, said
sensitivities depending on said pattern.

According to a ninth aspect of the present

invention, there is provided a first computer system

comprising a first computer into which target information
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a second computer which is connected to said first computer via a
communication path and determines the specification of a projection
optical system used in said 5 optical apparatus based on said target
information received from said first computer via said communication.
path with using one of a wave-front abersation amount and value
corresponding to a wave-front aberration, which said projection optical
system is to satisfy, as a 10 standard, According to this, target information
thatan apticalappalatapis-tosachieveds inpuited into-a first compuield; ang
and a second computer determines the specification of a projection
opti-<taf 8)sterPBEREH T thHe 15 tarket Fferaration deceivet fromithedirst
ca ja_the communication path with using one of a wave-front
aﬁg}r%egr?\%mvo%gnt and %%%nc%?%%bg RdiRg 16 a WiveSrort “ABdrration> e

V\Hﬁ@tﬁh@@’@mgn@?tiﬁalﬁé%izsi@ps@ﬁyi@gf %@QQ@}Q 1 g%jisin said
the specification of the 20 projection optical system is determined using

oVEfallc informatioredsia standlard, avhictz iscinfosmation ehtherwave-dront

on the pu%)il plane of the prg_jection optical system and different from the

abové tiftiited irfdPrmatioh abbatlighe st Fasses throtghrithepupilrplares; Lon
N are. inJmaking the projection opti %I system according to the

etermined snecifi.oation, higher-O-ggva errations
correctedas- wel gsnlower-orderabesrations by adjusting the: prpjection .,

28 optical. system based on the result of measuring the wave-
said projection optical system is to satisfy, as a
standard,

According to this, target information that an
optical apparatus is to achieve is inputted into a first
computer, and a second computer determines the
specification of a projection optical system based on the
target information received from the first computer via
the communication path with using one of a wave-front
aberration amount and wvalue corresponding to a wave-front
aberration, which the projection optical system is to
satisfy, as a standard. That is, the specification of the
projection optical system is determined using overall
information as a standard, which is information of the
wave-front on the pupil plane of the projection optical
system and different from the above limited information
about light that passes through the pupil plane.
Therefore, in making the projection optical system
according to the determined specification, higher-order
aberrations are simultaneously corrected as well as

lower-order aberrations by adjusting the projection
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from aberration, so that the making process is simplified. Furthermore, a
target that. an optical apparatus with the projection optical system is to 5
achieve can be securely achieved. In this case, when said target
information includes information of a pattern. subject to projection by said:
projection optical system, said second cemputer may perform a
simulation that obtains a space image formed on 1.0 the image plane
when said projection optical system projects with said pattern, based on
salipattern SMdrAtatieA sad analyre saidsimilation resuitto ideterrhinewave -
agirrgit ICora %vre-fr nt aberration, in saigé é)rojecti,on optical system as a
standard Stch friatsaiy 13 Baﬁ@rﬁﬁs transfefréd fifeR - thiscase, said
seeond compyter fay ablain.sald space.gage pased op lingar o,
combinations between sensitivities of coefficients of terms of a Zernike
polyrensakin which awavesfrentdn saisrprojection 20 optical:system is
expanded, to a specific aberration for said pattern as a pattern subject to
PFOREHONIT afid the® Todfiicierits bf s ®f aZerh- ke polynomial in which
a wave-ffont%ip1 said C%rsoj%ecti%o\% ggtics% §ynt§1rane is expanded, said

s densn rfﬁ?ttcojrﬁﬁﬁéfr%}é)rﬂ: includes

sensitivities depending on' said patterm.

aceording toi this dnventign:said-optical-ppparatus may be, among varigus
apparatuses, an exposure apparatus which transfers a “given pattern onto
dsubkstate via said projéctions2Propticalisystearond computer may
perform a simulation that obtains a space image formed on
the image plane when said projection optical system
projects with said pattern, based on said pattern
information, and analyze said simulation result to
determine a limit for wave-front aberration in said
projection optical system as a standard such that said
pattern is transferred finely.

In this case, said second computer may obtain said
space image based on linear combinations between
sensitivities of coefficients of terms of a Zernike
polynomial in which a wave-front in said projection
optical system is expanded, to a specific aberration for
sald pattern as a pattern subject to projection and the
coefficients of terms of a Zernike polynomial in which a
wave-front in said projection optical system is expanded,
said sensitivities depending on said pattern.

In the first computer system aééording to this
invention, said optical apparatus may be, among various
apparatuses, an exposure apparatus which transfers a

given pattern onto a substrate via said projection
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According to a tenth aspect of the present invention, there is provided a
second computer system comprising a first computer which is connected
to an 5 exposure apparatus main body which transfers a given pattern
onto a substrate via a projection optical system; and a second computer
which is connected to said first computergvia a communication path,
performs a simulation that obtains a space image formed on the image
plane when i0 said projection optical system projects with said pattern,
baséd onlinfoymation of said pattern received from said first computer via
said communication path and known aberration information of said

projection Gpfical 5)Steht and &hdljzec856 Sinsulatidreresuit tont

deternine pest 15 exposure conditions, According to this, a second
computer performs a sir%iula%grcl) ¥ﬁa%t%%t§1n§ %Csﬁggé% AT SRS &R ™

theipage iplane:when dhe projection.opticalsystem projects with the |

pattern, based on information of the pattern received 20 from the first
computerfiadercommunication pathdand tkhown aberratien: s inforiation
cf tt%er grroljlecgion optical system, and analyzes the simulation result to

détermine 5&5t 2xposita tohditiong “FhéreRore isiriumh expésurel system;
conditions can:be set-almostautamatically. 23 In.this case, said pattern

information may be par'- of exposure conditions that are inp%ttse%li o'said*

frsinroomeputer, or awhemthenderputen system, fURRerCompIises s am 15+ 1 on
reading-in unit that reads in said pattern information 30 recorded on a
Mha&E oRAGH WhICh sid Afaskigge formed on the image plane when

said projection optical system projects with said pattern,
based on information of said pattern received from said
first computer via said communication path and known
aberration information of said projection optical system, .
and analyzes sald simulation result to determine best
exposure conditions.

According to this, a second computer performs a
simulation that obtains a space image formed on the image
plane when the projection optical system projects with
the pattern, based on information of the pattern received
from the first computer via the communication path and
known aberration information of the projection optical
system, and analyzes the simulation result to determine
best exposure conditions. Therefore, optimum exposure
conditions can be set almost automatically.

In this case, said pattern information may be part
of exposure conditions that are inputted into said first
computer, or, when the computer system further comprises

a reading-in unit that reads in said pattern information
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transported to said exposure apparatus main body, sa_id pattern
information may be inputted into said first computer via gald re.adlng-l_n
unit. 5 In the second computer system according to this invention, _sald
second computer may send said best exposure condi_tions deter_mmed to
said first computer via said communicatign path_. In this case, said first
computer may set exposure 10 conditions of said exposure apparatus
main body to said best exposure conditions. =n the second comput(_er
sYSteraEchraingaomHis kinvenorn said seconth computer dnayeitains
sg@asrﬁace jcm?jge;C based, on linear combinations between sensitivities 15
iV

(Zemike Sénsitivity) of E6&HiCBRES B Femiorar Zensika polynbatal in said

i¢h a wavesfront | Id., projection optical.system is expand d,_toa
\;%lé%ri}:ic J\jﬁ;ei?lr’lati%o"}tnnl%%? ggﬁ pﬂgt%?r%? §s 5 %%%E%GS‘% bjj“él& o Sp%] ctigr &

thepeffieients.af teensi of a Zethseker20.palynomial in which a
wave-front in said projection optical system is expan_de_d, which _
wave-frontis 'obfaifeF Badet Wrra fesult ssenit by, saicHfirstidongputer via: s

| municatian.path, of measuring a wave-front in said projection
%?éﬁ%%m, SAid SeRSitvites depettnTg 25%0h SA8 Pattedt IrPeed

casposaid sesulefimeasiying:3 UAYIOR! maybe inpufted into said first
computer, or, when the computer system furt e_r COIjan’ISQS a waves=
MéasuripgrBlrunitahatmensuries a wave-front in said projection

In this case, said first computer may set exposure
conditions of said exposure apparatus main body to said
best exposure conditions.

In the second computer system according to this
invention, said second computer may obtain said space
image based on linear combinations between sensitivities
(Zernike Sensitivity) of coefficients of terms of a
Zernike polynomial in which a wave—-front in said
projection optical system is expanded, to a specific
aberration for said pattern as a pattern subject to
proj;ction and the coefficients of terms of a Zernike
polynomial in which a wave-front in said projection
optical system is expanded, which wave-front is obtained
based on a result, sent by said firstvcomputer via said
communication path, of measuring a wave-front in said
projection optical system, said sensitivities depending
on said pattern.

In this case, said result of measuring a wave-front

may be inputted into said first computer, or, when the

computer system further comprises a wave-front measuring
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optical system, said first computer itself may obtain said result of
measuring a wave-front from said wave- front measuring unit. 5 In the
second computer system according to this invention, said best exposure
conditions may include, among various things, information of a pattern
suitable for exposure by said exposure apparatus main body, or said
best exposure conditions may include at -east one of 10 an i Iumlnat'or__
condition for transferring a given pattern and numerical. aperture of said
pm@éﬁo‘@pﬁicaknswgmeFuatheaxsaidf’aesﬁexm@swep@n@iﬂ@ﬁ%ﬁtaayon
include specification of aberration due to said projection 15 optical system

upBIT traRsferFirid §8id giverfpdtterfi HInC o Base: whenethé comiputértain

S furt omprises an imaging-characteristic adjusting mechanism.
tr)lég%%llju*s%sg ﬁtgéﬁ irrﬁgg%%?c%%%& risatgic“f)gf“é%idg projection SpticAl 'Sy sténie

pravided in-saich expes-irg apparatus main body 20 connected to said
second computer via said communication path, said second computer

may contfdl shiekinfaegCharagteristic afjustiay mechanisin,dasedini s
said best .exposure conditions determined, to adjust the imaging-

charadteristic ‘of 38id prdfettiof Optical systefti 237Acbrdig Y-olars L ude,
elavsath ashec of thapipsent Invenlion Jhgre ipravided g id oy

computer system comprising a first computer which connected to an

exposurerapparatus ynain ikpdy:avingra pegjection:oplicak3z, system that
pro'.ects an image of a given pattern onto a

sald best exposure conditions may include at least one of
an illumination condition for transferring a given
pattern and numerical aperture of said projection optical
system.

Further, said best exposure conditions may include
specification of aberration due to said projection
optical system upon transferring said given pattern. In
this case, when the computer system further comprises an
imaging-characteristic adjusting mechanism that adjusts
the imaging-characteristic of said projection optical
system provided in said exposure apparatus main body
connected to said second computer via said communication
path, said second computer may control said imaging-
characteristic adjusting mechanism, based on said best
exposure conditions determined, to adjust the imaging-
characteristic of said projection optical system.

According to an eleventh aspect of the present
invention, there is provided a third computer system

comprising a first computer which is connected to an

exXposure apparatus main body having a projection optical
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- optical system, which result has béen received 20 from the fi

substrate; an adjusting unit which adjusts a state of an image of said
pat'~ern formed by said projec t on optical system; and a second o
computer which is connected to said 5 first computer via a communlqatlon
path, whereir said second computer calculates control inform_atlon with
which to control said adjusting unit, using,a result of measuring a
wave-front in said projection optical system, which result has been
received from said first computer 10 via said communication path, and

Weherekroneetsaid firstand second-computers conirols said adiusting v 4
unit based on said control information. According to this, a first computer
sBHES thea Fesulest measiiingrawave-fromtincthe prdjection 45aptical of an
system to acsecc:)tréd computer through a communication path. And the

second computer caltulates ‘oohttd ﬁﬁ;r%ﬂéﬁ hﬁthﬁﬁrﬁéﬁ?&é@rﬁr&@ﬁécal
adiusting ; unjt aising.a result of measpring %Vﬂ%%e'ﬁf%”tc'gégfes g%f%@c%'o“ said

computer

vid thetcorempnication paths andmeneofthe fisst ahesecond COMPUL.ELS; o
controls the adjusting unit based on the control informatlon._ Thergfgre, -
tRE SRItE of ARMMAGE oF &difl prttAPfoRmRl By said frejestidrropticath which

tem.js.accurately adjusted 25 using the information of the wave-front
zér/?thggp}ﬁﬁ Oopylaﬁg %ﬁhéﬁys}%fetcjﬁgﬁ obgﬂéatl systeht that is” € bvéraf £

im@ﬁﬁawmhgb@UMEW&pﬁgﬂﬂ&ﬂHHUQ@HﬁE@%@ﬂg@%%oﬁ]%%%¥g§1ﬂ§§stem,
second computer can be placed remote 33

which result has been received from said first computer
via said communication path, and wherein one of said
first and second computers controls said adjusting unit
based on said control information.

According to this, a first computer sends the
result of measuring a wave-front in the projection
optical system to a second computer through a
communication path. And the second computer calculates
control information with which to control the adjusting
unit, using a result of measuring a wave-front in the
projection optical system, which result has been received
from the first computer via the communication path, and
one of the first and second computers controls the
adjusting unit based on the control information.
Therefore, the state of an image of said pattern formed
by said projection optical system is accurately adjusted

using the information of the wave-front on the pupil

plane of the projection optical system, that is

, overall
information about light passing through the pupil plane.

In this case, the second computer can be placed remote
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from the exposure apparatus main body and the first computer conngcted
thereto, in which case the remote system calculates control information
with which to control the adjusting unit, and the state of the image. of 5
the pattern formed by the projection ontica system, an be very accurately
adjusted based on the control informatign, In the third: computer system
according to this invention, said result of measuring a wave-front. is 10
inputted into said first computer, or, when the computer system further

comprisesia wayesfrontameasufingtunit that Mmeasuies.a wavedront ins -
said projection optical system, said first computer itself may obtam_salq
réSUEBT- MeaSarng a Waletfrcrtdiom said waviectrontameasuringrbnnite

In.the latter case, the first computer connected to the exposure apparatus
r%;ﬁe E(e)lgy ?ﬁ%a%%%gt & %va%%z}?oﬁin At préjection optica. é’)@téﬁg By°
usingta-wavexftont measuring unitin a sg;callgd.self:-measuring manner, -
and the state of an image of said pattern formed by sald_20 projection
opticalsystentis dlmost dutomaticallypand eaﬁcutatelygazdmféqd.gj_g} theenm can
third. computer system according to this invention, the construction of the
Afusting Nt does hbtAatie? 283615 ab ean Adjust tHesstaterdf=che 25

[ . pattern formed by the projection optical system. -or _
gg%%%%%i%%adjusﬁng unit may comprise an _,mag-nc-character-stic

adjustir.qmecniasnsmithat adjugis the imagingzcharacteristic of said. ;
projection optical 34 ‘

invention, said result of measuring a wave-front is
inputted into said first computer, or, when the computer
system further comprises a wave-front measuring unit that
measures a wave-front in saild projection optical system,
said first computer itself may obtain said result of
measuring a wave-front from said wave-front measuring
unit. In the latter case, the first computer connected to
the exposure apparatus main body measures a wave-front in
said projection optical system by using a wave-front
measuring unit in a so-called self-measuring manner, and
the state of an image of said pattern formed by said
projection optical system is almost automatically and
accurately adjusted.

In the third computer system according to this
invention, the construction of the adjusting unit does
not matter as long as it can adjust the state of the
image of the pattern formed by the projection optical
system. For example, said adjusting unit may comprise an
imaging-characteristic adjusting mechanism that adjusts

the imaging-characteristic of said projection optical
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system. in this case, said. first computer may send information of said
pattern used in said exposure apparatus main body to said second
computer via said 5 communication path, and said second computer may
obtain space image formed on the image plane when said projection
optical system projects with said patterndgy a simulation based on said
pattern information and said result of measuring a wave-front, calculates
a limit for a watched aberration due o said =cjectiora optical system at
which:said space image is finely formed, and calculate control information
with which to control said imaging-characteristic adjusting mechanism
such that'said- Waicléd Sherfatich due flsaid projectionopticalksystem

15 r said limit. In this case, said second computer may calculate
a%;fgz(;l@c%t[1 %2531 0 s%?(f pat el%agczts%%nonuﬁhee r tomBmatioAsRsEtEsN

sepsitivities (Zernike Sensitivity:, 40 a4 arched aherration, of caefficients

of terms of a Zernike 20 polynomial in which a wave-front in sal

projEBtion: opticalrsystem is expandedansthe coefliciepiscefltemns Afg-2in o
Zernike polynomial in which a wave-front measured in said projection

opticaSsy st s ExparRiddOBaiblh Serditivitresdepenading on said pattern.

K ird c ystem according to this invention, only one
2%‘2%5%%?&% uggr?a%g bs%ﬁglt and dnly’ 9oen((:e irst Compuitar Cortiected by a

theretd maydie provisledoar, swhen g-pluwrality of sets,of said,gxposkire, . 4 4
apparat'as main

result of measuring a wave-front, calculates a limit for
a watched aberration due to said projection opfical
system at which said space image is finely formed, and
calculate control information with which to control said
imaging~characteristic adjusting mechanism such that said
watched aberration due to said projection optical system
is not over said limit.

In this case, said second computer may calculate a
space image of said pattern based on linear combinations
between sensitivities (Zernike Sensitivity), to a watched
aberration, of coefficients of terms of a Zernike
polynomial in which a wave-front in said projection
optical system is expanded and the coefficients of terms
of a Zernike polynomial in which a wave-front measured in
said projection optical system is expanded, said
sensitivities depending on said pattern.

In the third computer system according to this
invention, only one exposure apparatus main body and only

one first computer connected thereto may be provided, or,

when a plurality of sets of said eXposure apparatus main



35 body and said first computer are provided, and said exposure
apparatus main bodies each have said adjusting unit, said second
computer may be connected via said communication path to at least one
of the set of said 5 plural first computers and the set of said plural
adjusting units. In the first, second, and #srd computer systems
according to this invention, various things can be used as the

comamEnigationpath.cThatis, saj unication path 10 may be a local
areaar?ejztwork, or said c:ommucr%%{}%il(g)%g;)}l{."r:tﬁlﬁ}aa)]/D :lfr?chl} & éﬁ)’pu%ﬁés)tﬁ?dﬁone
line r Sl comRitircationsath ragirdude aratisdimes ini ddditign,da Bng

lithegraphy-pracess, dyyonenfthe first,and second gxposure apparatyses
according to this 15 invention performing exposure, patterns can bée
aCENAtEl fithEd o d 'Subsfrakt ahe Highlphttegratedmicrotdevicesaid

cal beamarufastured wihdugh yislds therelose, aceording @anoRer ;. o ;o
aspect of the present invention, there is provided a device anufact_urlné
method using one of the 20 first and second exposure apparatuses (i.e., a

device manufacturing method comprising the step of transferring a

pattern orito & photbsewnsitivesebjentiby saigmneef therfirst and secend o

exposur tuses).. According to a twelfth aspect of the present 25
inéventior?,l(’:rk%)raeE ?% r?r%%i%e By S%Q%c?%h-gﬁﬁéﬁgxgstéﬁlﬁaﬁusﬁﬁ"& nsthgged as

withawkieRtoradiest aprojestion oftical Systemaliseddbranexpestiton path
app ra&gs,?_sai%églysg%gﬂ%%%%")p%sr'”%a@aa%%fé{‘ a wave ot e may
sala projection

include a public telephone line, or said communication path

may include a radio line.

In addition, in a lithography process, by one of the
first and second exposure apparatuses according to this
invention performing exposure, patterns can be accurately
formed on a substrate, and highly integrated micro-devices
can be manufactured with high yield. Therefore, according
to another aspect of the present invention, there ig
provided a device manufacturing method using one of the
first and second exposure apparatuses (i.e., a device
manufacturing method comprising the step of transferring a

pattern onto a photosensitive object by using one of the

first and second exposure apparatuses).

According to a twelfth aspect of the present
invention, there is provided a projection-optical-system
adjusting method with which to adjust a projection optical
system used in an exposure apparatus, said adjusting method
comprising: measuring a wave-front in said projection
optical system; and adjusting said projection optical

system based on a result of said measuring of a wave-front,
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optical. system; and adjusting said projection optical 30 system ba_s_ec_i on

a result of said measuring of a wave-front, 36 and a Zernike Sensitivity

table corresponding to a pattern to be transferred onto an object via said
projection optical system and at least one optical condition to be set at

the time of transferring said pattern. S Acgording to a thirteenth aspect of

the present invention, there is provided an exposure apparatus which _

tréfisters & PattéliPoferesiiistiaty visak brojectiore optical isysters, $Aidattern

eXROIEe @PRALAUS COMPYSING: 2 mcggabletmgmber tha 'is disposed on
the image plane side 10 with respect to the prafégtlo%a&ﬁilcﬁrgﬁs?&wﬁn

WabEFfGht MEESGThG Bt atlebsea parrsf winich isdispesetiatiibe to be set
moyablesmemier andthatmeasyresvave-foptipformation in- said

projection optical system; an adju.stlng unit tha adjust§ a state of an

coic projo OF AR Sam BhE - Ebholieh T oonirolsait adfusting
uhitvesing said waw@ombinﬁﬂmm@@@mi;]ﬁﬁfgﬁnﬁii%ﬂ%g aratus which
ACsar g 102 Tou ek Asp Ao ing BRELarT Shvaitor tRoFe et fon
provided & deviesmanatacturingomethos ingluding adithegraphy 95%_35%,
T e e
AtEbRiing e adiftebnti-dspast of thetpresenpt ical system; a wave-front
measuring unit at least a part of which ig disposed at the
movable member and that measures wave-front information in
sald projection optical system; an adjusting unit that
adjusts a state of an image of a projected pattern that is
generated on said substrate via said projection optical
system; and a controller that controls said adjusting unit
using said wave-front information and Zernike Sensitivity
corresponding to at least one exposure condition of said

substrate.

According to a fourteenth aspect of the present
invention, there is provided a device manufacturing method
including a lithography process, wherein in said
lithography process, an exposure apparatus according to the
thirteenth aspect of the present invention performs

exposure.

According to a fifteenth aspect of the present
invention, there is provided an exposure method with which
to transfer a pattern onto an object via a projection
optical system, said exposure method comprising:

determining an adjustment amount to be adjusted by an
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invention, there is provided an exposure method with whi_ch to transfer a
pattern onto an object via a projection optical system, said exposure
method comprising: 30 determining an adjustment amoun.t to be adjusted
by an 37 adjjjusting unit to substantially optimize an imaging _
characteristic of said projection optical system, basc_ad on |_nformat|on
regarding the imaging characteristic of said projection optical system, a
ZBHiRESS RStV tabteos solresponiding. lo/saig paitersang, at |east one

. o : : . g
opticalcondition to be set ime_of transferring said_ pattern, an
data regardingoihrelat%n bsea%vééllgr# an JadjudiRieritRnotnt tEE aejustéd sed on

by Saft&tfGstitiy tie whicmadjtbts dimeiging stade ofsald DA GR a1 g
S@ddﬁe@*ﬂﬁﬁh&%éfggﬁicﬁﬁgggIpr%d%tt%gpl%gg term of a_Zernilce

polynomial; and performing adjustment of the imaging s.t%%élbf%éﬁ}i table
pattern RPN defudimgImicusing tsaia detetmined. adjustraent appeunRtal
Accorting te:a sixtesnts aspedt offie piesent 15.vention therels,
provided a device manufacturing method nclu ing & processi hic
dBvics patterd iforiead ohed Phoidsensitive bbjotruding am expesure

nethod aceordingndo the fifteenth as %gtggcgh%geggggingg%[&%%mg -émit
Acgordriln%go a seventeenth aspect of the present 20 invention, ther i
rovided anExposure appatatuS WHIGH tfarfers aishteni oatmanobject d

provi _ apol
vigbd prajeetich apticat iy stenarsaid exaow@c?}@@égqm%gg%%g%ﬁgb an_
adjusting _unit which adjusts an jmaging state of said pattern

o%}%i%ggned %g}ﬁb%%:ﬁé%hit%ﬁc@ﬁ@tﬁ?ﬁfﬁ%@ar@é@ﬁﬁ%ﬂt of the
imaging state of said pattern by said adjusting unit, uging

said determined adjustment amount.

According to a sixteenth aspect of the present
invention, there is provided a device manufacturing method
including a process in which a device pattern is formed on
a photosensitive object, using an exposure method according

to the fifteenth aspect of the present invention.

According to a seventeenth aspect of the present
invention, there is provided an exposure apparatus which
transfers a pattern onto an object via a projection optical
system, said exposure apparatus comprising: an adjusting
unit which adjusts an imaging state of said pattern on said
object; and a computing unit which determines an adjustment
amount to be adjusted by said adjusting unit to
substantially optimize an imaging characteristic of sgaid
projection optical system, based on information regarding
the imaging characteristic of said projection optical
system, a Zernike Sensitivity table corresponding to said
pattern and at least one optical condition to be set at the

time of transferring said pattern, and data regarding a
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an imaging characteristic of said projection optical system, based on
information regarding the imaging characteristic of said projection optical
system, a Zernike Sensitivity table corresponding to said 3C pattern and

at least one optical condition to be set atsthe time of transferring said
pattern, and data regarding a 38 relation between an adjustment amount
6 Be Hdjusted by wsatah ad','ru?aidg wmﬁ(ijnmaﬁa meﬁﬁﬁi@nt @L@@r@%’tggﬁ@gdby
term of rnij lynomial, Agcardin an eighteenth aspect of the
-%rrée%gn? ﬁﬁ%egr?ﬁ%% ﬁ%;g s Bfgovalldecé%%g%gcr]am Whith Makésgeternined
cbiiplteriexecatea pPredatedminedprocess necessary for adjustment of

an imaging state of a pattern in an exposure apparatus which transfers

said pattersconta ag obiectviaa Jprojestion optical system t%%id%%%@z%
makin%said 10 computer execute a procedure of: determining a

atjUStMER? BmAUHTEE be SdpistEd By hradiastginivis sibstantzdlya

optinyize: an imagingehasagiedstio-eh said pRojgetion: optical System., ¢
ba&ed on infotrma]]'fion re;ﬁarding the imaging characteristic of said

projection optical sy&em: "W2eriike® 15 'Serfivity B¢ esredporiding wosure

saibpatenmsanddic leastene dptiealconditiontebesetat thetimetfece via a
tran ferriggggido tternland data regarding a relation between an
Eﬁ Lr%%%ocﬁe abilistéd by S8it aBRERG Nintah g csetidient

Jusitr%%nt amo
of anpredeterrmreriteemeofp20 @strrnikeoFoly drraiak AGEORGNE A0 24§ ustment

Uﬁ%%&ﬁ@”k%?ﬁ%&tgﬁ?ﬁéggéeﬁy an adjusting unit to substantially
optimize an imaging characteristic of said projection
optical system, based on information regarding the imaging
characteristic of said projection optical system, a Zernike
Sensitivity table corresponding to said pattern and at
least one optical condition to be set at the time of
transferring said pattern, and data regarding a relation
between an adjustment amount to be adjusted by said
adjusting unit and a coefficient of a predetermined term of

a Zernike polynomial.

According to a nineteenth aspect of the present
invention, there is provided a storage medium which stores
a program according to the eighteenth aspect of the present

invention and can be read by a computer.
BRIEF DESCRIPTION OF THE DRAWINGS
In the accompanying drawings:

Fig. 1 is a schematic view showing the construction of

a computer system according to an embodiment of thig
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invention, there is provided a storage medium which stores a program
according to the eighteenth aspect of the present invention and can be
read by a computer. 25 BRIEF DESCRIPTION OF THE DRAWINGS In
the accompanying drawings: Fig. 1 is a schematic view showing the
construction of a computer system according to an embodiment of this 39
invention; Fig. 2 is a schematic view showing the construction of a first
exposure apparatus 1221 in Fig. 1; Fig. 3 is a cross-sectional view of an
exemplary 5 wave-front-aberration measuring unit; Fig. 4A is a view
showing tightheams emitted from micro-lens array when there is no
aberration in the optical system; Fig. 43 is a view showing light beams
emitted frof- 40 rhickS-lensstrayainen thersis siberration imtheepticak uct 1 on
system,, Fig. 5.1 w_chart showing a process algorithm executed by a
CPU%inathéLgl slgilgn%gc‘:goonﬁr%ﬁﬁic%ﬁgﬁ ‘E% 7 whent sgﬁin’ﬁlﬁest eXposure

conditions &l.gn exposute appasatus: Fig.8is a sehematic, abligue view
of a_measurement reticle; Fig. 7 is a schematic view showing an b evad 7
croeY Sadtici: e ek dptical aximAXroftheumaasurement 2C reticle

mounted op.a reticle stage along with a projection optical system:;
BT %A Page 0ud, ;Eowgn% 11 hé)beagg emitted from

micro-lens array when there is no aberration in the
optical system; |

Fig. 4B is a view showing light beams emitted from
micro-lens array when there is aberration in the optical
system;

Fig. 5 is a flow chart showing a process algorithm
executed by a CPU in the second communication server when
setting best exposure conditions of an exposure

apparatus;

Fig. 6 is a schematic, oblique view of a
measurement reticle;

Fig. 7 is a schematic view showing an X-2 cross-
section, near the optical axis AX, of the nmeasurement
reticle mounted on a reticle stage along with a
projection optical system;

Fig.VS is a schematic &iew showing an X-Z cross-
section of the -v direction end of the measuremenﬁ |
reticle mounted on a reticle stage along with the

- projection optical system;

Fig. 92 is a view showing a measurement pattern

formed on the measurement reticle of this embodiment;

Fig. 9B is a view showing a reference pattern
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Fig. 3 is a schematic view showing an X-Z cross- section of the -Y

direction end of the measurement reticle mounted on a reticle stage along

with the 25 projection optical system; Fig. 9A is a view showing'a

measurement pattern formed on the measurement reticle of this

embodiment; Fig. 93 is a view showing aigference pattern 40 formegl on

the measurement reticle of this embodiment; Fig. 10A is a view showing

one of reduced images (latent images) of the measuremept pattern

forfmedee diven distanceapariiiemeachotharonthedgsist laygron ad. « ;
watfer; Fig. 10B is a view showing the positional relation between the'

latent -imagé fir Fit0 BOS ofthe eeastiremins patterm&nhd" ma&lz?tlma ges
im reference pattern; Fig. 11 is a Flow chart schematically =~
shs\%%%gt%g 16 %?gcsﬁssoot‘% ma ?n%nﬁ%-s%fé%ﬁf}ﬁ oBficdi SyBtent EierFig. 9iven
12ds aischematis view showing-{bg copsryction of a compyter system.
modified. DETAILED DESCRIPTION OF THE PREFERRED

EbGOBIMENTS 15 An embodiment of the present invention will be

described below hased, on Figs. i to 11. Fig. 1 shows the sphematic '
constructio%lgf‘a qc%%dﬁe@s%éf@rﬁ RRBHARG to-&rF eRBBHiMentoF thislation

inyentione 20 ﬁt@@@%@ﬁ@y%ﬁ@gjeo shown N F@O%%C%@pg?ﬁe?as ?Feasxfraement
lithography system 112 in a semiconductors-manufacturing factory o
devitetmakersthereinafteracalted Ymaker A* the reference pattern;
Fig. 11 is a flow chart schematically showing the
process of making the projection optical systém; and

Fig. 12 is a schematic view showing the construction

of a computer system modified.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

An embodiment of the present invention will be
described below based on Figs. 1 to 11.

Fig. 1 shows the schematic construction of a
computer system according to an embodiment of this
invention.

A computer system 10 shown in Fig. 1 comprises a
lithography system 112 in a semiconductors~manufacturing
factory of a device ﬁaker (hereinafter, called “maker A”
as needed), which is a user of a device manufacturing
apparatus such as an exposure apparatus} and a computer
system 114 of an exposure apparatus maker (hereinafter,
called “maker B” as needed) connected via a communication
line including the public telephone line 116 to part of

the lithography system 112.



10

15

20

25

as needed), which is a user of a device manufacturing apparatus such as
an exposure apparatus, and a computer 25 system 114 of an exposure
apparatus maker (hereinafter, called " _maker B" as needed) connected
via a communication ' line including the public telephone line 116 to _Dart of
the lithography system 112. 41 The lithography sys7em 112 comprises a
communication server 120 as a first computer, a first, second and third
exposure apparatuses 1221, 1222, 1223 as optical apparatuses, and a

first proxy seever 124der% perficationcall afiwhieh are-gonnected with

each other via a local area network (LAN) 118. The communication

seRRBIMP0I&Td A fitstdhrough third exposurbiapparatoses 1221, 1222 rst,

1223 are assigned. addresses AD1 through AD4 with which to distinguish
thesr%CfEB‘?es?ége%tigéﬂﬁ hé& FrProXy SEErto4%E Hrovided bebwéen the2: as

LA 418 andthe public, telephone dine 146 and serves aga kind of , ,

firewall. That is, the first proxy server 124 prevents communication data
flowsng: throagh ¢re LANL 128 16ifrorh leaking-torthe outside; allaws &0l other
information from the outside having one of the addresses AD1 through

AD4 foPassiRroughSEand bibeks the-pabsage ®f other information, so
that the LAN 18 5,piptected against unjystinvasion from fhe utside; 20
The computer system 114 comprises a second proxy Sserver fo
verifitatiors :eosecond compmunicatien: sepvar, 130as a seeond-GOmpUEr (e g
and the like, all of .
addresses ADl through AD4 with which to distinguish them
respectively.

The first proxy server 124 is provided between the
LAN 118 and the public telephone line 116 and serves as &
kind of firewall. That is, the first proxy server 124
prevents communication data flowing through the LAN 118
from leaking to the outside, allows only information from
the outside having one of the addresses AD1 through AD4
to pass through it and blocks the passage of other
information, so that the LAN 118 is protected against
unjust invasion from the outside.

The computer system 114 comprises a second proxy
server 128 for verification, a second communication
server 130 as a second computer and the like, all of
which are connected with each other via a local area
network (LAN) 126. The second communication server 130 is
assigned an address AD5 with which to identify it.

The second proxy server 128, in the same way as the

first proxy server 124, prevents communication data

flowing through the LAN 126 from leaking to the outside
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which are connected with each other via a local area network (LAN) 126.
The second communication server 130 is 25 assigned an address ADS
with which to identify it. The second proxy server 128, n the same way as
the first proxy server 124, prevents communication data flowing through
the LAN 126 from leaking to the outside 42, and serves as a kind of
firewall that protects the LAN 126 against unjust invasion from the
outside. In this embodiment, data from the first through third exposure

apparatasesd22h,51222k 1223 dsrtransferred 15 tonthe quitside viastherdirst
communication server 120 and the first proxy server 124, and data to the
first4Rrci it Bfifd EXpbstire Apparaiuesinoe, 222 A2e3lid4ransferred

from the outside via the first proxy server 124 or v_-'a the first proxy

server 124E§n?§t lesfir%?ggré%b%%a’tioﬁﬁﬁase%é)ﬁzﬁ?%igf. ﬁgov@fﬁ%ugh
schemadic sanstrugtionsefthe sfirskexpospise appamtus 221, :\L’@'g}§n% ferred
reduction projection exposure apparatus of a step-and-repeat type, I.e. a
stégperhasingpylse Yaser tight source: as anrShexposiiee lighiSesrcel 20 and
(hg[lein%efter, called a "light source'gc.)The exposure apparatus 1221
comprises’an iMmMmMELGH SY&Emn L}np(?éé‘é SFEight Sotife f6-a/d through

ill%&@éﬁ%%@é&%’%%é&@JS@%G %%e R?E_Z%S, alzﬁ)IZmaisg Sé%%ens ferred

holding a reticle R as a mask illuminated with exposure Ulmination Ight
ELf asranténergy beanefromahe h-dlumination-system sa prejectionoptical ; 5
system PL as an
the first proxy server 124 and the first communication
server 120.

Fig. 2 shows the schematic construction of the
first exposure apparatus 122;, which is a reduction
projection exposure apparatus of a step-and~-repeat type,
i.e. a stepper, using a pulse-laser light source as.an
exposure light source (hereinafter, called a “light
source”).

The exposure apparatus 122; comprises an
illumination system composed of a light source 16 and
illumination optical system 12, a reticle stage RST as a
mask stage holding a reticle R as a mask illuminated with
exposure illumination light EL as an energy beam from the
illumination system, a projection optical system PL as an
exposure optical system, which projects exposure
illumination light EL from the reticle R onto a wafer W
as a substrate which is on the image plane, a wafer stage
WST on which a Z-tilt stage 58 for holding the wafer W is

mounted, and a control system for controlling these.

The light source 16 is a pulse-ultraviolet light
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exposure optical system, which projects exposure iIIumi_nat?on light E_L
from the reticle R onto a wafer W 25 as a substrate which is on the image
plane, a wafer stage WST on which a Z-tilt stage 58 for hoIding the wafer
W is mounted, and a control system for controlling these. The Ilg_ht source
16 is a pulse-ultraviolet light 43 source thgg emits pulse light having a
wavelength in the vacuum-ultraviolet range such as F2 laser (a _
wavelength of 15;~nm) or ArF laser (a wavelength of 193nm) Alternatively

theslight seurces16 maythe alightsource 5 H@%?W&Si)%ﬁfd@i‘éﬂg‘é%@gian the

wavelength in the far- ultraviolet or ultraviolet range su_ch as KrF_ excimer
lasBf & Wavelerigth of 248hm) ATl lightsousce 16 is dispesed; inpractisegtn of
in %537ervi$:e room r%av'ng low cleanliness that is separate from 10 a clean

1Tl or I

room where a chamb aff%oﬁ@inﬁ%‘f?é%&ﬁfb Qﬁpérglﬁﬁ%ain Jk:%)dt)r/]
compesed of yauaus elements ot the, jliumingtion optical system 12, the
retic}ge@stage RST, lﬂt/f]e projectls%n opti?:al system FI?_ ¥he_ Wwafer s%a%etwggﬁr ce
etc-his dispused, and s:canngctechtothechamberd il ain the rar-
light-transmitting optical system (not shown) including at least part of an

opticaiZais 8dRisting opticalydteht lealied asheant-matchifig Bnit:<Fhiene -
ligh soutce 16 @aggﬁ]gg%etqﬂb% an é'r)ltggt}%l controller thereof according to
ion 'S fr i rol

control-information ™ m a main controller 50 in terms 20 of switching
the output Of taset hramsLB.rhe energyof; lager beam '—i%%ﬁ:@@%ﬁ,’ce, in a

output-frequency (pulse frequency), the center wavelength and half band

widfhhliice room having low cleanliness that is separate from
a clean room where a chamber 11 housing an exposure-
apparatus main body composed of various elements of the
illumination optical system 12, the reticle stage RST,
the projection optical system PL, the wafer stage WST,
etc., is disposed, and is connected to the chamber 11 via
a light-transmitting optical system (not shown) including
at least part of an optical-axis adjusting optical system
called a beam-matching unit. The light source 16 is
controlled by an internal controller thereof according to
control-information TS from a main controller 50 in terms
of switching the output of laser beam LB, the energy of
laser beam LB per pulse, output-frequency (pulse
frequency), the center wavelength and half band width in
spectrum (width of the wavelength range) and the like.

The illumination optical system 12 comprises a

cylinder lens, a beam expander (none are shown), a beam-
shaping, illuminance—uniformalizing optical system 20
having an optical integrator (homogenizer) 22 therein, an

illumination-system aperture stop plate 24, a first relay
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spectrum (width. of the wavelength range) and the like. The illumination

optical system 12 comprises a 25 cylinder lens, a beam expander (none

are shown), a beam- shaping, illuminance unifcrmalizing optical system 20
having an optical integrator (homogenizer) 22 therein, an

illumination-system aperture stop plate 2%, a first relay 44 lens 28A, a

second relay lens 28B, a reticle blind 30, a mirror M for deflecting the

optical path, and a condenser lens 32. The optical integrator is a f-_y-eye
18RS 5 8d infegPaBPlifneresige-reflectve2fpe integratarybeal .0 30, a

' ting ~- pptical deyice, In this embodiment a fly-eye lens is used as
ﬁg%%%gmné%at%l? f%(,ev%rt\ijcﬁ?s 5%63 reRIreTtd aRHMrefd forfs 2ondenser

E@l@e@@ﬁh@@‘g@ﬂ@ﬁ@ﬁ@n‘?@fﬂi@@f@@@ng50p5i0%|15y§_ n Zgé.?hs , a rod-
connected through a light 10 transmission window 1.1 provided on the
diapstesrdictorthe Llight-transmitting Gpiticat system(riet shovey s andgeter a
the cress section of laser beam L3, which is incident thereon through the

light raASmissiorPWintow 1 7 fbiiifle Iight Sourée 3B b SRaped By v-ove
the cylinder Jens or 15 @ﬁgm%%@agdﬁr, for example. Thngly-e e lens 22 in

the exit side of the beam-shaping, ﬁlumlﬁanc -un?f%Fma—-'Zing %ﬁﬁcaﬂs also
system 20fotms 2fsom the laserbeamhaving its cross-section shaped, a

surface illuminant (secondary illuminant) composed of a lot of point
illuminants 20X flamirdnt ihages) ohtha fovah plane wh theoatput side,
which plane, substantiglly coincides with the pupilplane_ ;. e
transmission window 17 provided on the chamber 11 to the
light-transmitting optical system (not shown), and gets
the cross section of laser beam LB, which is iﬁcident
thereon through the light transmission window 17 from the
light source 16, to be shaped by the cylinder lens or
beam expander, for example. The fly-eye lens 22 in the
exit side of the beam-shaping, illuminance-uniformalizing
optical system 20 formé, from the laser beam having its
cross-section shaped, a surface illuminant (secondary
illuminant) composed of a lot of point illuminants
(L1luminant images) on the focal plane on the output side,
which plane substantialiy coincides with the pupil plane
of the illumination optical system 12 in order to
illuminate the reticle R with uniform illuminace. The
laser beam emitted from the secondary illuminant is
called “illumination light EL” hereinafter.

The illumination-system aperture Stop plate 24

constituted by a disk-like member is disposed near the

focal plane on the exit side of the fly-eye lens 22. And



of the illumination optical system 12 in order to illuminate the retic'-e R
with uniform ,_lluminace. The laser beam emitted from the secondary
illuminant is 25 called "illumination light EL" hereinafter. The o
illumination-system; aperture stop plate 24 constitu_ted_ by a disk-like
member is disposed near the focal plane pn the exit S|d(_a of the feve lens |
22. And 45 arranged at almost regular pitChes along a circle on the
illumination-system aperture stop plate 24 are, e.g., a usual aperture stop

(ussiek-sioghaonsituted ea Qg ek 0DETNGRa B0EYIE SO (STal2
stop) for 5 making coherence factor a small Whlch_ls constituted by a

small | eifckier topenirgy atrng-tike aperture step (ringa stop) forferming a; ., 5
ring of iII#mination light, and a deformation aperture stop for a :

deformation fftmin fi ﬁﬁﬁﬁod&ﬁ%&s@d‘—@?é pRi&lty bf vpenings. f] i
ranges i scanucaly o b s o vy sps s

in Fig. 1. The illumination-system aperture stop™ pl

and@remgeddo deantated by o drigingrunit ¥0,stichas @ mojaceantiolled .,
by the main controller 50, and one of the aperture stops is 15 selectively
sePFte on tHe Bt paBe B, ilaminationlight Ekpsa that¢he shape( ring:

i - ' i inatjion described later is a ring, a
e o i
ﬁ@mﬁbmmaéﬁwﬂ1i@@ﬁﬂ@ﬂgﬁgﬂgﬁ“ﬁ@feéa@g%bgﬂg%@%guylluminant

method composed of a plurality of openings arranged
eccentrically, of which two types of aperture stops are
shown in Fig. 1. The illumination-system aperture stop
plate 24 is constructed and arranged to be rotated by a
driving unit 40 such as a motor controlled by the main
controller 50, and one of the aperture stops is
selectively set to be on the optical path of the
illumination light EL, so that the shape of the
illuminant surface in Koehler illumination described
later is a ring, a small circle, a large circle, fQur
eyes or the like.‘

Instead of the aperture stop plate 24 or in
combination with it, for example, a plurality of
diffracting‘optical devices disposed in the illumination
optical systém, a movable prism (conical prism,
polyhedron prism, etc.) along the optical axis of the
illumination optical system, and an optical unit
comprising at least one zoom optical system are
preferably arranged between the light source 16 and the

optical integrator 22, and by making variable, when the
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diffracting optical devices disposed in the illumination optical system, a

movable prism (conical prism, polyhedron prism, etc:) along the opt_lc_al
axis of the 25 illumination optical system, and an optical unit comprising
at ].east one zoom optical system are preferably arranged between the

-light source 16 and the optical integrator 22, and by making variable,

when the 46 optical integrator 22 is a fly-eye lens, the intensity

distribution of the illumination light on the incidence s_urface th_ereof or,

whenR the opticaltintegrator 224s an iane?rifgzlegyefllqcéwg;ty&q_q@@ejg@t@lrys ity
the range of 5 incidence angle of the illumination light to the ‘|nC|de'nce'
sufface, TRt anfbtrit-distHbutiort e sizet and shape obm_?l@egomqudence
iNuminant). of lllyreination Jight on the pupil plane of the illumination
opﬁiﬁ%{eﬁ% %F%%a%%’ adf%setréd,ttﬂét i%?lj%jgg%_) 10gRtdfeothez 1s an
change: of canditiens fosdiuminating dha ralicls Bds preferably,. . o ¢
suppressed. It is noted that in this embodiment a pIurath of illuminant
imagés (ot rnages)Iérmiddby: teinnesfacerretiective-type the
intggrcaJ{%r are also r%ferred to as a secondary illuminant. 15 Disposed on

the optical path of the ilidrinatieR TG B frorA 1R& # I%ﬁﬁﬁa?ﬂéﬁ-sﬂl_‘ﬁé?n size
apefiresstopeplate 24ds aJd @@X@ﬁjﬁ}alﬂ’fﬁﬁt QWPFJS% of the first and

second relay lenses 28A, 28B, between whi e reticle’ blind 30 is

dispbbeti Tk teticlé heind 30pinuvkich @20 rectangular OPERINg:fel unination
deggi‘ggc% Eecsf?/g lElalr%r ji”su n;ijrflg%oenrgg? yIAaR d%?ltshtee?tlcfhlr\;tls :an sadei Ioss s of
’ ’
light due to the change of conditions for illuminating
the reticle R is preferably suppressed. It is noted that
in this embodiment a plurality of illuminant images
(virtual images) formed by the inner»face—reflective—type
integrator are also referred to aé a secondary illuminant.
Disposed on the optical path of the illumination
light EL from the illumination-system aperture stop plate
24 is a relay optical system composed of the first and
second relay lenses 28A, 28B, between which the reticle
blind 30 is disposed. The reticle blind 30, in which a
rectangular opening for defining a rectangular
illumination area IAR on the reticle R is made, is
disposed on a plane conjugate to the pattern surface of
the reticleAR, and is a blind whose opening is variable
in shape and set by the main controller 50 based on
blind-setting information also called masking information.
Disposed on the optical path of the illumination

light EL behind the second relay lens 28B forming part of

the relay optical system is the deflecting mirror M for
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disposed on a plane conjugate to the pattern surface of the retic_le R, and
is a blind whose opening is variable in shape and set by the main

~controller 50 based on 25 blind-setting information also called masking

information. Disposed on the optical path of the illumination Iight EL
behind the second relay lens 283 formingpart of the r_elay_ optical system
is the deflecting mirror A for 47 reflecting the illumination _Ilght having
passed through the second relay lens 28B toward the reticle R, and on

therepticat patrpofthe ilhﬂminati(mat'tgthli@@@n@ihqq@{;:rg{é\/l Jdheseq
condenser lens 32 is disposed. 5 In the construction des_crlbed aboye, the
incidereB28uriate BEFRITR-&yeliRls 221the piibetonwhich the reticécle R,

compiaais o caeh bar “WhTE 1o Momiriin LrAEE ARG ot eah

conjugate to each other, wh

planendm0 the exit side-ofithe fiy-eye dens-22 fhe pupil p@é‘eff’% Besposed.
illumination optical system) and the Fourier transform plane of the

projection éptical Systens PEthe iexit pupikplabe)areroptieallyrconjugate dence
to gacl} other 2 dhthe form a Koehler iIIumin_ation system. 15 The _
operation of thé ?furﬁin%ﬁré’rf Gpficat SYSterr hating (R ap6veosondtuctionhe

Wik ri jefly, in thesfollowing, Th erbeam LB emitted in
pulsie(fﬁﬁgf a%qllg%t%gurcgi% igBr\r%\{agtlj(g’]éiinC|Si e%r]i 5 the glggrﬁ Ihapingace of

illiminanee-Uniferralizing opticat systema2,30.udich shapes the grass.

sectign thereof, and then is made incident on the fly-eye lens 22. By this,

thgaé&ﬁuﬁﬂ§ illuminant surface formed on the focal plane on
the exit side of the fly-eye lens 22 (the pupil plane of
the illumination optical system) and the Fourier
transform plane of the projection optical system PL (the
exit pupiliplane) are optically conjugate to each other,
and these fofm & Koehler illumination system.

The operation of the illumination optical system
having the above construction will be described briefly
in the following. The laser beam LB emitted in pulse out
of the light source 16 is made incident on the beam-
shaping, illuminance—uniformalizing optical systemAZO
which shapes the cross section thereof, and then is made
incident on the fly-eye lens 22. By this, the secondary
illuminant is formed on the focal plane on the exit side
of the fly-eye lens 22.

The illumination light EL emitted out of the
secondary illuminant passes through an aperture stop on
the illumination-system aperture stop plate 24, the first
relay lens 28A, the rectangular aperture of the reticle

blind 30, and the second relay lens 28B in that order and
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illuminant is formed on the focal plane on the exit side of the fIy-eye lens
22. The illumination light EL emitted out of the 25 secondary illuminant
passes through an aperture stop on the 1 uminat on system apertu.re stop
plate 24, the first relay lens 28A, the rectangular aperture of the reticle

“blind 30, and the second relay lens 28Bsig that order and 48 then is

def-ected vertically and toward be-ow by the mirror M and, _after_pas_sing
through the condenser lens 32, illuminates the rectangular |IIu_m|nat|<_Jn
arealAREoR fié LieticlecR Melitarrthel reticlecstagevRST. b AlreticleR ise

loaded onjp the reticle stage RST and is held by electrosnatic chuck, .
\ga*cﬂﬁ?ﬁ:cﬁjcino@{’thg%ﬁk%%n&a%%.%Or\éf?c Stage RoFRNser lens 32,

consircted tos berable-to-be fi Iyégwfﬂiwﬁ@ggnggm%?%%n R,.on the
horizontal plane (an X-Y plane) by a driving system _(net 10 shown). Itis
remidrked thatthépositiontef thesreticle stagecRSTRisrmeasured by a

position detector such as a reticle laser interferometer with given

resolving pbfier Ve ., J035 e Rt to sapply ﬁié%éamreﬁr@m; nlesygis BST
el sonieoler 50,15 s poterhal the materl for he iR

depends on the light source use at IS, when A

excimerdaserds used as thelight+seurce ssynthetig gpartz, flugride crystal, .

such as fluorite, fluorine-doped quartz or the like can be used 20 Wh_llez
RPeR PR adser Reusbiraslhedight sourcenfiuonidé nerystat suchoas flaerite,

ﬂ%%@?%ﬁ@gﬁdgfggéoﬁgﬁfx—y plane) by a driving system (not
shown). It is remarked that the position of the reticle
stage RST is measuredvby a position detector such as a
reticle laser interferometer with given resolving power
cf, e.g., 0.5 to 1nm to supply. the measurement results to
the main controller 50.

It is noted that the material for the reticle R
depends on the light source used. That is, when ArfF
excimer laser or KrF excimer laser is used as the light
source, synthetic quartz, fluoride crystal such as
fluorite, fluorine—doped quartz or the like can be used
while, when F, laser is used as the light source, fluoride
crystal such as fluorite, fluorine-doped quartz or the
like needs‘to be used.

The projection optical system PL is, for example, a
reduction system that is telecentric bilaterally, and the
projection magnification of the projection optical system
PL is, e.g., 1/4, 1/5 or 1/6. Therefore, when the
illumination area IAR on the reticle R is illuminated

with the illumination light EL as is described above, the
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like needs to be used. The projection optical system FL is, for example, a
reduction system that is telecentric bilaterally, and the 25 projection
magnification of the projection optical system. FL is, e .q., 1/4, /5 or 1/6.
Therefore, when en the illumination area IAR on the reticle R is i raate d
J~am'nt ed w .. the illumination lightEL as --s described above, the 49
Enage of the pattern on the reticle P is reduced to the projection
magnificati%n times the original size and projected and transferred by the

projection optical Syateri PL Shto & Fedtd éﬁlh?aﬁgaiﬁﬂ\ bREwaferw the
coated Swith 2 resist (photosensitive material), whicharea 'éiyéu%'!yd

coincides with a shot area. The projection optical system FL is a refractive
systenceomposed of aphurbdity efirefractihg opticaledevicas d3t(lens!

devic sé)meEg. about 10 to 20 ones, as 10 shown in Fig. 2. A plurality of
lehs devices 131 137 133 134 (comsidering folir GRed féfthesdikestated

brief: descriptions in the,ebiect-plane side (raticle; R:side) af; the projection
optical system PL out of the plurality of lens devices 13 are movable
lenses that cantbe driven'blts andimagirgeelaracteristic correcting
controller, 4}18@: The_ lens devices 131 through 134 are held in a lens-barrel

via double-strctared lend hSllsrs (ot SREWR) respetiivaly " Srhediehs e
devieesr 3304825134 of thessr aresheld pydener. lens-halders, gagh.of

which is supported at three points
devices 13 (lens devices), e.g. about 10 to 20 ones, as
shown in Fig. 2. A plurality of lens devices 1341, 132, 13s,
134 (considering four ones for the sake of brief
description) in the object-plane side (reticle R side) of
the projection optical system PL out of the plurality of
lens devices 13 are movable lenses that can be driﬁen by
an imaging-characteristic correcting controller 48. The
lens devices 13; through 134 are held in a lens-barrel via
double-structured lens holders (not shown) respectively.
The lens devices 13;, 13,, 134 of these are held by inner
lens holders each of which is supported at three points
a§ainst a respective outer lens holder by driving devices
such as piezo devices (not shown). By independently
adjusting the voltages applied to the driving devices,
the lens devices 134, 132, 134 can be shifted in a Z-
direction, the optical axis direction of the projection
optical system PL and tilted relative to the X-Y plane,
that is, rotated about the X- and Y-axes. The lens device
133 is held by an inner lens holder (not shown), and

between the outer-circle side face of the inner lens
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20 against a respective outer lens holder by driving devices such as piezo
devices (not shown). By independently adjusting the voltageg app_lled to
the driving devices, the lens devices 131, 132, 134 can be shifted in a 2-
direction, the optical axis direction of the projection 25 optical system PL
and tilted relative to the X-Y plane, that is; rotated about the X- and
Y-axes. The lens device 133 is held by an inner lens holder not shown),
and between the outer-circle side face of the inner lens 50 holder and the

innec-Citele sidel face-ofithe outer jens: holder driving.devices suchas, . -
piezo devices are disposed at almost regular pitches each of which

covEr$ 9& anglelofieg. A0 degrees. And ada'ustﬁngzthed@ltageggap@lied
to two opposite driving devices the lens device 133 can be shifted _
tw%ﬁﬁgr?sﬁéna y iﬁi%‘@%Yﬁ% SPhePdther s tevites L34 Heldipvers

theslens harrel. via auisyal legs helder. Jtis noted,that not being limited to, .
the Iensrg%vices 131 tﬁ%ugh 134,%nses 10 near t ejf)lusplllﬁ]%e, o in O+tages

thexipragesplane side; of the projectior optieal SystemBt Gf130 lens device
aberration-correcting plate (optical plate) for correcting the projection

opticdl §i¥teMFISMtEHRS of YBeRaftRn 8épacially clockwise asymetroe .

componen reqf y.be 15 constructe be .able to be driven. ~
Furthermor&eggt\ehg %éle%}?eé of reéﬁggrﬁ %?%cc)llst‘e? oaplflgapcﬁagﬁcejsr](tﬂbklﬁur}lﬁélﬁ

of rtirections inawhichdioe mewable)dnay be one argmare: thanthree, ot

being limited to two or three. Moreover, near the pupil plane of the

F”a@émg1limited to the lens devices 13, through 134, lenses
near the pupil plane, or in the image plane side, of the
projection optical system PL or an aberration—correéting
plate (optical plate) for correcting the projection
optical system PL in terms of aberration, especially
clockwise asymmetric component thereof, may be
constructed to be able to be driven. Furthermore, the
degree of freedom of those optical devices (the number of
directions in which to be movable) may be one or more
than three, not being limited to two or three.

Moreover, near the pupil plane of the projection
optical system PL, an aperture stop 15 whose numerical
aperture (N.A.) i1s wvariable continuously in a
predetermined range is disposed, is a so-called iris
aperture stop, for example, and is controlled by the main
controller 50.

It is noted that the material for the lens devices
of the projection optical system PL is fluoride crystal

'such as fluorite, fluorine-doped quartz, synthetic quartz,

or the like when ArF excimer laser or KrF excimer laser
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20 optical. system PL, an aperture stop 15 wh_ose numeripal -aperture
(N.A.) is variable continuously in a predetermined range is dlsposedZ isa
so-called iris aperture stop, for example, and is controlled by the main
controller 50. 25 It is noted that the material for the lens dew_ces of the
projection optical system PL is fluoride cr;gsé?l s_uch as quontfa, _
fluorine-doped quartz, synthetic quartz, or the like V\_/hen_A.r_ excimer
laser or Krl excimer laser 51 is used as the illumination light EL or, when

F2 laset saised, iyerida aryatahsus a5 fuodie orghiorne-doped, quanz -,
The wafer stage WST is constructed to be driven 5 reely’on the X- |
two:dirrensidnal plaiie by nsvafer-stage drvitig perion S6JRCIUUING A ne-doped
linear m%tor, and on a Z- tilt stage 58 mounted on the wafer stage WST, a
wafet W & held via a wafer holder (not shown) by electrostatic chuck,

vacuum ch or j ur more, the Z-tilt stage 58 is ,
(:onstructeciElj| % %ﬂe%e&%k% %gdr%)s%:%ﬁeé in e XY Blgﬁ%%nttﬁe Qrafgriven

stafyesW/ BT and thbe tilted telativeitadhe Xox plane as, wel Satov%efer——stage
‘movable in the Z-direction so that the surface of a wafer W™held on the

Z-fiF 5B P CHTben 5ot Ana bpedified posiiior épositiondn thend on 2 7-

Z-directiopn, and tilt to the X-Y plane). Moreover, -fixed on t_he Z-tilt stage
58qiérﬁaqm§\$a & r%%rrénro%?t%r()odbht’\\f?ﬁicﬂaaf\ﬁéfeFTa%%?|H17é:r?eroﬁ1é’f@rfer W

54véex@n@&%&@saom%t@@aﬁaﬁééQe99®H°%Hé&%%x£y electrostatic
chuck, vacuum chuck or the like.

EUrthermore, the Zz-tilt stage 58 is constructed to
be able to be positioned in the X-Y plane on the wafer
stage WST and to be tilted relative to the X-Y plane as
well as to be movable in the Z-direction so that the
surface of a wafer W held on the Z-tilt stage 58 can be
set at a specified position (position in the Z-direction
and tilt to the X-Y plane).

Moreover, fixed on the Z-tilt stage 58 1is a movable
mirror 52W, through which a wafer laser interferometer
54W externally disposed measures the position in the X-
and Y-directions and 8; direction (counterclockwise about
the Z-axis) of the zZ-tilt stage 58, and position
information measured by the wafer laser interferometer
54W is supplied to the main controller 50, which controls
the wafer stage WST (and the Z-tilt stage 58) based on
the position information via the wafer-stage driving
portion 56 including the driving systems of the wafer
stage WST and the Z-tilt stage 58.

A reference mark plate FM having reference marks
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20 and Y-directions and Oz direction (countercicckwise about the Z-axis)
of the Z-tilt stage 58, and position information measured by the wafer
laser interferometer 54W is supplied to the main controller 50, which
controls the wafer stage WST (and the Z-tilt stage 58) based on _25 the
position information via the wafer-stage dgying porti_on 56 including the
driving systems of the wafer stage WST and the Z-tilt stage 58. A
reference mark plate FM having reference marks 52 including one for

'basedinedneasuement is dispesedion the Zstilt-stage b8 such thatthe y o,

surface thereof substantially coincides in height with the surface of the:

waférWz 5t Wave rsit-aberratioh mdasuring enit 80 thatds tattachable

and detachable and portable is disppsed on the side face in the +X

dirggqur% Spééh%az?-ﬁpfs?a%%%?ﬁﬁhfﬁd@%ﬁ%tdry\fv% ofFig - faee of the
waye feantgaberration measuring unit 80, as 10 shown in Fig. 3, .
comprises a housing 82, a light- receiving optical system. 84 c_qmposed of

a plurality 8f ‘optieal tevitesarranged ina predetermingd positional that is
relation in the housing 82, and a light-receiving portion 86 arranged in the

endif e &Y direthion Of irhélshiy AP Phig 1o Ss sﬁt%ﬁ?@ﬁ@fiﬂ?n the

/ . i Vi ed lIke an
e s (3 e 3 (ebTen) Tarcat, ar Spbning B2airER i
circulaglirt aplateview isRadersring of Fig. 2).

The wave-front-aberration measuring unit 80, as
shown in Fig. 3, comprises a housing 82, a light-
receiving opticél system 84 composed of a plurality of
optical devices arranged in a predetermined positional
relation in thé housing 82, and a light-receiving portion
86 arranged in the end in the +Y direction of the housing
82.

The cross section along the Y-Z prlane of the
housing 82 having a space therein is shaped like an “L”,
and in the topside (in the +Z direction) thereof, an
opening 82a which is circular in a plan view is made so
that light from above the housing 82 can be made incident
through it. Furthermore, a cover glass 88 is provided so
as to cover the opening 82a from inside the housing 82.
Formed on the upper surface of the cover glass 88 by
deposition of metal such as chrome is a shielding
membrane having a circular opening in the center thereof,
which stops unnecessary light from entering the light-
receiving optical system 84 in measuring wave-front

aberration due to the projection optical system PL.
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20 that light from above the housing 82 can be made incident through it.
Furthermore, a cover glass 88 is provided so as to cover the opening 82a
from inside the housing 82. Formed on the upper surface of the cover

glass 88 by deposition of metal such aBS chrome is a shielding 25
membrane having a circular opening in the center thereof, which stops
unnecessary Light from entering the light- receiving optical system 84 in
TeasuringavavEJrant, ORI AU I0ie PUISEIN ORIPALAYREM I an
SZ The light-recéiving optical sys?em 84 comprises an objecfive %ns%ﬁa,
aelaydens 84k randa deflecting) ajrrore84c, svich arearsangediia thatn
order from under the cover glass 88 in the housing 82, and a collimator 5
Tehs8Ad & a ricio-lens akray 8w gichi are tHresngedde thaf vederwonde r

he +Y side of the deflecting mirror 84c. The deflecting mirror 84c is fixed
e S B o AL Caa L HATHE Zodnd 9 (T e gt

incideny yertically fro above, an the.gbjectivedens 84a 10 is deflegted | - 4
toward the collimator lens 84d. It is noted™ that the optical elements of tﬂg

lightereeeivimgapticah system+84 aredfixed Dntthe innef walliofthe haousing: s4c.
82 via holdin members (not shown). The micro lens array 84e has a '
Pititafity of sFaltonvés Eised tlens delicssr1s arranded mrarragapons 45

aiang perpandiouay 19.he, optical pat. The ight receiling portion 86
comprises a light- recelving device such as two dimensiona an
electriteitcuitsstenas a chargenfranséer-Lontroling objective lens 84a
is deflected toward the collimator lens 84d. It is noted
that the optical elements of the light-receiving optical
system 84 are fixed on the inner wall of the housing'82
via holding members (not shown). The micro—leﬁs array B84e
has a plurality of small convex lenses (lens devices)
arranged in an array on a plane perpendicular to the
optical path.

The light-receiving portion 86 comprises a light-
receiving device such as two-dimensional CCD and an
electric circuit such as a charge-transfer controlling
circuit. The light-receiving device has a size enough to
recelve all rays of light sent from the micro-lens array
84e after having passed through the objective lens 84a.
Data measured by the light-receiving portion 86 is sent
to the main controller 50 via a signal line (not shown)
or by radio.

The wave-front-aberration measuring unit 80 can

measure the wave-front aberration due to the projection

optical system PL while the projection optical system PL



20 c__rcuit. The light-receiving device has a s=ize enoug_h to receive all
raysa light sent from the micro-lens array 84e after haylng pasggd
through the objective lens 84a. Data measured by the Ilght-recelvmg
portion 86 is sent to the main controller 50 via a s_lgnal I_|ne (not shown)
25 or by radio. The wave-front-aberration )easuring unit, 80_ can
measure the wave-front aberration due to the projection optical s, stem

PL while th.,t=on optical s r ,~ Gl _ G project-,on optical ,.,stem ~? T 54 is

fixegldn m&@&pqwr%r?@p@@%&%j@QBEXTEQ%E‘%%%% Ot%_)% asurli.rl;ll% thrr?ethod

wave-front aberration due to the projection optical system
wave-front abeiration meeasuring nit 80 wilkbe-descsibed Jatek S +he

y using the

Referring back to Fig. 2, the exposure apparatus 122- further comprises

an BbIiqUE intREnee tysedf mifti- feeusipdiitiohedetecticresystern - front -
compesed;efalighfe souree g?gfg by ghe main ég:or?]tgrl’oe”{é%gglfolrﬁ]%r .

illumination system 60a for sending out imaging b

5 lot of pinhofesareslit images: daward thegimage plape of B@J}ec%ggaratus
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optical system PL and in an oblique direction to the optical axis AX,"and a
|igHt-2?éceﬁ%ﬁefé%te%%%i@ﬁ@c@wingqhéqmgmg@emmew bY multi-
the ce of the wafer W, the multi-focus 15 posmqn detection system

bei%%tﬁsn pR/OcSajﬂ%eéi GG etdttion L5 IRPENaREr. TheFodusoht

detestion system: {60a, 60b)has the same cansirystion asis disclosed in,
illumination system 60a for sending out imaging beams,
which form a lot of pinhole or slit images, toward the
image plane of the prdjection optical system PL and in an
oblique direction to the optical axis AX, and a light-
receiving system 60b for receiving the imaging beams
reflected by the surface of the wafer W, the multi-focus-
position detection system being simply called a “focus
detection system” hereinafter. The focus detection system
(60a, 60b) has the same construction as is disclosed in,
for example, Japanese Patent Laid-Open No. 6-283403 and
U.S. Patent No. 5,448,332 corresponding thereto. The
disclosure in the above U.S. Patent is incorporated
herein by reference as long as the national laws in
designated states or eleqted states, to which this
international application is applied, permit.

The main controller 50, upon exposure and the like,
controls the Z-position and the tilt relative to the X-Y
plane of the wafer W via the wafer-stage driving portion
56 based on the focus deviation signal (defocus signal)

such as an S-curve signal from the light-receiving system
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for example, Japanese Patent Laid-Open No. 6-283403 and U.S. Patent

No. 5,448,332 corresponding thereto. The 20 disclosure in the above U.S.
Patent is incorporated herein by reference as long as the national laws in
designated states or elected states, to which this international application
is applied, permit. The main controller 50,:upon exposure and the like, 25
controls the Z-position and the tilt relative to the X-Y plane of the wafer W
via the wafer-stage driving portion 56 based on the focus deviation signal

(defoeusssignal) nsuch-as-an Scelve signat frem the lightrecelving system, .,
55 60b such that the focus deviation becomes zero, by which auto-focus

an@ @uto-fevelifg are! performed: Waitthegmerss  the nfaimmoentrolier:5the rmore,
megahsgres the Z-position of the wave-front-aberration measuring unit 80

and positions. t By asing e LR URELIBH syS@nT (60RS s6BWherE the
measysng £ z rati ibed.later.. Here, the tilt of .
the Wave-fro%%iﬁﬁiﬁ?gﬁtﬁgiiﬂﬁ%% QL? nfi![fg mq%/laﬁsiége ?nnéls}a?es& Fflons‘ 1t
nebessaFyThe expdsure apparaius 1221 furthesgomprises a0pl0 yhen
alignment system ALG an off-axis type for measuring the positions of,
e.JCaRGHMERt hAKs'GY 8 WaternW [élg Wit thekafes stige WSTeahdltheer .

re ce k formed the reference mark plate FM. The alignment
syf};}:}tée%rj1125 AL@% féoﬁ rJIT:]tI?A ?%l]eﬁ?‘ i?ngzgaev,slig%n%)éln ) sazjneslfﬁ of 4R imAge I8 ing

pracessirgptypeywhich dirpetsine gsa-detection beam -whose frequency
band is broad for resist on the wafer not to sense to a target mark and
Whmhpkmghﬁ”ﬁﬁgﬁgqﬁe apparatus 122; further comprises an

alignment system ALG of an off-axis type for measuring
the positions of, e.g., alignment marks on a wafer W held
on the wafer stage WST and the reference mark formed on
the reference mark plate FM. The alignment system ALG is
an FIA (Field Image Alignment) sensor of an image-
processing type which directs, e.g., a detection beam
whose fréquency band is broad for resist on the wafer not
to sense to a target mark and which.picks up images of
the target mark formed on the receiving plane by the beam
reflected from the target mark and an index (not shown),
by a pick-up device (CCD, etc.) with outputting the pick-
up signals thereof. Not being limited to the FIA system,
an alignment sensor which directs a coherent detection
beam to a target mark and detects the‘beam scattered or
diffracted from the target mark or an alignment sensor
which detects the interference of two order sub-beams
(e.g., of the same order) diffracted from the target mark
or the combination of the two may be used, needless to

say.



the target mark formed on the receiving plane by the_ beam reﬂected from
the target mark and an index (not shown), 20 by a plck-gp dgw_ce (CCD,
etc. ) with outputting the pick- up signals thereof. Not being I|m|teql to the
FIA system, an alignment sensor which directs a coherent (_jetectlon
beam to a target mark and detects the beg%n scattered or dlffracted from
the target mark or an alignment sensor 25 which detects the interference
of two order sub-beams (e.g., of the same order) diffracted from the

target markuor ghe-cembination of the two.may begused, 'E!%%d'&%%??oﬁ;‘

56 Moreover, above the reticle R in the exposure apparatus 122

embpBEmFerita paiaf reficleh akigrmmentdnicroscppes ot shewny @@@% le
constituted by a TTR (Through The Reticle) alignment optical system for

5 sw?ul nrrlrf“e“or}/usly SESSIINGRERtiICRYhafAd G the reficle REamdt atuted by a

COW@@@O(@I{}%[&({QI‘%Q rﬁgré(lq{lg?e rggf?r%%%eemark late thro gjht ﬁ%{eg for

projection optical system PL using light having the sa sa & \Waveld

expposureé tightares pyovidec rfhenreticle aligneeat picreseppe-has ther s 1. g
same 10 construction as is disclosed in, for example, Japanese Patent
Laﬁj“épén o P62 8 e w%f@ﬂa@émwona%4@msm@rreepsamn@e mark

ur n the above U.S. Patent is incorporated herein by
?egrjltc%ria%(# 98 i & n&tional AW deRiyhated SUEHr dected 183

smmegﬁekuehﬂysﬁH@”E@ﬁ@aM§¥$§%%§EE %EM@@pBEG@é 1% ht are
control system includes the main controller 50
provided. The reticle alignment microscope has the same

construction as is disclosed in, for example, Japanese
Patent Laid-Open No. 7-176468 and U.S. Patent No.
5,646,413 corresponding thereto. The disclosure in the
above U.S. Patent is incorporated herein by reference as
long as the national laws in designated states or elected
states, to which this international application is
applied, permit.

The control system includes the main controller 50
in Fig. 2 which is constituted by a work station (or
microcomputer) comprising a CPU (Central Processing Unit),
ROM (Read Only Memory), RAM (Random Access Memory), etc.,
and which controls the entire apparatus overall as well
as the above operations. The main controller 50 controls
between-shots stepping of the wafer stage, exposure
timing and the like overall.

Furthermore, for example, a stbrage unit 42
constituted by hard disks, an input unit 45 comprising a
pointing-device such as the mouse, a display unit 44 such

as a CRT display or liguid-crystal display, and a drive
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in Fig. 2 which is constituted by a work station (or microcomputer)
comprising a CPU (Central Processing Unit), 20 ROM (Read Only
Memory), RAM (Random Access Memory), etc., and which controls the
entire apparatus overall. as well as the above operations. The main
controller 50 controls between-shots stepping of the wafer stage,
exposure timing and the like overall. 25 Furthermore, for example, a
storage unit 42 constituted by hard disks, an input unit 45 comprising a

painting-device stiefras the modse oa displaynitidd sueh asa ERTroM, Dvp-
displ,y ay or li u_d-C q rystal_ display, and a drive 7 unit for
inforhatitfr-recdtdingtifiediasteh s G DRROMN, DVMDRROMME; FDhetonain
are externally connected tp the main, controller 50. And the main

controfér gcl)b%srccr)%r?)néc%enag v&%ﬁh@‘iﬂ\l T78 5 RhifrormAatidrirécording ted
medium pravidedinthe drive unit 46 'hereinafter, CD-ROM for the sake of
convenience) stores a conversion program (hereinafter, called a "first

program” for the Sakenet-danvenience}ifor gconvetting positionideviationsnh e
measured by the wave 10 front-aberration measuring unit 80 as described

lafer o Eoefficiefits Ghe Z8rike polyRBATATHe Seddrl arickthire
eXROSHES appAIAIUSEs 1,222, %2%%Hmaevgst2§§§g§c§§§g uctionas e ...,

exposure apparatus 1-221. Next, the met ring
wave-fretit-aberration: 1516 dheexpassire apparsius:1221 thwauah1223.c) ror

upon maintenance, etc., will be described assuming for the
converting position deviations measured by the wave-
front-aberration measuring unit 80 as described later
into coefficients of the Zernike polynomial.

The second and third exposure apparatuses 122,, 1223
have the same construction as thé exposure apparatus 122;.

Next, the method of measuring wave-front-aberration
in the exposure apparatus 122 through 1225 upon
maintenance, etc., will be described assuming for the
sake of simplicity that the wave-front-aberration due to
the light-receiving optical system 84 of the wave-front-
aberration measuring unit 80 is hegligible.

As a premise, it 1s supposed that the first program
of the CD-ROM in the driving unit 46 has been installed
in the storage unit 42.

Upon usual exposure éperation, because the wave-
front-aberration measuring unit 80 is detached from the
Z-tilt stage 58, a service engineer, operator or the like
(hereinafter, called “service engineer, etc.,” as needed)
first attaches the wave-front-aberration measuring unit

80 to the side face of the Z-tilt stage 58. Here, the
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sake of simplicity that the wave-front-aberration due to _ the Iight—re_celvmg
optical system 84 of the wave-front- aberration measuring unit 80 is
negligible. 20 As a premise, it is supposed that the' first program of.the
CD-ROM in the driving unit 46 has been installed in the storage unit 42.
Upon usual exposure operation, becauseé e wave- front-aberrat_lon
measuring unit 80 is detached from the 25 Z-tilt stage_58, a service )
engineer, operator or the like (hereinafter, called "service engineer, etc.,

asme@lemcmtﬁta@begm%W%A@{m—%@s@@w%%S%fisngf‘i@t 019 .

the side face of the Z-tilt stage 58. Here, the 58 wave-front-abéerration _
mESERRGLSC & fixetkareacpredetefmined raterence, swfaces(hgeiace in
thetﬁidef ce in the +X direction) by bolts, magnets or the like, SO t_hat the
wavesfront-aberfatioh HeadtifingUritseo SsPBepst iR’ plaee Within theo that

strgke d&lﬁé%c%?%m@-‘%@(@ E?@@fo%ls-rﬁg rg(fjh% 'igg?ig eoéf% yhen vput in

an be
measuring the wave-front- aberration. fing

attathing, thicimain coatrelerdif; agsardingde agpeaswementstart , o ygr
command 10 inputted by the service engineer, etc., moves the wafer

stdge ST Vinlthe SateR skl diivirg portiomB8 syctt ithatthee - front -
W%\@-ﬁ_rgglﬁz}% rration measuring unit 80 is put underneath the alignment
systeem ALG, (?é'tects an alignment mark (not shown) provided on the

wave-fronkahestation:1% measuring 4nit 80 by the alignment system ALS,
and, based on the detection result and values measured a- the same

controller 50, according to a measurement-start command

inputted by the service engineer, etc., moves the wafer
stage WST via the wafer-stage driving portion 56 such
that the wave—frqnt—aberration measuring unit 80 is put
underneath the alignment system ALG, detects an alignment
mark (not shown) provided on the wave-front-aberration
measuring unit 80 by the alignment system ALG, and, based
on'the detection result and values measured at the same
time by the laser interferometer 54W, calculates the
position coordinates of the alignment mark to obtain the
accurate position of the wave-front-aberration measuring
unit 80. And after the measuring of the wave-front-
aberration measuring unit 80's position, the main
controller 50 measures the wave—front~aberration in the
manner described below.

The main controller 50 loads a measurement reticle,

on which pinhole features are formed, (not shown; called
a “pinhole reticle” hereinafter) onto the reticle stage

RST by a reticle loader (not shown) . The pinhole reticle

is one on the pattern surface of which pinholes are
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time by the laser interferometer 54W, calculates the position coordinates
of the alignment mark to obtain the accurate position of the
wave-front-aberration measuring 20 unit 80. And after the measuring of
the wave-front- aberration measuring unit 80's position, the main
controller 50 measures the wave-front-:ag%rration in the manner
described below. The main controller 50 loads a measurement reticle, 25
on which pinhole features are formed, (not shown; called a "pinhole

retiglerhegeingfter) PN Qﬁﬁ%t'%% SIage;, RST hy.a reficle IO%gee é (r_]LOCT{e ntical
shown). The pinhole reticle is‘one on the pattern surface of which
pinboleshare 50l dorimedinca phurality Dhpointsawithia anwaieaideMicak 0 pe i ng
the illumination area TAR, each of the pinholes being an ideal point

illufrfinartSd pro#iting ‘el spHerrarwave. Pisatbted trat a diffosioncal wave.
late, for example, is .5 proyvided on the er surface of the pinhole _
plate ? L note%ét 9 a dlé%ﬁglﬁﬁbﬁ%é&éﬁt Oﬁnﬁé&ﬂﬁle’ is

a
reticle so that the wave front of the beam pass

optical syatem B andthegmave-frants aberrgtion gan be measured forall,
N.A.'s of the projection optical system PL. 10 After loading the pinhole

reticlé thé brail aaentiotien 50 eletddts theersticleaadighment mark of theh e
pinhole reticle by the reticle alignment microscopes and, based on the

detection Te8qIt paRitibns the Phche Fetididth & Peditdmiinad pbsition,
sodhatthecepierdaofdbe pinhole teficle, aimost cgingideg with the optical
axis of the projection optical system PL.

projection optical system PL.

After loading the pinhole reticle, the main
controller 50 detect; the reticle alignment mark of the
pinhole reticle by the reticle alignment microscopes and,
based on the detection result, positions the pinhole
reticle in a predetermined position, so that the center
of the pinhole reticle almost coincides with the optical
axls of the projection‘optical system PL.

After that, the main controller 50 gives control
information TS to the light source 16 to make it generate
laser beam LB. By this, the pinhole reticle is
illuminated with the illumination light EL from the
illumination optical system 12. Then light from each of
the plurality of pinholes of the pinhole reticle is
focused through the projection optical system PL on the
image plane to form a pinhole image.

Next, the main controller 50 moves the wafer stage
WST via the wafer-stage driving portion 56, while
monitoring measurement values of the laser interferometer

54W, such that the center of the opening 82a of the wave-
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After that, the main controller 50 gives control information T_S to the Ilght
source 16 to make it generate laser beam LB. By this, the plnhple retlple
is 20 illuminated with the illumination light FL from the illumination qptlcal
system 12. Then light from each of the plurality of pinholes of the plnhole
reticle is focused through the projection opgjcal system PL on the image
plane to form a pinhole image. 25 Next, the main (_:ontroller 5_0 moves the
wafer stage ''NS'l via the wafe -stage driving portion 56, while monitoring

measuremenyaluesiofthalaser interferometers 54\, such thcaé{%%ideF with

center of the opening 82a of the wave 60 front-aberrqtlon measuring uni
80 Bltfostevingidewith tthelimagingrpaintavhere andmageof agivelble on
pinjgtgle on the ginhole reticle is formed. At the same time, the main

controlle? 50 el moves ife Zilt't4geess inthe 25 direatontiiathe the main

lving gOKiQNn.56,b n . the detection result of the focus B
\évgtgeqc{{%;%gs%sgt%\ﬁ] %%a?qgl&)%%uc%%%agt tﬁ:eH Sp[?er%ﬁ%écg b?ggve'?Bngﬁ% ggie Z

of ther wavedrontabetiation afeasusng yait 80 coincides with, the kpage . 4 .

plane on which the pinhole images are -formed, 10 as \_/vell as _adjustlng
the" fifafGiE ot HheWatersstade WSThs riceded. By this;thedightkeam (604,

fro ' inhale are made incident through the center o ening of
theggg]/z%}g%ss %C8h 8% s ighthRE&iving ‘oplical sySten? Satard fesceivell of the

bythe bighfrieceiving-devea ohthglodightrepeiving paiop 86, The ..

operation will= be described in more detail
the image plane on which the pinhole images are formed,
as well as adjusting the tilt aﬁgle‘of the wafer stage
WST as needed. By this, the light beam from the given
pinhole are made incident through the center opening of
the cover glass 88 on the light-receiving optical system
84 and received by the light-receiving device of the
light-receiving portion 86.

The operation will-be described in more detaii
below. A spherical wave is produced from the given |
pinhole on the pinhole reticle. The spherical wave is
made incident on the projection optical system PL and
passes through the light-receiving optical system 84 of
the ane-front*aberration measuring unit 80, i.e., the
objective lens 84a, the relay lens 84b, the mirror 84c
and the collimator lens 84d which produces. parallel rays
©of the light that illuminate the micro-lens array 84e. By
this, the pupil plane of the projection optical system PL
is relayed to and divided by the micro-lens array B8de,

Each lens device of the micro-lens array 84e focuses

respective light on the receiving surface of the light-
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below. A spherical wave is produced from the given pinhole on the
pinhole reticle. The spherical wave'is made incident on the projection
optical system P_ and 20 passes through the light-receiving optical
system 84 of the wave-front-aberration measuring unit 80, i.e., the
objective lens 84a, the relay lens 84b, the mirror 84c and the collimator
lens 84d which produces parallel, rays .o? e light that i-luminate the
micro-lens array 84e. By 25 this, the pupil plane of the projection optical

SY%@E%E'V;;E e@!@ﬁ!é@ a@g d@é‘}%@ Qy %W&Gfg'lg%a%%ay?&lechga%heceiving
lens device of the micro-lens array 84e focuses respective |gT1t on the

receiving sarface of the light 51 receiving device to form a pinhole image

on the receiving surface. If the projection optical system PL is an ideal

optical system st doeRIRf tatse Bietwave-front ap@rrafiod; then ideal
wave:front takes an =deal shape (herein, a flat plane) on the pupil plane

of t etér%?efcti%% S%Sﬂnca %}a%teﬁolgﬁ %%%thﬁ?fﬁeg pg%ﬁeiﬂr%\yg BL%p Oenﬁjht'

incident endthermicroriensarayr84a.¢ome te forpya splane Wéﬁgﬁ\@th Herein,
ideal wave-front, in which case a 10 respective spot-image (hereinafter,

also caled &lspot’) isnasskowminiEigrdAnformed omethe opfieal taxisof

each lens gevice of the micro-lens array 84e. However, because the

projR&tSHopticht s5&tert PLAGS aﬂ?‘dﬁugé’sew%?é%ﬁﬁébéﬁéﬁ)n? thethe
wayvesfrent 1o fosmed by theparallelraysof the H@Fé’;}c'%%%t MME to form a

micro-lens array 84e deviates from the ideal wave-front,
plane wave with an ideal wave-front, in which case a

respective spot-image (hereinafter, also called a “spot”)
is, as shown in Fig. 4A, formed on the optical axis of
each lens device of the micro-lens array 84e.

Hdwever, because the projection optical system PL
usually causes wave-front-aberration, the wave-front
formed by the parallel rays of the light incident on the
micro-lens array 84e deviates from the ideal wave-front,
and according to the deviation, that is, the tilt angle
of the wave-front to the ideal wave—frbnt, the imaging
point of each spot deviates from the optical axis of a
respective lens device forming part of the micro-lens
array 84e as shown in Fig. 4B. Here, the deviation of
each spot from the respective reference point corresponds
to the tilt angle of the wave-front.

And the light-receiving device forming part of the
light-receiving portion 86 converts light (beam for the
spot image) incident and focused on each focus point
thereon into an electric signal, which is sent to the

main controller 50 via an electric circuit. The main



and according to the deviation, that is, the tilt angle of th_e wave-front to
the ideal wave-front, the imaging point of each.spot deviates frpm the
optical axis of a 20 respective lens device form_ng‘part of the mlcro-len;
array 84e as shown in Fig. 4B. Here, the deV|at|_on of each spot frorrf] the
respective reference point corresponds  tothe tilt angl_e of the wave-front.
And the light-receiving device forming part of thg 25 light-receiving portlc;]n
86 converts light (beam for the spot image) incident and focused on eac

focas poins lthereqruinioan glestricsignal, which js sent to the, main .
contro?ler 50 via an electric circuit. The main GZBCor?trcﬁ%r % lc%?cu?gtegac

he R&ging Positiorrof daeh espot based endhe elestrie signal andthen a;
po%tion eviation (A, Ajl) based on the cglculation result and knovyr_1
posﬂelaafr% data of tlilé(? spettivBIsRferie (dift arils stbrdsi the position: and

deviati Al insthe  dyring which the main controller 50 ‘
r:c:ﬁ%/??za(%gﬁggégbr:girﬁé r%ea%%re%?ﬁlgntr\?aﬁeeég,l\‘r’)efrgrﬁjiﬁé‘%&‘é? point and

S interteroateteh S4W sAfter dhe M@V@é@f@ﬁb%@;i_ogme@wi@% g_n'&;{ggh 1%uriﬁg
has measured the position deviations of the spot images for the imaging
poifit bF the GiveRpithoRetkiennaihe sorftfolier 56 vavesthe wafer$aee i ng

' [ -front-aberration
W the center of the qpening 82a of the wave-frc
miﬁﬁ%ﬁ%ﬁ% glr?o%?céﬁétidsglsvit & intding BSIRE LS BEg MERrometer

pirfhile. After that, in the same way as

After the wave—front~aberratibn measuring unit 80
10  has measured the position deviations of the spot images
for the imaging point of the given pinholel the main
controller 50 moves the wafer stage WST such that the
center of the opening 82a of the wave-front-aberration
measuring unit 80 almost coincides with the imaging point
15 of a next pinhole. After that, in the same way as
described above, the main controller 50 makes the light
source 16 generate laser beam LB and calculates the
imaging position of each spot. For the imaging points of
the other pinholes the same measurement sequence is
20 repeated. It is remarked that in the above measurement,
the position, size, etc., of the illumination area on the
reticle may be changed for each given pinhole by using
the reticle blind 30 such that only the given pinhole or
some pinholes including the given pinhole are illuminated
with the illumination light EL.

After the completion of all the necessary
measurements, the RAM cf the main éontroller 50 stores

the position deviations (A, An) of the spot images for
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described above, the main controller SC makes the light source 16
generate laser beam LB and calculates the imaging position of each spot.
For the imaging points of the other pinholes the same measurement
sequence is 20 repeated. It is remarked that in the above_ measurement,
the position, size, etc., of the illumination area on the _retlcle may be
changed for each given pinhole by using the reticle blln_d 30 s_uch that
only the given pinhole or some pinholes including the given pinhole are

illuminated 25:with thesillumination &gh% EL, Affer the go I letion ofggll the

n 00 e data
necessary measurements, the RAM o tJhe main controller 50" Sforés TR

pogﬁomuewaﬁa@§@§W®5DﬁH)OEH53%3ﬁf@§@%%@ﬁ§§ HE&gﬁﬁgﬁént value
point of each pinhole and the coordinate datq of the imaging point (the
cortésporidinginessireshent value DESYI) measuréd bythedaser4W upon

int rometer 54W upon_measurement for the imaging point of the
pin?kfl%e ) ?\i%%ﬁhé%%aiﬁ%%nﬁ%@r%loﬁﬁ&ﬂe fitst Rrked e

main memery:and eoraputesnaccarding 19 the pringiple desgribed helow,
the wave-front (wave-front aberration) for the imaging points of the .

PirPOTes: §8. J'th!é:ﬁrsthﬂomghm'tmweas;arandntcpmmswﬁ?}n él&ﬁ:fﬁ;%&ﬁzhdg to
of the projection optical system PL, specifically, the coefficients of the

Ze% e%lé%%ﬁﬁa{i)egi\?eﬁfw AR=Eqistibr(4) ShGwiyBERW £ thd wave - £ ront

Se%@&%@h%rgpeﬁgienﬁgg th tne 37%]n§:e£m§fcqﬁgfédeqt 37’@3 , 1.e.

based on the position deviations (A;, All) %Ft e spot 15 |maggs fortné

imagingfpointtof €achyinhale andiBe surement points within the
field of the projection optical system PL, specifically,
the coefficients of the Zernike polynomial given by an
equation (4) shown below, e.g. the second term’s
coefficient Z; through the 37th term’s coefficient Zs-,
based on the position deviationé (AE, An) of the spot
images for the imaging point of each pinhole and the
coordinate data of the imaging point in the RAM by using
the first program.

In this embodiment, the wave-front of light having
passed through the projection optical system PL is
obtained based on the position deviations {A&,‘An) by
using the first program. The position deviations (A, An)
directly reflect the tilts of the wave-front to the ideal
wave-front to the degree that the wave-front is drawn
based on the position deviations (A, An). It is remarked
that, as 1s obvious from the physical relationship
between the position deviations (AE, Anm) and the wave-
front, the principle in this embodiment for calculating

‘the wave-front is the known Shack-Hartmann principle.
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coordinate data of the imaging point in the RAN by using the first

program. In this embodiment, the wave-front of light having passed

through the projection optical system PL is 20 obtained based on the

position deviations (Ay, Ail) by using the first program. The position

deviations (A4, Ail) directly reflect the tiltsgof the wave-front to the ideal
wave-front.to the degree that the wave-front is drawn based on the

position deviations (A~, Al). It is remarked 25 that, as is obvious from the
physical relatianship -hetweendhe position deviations, (A AT, andthe, .
wave- front, the principle in this embodiment for calculating the wave-front
Bfﬁ@%ﬁ%m@psﬁﬂ%Jé@ﬁﬁ%ﬂ@%ﬂh@@kﬁ6deMéﬁ¢ﬂunm8ﬂKKﬂ0be described
calggla(t?i%g the wave-front based on the above position deviations will be
described Kr’iefly. As described above, integrating the position 5

deviations (A, 4g [ o] 13 dtothe i .the wave-front, gives
the shape of the V\%&%ﬁ%ﬁi (%slgiéc%%r}sp‘eék%g%‘g\f}léb on}é\sﬁferorgloasrleéirgr?ce
platrev(ifeitieak plake)). At Weh yrindicatertbeywave-frent(deviaianss or the
from the reference plane) and k be a proportional 10 coefficient, then the

follsWiTgediiftions &)Y e3) exist. FoaRkvvp L. (2 ex wlickd rqB) 8ystrictly

Be§§%§%ﬁ§§0°$@¥¥§?@@@§o é%%$¥£n¥§%g¥ence plane (the ideal
plane)). Let W(x, y) indicate the wavé-front (deviatiohs
from the reference plane)vand k be a proportional

coefficient, then the following equations (2), (3) exist.

A§=k22—~(2)
' oW

A=k ...(3

n )

Because it is not appropriate to directly integrate
the tilts of the wave-front obtained only in the spét
positions, the shape of the wave-front is fitted by énd
expanded in a series whose terms are orthogonal. The
Ze;nike polynomial is a series suitable to expand. a
surface symmetrical around an axis in, where its
component tangent to a circle is expanded in a
trigonometric series. That is, the wave-front W is
expanded in the equation (4) when using a polar

coordinate system (p, 0).

W@ﬁ%gam@ﬁ)~«m

Because the terms are orthogonal, coefficients 2; of

the terms cdn be determined independently. The “i” may
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the tilts of the wave-front obtained only in the spot positions, the shape of

. the wave-front is fitted by and 15 expanded in a series whose terms are
orthogonal. The Zernike polynomial is a series suitable to expand a
surface symmetrical around an axis in, where its component tangent to a
circle is expanded in a trigonometric seéigs. That is, the wave-front W is
20 expanded in the equation (4) when using a polar coordinate system (p,
0). T(p,B)=Zi.f(0,9) ...(4) Because the terms are orthogonal, coefficients

+ ZiRf RBdhe terms can-be determines:independently. FHhe-1" way 85sort of
terminate at a certain number with an effect of a sort of filtering. The first

f tHroegh B87th fBms {Z<xf) arecshiown 3 AtTable 1% ekarples. AlthogdiPwn
the 37th term in Table 1 is, in practice, the 49th term of the Zernjke

IPolyfial 1 #F this BRbodiment 1tis tedted-atha ‘S7ih terat That 15 1

1 [his emhodiment there.isnojlimit tothe number,of the 1erms0tihe ynomiai,
Zernike polynomial. <<Table 1>>Z ZIfy 10 Zi 1 Zi9 (5p$-4p3) cos 30 Z2

1P cosi0:Z220(kpb-4p3):Sin839: £3 prsiz e 2143 5p6<20p2 +6pD)cos 26r L4t
2p2-1 722 (15p6-20p4+6p2) sin 20 Zs p2 cos 20 Z23

1 §35p6(PE-B 0PRSS CBsr- ZBFESin 20 272 (BE5p7160pS+3053-apYsin D of

4L BRE2D) 59s 0475, 10R8 LA0R0s DopE20p2 1

<<Table 1>>

Z; £y Z; £y

7, 1 Z1s  (5p°-4p®) cos 36

7o pcosh Z20 (5p°-4p*) sin 36

73 psin® Za1  (15p8-20p*+6p?) cos 26

Z4 2p2-1 Z22  (15p8-20p*+6p2) sin 26

75 P cos28 Zz2z  (35p"-60p5+30p3-4p) cos B

76 p?sin20 - Zz24  (35p7-60p%+30p3-4p) sin B8

Zr  (3p3-2p) cos B Z2s - 70p3-140p5+90p4-20p3+1

Zs (3p3-2p)sinb Z26 pcos50

Zg 6pt6p>+1 Z27  p°sin 56

710 p° cos 38 Z2s  (6p%-5p%) cos 46

711 p° sin 38 Zags (6pf-5p%) sin 40

Zi2 (4p*-3p?) cos 28 Zso  (21p7-30p5+10p?) cos 38

Ziz  (4p3-3p?) sin 26 Zz1  (21p7-30p3+10p%) sin 38

Zis (10p%-12p%+3p)cos® Zsz  (56p8-105p5+60p*-10p2) cos 28

Z1s (10p*-12p3+3p) sin 6 Ziz  (56p3-105p5+60p*-10p2) sin 26

Z1s 20p5-30p4+12p2-1 Z3s  (126p2-280p™+210p5-60p3+5p) cos 6
717 p* cos 46 Zss  (126p2-280p7+210p5-60p3+5p) sin 0
Zig P sin 48 Z3ss  252p'0-630p8+560p5-210p*+30p2-1

Z31  924pi2-2772p1%43150p3%-1680p5+420p4-42p2+1

Because the position deviations detected are the
differentials of the wave front, fitting the differential
coefficients for the terms to the position deviations is
performed in practice. When expressed ;’_n a polar
coordinate system (x=pcoé@, y=psinB), the equations (5),

(6) exist.
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Zs (3p3-2p) sin 6 Z26 p5 cos 50 1 J Z9 6p4-6p2+1 Z27 p5 sin 58 Zio P3
cos 30 Z28 (6p6-5p4) cos 40 Z11 p3 sin 30 Z29 (6p6-5p4) sin 43 Z12
(4p4-3p?) cos 20 Zso (21p7-3005+10p3) cos 30 Zia (4p4-3p2) sin 28 Z31
(21p7-30p5+10p3) sin 30 214 (10p5-12p3+3p) cos O 73z
(56p8-105p6+60p4-10p2) cos 20 Zzs (10%%12p3+3p)_ sin 8 Z33
(56p$-105p6+60p4-10p2) sin 20 Zis sops-30p4+i2p2-i 234
(126p.9.280p7+210p5-60p3+5p) cos 0 217 p4 cos 40 235
(126p9-280p7+210p5: 0p3;f£% sin 0 20 Zzs p4 sin 40 Z36
252p'0-630p 1R =1 436 ...(5) N
924pt2-2772pi@#SlB@b8-1680@64@20p4-42p'+1 Because t_h(_e position
deviations detgﬁ}ed Ae the diqegﬁ}tials of the wave fron_t, f_|tt|nc_the
different=ial ceefficientssfabthe-termsdedhe -p@sition deviations is 25
perforned in pr%’ctice(?RNhen e@r@@sed in a polar coordinate system
,X.=pcos0, v=psin0), the equations (5) (6) exist. 66 aW aW 1 oW sin e
...(5) as=aPcose--PaeawWwawWw1laWw _ sine+-_ 09 cosO (6)_ PP
Because the:diffesentials=ofthe terms efithes ZemikeRolynomial gre net,

orthogonal, the least-squares method is used in the fitting. Becauge the
inféPatidfes {pasiticrndeviaticry) ofeach spobimamelis expressed it twQuares
Co%%@%%ﬁsf%aﬂ%gékﬁﬂi@ﬁga¥T@§{%gnmgég§§Ze the information
(position deviation) of each spot image is expressed in
two coordinates X and Y, let n indicate the number of the
pinholes (e.g. n= about 81 to 400), then the number of
sets of equations given by the equations (2) through (6)
is 2n (= about 162 to 800).

Each term of the Zernike polynomial correspond§ to
an optical aberration. Lower-order terms (i’s value being
small) almost correspond to Seidel’s aberrations.
Therefore, the wave-front aberration due to the
projection optical system PL can be exXpressed by the
Zernike polynomial.

The computation procedure of the first program is
determined according to the above principle, and
executing the first program gives the wave-front
information (wave-front aberration) for the first through
n’th measurement points within the field of the
projection optical system PL, specifically, the
cbefficiehts of terms of the Zernike polynomial, e.g. the

second term’s coefficient 7, through the 37th term’s

coefficient Z3y.
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inholes (e.g. n=about 81 to 400), then the number of sets of equations
Siven by 'Ehegequations (2) through (6) is 2n (= about .162 to 800): 10 Each
term of the Zernike polynomial corresponds to an optical aberratlo_n. '
Lower-order terms (i's value being small) almost correspond to \_Sel(jel S
aberrations. Therefore, the wave-front abegration due to the projection
optical system PL can be expressed by the _ 15 Zernlk_e polynomlal. Theh
computation procedure of the first program is detgrmmed according to the
above principle: aad C@@gytii@g gr@lflrgteﬂrggcan%gg/eﬁ atzr%ee YYE%}IS}?{O”& fta
information (wave-front aberration) for the flrst_thr(_)ug 0N
me&$aremerPoints withimthedfield Stthet peojection optisal system PLy,
specificallg, the coefficients of terms of the Zernike polynqmlal, e.q. the ‘
seCond term s Coeffent 2 thibighthes7 trf(ﬁe@ﬁqtéf @éeﬁgb@njszag ?g:rﬁ ion

ipt he waye-front data (wave-fron aber-atic-

{Eeg}ﬁé%%gﬁggﬁﬁgﬁ%éa%ﬁe\%nx&¥ fc)fc)’i%iesgwkfﬁfinCfl‘?el figfd ﬁ%ﬁé ix Q given
préjectiore optical system PL is expressed b_y column matrix Q given 5 by
the equation ;7]._P1 (7) 10 p n Inthe equation (7), each of the elements
F, through | A :

5

o= |-

In the equation (7), each of the élements P: through
Pn of matrix Q indicates a column matrix (vector) made up
of the second through the 37th terms’ coefficients (Za to
Z37) of the Zernike polynomial.

The main controlle; SO stores the wave-front data
(e.g. the second term’s coefficient 7, through the 37th
term’s coefficient %37 of the Zernike polynomial) obtained
in the above manner in the storage unit 42.

Moreover, the main controller 50, according to an
inguiry from the first cbmmunication server 120, reéds
out the wave-front data from the storage unit 42 and
sends it to the first communication server 120 via LAN
118.

Referring back to Fig. 1, stored in the hard disk
or the like of the first communication server 120 are
information about targets to be achieved in the first

through third exposure apparatuses 122; through 1225, for
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P" of matrix Q indicates a column matrix (vector) made up of.the second
through the 37th terms' coefficients (Z2 to 15 Z3;) of the Zernike

polynomial. The main controller 50 stores the wave-front d.atla (e.g. the
second term's coefficient Z2 through the 37th term's coefficient Z37 _of the
Zernike polynomial) obtained in the above; ganner in _the §torage unit 4_2.

20 Moreover, the main controller 50, according to an inquiry from. the first
communication server 120, reads out the Wave-front data from the .
St%a@@pm'ﬁ,ﬂr@mbﬁemd@ité@mfirS%%@Hﬂi%“%ﬁ%E}{%l%qP{%? width
LAN 118. 25 Referring back to Fig. 1, stored in the hard disk or the like o

 the!fi2Y é6 7 mitinli€at-ort-derver Y20 areginfornfation @boll targetsfo b 11 ght

ieved in the first through third exposure apparatuses 122: through
igg?lf %%Eer‘wa"e & 'Hg%E%ewae‘ﬁ%&ﬁ}é%?himaﬁ%ﬂrhel\x)idﬁpectrum>,

example, re
(davige ele); the wavslengihofibe Juminaton light Bl-(cepter oy oo,
wavelength and wavelength widt in spectrum), in ormafion a 0dt_pa rns
to be fransférted; andcotherth informationabeut tetrejection optical
system determining the capabilities of the exposure apparatuses 1221
thi3tighR T293- Which iRfTAREBA EbAtARMS sofmd farget:valaes as vetiasa tuses

. : ' aratuses
cchaaed i be 10 LA g RN SbobrpafariS 5BEe tarses
transiereed. Mearuhiles thei harshaisk-ardhe dike ot the-segond +, e
achieved by €xposure apparatuses scheduled to be
introduced, e.g., information about patterns to be
transferred. |

Meanwhile, the hard disk or the like of the second
communication server 130 stores an adjustment-amount
computing program (hereinafter, called a “second program”
for the sake of convenience) for computing an adjustment-
amount for the imaging characteristic based on the
coefficients of terms of the Zernike polynomial, an
optimum~exposure-conditions setting program (hereinafter,
called a “third program” for the sake of convenience) for
setting optimum exposure-conditions, and a database
assoclated with the second program.

Next, the database will be described. The database
contains numerical data of parameters‘for calculating
target drive amounts (target adjustment amounts) of the
movable lens devices 13, 13, 134 (hereinafter, called
"movable lenses”), which amounts are for adjusting the
imaging characteristic of the projection optical system

according to the measurement result of the wave-front



communicat--on server 130 stores an adjustment-amount computing

program (hereinafter, called a 'second program™ 15 for the sake of
convenience) for computing an adjustment- amount for the imaging
characteristic based on the coefficients of terms of the Zernike

polynomial, an optimum-exposure-conditiggs setting program

(hereinafter, called a "third program” for the sake of convenience) for 20

setting optimum exposure-conditions, and a database associated with the

sec . N th base will he described. The database
con%%épﬁ%%%%%él %)gt%'o?rgggm%e%eerg ch])s?L ccaa[gl?ﬁti ng’ Target tfe2mounts of
amobirts {targetadjustment amaunts)ef the 26 raevable lens deviges 131,

132, 134 (hereinafter, called "movable lenses") , which amounts are for
adjistity thel RRagiReé eharacteristicaot the plojectionioptitahsystenie 1 for the

acc&_t%i g ég the measurement re ult ofP the wave-front 69 aberration, and,
more sgem ically, variation amoums of “the ramg chaFadtBasticahat

5 arecobiainedyithe; simulation using asubstantially equivalent model for -,
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the projection optical system PL of how the imaging 5 characteristic, e.g.
thecseebhd through thé 37teteimsh Coefficienys.ofithe 1Zermike powonyal, + he
for efché){ the plurality of measurement points within the field of the

prdjection optitaldy e PIE GRS when Micving tel mdvaplefiénses I3f, the
132 L3 separgtely, by aunitguantity 10 in each of directions where tt}]eése

are movable, the variation amounts being arranged in'the datapase ©

acoordimiglte algivensule3;, 13,, 13, separately by a unit quantity
in each of directions where these are movable, the
variation amounts being arranged in the database
according to a given rule.

Next, the procedure of generating the database will
be briefly described. Exposure conditions, i.e., design
values of the projection optiéal system PL (numerical
aperture N.A., data of lenses, etc.) and illumination
condition (coherence factor G, the wavelength A of the
illumination light, the shape of the secondary illuminant,
etc.) and then, data of a first measurement point within
the field of the projection optical system PL are
inputted into a computer for the simulation where a
specific program for calculating the optical
characteristic is installed.

Next, a unit guantity in each of directions in
which movable lenses are movable is inputted. According
to, for example, instructions to tilt the movable lens 13,
about the Y-axis counterclockwise by a unit quantity, the

computer for the simulation calculates the deviations of
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Next, the procedure of generating the database will be briefly dgscribed.
Exposure conditions, i.e., design 15 values of the projection o_ptlcql .
system PL (numerical aperture N.A., data of lenses, etc.) and |Ilym|nat|on
condition (coherence factor c, the wavelength n of the iIIumlnatlo_n light,
the shape of the secondary illuminant, etc;};and then, data of a first
measurement point within 20 the field of the projection optical syst-em. PL

are i d |ntQ,a_ computer_for the simulation where a_ specific program
fo;?i c£§u %%név f Veeop%c%[)%chfalfﬁggfer?slﬁcjiscﬁe n%?all\éa.vﬁ ext. QUnitqUantifinfirst

each0f ditestions ipcZnwhichdnovable lenses are moyabhle is inputted. . 4
According to, for example, instructions to tilt the movable lens 13, about
thé §7aXis connéiclodkerise by zoumihquantitys The camputer tosdi€icient of
sirpulatign calculates the deviations of 70 a first wave-front from an ideal

s} S

Wave-frontTor the st EEsFément Goi it Sor @%ﬁnﬁﬁ%éﬁ%ﬁéﬁst bPthe or
segpd stermscogfficient through the 37 gnetg Em b?hcﬁ e];ﬁ%%rgrd the them as

Zernike polynomial, and displays the deviations or varlat|9n§8ﬁ the
sapeeratirereof WhikRStbling theraras rgarameter PARAIP= in memory.

Next, according to instructions to tilt the movable lens 131 about the

X-axis collftéretock@iser By B Unfto qdarfifE We& tomputer forithe the movable

_ ; . ) n

R L T e ek

theterms coefficients efher£emnikér the simulation calculates the
deviations of a second wave-front from an ideal wave-
front for the first measurement point, for example
variations of the terms’ coefficients of the Zernike
polynomial, and displays the deviations or variations on
the screen thereof while storing them as parameter
PARAZP]1 in memory.

Next, according to instructions to shift the
movable lens 13; in the +2 direction by a unit quantity,
the computer for the simulation calculates the deviations
of a third wave-front from an ideal wave-front for the
first measurement point, for example variations of the
terms’ coefficients of the Zernike polynomial, and
displays the deviations or variations on the screen
thereof while storing them as parameter PARA3PL in memory.

In the same procedure as described above, for each
of the second through n’th measufement points, the
computer for the simulation, after data of the
measurement point being inputted, calculates data of

first, second and third wave-fronts, for example
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polynomial, and displays the deviations or variations on the screen
thereof while storing them as parameter 15 PARA2P1 in memory..Nex_t,
according to instructions to shift the movable lens 131 in the +Z direction
by a unit quantity, the computer for the simulation calculates the _
deviations of a third wave-front from an idgal wave-front for th_e_20 first
measurement point, for example variations of the terms' cpefflments of
the Zernigegol?yno ial, and displays the deviations or variations on the
Var iNelet

screen therdof while St&ring e as paraméteEPARASP IHinemémany. ke
th@@@ﬁﬁbﬂﬁ&?g“ﬁ%@%gﬁ§9&?%@ﬁbﬂ¥§t¥ﬁ§%§gﬁéigg“@fﬁﬁﬁﬁg%ﬁgpvable

through n'--h measurement paints, the computer he simu

daltero$ tHe3 :measurement pointbeing inputted. caleidates data of_fitsst.s 2ng +o

second and third wave-fronts, for example 71 variations of .the‘term.s'
coStidiEnts bf B ZEMike Tsshrichiak acesdingelinseuctions to Mfme the
m le. | 3, about the X-axis, to tilt about the Y-axis and to shift in
thggfg g ﬁe%:(gt]?o% r%gp\égtfvjé?f and aisﬁféy%%ﬁe S F&RR IS S Afiattbrisi6n

thetscreenythereef while storing-them as RarAMEtets BARMP2, oy py 5 o)
PARA2P2, PARA3P2, through PARA1Pn, PARA2PN, PARASPR in

meRtsty IRIsBABAIH othBRRYOVEDle |@ASTS3E3R, 133ndB8xrin. the same

rocedure, as described above, for each of the 10 first through n'th .
&easurer%’gﬁtopo%ﬁt%, Fﬁ'éeco%&ﬁjér P 1RE SniSHeE aftk? datd 88 thel 34, in

n&ﬁ@ugﬁﬂﬁﬂ%m%%gﬁﬂ@%iaeu%%%EéEﬁgﬁe%E%%%?W%%¥Bé§ch of the
wave-fronts from A
first through n’th measurement points, the computer for
the simulation, after data of the measurement point being
inputted, calculates the deviations of wave—-fronts from
respective ideal wave-fronts, for example variations of
the terms’ coefficients of the Zernike polynomial,
according to instructions to drive the movable lens 13,,
133, 134 in respective directions where to be movable by a
unit quantity and stores the deviations or variations as
parameters (PARA4P1l, PARA5P1, PARAGPI, through PARAmMP1),
(PARA4P2, PARASP2, PARAGP2, through PARAmMP2) through
(PARA4Pn, PARAS5Pn, PARAGPn, through PARAmMPn) in memory.
And a matrix O given by the following expression (8) and
composed of column matrices (vectors) PARAIP1 through
PARAMPn each of which consists of variations of the
terms’ coefficients of the Zernike polynomial stored in
memory in the above manner is stored as the database in
the hard disk or the like of the second communication

server 130. In this embodiment, because there are three

three-degree-of-freedom movable lenses and =a two-degree-
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respective ideal wave-fronts, for example variations of the terms'
coefficients of the Zernike polynomial, 15 according to instructions to drive
the movable lens 132, 133, 134 in respective directions where to be
movable by a unit quantity and stores the deviations or variations as
parameters (PARA4P1, PARA5SP1, PARAGP1, through PARAMP1)
(PARA4P2, PARASP2, PARAEP2, through PARAMP2) through 20
(RARA4RBBARMIL, PARAGLY, (oYgY PARATEN) In memop. and &
S

matrix O given by the following expression (8) and “compo Cof lumy © may
matrices (vedtars) P ARAIRLhroughs PARAMBR ©ach of which consists of
variations of the terms' coefficients of the Zernike polynomial stored in
2PF hEthoryAR tReabE%e nianfEeR steredesthaaatabasedry the hatd the
disk or the like (?fsg]ﬁese ond communication_server 130. In this o
embodiment, because there are three" tree HeghdRafréddtm Fivabie
lenges and a two-degree 72 of--freedom movable lens, m=3x3 + 2x1=11.
The matrix 0 may be calculated for each exposure apparatus, i.e.
rojection optieal system, or.one matrix_may be for the same kind (same
Sesfign V8.|U§S %%ﬁ&ion%ﬁ%glsystéms. PARAIPPBRR®ZD] ...
PARAMPI PARMRZIPARARRR AXRRAMP2 O=.(g~ 20 PARANPN
PARA2PNn PAR.4mPn Next, the method in this embodiment, of adjusting

0= -(8)

| PARA1Pn  PARA2Pn  --- -+ PARAmPn |

Next, the method in this embodiment of adjusting
the projection optical system PL of the'exposure |
apparatuses‘1221 through 1223 will be described. in the
below, an exposure apparatus 122 indicates any of the
€Xposure apparatuses 122; through 1223 unless there is a
need for distinguishing these.

As a premise, upon periodic maintenance, etc., of
the exposure apparatus 122, the main controller 50 of the
exposure apparatus 122, according to instructions of a
service engineer to measure, has measured the wave-front
due to the projection optical system PLbby the wave-
front-aberration measuring unit 80 and has storéd the
measured wave-front data in the storage unit 42.

First, the first communication server 120 inguires
at given intervals whether or not there 1s measurement
data of a new wave-front (e.g. the second term’s

coefficient Z; through the 37th term’s coefficient 737 of
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the projection optical system PL of the exposure apparatuses 1221
through 1223 will be described. In the 15 below, an exposure apparatus
122 indicates any of the exposure apparatuses 1221 through 1223‘unless
there is a need for distinguishing these. As a premise, upon periodic
maintenance, etc., of the exposure appa%us 122, the main controller_ 50
of the 20 exposure apparatus 122, according no instructions of a service
eng%neer to measure, has measured the wave-fronz due no the projection
|

opticdl &7sterhi9sL By Jfﬁ’él%éfé-lfréﬁtraﬁé?%tiﬁﬁ Tifdastiing writ 80 &id
nas stotse e, Megsured wave oL data n he storage uni 42. 25 Frt.

1 e  un.
the first communication server 12 inquires atgglver?l erv

not thereseneasiement dage of a newwavestani{e gr the second, oo
term's coefficient Zz through the 37th term's coefficient Z37 Qf 73 _the _
Zerike poigsaTHRIfOT thelfifst tirdughmeth measurément points)tin thed in

storage unit 42 of the, expasure apparatus 122. At this point of time, .
su%p%gsg%%%??ﬁeégﬁ%mg%t (?a%a A et Rave-frofPisstaredsn Hthe (10

steragerunit 42 of the,exnasure apparaius %?pf;ﬁ@’} Aractice, 20 Ofgﬁe qugh
exposure apparatuses 1221 through 1223): The main contro er50 of the
expostire dijparatas nl22sendslthexmeéasusementdatamd the-BeWoparatus
W;é%;front to the first communication server 120 via LAN 118. 10 The first

c

URTCHTON STV SRR SR the CrBas@rEmiehe darofithee - front to
WRKe-ront I0CtRGEWIN coation server 120 via AN 118.

The first communication server 120 sends the
measurement data of the wave-front together with
instructions to automatically adjust the projection
optical syétem PL (of to compute an adjustment amount) to
the second communication server 130. This data pasSes
through LAN 118, the first proxy server 124, and the
public telephone line 116 and reaches the second proxy
server 128, which identifies the destination address
attached to the data, so that it recognizes the data
being sent to the second communication server 130 and

A which sends it to the second communication servér 130 via
LAN 126.

. The second communication server 130 receives the
data and displays its notification together with the
identifier.of the source of the data bn screen while
storing the measurement data of the wave-front in a hard
disk or the like, and calculates an adijustment amoﬁnt of
the projection optical system PL, i.e. adjustment amounts

of the movable lenses 13; through 13; in directions where
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instructions to automatically adjust the projection optical system PL (or to
compute an adjustment amount) to the second communication server
130. This data passes 15 through LAN 118, the first proxy server 124, and
the public telephone line 116 and reaches the second proxy server 128,
which identifies the destination address -attached to the data, so that it
recognizes the data. being sent to the second communication server 130
second communication server 130 via LAN

d hich sends it to the
%I%G.%T%\gusoe%%%eé Comi r%urgll%%tigﬁ ServEr 190 FEteies the data and
displays its s105fcation toggther withthe identifier of the,source of [Er;hee
fr

data on screen while 25 storing the measurement data of the wave-front in

&hanh diskcorgtherlikénand caleulatesamagjustment amewt of the qisk or
@ﬁ)éectio optical system. PL, i.e. adjustment amounts of the movable
lehses 13T thdtgh I3RVAFreblishSwhertmea to bamovable in thee

following.m r. The-second communication server 130 loads the
second progrge?n% ?n%-o %% %%ﬁoﬁg%o?ygﬁo%nnthélh%% iSOG eIk arfa e

vompiites, the ladittstmenbameuntsof the s4uevaple.lepses 131 through . ,
134 in directions where to be movable, which computation is specifically

8RAWH in the below. Between data Q of the wave-front (wave-front
n'th measurement points, 10 the matrix O

aberrgti%d%)_ tfv(%rﬁ tehr? fgsgcthr%u%h _ N A
contained in the dafabase-and ah HajlEtMBAtAmBants /etor Frefihe
moveblelepses 3y the first through n’th measurement points,
the matrix O contained in the database, and an
adjustment-amounts vector P of the movable lenses 13,
through 134 in directions where to be movéble, there
exists the equation (9)

0 = oxp. (9)

In the equation (9), P indicates a column matrix

(vector) having m elements given by the equation (10).

[ ADJ1]
ADJ?2

P= : - (10)

| ADJm|

Therefore, computing the following equation (11)
obtained from the equation (9) with using the least-
squares method gives P’s elements ADJL through ADJIm, that
1s, adjustment amounts (target'adjustmeht amounts) of the
movable lenses 13; through 134 in directions where to be

movable



10

15

20

25

through 134 in directions where to be mova_ble,_ there exists the equation
(9) Q = OxP. (9) t 15 In the equation (9), P |nd|§:ate§ a column rg;trg(
(vector) having m elements given by T.he eguation (. 0). Awl AD L
..(10) 20 LADJm Therefore, computing the following equation ( h) |
obtained from the equation (9) with using the I(_aast 2_5 squares metho
gives P's elements ADJ1 through ADJm, that is, adjustment amounts

' Nt 2 131 through 134 in
target adjgstm unts).ef the movable lenses .
<(1Iiregctions ahere to tr).EeB?méva & 15 P= (DTX0O)-1x0TxQ.21Inthe (11)

equation 11} OThan@ (REXQh1 imicp}es{)thearg@n§ga§eg am@trix of matrix

1cates the
0 and the inverse matrix of 0 x 0) respectively. Thats, th sec%ﬁ_a1 _
progRIF ROSEE faR performing andeast-squaresdnethed computation.giver, -
b equation (11) using the database. Therefore, the second
yibe.eqyation, (LU using

communica-ion Serve- 130 ¢alculates the adjustment amounts ADJ1

' i d program 10 while reading the K
database from the rard Jiek ine M. NGA fhe SBeAE conmiicaioRnics =
serart3t suadstheme thod computation given by the equation

(11) using the database. Therefore, the second
communication server 130 ca;culates the adjustment

amounts ADJLl through ADJIm according to the second pProgram
while reading the database from the hard disk into RAM.

Next, the second communication server 130 sends the

adjustment amounts ADJI through ADJm to the main
controller 50 of the eXposure apparatus 122. By this,

data containing the adjustment amounts ADJL through ADJIm
passes through LAN 126, the second proxy server 128, and
the public telephone line 116 and reaches the first proxy
sefver 124, whicﬁ identifies the destination address
attached to the data, so that it recognizes the data

being sent to the €xposure apparatus 122 and which sends
it to the exposure apparatus 122 wvia LAN 118. In practice,
when the address attached to the data containing the
adjustment amounts ADJ] through ADJm is AD2, AD3, ér AD4;
the data is sent to the exXposure apparatus 122, 122, or
1225 respectively.

The second communication server 130 can send the

first communication server 120 the data containing the
calculated adjustment amounts ADJL through ADJm, in which

Case the first communication server 120 relays the data
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adjustment amounts ADJ1 through ADJm to the main controller 50 of the
exposure apparatus 122. By this, data containing the adjustment amounts
ADJ1 through ADJm 15 passes through LAN 126, the second proxy
server 128, and the public telephone line 116 and reaches the first proxy
server 124, which identifies the destination address attached to the data,
so that it recognizes the data being sent to the exposure apparatus 122

and which sends 20 it to the exposure apparatus 122 via LAN 118. In
prggtictélk}ewﬁgrll ¥hé BHErelS Kithched ffthe tats BBMEINSy feparatus 122

ad;ustmens ameus ADJ1 through, A J%iﬁe@%’o%??’u%rt%%’ P“og%%"%ta
is sent to the exposure apparatus 1221, 1222 or 122; respectively.

The seconthcemtiunicationeserard 30:can senedhe 1first.cammmnicatian
server 120 the data containing the calculated adjustment amounts ADJll .
thFotHCADInF P ARfcH! ade thetfiratcormprmicadorn server 20 celays ining

e e 5.1 e pa conler 0 oL e dparaa d 22

sent the corresponding ve-front

cantirollens@ 0f dhe rexpesuierapparatus J224hatiregeived the data,. 4 g
containing 5 the calculated adjustment amounts ADJ1 through ADJm

givVéd 4RéE iﬁl@@ﬁ@fcfﬁaract@ﬁéﬁ@c@mmmgmmﬁoﬂérm&WH@spé@ﬁyiﬂ@s 13;
dri\ﬁe amogn s3of the movable |Jenses 131 through 134 in directions where
to bE ﬁ

ovable dorrBspordig tothe atfistmehPamBuRR R3S through

e movab

ABdi <L The imaging-characteristic couecting controllendg-copyrols the ;-

voltages applied to devices for driving the

The imaging-characteristic correcting controller 48
controls the voltages applied to devices for driving the
movable lenses 13; through 134 in directions where to be
movable, so that aﬁ‘least one of the position and yaw of
each of the movable lenses 13, through 134 is adjustéd and
the imaging characteristic of the projection optical
system PL, i.e. aberrations such as distortion, field
curvature, coma, spherical aberration, and astigmatism,
is corrected. It is remafked that as to coma, spherical
aberration and astigmatism, higher orders of aberration
components can be corrected as well as lower orders of
aberration components.

As is obvious inAthe above description, the movable
lenses 13; through 134, the devices for driving these
movable lenses, the imaging-characteristic correcting
controller 48 and the main controller 50 compose an
imaging-characteristic adjusting mechanism that functions

as an adjusting unit in this embodiment.

It is remarked that the first communication server
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movable lenses 131 through 134 in directions where to be movable, so
that at least one of the position and yaw of each of the movable lenses
13, through 734 is adjusted and 7 7 the imaging charaqteris’;ic of'the
projection optical system PL, i.e. aberrations s_uch as dls_tortlon, field _
curvature, coma, spherical aberration, an%astlgmatlsm,_ is co_rrecte_d. Itis
remarked that as to coma, spherical aberration and astigmatism, higher
or%gr& of aberration 20 comEonentS can be corrected as well as lower

ordérs OF &baftatiorr 86mipd @n@?ﬂ§?§85%6u§ﬁﬁhé%@%@%@tri@ﬂmntS
the mavable Jenses b3k Fg@u@belsﬁné%%g%wg%sa%ar%'vm? these

er
movable lenses, the imaging-characteristic correctin controfér 48 and

thesmaipccontmllepb@ compese af m@giegggh@@%tgrg@ig@g&sj@g 50 of
mechanism that functions as an adjusting unit in this embodiment. 7t is .
renSTkEFRRAIRE firStRaRfhitificafich sémer PRr20ay senddhe datii ng

C init adjustment amounts ADJI through ADJm to the
in%?g?r?g%ggtctgr%i% %gr%cﬁ%gscoon%r%"&%g‘ R nidin teRfbIIsrSD ©of

oftthe expastirerapparatys 22 thatsent the ¢qrresponding 5 wgﬁggrsonbl

data before so as to adjust at least one of the positlgn and yaw o gach 0
thelfhevablelénses 131 through 139. In this embodiment as described
above, af?r atgervice ngineer or the like attaches the wave-front 10

n

aberration meastfing R 8015 the Z5ilfSEge Seetherpove, after a

service engineer or the like attaches the wave-front-
aberration measuring unit 80 to the Z-tilt stage 58, the
imaging-characteristic of the projection optical system
PL, according to instructions to measure the wave-front
aberration that are inputted via the input unit 45, is
accurately adjusted almost automatically and in a remote-
controlled manner.

While in the above description the projection
optical system is automatically adjusted, the aberrations
may include one difficult to automatically correct. In
this case, a skilled engineer on the second communication
server 130's side gets corresponding wave~front
measurement data in the hard disk of the second
communication server 130 displayed on screen and analyzes
it to find out a problem, and, if an aberration difficult
to automatically correét is included, inputs an
appropriate measure through the key-board or the like of
the second communication server 130 and remotely gets it
displayed on the screen of the display unit 44 of the

exposure apparatus 122. A service engineer or the like on
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imaging characteristic of the projection optical system PL, _accordlng_ to
instructions to measure the wave-front aberration th_at are mpgtted via the
input unit 45, is accurately adjusted almost autqmatlcally angl in a remote-
15 controlled manner. While in the above descrlptlor_l the projection

optical system is automatically adjusted, the aberr_atlons may include one
difficult to automatically correct. In this case, a skilled engineer on the

seeenccommUAicatiqn 20 steéylera@é)%%dﬁﬁg’gg #%(%)érespondin

1ding ,
wave-front measurement data in th %%86&(?“_ OP?LC”&
cémaarcationSeneeryl 3displayed;on seregh @pg analyzes, it to flra%o%tens s
roblem, and, if an aberration difficult to automatically correct is
?Jgﬁfaee%, ﬁﬁbu@&n SBrAREpIde nieasatecthraughtthe key:hoard orthe short
like Qf the second communication server 130 are remotely gets it »
displayed on the screen of the display unit 44 of the exposure apparatus

end i j A's side can adjust
122. As & £NgNee 96@%8@%%9@&%3§¥%€1 rthe.o El un cexposure
the projection optical s;%stem by finely adjusting t Se posmor%, steTof e %P

|&15es L basetF o thetAgprepriatemeasyre ondhe scregn in ashort Aime, o1,
5, Next, the Eﬁocgdur of setting the optimum exposure cond|t|0n§ of the
expo%hrewépparaﬁjs 22Ethrliddh 12980t becddseribed With chart of

. i wing_main part of a process
e PR AT IR o
SEHASTUG $80DAS BIpreiise, alpoBiperiadic sHAINENARCE €1+ 9br server
130. As a premise, upon periodic maintenance, etc., of
the exposure apparatus 122;, the main controller 50 of the
exXposure apparatus 122, according to service engineer’s
instructions to measure, has already measured the wave-
front aberration due to the projection optical systém PL
by the wave-front-aberration measuring unit 80 and has
stored the meésured wave-front data in the hard disk or
the like of the first communication server 120 in the
same way és above. It is noted that although also in
setting the optimum exXposure conditions data
communication between the first communication server 120
Oor the exposure apparatus 122; and the second
communication server 130 is performed likewise,
explanation concerning communication and communication
paths will be omitted for the sake of simplicity.

The process in the flow chart of Fig. 5 starts when
according to instructions of an Operator on the maker A’s

side the first communication server 120, with specifying

an exposure apparatus whose optimum exposure conditions
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the exposure apparatus 1221, the main controller 50 of the exposure
apparatus 1221, according to service engineer's instructions to measure,
has already measured the wave- front aberration due to the projection
optical system PL 15 by the wave-front-aberration measuring unit 80 and
has stored the measured wave-front daté in the hard disk or the like of
the first communication server 120 in the same way as above. It is noted
that altholigh dlsodnrsetting theseptinure exposure:conditions data 20
communication between the first communication server 120 or the
ExpEstie apparatus 127¢ and e Secotrl eommnitationsehierIa0 is

rformed -ikewise,_explanation concerning cgmmunication and ~
& T Smittet for T Sake oF SMpHciey 287 ha=" 7=~

pOosSUre Con e a .
communication paﬁﬁs will b& omitte
propess i thesflow shar of Fig. o stads whengaccording £e, insty Uﬁ%gr@m
an operator on the maker. A's side the first communication server 120,
With spekifying Lan exposure dpparatuswhese optimumiexpostiten a step
gg ditions 79 are to pe determined, has -Lnstructed the second

midhicatdn servet 1306 Yels mitky the Gitiniuri Sexposure CbReitBRe g ran -
and the pecand caRIMINIGaion sl 139,48 response ( 1S Masi s e sons

loaded the third program 5 into the main remor ;. The process beginning
withtzhstepi202rinddgrinisi perforaeddyrexecuting the-third pregran.

First, after in the step 202 it inquires conditions of the first communication
SeRVRI 262 theCsecoRdV 6mmtihication 3efier 1 38 0ifi-a step 294fwaitg he

forihe L0 sonditions being Inputted.

During this, according to instructions of the
operator to determine the optimum exposure conditions,
the first communication server 120 inquires of, e.g., a
host computer (not shown) managing the exposure
apparatuses 122; through 1223 the information of a reticle
to be used this time by the exposure apparatus 122; and,
based on the information of the reticle, searches for and
gets pattern information thereof fﬁom the data base.
Moreover, the first communication server 120 has inquired
of the main controller 50 of the exposure apparatus 122,
current-setting information such as an illumination

condition and has stored it in memory.

t
-
]

Altetnatively the operator may manually input
pattern information and information such as an
illumination condition via an input unit into the first
communication server 120.

In either case, the first communication server 120

inputs the pattern information for the simulation (e.qg.,
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During this, according to instructions of the operator to determine t_he _
optimum exposure conditions, the first communication server 120 inquires
of, e.g., a host computer (not shown; manag.ing the exposure 15
apparatuses 1221 through 1223 the information of a reticle to be useq

this time by the exposure apparatus 1221 gnd, base_d on the information

of the reticle, searches for and gets pattern information thereof fro_m the
data b%she. Moreover, the first communication server 120 has‘ inquweql 20
of the main CShtroller 56 of i eRPHSURP &S arRias 1o - curiernt-settiig s,

information jllumipation condition and has sto eq it in memory.
N e Y e T L
andafrfermatian sachas an 251lluninatien €opdition:vig anjoputyniyinia

the first communication server 120. In either case, the first
COMPRGHIE&ISS&vEI 826 Shpts five patteririnfermationtioe thenag ing

imulati 9., 80, in the case of a line-and-space pattern, line widths,
e e e e S
witieinformation of aenesified.almo imaging charagteistc (ranndexof,
the imaging 5 characteristic; the aim imaging characte.rlstlc_ eing calle
arPairh aberatiohthbreiaterraid médrmation oof aclineswieth abnormal
value and 3 forth: When the first communication server 120 has

completed't %I?‘nbtl}ﬁeof He E&ﬁﬁgﬁgﬁlfﬁecﬁﬁb’é@é’s £6 pitsceeds o hstep
2Q§iﬂﬁﬂ@%@d”@ﬁ@S?Eﬁ%@qunéhe conditions, the process

proceeds to a step 206 in Fig. 5, which sets conditions
for creating a Zernike-variations table of the aim
aberration specified in the step 204 relative to Zernike
coefficients, and then proceeds to a step 208. It is
remarked that the aim aberration information inputted in
the step 204 may specify plural kinds of aberrations in
the projection optical system PL as aim aberrations
(imaging characteristic) at the same time, hot being
limited to a single one.

After, in the step 208, it instructs the first
communication server 120 to input information about the
projection optical system PIL of the exXposure apparatus
1224, in.a step 210 the second communication server 130
walts for the input. And when the information about the
projection optical system PL, specifically a numerical
aperture N.A., an illumination condition such as setting
of the illumination-system aperture stop or coherence
factor o, a wavelength, etc., has been inputted, in a

Step 212 the second communication server 130 stores the



for creating a Zernike-variations table of the aim aberration specified in
the step 204 relative to Zernike coefficients, and then proceeds.to a step
208. It is remarked that the aim aberration information inputted in 15_the
step 204 may specify plural kinds of aberrations in t_he projection OpFIC&|
system PL as aim aberrations (imaging éHaracteristic) at _the same time,
not being limited to a single one. After, in the step 208, it instructs the first

2@ commuericafilonservek2Q ie input infasmation about the ; projection
optical system PL of the exposure apparatus 1221, in a step 210 the
se&sHY édrhfriur vieakdori sérvend 80 omaitsifor theiinput: b@mds&hﬁhtﬂeperm’ s
inforn%afti.on.about the projecti= optical system PL, specifically a numerical

1C

|
23 4perture NA., 4h iUfimsidnCbnditibhsutR 58 'setire sf et ent Zs+ of
MITENBUASYRICARRIBG S1O0R 9LCQEICNTeCRCILA. LUBKEIEII. 1 2y

etc., has been inputted, in a step 212 the second communication server

5 180 stdres theatpitputted wiformatiomiplRAM and sets specified
aberration-value information, in which the second term's coeff!ment Z2 .
through the Bt teFm%caetfieie REZS Bf the Zermike polynomial Bweset- ion

t kes 5 on, for example, a value 0.052. A nex step
;yl%?bgz%gag}? %ﬁé}%éﬁér%% o%r%%%or%( %aenop the 15GrmatiorPRbditatte Systen

projectioreaptical systems Pla CF@@E%&r@@h%@r@gI@i%fnv§ri8¥9ns_‘f%frfoéxample ,
example, a line-width abnormal value relative to Zernike 10 coefficients)

vhoserGrdinke Is thersiraderratibngtheelative to Zernike -

10 coefficients) whose ordinate is the aim aberration (the
set aberration-value information) or its index (for
example, the line-width abnormal value that is an index
of coma) and whose abscissas are corresponding terms’
coefficients of the Zernike polynomial, and the process

15 ©proceeds to a step 216.

Here, the table of the variations relative to
Zernike coefficients is a table that represents
sensitivities (Zernike Sensitivity), to a specific
aberration, i.e. the aim aberration (or its index), of

20  coefficients of terms of the Zernike polynomial in which
the wave-front in the projection optical system is
expanded, the aberration being measured with respect to
the pattern given as an object pattern, and is uniquely
defined based on the pattern information, the informétion

25 about the projection optical system PL, and the set
aberration-value information as well as, for the same
kind of projection optical systems, based on design

information containing the kind and configuration of lens
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set aberration-value information) or its index (for example, the line-width
abnormal value that is an index of coma) and whose abscissas are
corresponding terms' coefficients of the Zernike polynomial, qnql the
process 15 proceeds to a step 216. Here, the table of the variations

relative to Zernike coefficients is a table hat represents sensitivities
(Zernike Sensitivity), to a specific aberration, i.e. thle aim.alb_erra;]lprrl] (?r: its
in . of 20 coefficients of terms of the Zernike polynomial in whic the
Wg\%ﬁﬁgﬁﬁ in‘the projection %Sti(?aﬁ QySEM- " eRparided! tHRe’ abérFation
being measiied wihJespest 10 Jhe pallin aiengsan ofjectpatien,e .,
and is un'quely defined based on the pattern information, the information
25'alseut the fojection optiealisystetmB" tand therset caberral-onrvalde:+ 1 on
information as well as, for the same kind of projection optical systems,
based 6t deSigh Cifformtatfh CORRSIRIAG the Rintirarid:Sorfigrratiorest lerfs r

8 j ' e projection optical system. Therefore,_by
sfﬁﬂfﬁn%%ﬁggg dgt% ade ofthe ma ?%rpfowgﬁa fdettifyiRg the

kind o6 the- projection: Optieal system shanexpostre apparatus spegified,
for 5 example by product name, as an object whose Optimum exposure

- cdAditids RS berdeiermmiedothecZeraiked variations table can be

created.é\nrelxt scteg 281.6 grj%cks whether or not Zernike- variations tables

for all the ‘aim aberrations speciﬁ}&? inthe 'Si65 264 havé been eideted.
Sttheianswerds Nl es for all the aim aberrations specified

in the step 204 have been Created. If the answer is NO,
the process returns to the step 214, and the Zernike-
variations table for a next aim aberration 1s created.
After Zernike-variations tabies for all the aim
aberrations have been Created, and the answer in the step
216 becomes YES, the process proceeds to a next step 218.
After, in the step 218, it instructs the first
communication server 120 to input measurement data of the
wave-front, in a step 220 the Second communication server
130 waits for the input of the measurement data. When the
first communication server 120 has inputted from its hard
disk the measurement data of the wave-front (for example,
the second term’s coefficient Z; through the 37th term’s
coefficient Z37 of the Zernike polynomial for wave-fronts
for the first through n’th measurement points), in a next
step 222 the second communication server 130 performs,
for each measurement point, compufation given by the
following equation (12) using the created Zernike-

variations tables in order to obtain and store one of the
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the process returns to the step 214, and the Zernike- variations table for a
next aim aberration is created. After Zernike-variations tables for all the
aim aberrations have been created, and the answer in the step _15 216
becomes YES, the process proceeds to a next step 218. After, in the step
218, it instructs the first communication sesver 120 to input measurement
data of the wave-front, in a step 220 the second communication server

130mvaits=for she! input ofdhe measswenentdata.When the 20 firsty,
communication server 120 has inputted from its hard disk the '
mMédstiémertt dat® ofthe wavefroritfor exarnpléc the secone)term's+2,,x (a
coefficient Z2 through the 37th term's coefficient Z37 of the Zernlke_

p@%fgfe el Lba-lfwr‘onts for the first through n'th measurement points}, <)

T

olynomial for wav

in anext 25:siep 222 ihessecand communication seryer 130 performs. for
each measurement point, computation given by the following equatlon
(P2Zrasing tlee created-Zérnikes variatiansstables dns oeder tyebainaNd r riclq
store one of the 83 aim aberrations, specified in the step. 204, in RAM

AR B2 tabid's %ué’)’l@%x(%ﬁgm 3 valtie) RRe ¥ 23 hiantables as a
value)k. (12) Here, Alindicates an, glir’gigg%rraltlson in the 5 projection optical

system PL such as astigmatism or f curvaturs: of BA fidex oftRB@im and K

aberationguchasan dinevddihrabnormabwalue that is,an index of coma, . .
and K _is a proportional constant depending on the sensitivity of the resist
didl SAfortFe 10WherA irgicarstthe line-width abnormal value, and

When A indicates the line-width abnormal value, and
the pattern is a line-and-space pattern having five lines
therein for example, the line-width abnormal wvalue is
given by the above equation (1). As is obvious in the
equation (1), the calculation of the equation (12) is one
for converting the pattern into space images (projected
images) .

A next step 224 checks whether or not all the aim
aberrations (aberrations (imaging characteristic) for
which conditions were set) have been calculated. If the
answer is NO, the process returns to the step 222, and a
next aim aberration is calculated and stored in RAM.

When all the aim aberrations have been calculated,
in a step 226 the calculation results of all the aim
aberrations 'in RAM are stored in the hard disk or the
like, and the process proceeds to a next step 228.

In the step 228, after the information about the
projection optical system PL, specifically a numerical

aperture N.A., an illumination condition such as setting
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the pattern is a line-and-space pattern having five lines therein for _
example, the line-width abnormal value is given by the above (—;-quatlon.(l)
. As is obvious in the equation (1) , the calculation of the equation (12) is

‘one 15 for converting the pattern into space images (projected images). A

next step 224 checks whether or not all thig, aim aberrations (aberrations
(imaging characteristic) for which conditions were set) have been

calc I%tgd. If the 20 answer is NO, the process returns to the step 222,

andia hext aim Abehation s saIRtRIeRRcd Stored iﬁMMQL\?/h'eh@mhfe
aimp.aberrations e ulated, in a step 226 the cglcu ation results
of%ll the g;qrﬁ, ayi?fﬁ%n%;ﬁ%gém are stére a|1n‘gtﬁ%%ear?‘d S SFheras tly
likepanttiedprocessproseeds te-amexhstep228cInghe step 228 afterthe , 5
information, about the projection optical system PL, speuﬁcally a |
nUMEricA CapEt e AL Igmifliatinationveondition subk asssetiing 84 10for not
the,jllumination-system aperture stop or coherence factor a, a_

wg\k}eélerggtﬁé, re%s.t?/ hléjsnbegegnscf%é%r?grbacﬁlﬂﬂ? SoOnfhdr &G I RrBre glen ber

 thesstep:249, ina step:23Q, dhe, secand.gommupication, server 1§8%§‘%%‘§tion

whether or not 5 the information has been changed a predetlermlne
ngABEF dfitienes: Al ¢is point ab times besausedhe information: aboutthegea
pro'e_ctionr%)tical %ystem PL has been changed only once, the answer is

NO, ahd aftet thé Procds Teturis 1d'he 861284 the précesswithe steps

2¥%tU}HHOH%hg§gk%%g§a§¥hjngﬁ%ggggééégmg¥j%he steps 214
through 230 is repeated, in the step 214 of which '
Zernike-variations tables are created based 5n the
information about the projectionloptical system PL that
has been changed in the step 228. In this manner, the
process of the steps 214 through 230 is repeated each
time with partly different illumination condition,
numerical aperture, wavelength, etc. After the process
has been repeated the predetermined number of times, the
answer in the step 230 becomes YES, and the process
proceeds to a next step 232. At this point of timé, the
calculation results of the aim aberrations for the
predetermined number of conditions settings are stored in
the hard disk or the like.

In the step 232, the second communication server
130 determines conditions (an illumination condition, a
numerical aperture, a wavelength, etc.) concerning the
projection optical system, under which the aim
aberrations stored in the hard disk or the like take on

optimum values (for example, zero or minimum), as optimum
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Zernike-variations tables are created based or the information about the
projection optical system PL that has been changed in the step 228. In
this manner, the process of the steps 214 through 230 is repeated each
15 time with partly different illumination condition, numerical aperture,
wavelength, etc. After the process has begn repeated the predetermined
number of times, the answer in the step 230 becomes YES, and the

pr ceeds 10 a.next step 232. At this point of time, the 20
ca%c%t%??o%%esﬁﬁg o%ﬁwleoéllfsn‘ aberrations for the predetermined number of

conditionsisettings-are siored insthe hard disk gr the.like, In the step 232,
the second communication server 130 determines%%%fﬁ%n% an O%“lmum

illraRfagion conditiohta 020 nemericalapeture; avavelength, 6 i cat 1 on
concerning ;i%:e% projection optical system, under which the aim aberrations

stored in-the hard isR dr e RS &kE Dnoéptithdm vatuesi(fer examyple,

Zero or MippuUMm) . as-optimum 85. exposure conditions. In a next step
234, data containing the ggfhﬁrhlﬁmcgfplo%rﬁrés Edntittonste sBRL T thFst

commrihicationnsenter 120;candthe precess Of this routine ands, 5 The
first communication server 120, which has received the data containing

tHeRSttirATEkposinet Evhditions snsteretteds neededidhe maiRtrol ler 50

contraller SQX[%E tQS exposure a aratus 122 to set its exposure
conditions to the optimum exposuts cofditions, 1WPSpadificatiyPtheunain

contreler borcanchange angk-serum exposure conditions.
Specifically, the main controller 50 can change and set
the illumination condition by changing the aperture stop
of the illumination-system aperture stop plate 24, can
adjust the numerical aperture of the projection optical
system PL by adjusting the aperture stop 15 of the
projection optical system PL shown in Fig. 2, and can set
the wavelength of exposure light by giving the light
source 16 control information TS to change the wavelength
of the illumination light EL.

It is noted that the second communication server
130 may directly instruct the éxposure apparatus 122, to
set its exposure conditions to the optimum exposure
conditions. |

Moreover, by making a slight modification to the
third program whose process is shown by the flow chart in
Fig. 5, a process is given where the steps of creating
Zernike-variations tables and calculating aim aberrations
(or space images) based on wave-front measurement data in

the same way as described above while little by little
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the illumination condition by changing the aperture stop of the _
illumination-system aperture stop plate 24, can adjust the numerical
aperture of the projection optical system PL by adju;ting the aperture
stop 15 of the 15 projection optical system FL shown in F--g. 2, and can
set the wavelength of exposure light by giyng the light source 16 contr_ol
Information TS to change the wavelength of the illumination light EL. It is
not%d that the second communication server 20 130 may directly instruct

th€ eXPESUIE dpparifisi5d, ﬂdqg@trﬁéaémuf Eéndiii?@;]sOtbft?? St etting
opfiHyum re itions. Maregver, by making a sli t modificatio
top%he th?r%% %?gglra]rfn%%%%sg %S?olt\:%%sg ?sa(;tﬁégwr% By %ﬁg ﬁgvr\r}qcﬁ%t i SEED
5,reproeess isgivemathiose thessteps ofcreating Zemike-variations tahles

and calculating aim aberrations (or space images) based on Wave-front
measurenfeht i iy they sambivay as désaibedraboveé iddle littte s the

lit changing the pattern information, with thq other setting .
inggér%%%oﬁ ?i‘f%é%% Vgﬁesa?eg o’ G&tdrmine o%?f?riﬁ‘m bé’at@?ﬁ wﬁég}]ﬁtiﬁﬁar t in
agoptimem exposyre sanditions. Likewise, hy making aslight modificatian

to thg 5 third program whose p%%cess is shown by the ro% .ch.art in rI—glg‘_j1 é,ng

a proteskds givehathereshe stepssof zrehting]l Zemnike-wariations 1a1es a - 1 ons
ald calculating aim aberrations nor space images) based on wave-front

m

asurehiénit adfd A the Sameivayad'adscrbeatbove whledmiety data in
|itﬂﬁéoﬂlﬁggmhgss%ggiggi@@&raggg_xygluwehljiilfloermfy%r% nghby little

changing the specified-aberration-value information with

the other setting information fixed are repeated to
determine optimum aberration-value information of the
projection optical system upon transferring the given
pattern as optimum exposure conditions. In this case the
second communication server 130 adjusts the imaging
characteristic by controlling the imaging~characteristic
correcting controller 48 via the main controller 50 of
the exposure apparatus 122; such that the aberration due
to the projection optical system PL (for example, the
second term’s coefficient Z, through the 37th term’s
coefficient 737 of the Zernike polynomial) takes on the
optimum aberration-value. Alternatively the second
communication server 130 may adjust the imaging
characteristic by controlling the imaging-characteristic
correcting controller 48 via the first communication
server 120 and the main controller 50 such that the
aberration due to ﬁhe projection optical system PL takes

on the optimum aberration-value.
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the other setting information fixed are repeated to determine optimum
aberraticn-value information of the projection optical syst(_-:-_m upon
transferring the given pattern as optimum exposure condltlpns. !n this
case the 15 second communication server 130 adjusts the imaging
characteristic by controlling the imaging-characteristic correcting
controller 48 via the main controller 50 of the exposure apparatus 122; .
such that tﬁg aberration due to the projection optical system PL (for

example, the 20 SECoRATEMTS ToEffitient 72 tRrctightthe TP TS

coeffisient £340f the Zernike polynomial).takes on the, optimum
abe%gtion-value. Alter%i\tively the second commur?icast?qn?s&\a/ r Tﬁo_m_ay
adjisst thel imsagingostraracteristic by controlling the imaging-characteristic

25 correcting controller 48 via the first communication server 120 and the

main contdlI&! 56 sGEHRAL RN Bberi@ish gdes tootheprojecticreopticad; etc.,

syst e_gptimum aberration-value. 8i Optimum exposure
cﬁgggﬁé é%% g z%g']suar a%%grrpa%ﬁseisgézzﬁq%, are”Set'n tive Sameneer

waiyas: e seribed aboxe dadbisreishodiment 1ponperiadic maintgnance,

etc. 5 of the exposure apparatus 122, when a service engineer inputs
contftibA ety SRifbARAticY abea --heCpmjwmnxiqngaksajszmigtc.,

th first. communication server 120, the second communication
se%%%@%gg %?gét%ré Zemikeva i%ﬁdnst{é%le%eﬁﬁﬁ& ahGifRY 10 TR661am server

party diffesentfsomdhe third program inthe « 1o using another

program partly different from the third program in the
same way as the simulation for setting optimum exposure
conditions. And the main controller 50 of the exposure
apparatus 122, according to instructions of the service
engineer, measures the wave-front aberration and sends
position deviations data obtained from the measurement
via the first communication server 120 to the second
communication server 130, which calculates the aim

- aberration in the same way as described above and drive
amounts of the movable lenses 13; through 134 in
directions where to be movable which amounts make the aim
aberration optimal (e.g. zero or minimal), by using the
another program and the least-squares method. And the
second communication server 130 supplies the drive
amounts to the imaging-characteristic correcting
controller 48 via the main controller 50, according to
which the imaging-characteristic correcting controller 48
controls voltages applied to the devices for driving the

movable lenses 13, through 134 in directions where to be
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same way as the simulation for setting optimum exposure cor_lditions. And
the main controller 50 of the exposure apparatus 122, according to .
instructions of the service engineer, measures the wave-front aberration
and sends 15 position deviations data obtained from the measurement
via the first communication server 120 toghe second communication
server 130, which calculates the aim aberration in the same way as

described above and drive_amounts of the movable lenses 131 through
136 Yn%g %ire%ﬁoﬁc} v?/%eraetto EMoVABIE Whict AfobR’hake tigginyaw of

aberratiofroptiak(e.g2eL0 oL minimal); Pyr}%?ﬁ@}gﬁ qnother adtdted ana
and the least-squares method. And the second communication server

130 stipplies therdradee amountsitodthie ihaging-charactesistiscorecting v s t em
25 controller 48 via the main controller 50, according to which the

imaginychafactensticdorrecting EoRtH6IIst 287 eomticls veltages applied toal

t i driying.t ovable lenses 131 thro%gh 134 in dire=,ions
v&?é%g\?c% eﬁsé%}g' m%%]gélgeﬁgg]%ani’at g’eﬁst bné of the"positionand Jawf

eachaf theimovabledenses 1#Arougha4sis adjusted,and that the aim

aberration of the projection optical system PL such as distqrtion, field
cBR/at a2 b, sphartar s aberaton fastigamatisim] etc. dswopreetets ltcan
is. remarked that as to coma, spherical aberration and_astigmatism,

if?g elzr]%%éar%tto‘?%b%?raﬁgnTgo%%o BHEcan” B Errected 2R WéIF a8 Tower

ordetsof abewation qamponents. In fhis case the seeond program is, not
10 necessarily used. :
necessarily used.

Moreover, in this embodiment when the another
program partly different from the third program is
installed in the storage unit 42 from the driving unit 46,
automatic adjustment of the imaging characteristic of the
projection optical system PIL by the exposure apparatus
122 itself upon adjustment of the projection optical
system PL of the exposure apparatus 122 such as periodic
maintenance is easily achieved. In this case, according
to instructions of an operator (with condition settings,
information about the projection optical system, etc.,
inputted), the CPU of the main controller 50 performs the
same process in the same way as in the above simulation,
to create the same Zernike-variations tables. And after
position deviations data obtained by measuring the wave-
front aberration has been inputted, the CPU of the main
controller 50 calculates the aim aberration in the same

way as described above and then drive amounts of the

movable lenses 13; through 13, in directions where to be
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Moreover, in this embodiment when the another program partly different
from the third program is installed in the storage unit 42 from the driving
unit 46, automatic adjustment of the imaging characteristic of the 15
projection optical system PL by the exposure apparatus 122 itself upon
adjustment of the projection optical systeyg PL of the exposure apparatus
122 such as periodic maintenance is easily achieved. In thl_s case,
accordin% to instructions of an operator (with condition settings, 20

infOrMation a%gﬁ%e%?8}g&ﬁén%ﬁﬁ@al%@@teﬁﬂ%t(ﬁpmmﬂh@mal

of the main controller rms rocess in the same way as

in ttﬁi g]bogegsi?nﬁgigﬁ&t&oﬁggee@e t@hg séa;%nr?eS ernike-variations tabies &Ry 279
aftenepdsitiort deviatiarss datarohtained by raeasuring the waye 25.front
aberration has been inputted, the CPU of the main controller 50 |
calUAtEs tHhéE Lim AberaEiom §F the Sarfe iway asdesdribetalivve andz ging-

th ' ts of the movable lenses 131 through 134 in dwiﬁrec;tions
wf?grg%{gb@é@ %%3\?atﬁg¥/vrhelgh amouRts MaRe thieFaint abérratioroptinate

(evgh zevo onaninima) by-using the-anotherprogram and s the v o1 1ar 43
least-squares method. And the CPU of the main controller 50 supplies the

driVeParhedAtse the imagingrd tharatteristie cateactingscontrollern-48;ing the

according to . which the imaging-characteristic correcting controller 48 ,
cé?w?rﬁsg \g}gltégee%sgpsplﬁe Lo the UstiteS Tor dhvifd 156 Theveble Teises 131 be

thieuein134 insdiregtions whare Ja be movable, so that at least one of the

position and yaw of 10 each of the movable lenses 18-, tﬁrougﬁ 1341s

adjastedandche movable lenses 13; through 134 is adjusted and
the aim aberration of the projection optical system PL
such as distortion, field curvature, coma, spherical
aberration, astigmatism, etc., 1s corrected. It is
remarked that as to coma, spherical aberration and
astigmatism, higher orders of components can be corrected
as well as lower orders of components.

As is obvioué in the above description, the movable
lenses 13; through 134, the devices for driving these
movable lenses, and the imaging-characteristic correcting
controller 48 composé an imaging-characteristic adjusting
mechanism which functions as an adjusting unit in this
embodiment and which is controlled by the main controller
50.

It is noted that while the wave-front-aberration
measuring unit.80 measures the wave-front aberration due
to the projection optical system PL in the above

description, not being limited to this, the wave~front

aberration may be measured by using a measurement reticle
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the aim aberration of the projection optical system PL such as distortion,
field curvature, coma, spherical aberration, astigmatism, etc., is
corrected. it is remarked that as to coma, spherical aberration and 15
astigmatism, higher orders of components can be corrected as well as
lower orders of components. As is obviougdn the above description, the
movable lenses 131 through 134, the devices for driving these movable
lenses, and the imag%{g:haracterisltic correcting 20 controller 48

co?ﬁp&’seeséfﬁ M&gin FactBfgtidthdstimg meERaniSmiwhishfunctiohscle

aspan adjusting ynifin this embodiment and which is controlled by the
main controller 50. It is noted that while the wave-front-aberration 25

measuringrunjt-8@ measusesitheamavesfront aherradion dueeto the the
projection optical system PL in the above description, not being limited to

thi8e e WwaTeFrbnt eibberatioRmay be nieasuréd by asinga schematic view

measurement reticle 90 . RT described below (her_ei_nafter, also called. a
"rgt?;lgc%r'%soﬁge SRR GOs%o%v%ea déhehfatic obliie fiéy of fhie? Plane

measurement gficle. R, apd &g showsa éci%%@gﬂp }éifwtﬁéﬁﬂ};% jection

cross section of the reticle RT along a X-Z plane near the optical axis AX
amba dizgramyofithe pPdjectitiny opfical IsystemePE cRigm8 shows few of the
schematic view of the cross section of the reticle RT along a X-Z plane

nEArthe Finthe -9 Sidé and & diagranTof thePiejettidm T0pliedl near the
SYSIEMFk-the -Y side and a diagram of the projection

optical system PL.

As 1s obvious in Fig. 6, the measurement reticle Ry
has almost the same shape as a usual.reticle with a
pellicle and comprises a glass substrate 60, a lens-
attaching member 62 having a rectangular-plate-like shape
and which is fixed on the upper surface of the glass
substrate 60 in Fig. 6 such that its center coincides
with that of the glass substrate 60, a spacer member 64
constituted by a frame member fixed on the bottom surface
of the glass substrate 60 in Fig. 6 and having the same
shape as a usual pellicle frame,iand an aperture plate 66
fixed on the bottom surface of the spacer member 64.

In the lens-attaching member 62, a matrix
arrangement of n circular apertures 63;,3 (i= 1 through p,
j= 1 through g, pxg=n) is formed which covers the other
part of the surface than boﬁh the ends in the Y-direction.
Provided inside of the circular apertures 63; ; are
condenser lenses 65; 5 each constituted by a convex lens

whose optical axis is parallel to the Z-direction (refer
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As is obvious in Fig. 6, the measurement reticle RT has a ___most the
same shape as a usual reticle with a pellicle and comprises a glass _
substrate 60, a lens- attaching member 62 having a rectangular-plate-like
shape 15 and which is fixed on the upper surface of the glass substrate
60 in Fig. 6 such that its center coincidescwith that of the glass substrate
60, a spacer member 64 constituted by a frame member f!xed on the
botton%surfag of the glass substrate 60 in Fig. 6 and having t_he same
ZCF%haf)“g as §usual pellicle frame, and an aperture plate ﬁ6 fixed og the
bottom suiface of sp. e 4, In the lens-attaching member
62, a ma?r?xgga%rémg}g?nen gfE r%] ci%%rgasﬁéeé]u}r)gs %}E (fﬁf through 5~ 2 te @0,
1 threugl ac pxqzryis éarmed whieh woversibe other 231partofthe
surface than both the ends in the Y-direction. Provided inside of the
Cift A et Fe 8 6108 @o%o%ﬁ@eﬁi@ﬁé@%@,,j%a@h@@n?tiu?mbjl-@}tarmined
cany. ose optical axis is parallel to the Z-direction (refer 91 to
F%E%E(%ﬁg%ev% & gﬁac%érgrr{lclggec byt "glasSs sTOstERe 68, thedspacer
member G4.and theraperiurg Hiale 66, sURPYLing membess 69 are . £, o
arranged spaced a predetermined 5 distance apart from_eacH other as
skowit e Fige 70 Furthefrhdre, mieasuremeatpattarhs 6 izare f@rwn%or%he
theh(})%p osite side of the géass substrate 60 to the condenser lenses 65i

e

as Shown in Fig. % Made>gpposite %Orﬁ@a%el%’éﬁt pdtter3 &7i,cipthe L t
a@%@U%ﬁ@@E%@%@%éoﬁinggﬁé”%iﬁ%“&@”@%84§Sé¥§ﬂﬁgsgfﬁ%e 66 as

whose
shown in Fig. 7 are pinhole-like openings 70;,5, whose

diameter is, for example, about 100 to 150 .um.

Referring back to Fig. 6, openings 721, 72, are made
in center of the band areas in the ends in the Y-
direction of the lens-attaching member 62 respectively. A
reference pattern 74, is formed opposite the openiné 724
on the bottom surface (pattern surface) of the glass
substrate 60 as shown in Fig. 8. Although not shown, a
reference pattern 74, identical to the referernce pattern
74; is formed opposite the other opening 72, on the bottom
surface (pattern surface) of the glass substrate 60.

Moreover, as shown in Fig. 6, a pair of reticle
alignment marks RM1, RM2 is formed symmetrically with
respect to the reticle’s center, on the center Line
parallel to the X-direction of the glass substrate 60 and
outside the lens-attaching member 62.

Here, 1in this embodiment, the measurement patterns
67:i,5 are a mesh (street-lines-like) pattern as shown in

Fig. 9A. Corresponding to these, the reference patterns
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diameter is, for example, about 100 to 150 um. Referring pack to Fig. _6,
openings 721r 722 are made in center of the band areas in the ends in
the Y- direction of the lens-attaching member 62 respectively. A 15
reference pattern 741 is formed opposite the opening 721 on_the_bottom
surface (pattern surface) of the glass sulssirate 60 as shown in Fig. 8.
Although not shown, a reference pattern 742 identical to the reference

' ' [ he bottom 20
pattern 24, is formed opposite the other gpening 722 on t
Sﬁﬁﬁl(fe p%ttéarﬁesu?fagg)go B Yiass SUbStrRE 60 tMotEover, s shown

_'ﬂﬁ&L@@p@EQEQQ@ glignment.marks M%th\a/lz i%ﬁ%rmed survement

- me.a
syrrrnetrically with rescect to the reticle's center, or. the center Tina

parafiglaonthé X directionhofthe glassisyibstrate 60-and: 25 gutsige the 1 o+ che
lens-attaching member 62. Here, in this embodiment, the measurement

patteris S6AT aré Biriésh (Streptlihestike) pattérheastshoterin BLg. A, 94

C onding e reference pat-erns 92 791r 742 are a ;
tv&ggﬁge@c%ngf%%ﬁg%ﬁﬁ Eqﬁgr%%fae‘%rtlur%ag artafigBa ht fe'sahhe piteh 98-

as thermeasutemeninpatiern 857 was-shovin Fig, ’9@71'%1515%?6‘9(.50' that
the reference pattern '741, 742 may be the pattern of Fig: 9A 5 while the

meashfetReftipatiatn & the Patermof EigagB., Furthetmare, these the

measurement pattern 67j, may be a pattern having a different shape, in ;
wﬁ%ﬁrc%s Otﬂggggfrgs%%%ﬁ%rgcr%fﬁéﬁéeeﬁ&tté‘rﬁ 2d$ fo Be afpaertern

having apredgtesmined-pasitional relation with the 1Q measurement, .
pattern. That is, the reference pattern only

measurement pattern. That is, the reference pattern only
has to be a pattern providing the reference for position
deviation of the measurement pattern. Whatever the shape
thereof is, the pattern preferably covers the whole image
field or exposure area of the projection optical system
PL in order to measure the imaging characteristic of the
projection optical system PL.

Next, the measurement of the wave-front aberration
due to the projection optical system PL of the exposure
apparatus 122 (the exposure apparatus 122; through 122j3)
using the reticle Ry will be described.

First the wave-front aberration is measured for a
plurality of measurement points (herein, n points) within
the field of ﬁhe projection optical system PL using the
measuremeht reticle Ry in the following manner.

When an operator (or a service engineer) has
inputted an instruction to measure the wave-front
aberration through the input unit 45, the main controller

50 loads the measurement reticle Rr onto the reticle stage
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has to be a pattern providing the reference for position deviation of the
measurement pattern. Whatever the shape thereof is, the pattern o
preferably covers the whole image field or exposure area of thg p!‘OJeCtlon
optical system 15 PL in order to measure the imaging characteristic of the
projection optical system PL. Next, the mgasurement of the wave-front
aberration due to the projection optical system FL of the exposure _
apparatus 122 (the exposure apparatus 1221 through 1.223) 20 using the
reticle RT-(ilPbé 85d& i dl Fretthe (Wave-Formtaberration ismeasutste wafer

f ity-0 agurement points (herein, n points; within the field of
(8 BrajboUTE ST POl (eren  poiis ity e s,
foltawing smamrer: 22 Wheman operatar(of aservice engineen) has. . « 4.

inputted an instruction to measure the wave-front aberration thr_oug the
inSWUhitt45 the rvaih conffoliert 50 leadsithg meastreraeatreticle RLrks on
onto the re%icle stare 93 PST via aretic'_e loader (not. shown) , and

: c ere

moves the water “Sta§é WsT Via-thefWafer: skige drivirieesoriion 256 v_vith]c
meeiloringthe ouputel i dases injsderometer S such. naf 2 pair o
reticle alignment reference marks on 5 the reference mark plate is
positiaietat & predeterineddetesence-pesitiam spgsificalyfore re repce
example, such that the center of the pair of reference -larks coincides

with e ofigin™t this Stafe CoordiRater gstenrdefined bytthedaserordinate
interterameleradWll ;19 Next, while simultaneously observing a pair of

Next, while simultaneously observing a pair of
reticle alignment marks RM1, RM2 on the measurement
reticle Ry and the reticle alignment reference marks
corresponding thereto using the reticle alignment
microscopes, the main controller 50 finely drives the
reticle stage RST along the X-Y two-dimensional plane via
a driving system (not shown) such that position
deviations of projected images on the reference plate FM
of the reticle alignment marks RM1, RM2 from the
reference marks becomes minimal. By this, reticle
alignment is completed, and the center of the reticle
almost coincides with the optical axis of the projection
optical system PL.

Next, the main controller 50 loads a wafer W whose
surface is coated with a resist {photosensitive material)
onto the Z-tilt stage 58 via a wafer loader (not shown) .

Then, the main controller 50 sets the apertureisize
of the reticle blind 30 in order to form a rectangular

illumination area which covers all the condenser lenses
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reticle alignment marks RM1, RM2 on the measurement reticle_RT and
the reticle alignment reference marks corresponding thereto using the
reticle alignment microscopes, the main controller 50 finely driyes the 15
reticle stage RST along the X-Y two-dimensional plane \_/ia a d_rlvmg
system (not shown) such that position dewiations of projected images on
the reference plate FM of the reticle alignment marks RM1, RM? from the
reference marks becomes minimal. By this, reticle 20 alignment is

co

leted Tard he St SiiRE Fetichs ‘dihbstooiRtided with the optical ings

axis 9f the projectio jcal system BL. Next, the main controller 50
Ioa?i?lé wZ%r %ah%}s%@shur ac% i%%ofa{te “With & resist Sﬁﬁggeﬁﬁmelar ger
mattesial)t 26 ane thewd-tiltstage $8 viena waferjeader (pot shoWN)e 1ons-
Then, the main controller 50 sets the aperture size of the reticle blind 30

in

Grelef (0 icien BeB&EAgWar iRiminhtors area Vihick covers atlidhe

' t reticle RT but not the
co%%_erl ser i;nse%%a%%&?% the mehasur_emen _

openings

£7 ichhas i X dirdBion fehgthmstd&Rr Ran ture

thesmairpumawidshyingthe %-direction,of.the lens: ataching [%heen%ﬂsﬁﬁﬁééified

the same time, the main 5 controller 50 rotates the illumina:

n-Sys-e

apenare-stop plate 24 Viarthexdrivirigeunit 40 tonpatia specified, apartures

lig

stc%o,gor exlample the small a stog, on the optical path of the illumination
£

T Afer Hiat préfaration, the Wikin tbhfBlek 58110 Sfpplies control

inﬁ"maﬂoﬁﬁﬁgPt@ﬁﬁ@“ﬁ%%ﬁ%%&@i%n, the main controller 50

supplies control information TS to the light source 16 to
make it generate laser beam LB and illuminate and expose
the reticle Ry to the illumination light EL. By this, as
shown in Fig. 7, the measurement patterns 67; 4 are
simultaneously transferred through the pinhole-like
openings 70;,5 and the projection optical system PL. As a
result, the reduced images 67,5 (Latent images) of the
measurement patterns 67;,5, as shown in Fig. 10a, are
formed spaced a predetermined distance apart from each
other two-dimensionally on the resist layer on the wafer
W.

Next, the main controller 50 moves the reticle
stage RST in the Y—directibn by a predetermined distance
via a driving system (not shéwn) based on a measurement
value of a reticle laser interferomeﬁer and positional
relation planned in design between the reticle’s center
and the reference pattern 74, such that the center of the
reference pattern 74; is placed on the optical axis AX.

Next, the main controller 50 sets the aperture of the



make it generate laser beam LB and illuminate and expose the reticle RT

to the illumination light E . By this, as shown in Fig. 7, the measurement

patterns 67j,j are simultaneously transferred through the inhole-like 15

openings 704,j and the projection optical system PL. As a result, the

reduced images 67';_, (latent images) of tge ‘measurement patterns 67i, ,

as shown in Fig. 10A, are formed spaced a predetermined distance apart

from each other two-dimensionally on the resist layer on the wafer 20 W.

NexXt the rRal controfiér 50 toved the isticles stgenRSTdrt thehown)  such
a driving system (not shown)

Y-directi determined dist i
poSh o & WS GAL Valie oY A 1ot \ader o BTHateF

ased on a measuremen reti

positionahgb relation-planned in design hetween the reticle’s center and ,

the reference pattern 74, such that the center of the reference pattern 741

is plaeediomtheropticakaxi® Axq dNextsthedmain controlierssQ se--the (but not
aperture of the 95 reticle blind 30 via a driving system (not shown) such
that the SUMRMALISA lIGREEL only illuminates a rectangular area having a

credetermined size,on fhe Jenss altaching member 62 and including the

opening 721 (but no- 5 any condenser lens). Then the main controlfer 50-29°€

Mgss thienvafes stager WS T wéthemenitering measwement values of the
laser interferometer 54W such that the center of the latent image 67'1,1

ort tHe“wafer Wk fe frétmsashrément Tonsattern62 1 istplabed almestt
OQHEE¥n§@J§§SéQ(the wafer W of the first measurement

10 pattern 671,1 is placed almost on the optical axis AX.

Then the main controller 50 supplies control
information TS to the light source 16 to make it generate
laser beam LB and illuminate and expose the reticle Rp to
the illumination light EL. By this, the reference pattern

15 74; is transferred and overlaid onto the area where the
latent image of the measurement pattern 67;,; is already
formed on the resist layer on the wafer W, the area being
called an area Si,;1. As a result, the latent images 67",
and 74"; of the first measurement pattern 67;,; and the

20 reference pattern 74; are formed on the area S3,; in a
positional relation as shown in Fig. 10B.

Next, the main controller 50 calculates the
arrangement pitch P of the measurement patterns 67; 4 on
the wafer W, which pitch P is planned in design, based on

25 the arrangement pitch of the measurement patterns 67; 4 on
the reticle Ry and the projection magnification of the
projection optical system PL and moves the wafer stage

WST in the X-direction by the pitch P such that the
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Then the main controller 50 supplies control information TS to the light
source 16 to make it generate laser beam LB and illuminate and expose
the reticle RT to the illumination light EL. By this, the reference pattern 15
741 is transferred and over'-aid onto the area where the Iaten_t image of
the measurement pattern 671,1 is a_ready sformed on the resist laver on
the wafer W, the area being called an area 5,,1. As a result, the latent
images 67'1,  and 74'1 of the first measurement pattern 67;_,1 and thg 20
refepéricerpatierny4drare formedvor the atea Skitdna pesitenal relation

as shown in Fig. 108. Next, the main controller 50 calculates the
arfangamien %%%%e&etﬁ@ nRédstfémert pattetis 67XE=6h ithe whfaran,

whigh, pit¢h Bs p}@r@ggg géa%ngXQ%S%&W 25 the arrangement pitch of

the measurement patterns 67:4 on the reticle PIT and the projection

- magnificatiomeof the eprojeiction @ptieal systens BLand, moves the wafer

stage. WST in the X-direction by the pitch P such that the 96 centgr of an
arsd Sy P ahsrd tieSlatent hage bbthie secomtemeastrement patierngenerate

6712 s f is placed almost on the optical axis AX. Then the main
cojfjﬁr%oﬁgéroégo@ gﬁp%llgesaglogntr% iRtorhatior TS t6 e fight Stirceet6%de Rr to

make it generate slaserbeamdB and illgminate andgxpose the reficle RT ., .
to the illumination light EL. By this, the reference pattern 74 is trans_?err%d
andtovérail ot firrared SN2 onvthe lwafer WLtt0 After thak Steppingn the
Iikvtqa&\{v]gseerb%t\./veen the areas and '

After that, stepping likewise between the areas and
exposure are repeated, so that latent images, as shan in
Fig. 10B, of the measurement patterns and the reference
pattern are formed in the areas Si,5y on the wafer Ww.

After the completion of exposure, theymain
controller 50 unloads the wafer W from the Z-tilt stage
58 via the wafer loader (not shown) and transfers the
wafer to a coater-developer (not shown; hereinafter,
“C/D” for short) connected in-line with the chamber 11,
which C/D develops the wafer W, so that the resist images,
each having the same arrangement as shown in Fig. 10B, of
the measurement patterns and the reference pattern are
formed in the areas Sy, arranged in a matrix on the‘wafer
W.

After that, the wafer W already developed is
removed from the C/D and an external overlay measuring
unit (registration measuring unit) measures overlay

errors in the areas Si,5. Based on the result, position

errors (position deviations) of the resist images of the
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exposure are repeated, so that latent images, as shown in Fig. 1(_)B, of
the measurement patterns and the reference pattern are formed in 'Fhe
areas 5i,1 on the wafer W. After the completion of exposure, the main 15

“controller 50 unloads the wafer W from the Z-tilt stage 58 via the wafer

- loper (not
loader (not shown) and transfers the wafey-to a coater qleve
shown;(hereinafter, "C/D" for short) connected m-hng w_lth the chamber
11, which C/D develops the wafer W, so that the resist images, 20 each
haVingTHE S&me afahgérmeft &5’ showi irFightOR; of rthepneasirgment

: ; q
a rence pattern are_formed in the areas S_,j arrange
ﬁ] ggngg%@lgngtﬁ%%g elfr\N.Pfiera that, ?ﬁg ﬁ/‘é@rt\ﬁ%re%y_ﬂévél@@é@ feed that
25qeimaveckfsom. the-C/R and a8 external verlay measuring .unit ghe
(registration measuring unit) measures overlay errors in the are S.
Bae8dn fHie résukapasition estors (positionldeviations)efithe rgc%lst

[ es of the 97 measurement patterns 67j,, from the corresponding

:rgﬁggr%é‘ ba é-’rne‘?EfLi B Cal0ARREd. It she AR thas wivile thereraree rms

{ [ iti iati tatistical
vasiousppetheds of calcylating the position deviations, s _
computﬁﬁon is Sé;)referably egnployed based or measured raw data in .

terms of ifproving aceuraey, Infthis raaener-fof dhe areas;S 4. X; Y5-wo-
digmensional position deviations (A ', An’) of the measurement patterns

frSmMtRE TOeSpoRdiRg réfeterieviG pattarns &fé bbtained, which-are
inﬂHQ%@B@Bé@%”ﬁE@terns from the corresponding reference

patterns are obtained, which are inputted into the main
controller 50 through the input unit 45 by the service
engineer or the like. It is remarked that the external
overlay measuring unit may input.the position deviations
(A", An’) in the areas Si,5 1into the main controller 50
through the network.

In either case, responding to the input the CPU of
the main controller 50 loads the similar computing
program to the first program, and, based on the position
deviations (AL’, An’), computes the wave-fronts (wave-
front aberrations) for the areas Si,y, that is, the first
through n’th measurement points within the field of the
projection optical system PL, specifically, the second
term’s coefficient 7, through the 37th term’s coefficient
Z37 of the Zernike polynomial by using the computing
program.

Here, the physical relation between the position
deviations (AL’, An’) and the wave-front will be briefly

described with reference to Figs. 7 and 8, which is a
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controller 50 through the input unit 45 by the service engineer or the like.
It is remarked that the external overlay measuring unit may input the
position deviations ('v;', 4r)") in the areas S into The main controller 50 15
through the network. In either case, responding to the input the CPU of
the main controller 50 loads the simila®8omputing program to the first
program, and, based on the position deviations (L ', A TI'), computes the

wave-fronts (wave 20deant @berrations). for the areas Sij, that is, the first
through n'th measurement points within the field of the “projection optical
StemPLrrSpedfically e sedormh teim'stvefficientizz thraughthe-84h 1o+

texm’ icient Z3, of the Zernike polynomial by using the computing 25
il %ﬁoﬁ JStwesh e positioh dénaf6is oe ',

program. Here, the ;()Dhysma re
ort)iand the waye-frant will be briefly described with reference to Figs. 7
and 8, which is a 98 premise for the computation based on the position
deviatiBfis TAR X §Wiich e GPUsfthesnaintontrolier50 @arforms taig .

ebtaip the,waye-front.in the, projection optical system PL. 5 As

represented by a r%gaaﬁie%gefr%%%ﬁe?r? g?%,ﬁnrﬁj‘.s?r GHE"oF st eams

difractednea measuement patgen ik, passes through.a respective
inhole-like opening 70-LL,j and then the pupil plane of the projection
Blical?BfstefT PLIR 2 diftereht hoaftoredeperimg on e 16mpasiticn-af.

H%%@@@%ﬁ§Q§ngpgq%%%@QRtTg%%§t%@¥e&epending on the
position of the measurement pattern 67:,5. That is, wave-
front’s part in each position on the pupil plane mainly
reflects the .wave-front of the sub-beam from the
corresponding measurement pattern 67:,5. If the projection
optical system PL caused no aberration, the wave-front on
the pupil plane of the projection optical system PL would
become an ideal one (herein, a flat plane) indicated by a
numerical reference F;. However, because projection
optical systems that cause no aberration do not exist,
the wave-front on the pupil plane becomes a curved
surface F; represented by a dotted curve for example.
Therefore, the measurement pattern 67:i,5 1s imaged in a
position on the wafer W that deviates according to the
angle that the curved surface F, makes with the ideal
wave-front.

Meanwhile, lighﬁ diffracted by the reference
pattern 74; (or 74,), as shown in Fig. 8, is not
restricted by a pinhole-like aperture, is made incident

directly on the projection optical system PL and is
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front's part in each position on the pupil plane mainly reflects the
wave-front of the sub-beam from the corresponding measurement pattern
07i,j. If the projection optical system PL caused no aberration, the
wave-front on 15 the pupil plane of the projection optical system_PL would
become an ideal one (herein, a flat plane)jgdicated by a numerical
reference F1. However, because projection optical systems that cause no
aberration do not exist, the wave-front on the pupil plane becomes a
CUNRHZD sefade F2 veffresenitetibyoa dottecheurve doreexamplecpt i ca
Theresf\%e, the measurement pattern 67.,, is imaged in a position on the

water Wihat devides a6t ding 36 ¥ angletrat e cuifvédisurfaceepznce
makestwith, the ideal wave-front, 85%'\46%“%@&nghdlffracged by the

. 16 £
reference pattern 741 (or 742), as shown in Fig- 8, Is ot resticted B§ ar ©

pirificte-fike aperture, jis:madlere incident dieectly opitbe projection optical - ;
system PL and is 99 imaged on the wafer "n7 through the projection
optital® sytehf PL PMBIEsVet che ivisé exposure ot thePfeferehce spattesn

741, f d in.a,state.where the center of the reference pattern 741
is %jggiﬁoleégé@oﬁ the OE) ical 58218 Bf tHeBrojetiBhn bpficdi Sy&RRTPE, Pattern

almost he abersationof thedmaging-beam fr O%tP?JQﬁer%@%ec@%“eﬁfﬂ 74%; that

is caused by the projection optical system PL, so that _the image is fofrme
with'fio Pesitionideviztionsoh a shiallnargacthat-theroptiealiaxis passes: a small

thg¥gthhat the optical axis passes through.
| Therefore, the position deviations (AE", An’)
directly reflect the tilts of the wave-front to an ideal
wave-front, and based on the position deviations (AE”,
An’) the wave-front can be drawn. It is noted that as
physical relation between the position deviations (AE’,
An’) and the wave-front indicates, the principle of this
embodiment for calculating the wave-front is the known
Shack-Hartmann wave-front calculation principle.
Disclosed in U.S. Patent No. 5,978,085 is an
invention concerning the technology where a plurality of
measurement patterns on a mask having the same structure
as the measurement reticle Ry are sequentially imaged on a
subsﬁrate through respective pinholes and a projection
optical system, where a reference pattern on the mask is
imaged on the substrate through the projection optical
system but not through condenser lenses and the pinholes,
and where position deviations of the resist images of the
plurality of measurement patterns from the respective

resist images of the reference pattern are measured to
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10 Therefore, the position deviations (A ', Ord'") directly reflect the tilts of
the wave-front to an ideal wave-front, and based on the position
deviations (4S' An') the wave-front can be drawn. It is noted that as
physical relation between the position deviations (0", 15 Al') and the
wave-front indicates, the principle of this ygmgbodiment for calculating the
wave-front is the known Shack-Hairtmann wave-front calculation
principle. Disclosed in U.S. Patent No. 5,978,085 is an invention
coﬁ%iﬁﬁﬁgaﬂ‘% teeRndlB gy whera & phiralityof 120 neasarermentattemisned
onama Kk Ikailg)nrg the same structure as the measurement reticle Rm are
sequentia @/ imaged on a substrate through respective pinholes and a
projection opticaks, Estern, where aseferense patiern onthe maskiis

imaged on the substrate through the projection optical 25 system but not
thretighicondenser lensegand theepinhelese aadpeherepesiion22, through

delv'a%tions of the resist images of the plurality of measurement patterns
frorhi The Fespattive SRR iMEGEs oFthBReferér patteih ae nisdsirde

to-100, galeHlate the wave-frong aberration by a gé%%eé%%“eegnd

) : EGA
computation. Incidentally, when semiconductor devices are manufag(ured

usifg thenexpbsate apparatusesdA2d thiosighe b 4223 dNis fter 2 reticle

embaodiment, preparation such as reticle alignment, so-called base-line

mBadGrenteiit dha HOA HENHaNe e d Sldiss Aligameptds perforemed after
a reticle, l%fo&g%réufggWring the devices is loaded onto the reticle stage
RST. )

The above preparation such as reticle alignment and
base-line measurement is disclosed in detail in, for
~example, Japanese Patent Laid-Open No. 4-324923 and U.S.
Patent No. 5,243,195 corresponding thereto. Furthermore,
the EGA is disclosed in detail in, for example, Japanese
Patent Laid-Open No. 61-44429 and U.S. Patent No.
4,78@,617 corresponding thereto. The disclosures in the
above U.S. Patents are incorporated herein by reference
as long as the national laws in designated states or
elected states, to which this international application
is applied, permit.

After that, exposure of the step-and-repeat type as
in the measurement of the wave-front aberration usiﬁg the
measurement reticle RTAis performed, in which stepping is
performed based on the result of wafer alignment. Because
the exposure operation is the same as in a usual stepper,
its detailed description is omitted.

Next, the method of making the projection optical

system PL in the making of the exposure apparatus 122
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10 The above preparation such as reticle alignment and base-line
measurement is disclosed in detail in, for example, Japanese Patent.
Laid-Open No. 4-324923 and U.S. Patent No. 5,243,195 corresponding
thereto. Furthermore, the EGA is disclosed in detail in, for example,
Japanese 15 Patent Laid-Open No. 61-44429 and U.S. Patent No.
4,780,617 corresponding thereto. The disclosures in the above US
P?é%rgs are incorporated herein by reference as long as the national laws
[

fnated Sites Or Bletted Stdtes, 36 weHidkPtis international

applicati i ied, permit. After that, exposure of the _. .
s&%-and%]ésggtﬁtélgﬁ %%lfﬁgthghn?ea%%?é:nﬁgﬁtc of the Wab8rdnt Bberradsit tion

usingi thel measuesement reticle RT is performed, in which stepping is
performed based on the result of wafer alignment. Bece_luse 25. the
exposure*dpération ¢sthecsamé as inlaesodl stepperz is:detaileput s into
dt%sgri@tion ]CS emitted. Next, the method of making the projection optical

system PLoin the Making 8?&1%%@%&%%%%%%alzét_li)li_{lﬂm, Urfllit

t hsl223) Wi cri rmining the specification For the
pmrl:)%ggtign opti)cali%fsdtjfri éﬁ%ﬁ%ﬁ%‘%ﬁnﬁ thge Iﬁ?éeofetﬁg ?nséf(]é? aplpparatus
iApats. into B thedirstcaramunicatien server 420 via: #ks:iput wait (et 1
shown) target information for the exposure apparatus such as an _
exXposhire WalBlengit almirfmtmtine witey {resdbiution) and infarmationbe

i nd instructs the first communication
@Qﬁgg@@a*§W§”1H%Q%J%%QS%%éiglrSE communication server 120,
server 120, ,
via its input unit, to send the target information.

The first communication server 120 inguires of the
second communication server 130 whether or not it can
receive data, and, when the second communication server
130 replies that it can receive data, sends the target
information to the second communication server 130.

The second communication server 130 receives and

analyzes the target information, selects based on the

‘result of the analysis one of seven methods described

later for determining the specification, and determines
and stores the specification in RAM.

Here, before explaining the methods of determining
the specification, what aberrations the terms of the
Zernike polynomial (fringe Zernike polynomial) in which
the wave-front is expanded are associated with will be
briefly described. Each term includes the function £i(p,0)
as shown in table 1 and is a term of n’th order and m@,
where n indicates the maximum power of p and m the

coefficient of 6.
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10 via its input unit, to send the target information. The first
communication server 120 inquires of the second communication server
130 whether or not it can receive data, and, when the second
communication server 130 replies that it can receive data, sends the
target 15 nformation to the second commuypigcation server 1_30. The
second communication server 130 receives and analyzes the target
informationf selects based on the result of the analysis one of seven

methods deg&ribed T&&F for Utéririningl thesspetification, and dRteHOINeS s +he

20k storgs the specification in RAM. Here, before explaining the
methods of determining tﬁg%pgaﬁ%ﬁoﬁf\ﬁh&tsaﬁé?@tiéﬁs?ﬂﬂait@tms ofith any

théZernikeipolynomial fringe Zernike polynomial) in which the wave-front
is expanded are associated with will be 25 briefly described. Each term

includes tHe\funttis fi(R o as shon irtable doandrisa termofn'th ) -

. . . 4 3
orderand where n indicates the maximum power of p and m fhe
coeffiljcientgo}%QCS 1%%%%% VSIS D8 terATRRfietent Z1) represents the

position ofrthe @@\é%ﬁentc)a_tqpeijg nog @ssociated with any aberration. The
first order, 10 term (coefficients 22, %)Stg TepreS&Ts the distorticn)

COTfipGTRERITHe Seeordd efder Qf-teem (eeefficient Z4 represents the field
curvature.T'Lhe third and over order, 00 terms (coefficients Z9, Z16, Z25i
.236,230réh%géﬁQhégah@%%Eamﬁﬁﬁbn 06 terms (coefficients Zg

Zi6, Z2s, Zsg, Z37) represent the spherical aberration

component .

The 26 terms (coefficients 25: Ze, Ziz, Z13, Zo1, Zos
4 4

fs2, Z33) and the 46 terms (coefficients 2y, Zy, Z2g, Zpg)
14

Tepresent the astigmatism component .
The third and over order, 10 terms (coefficients 77
4

Z .
8 Zi4y Z1s, Z23, Zza, Z34, Z3s), the third and over order, 3
. . 14

6 t oy
erms (coefficients 2, Z11, Zis, Zag, Z30, Z31) -and the 50

terms (coefficient Zoe, Zo7) represent the coms component.
The seven methods of determining the specification

with using as a standard the wave-front aberration amount

that the projection optical system PL is to satisfy will

be described in the below.

<A first method>

In this method, the coefficients of terms épecified
by the target information out of the terms of the Zernike
polynomial in which the wave-front in the projection
Optical system is expanded are selected as standards. In
the first method, with using, e.g., the coefficientsbzg

/

Z ' ist '
3 corresponding to the distortion component as standards
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10 component. The 20 terms (coefficientsZ ov Z6, Z12r Z131 221, 2.221

232, Z33) and the 40 terms (coefficients 217, Z18, Z28, Z29) represent

the astigmatism component. The third and over order, 10 term§

(coefficients 27, 15 Z8, Z14, Z15, Z23, Z29, Z34, Z35) , the third and over
order, 3 0 terms (coefficients Z10, Z11, 219, 220, 233, Z31) and the 58

terms (coefficient Z26, Z27) represent the coma component. The seven
methods of determining the specification with using as a standard the.
wavesfforit b erration mamouit 26 thatthe projection optieaksystem Pl istoe -
satiisf\r/ will be described in the below. <A first method> In this method, the‘
coefficienté BPtetms SpRciiv Chy e atget iﬁf%rrﬁéﬁor?é@ﬂ@f%é@@m@@{lcal
th ' 5 pal jal in which the wave-front.in the projection optical,
e 1 Aot are Bl a5 FAGBa: I R A8 oA LR
usinige efd. gthe m&ifidentsi%el%ﬁowggwqg,@,thg péggrggﬁnin ed
component as standards 103 when the target informatlo_r_l contains a

redGiving ower for example, the specification of the prcii..ection optical

system P’ --a gn%tgflrgicrllgd such that the coefficients within the field are at

or below resnpectlve, predetermined 5 values. <A second method> In this

method, with usingsthe-R8 value (RaotMeap-Squargyalue) ofthe o .
coefficients of the terms of
Mean-Square value) of the coefficients of the terms of

the Zernike polynomial in which the wave-front in the
projection optical system is expanded as a standard, fhe
specification of the projection optical system PL is
determined suchrthat the RMS value within the field is
not larger than a given limit. By the second method field
curvature, etc., can be constrained. The second method
can be suitably applied to any target information.
Alternatively, for each coefficient the RMS value of its
values within the field may be used as a standard.
<A third method>

In this method, with selecting as standards the
coefficients of the terms of the Zernike polynomial in
which the wave-front in the projection optical system is
expanded, the specification of the projection optical
system PL is determined such that the coefficients within
the field are at or below respective, given limits. In
the third method the limits may all be the same in value
or different from each other, or some of the limits may .
be the same in value.

<A fourth method>
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the Zernike polynomial in which the wave-front in the 10 projection optical
system is expanded as a standard, the specification of the projection

optical system PL is determined such that the RMS value within the field

is not larger than a given limit. By the second method field curvature,

etc., can be constrained. The second method 15 can be suitably applied

to any target information. Alternatively, for each coefficient the RMS value

of its values within the field may be used as a standard. <A third method>

In this metAad, Witreseletting as standardsithe 26 ceefficients=efthehe RrMS
terms, of the Zernike polynomial in which the wave-front in the projection

optical &y stefit 18 eXpdided, thé Spedification _df@ﬁefﬁﬁﬁé&iéhs_opﬁﬁalter ms

system:BL ds-dgtermined sych.that the. coefficients within, the field are at
orsé)elow respective, given Iimitg. Ingz}éltﬁqé third method the Titnits I%éy%t

bezhe samtetinvalue: or dffferest frermeach othere opsome jof the ipiS i1 in
may be the same in value. <A fourth method> 104 In this method, with
usifig'ad®_ Stndard fie” RVIS valiie Pivithinthé fieldi ohthercoifficlents of em s

ter 'th qrder, me terms), which, correspond to a given aberration, out
of %Ee t%érér%gdf thie Zeftike jpgﬁlcn%mjféiriln B wHicK thewa & frofPindhE L cal

prejestiemoptical systetis, expandeds the: spacification of. the projectign , .

optical system PL is determined such that the RMS value is not larger

thai BGerthimit. Ia thé feurtd imethiod Whenltthe fourth method when the
target information contains pattern information, based on
a presumption, obtained from the pattern information,
which aberration must particularly be restricted in order
to form a good projected image of the pattern on the
image plane, the limits for the RMS values of the
coefficients of n’th order, mb terms are determined, for
example, as follows.

Let the RMS value A; of the coefficients Zo2, 23
within the field be =z standard, then the standard A; <
limit B;.

Let the RMS value A, of the coefficient Z4 within
the field be a standard, then the standard A, < limit Bs.

Let the RMS value A; of the coefficients 25, Zg
within the field be a standard, then the.standard Ay <
limit B;.

Let the RMS value A; of the coefficients 27, Zg

within the field be a standard, then the standard A,

IA

limit B4 .
Let the RMS value 275 of the coefficient Zg within

the field be a standard, then the standard As < limit Bs.
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target information contains pattern information, based on 10 a

presumption, obtained from the pattern information, which aberration

must particularly be restricted in order to form a good projected image of
the pattern or, the image plane, the limits for the RMS values of the
coefficients of n'th order, mB terms are deteymined, for i5 example, as
follows. Let the RMS value Al of the coefficients Z2, Z3 within the field be

a standard, then the standard Al < limit B, . Let the RMS value A2 of the
coefficient Zatwithin 28 3he fidlddbera stendare, ther tite standard A2S 7.,

Iim‘L,ti%%.iLei;C he I}MS -é(alue A3 of the coefficients a5, Zy within the field
be'a standard. thér the stafd&rdSAF Hifte3. (et the RIS valve et the
coefficients Zg£, Ze 25 within the field be a standard, then the standard A4

< lint B4. Let the RMS value A5 of the coefficient Zg within the field be a
standard, theh theestardard-Ams_AimibB. 105 Letdhe RMS Malue AG of 7
the coefficients Z1o, Z" within the field be a standard, then the standard

As" fifmit'S6. 10 thé RMS Rale A7 enthexsbeffidients 212, 213 6withina-
the field he astandard, then the standard A- 5 limit B,. Let the R.MS value
As of the coefficients Z-_4, Z,5 within the field be a standard, then the

standard Asst the RMS value Ay of the coefficients Zi4, Z1s
within the field be a standard, then the standard 2Ag
< limit Bg.
Let the RMS value Ay of the coefficient Z1e within
the field be a standard, then the standard Ag = limit Bsg.
Let the RMS value A;q of the coefficients Zi7, Zig
within the field be a standard, then the standard Ajq
< limit BIO- |
Let the RMS value A;; of the coefficients Ziyq, Zug
within the field be a standard, then the standard Aj;
< limit Bq;.
Let the RMS value Z&;, of the coefficients Z,i1, Zo
within the field be a standard, then the standard A1g
< limit Bi,.
Let the RMS value A;3 of the coefficients 7,3, Z,a
within the field be a standard, then the standard A1z
< limit 813.

Let the RMS value A;4 of the coefficient Z,5 within

the field be a standard, then the standard Ay £ limit By,.

Let the RMS value Ai;s of the coefficients Zoe, Ziog
within the field be a3 standard, then the standard Aqs

< limit Bis.
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5 limit Be. 10 Le" the RMS value A9 of the coefficient Z16 within the field
be a standard, then the standard As < limit B9. Let the RMS value A10 of
the coefficients 217, Z18 within the field be a standard, then the standard
A10 <_limit B10. 15 Let the RMS value Al, of the coefficients 219, Z20
within the field be a standard, then the st%%ard All Slimit B1,. Let the
RMS value A12 of the coefficients Z21r Z22 within the field be a standard,
then the standard A12 20 limit 312. Let the RMS value A13 of the
coefficientd- 223224 RMithin die field be @rstandardothenitbe standard,, 7.,
Al13, 5 limit 813. Let the RMS value Al14 of the coefficient Z25 within 25
the'fistdde &3fanuard Ahef the StanasrIAL4 5hirit 8De Eétatgéﬂsles
Y, A f the coefficients Z26i Z27 within the field be a standard, then
tr?egjgalng(nj%?d %11165 S knit 8,;. 106 Let the RMS value A16 of the

coefficients. 23 K29 mithiry teufield. be 8 standard,Jben the stapdard A16,
< limit B16. Let the RMS value A17 of the coefficients Z30, Z31 5 within

the fiitie 2tariderd cthien the standdrAL7 thimit B1. tetthe=RMSA
value Ale. of the coefficients 232, Z33 within the field be a standard, then

the standard Alg
Let the RMS value A;g of the coefficients Zsz, 433

within the field be a standard, then the standard Aqg
< limit Big.

Let the RMS value Ajs of the coefficients Z34, 235
within the field be a standard, then the standard Aqg
< limit Bis. |

Let the RMS value Ay of the coefficients Z3e, Z37
within the field be a standard, then the standard Bog
< limit Bgg.
<A fifth method>

In a fifth method, with using as a standard the RMS
value, within the field, of the coefficients of each
group of mb terms having the same mf value out of terms,
which correspond to a given aberration, out of the terms
of the Zernike polynomial in which the wave-front in the
projection optical system is expanded, the specification
of the projection optical system PL is determined such
that the RMS value for each group is not larger than a
respective, given limit.

For example, let the RMS value Ci1, within the field
of the coefficients Z,, Zie, 225, Z3e, Z37 of the third and

over order, 00 terms be a standard, then the standard C;
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<_limit BIB. 10 Let the RMS value A19 of the coefficients Z34, Z35 within
the field be a standard, then the standard A19 S limit 819. Let the RMS
value A20 of the coefficients 236, Z37 within the field be a standard, then
the standard A20 15 limit B20. <A fifth method> In a fifth method, with
using as a standard the RMS value, withinythe field, of the coefficients of
each group of mO erns having the same m9 value out of terms, 20 which
correspond to a given aberration, out of the terms of the Zernike

pofyn mrifdiin Which the wave-front in the projection optical system is
expanded, specification oéthe projection optical system PL is
determinedﬁgﬁcchg teat(ﬁ%}é) RNV ‘i/%lucezf'or‘é%ﬁgfb&dé%&iﬁréév thaf 125

respeetive,givert kmg Fop exam I,e, let theZRMS alue Cl, within the field, -~ |
of the coeff= cients 197, Z16, 225159236,1%'37 02f3fhe¥t"fﬁfd ér;ﬁ‘br ot&t dtder-0p third

terfisth@ astardatd rthehtthe standard: C4 107 Hanit L. Letthe RMS (.0 o
value C2r within the field, of the coefficients Z7, ZE, Z14, Zin, 223, 224,
234° 735 6t the thitd and over order, 10 terms be a standard, then the

standard G2 Alimi he RMS value C3, within the field, of the
coefficients Z5, Z6, thg[%zl-l%g%%% 22, fé;kiéé Gftfie 2B tetmsdde 4he

- stavdeidithearthe standargd, C38.5 imit D3. 7, Z22, 232, 233 of the 26

terms be a standard, then the standard Cs = limit Dj.
Let the RMS value Cs, within the field, of the

coefficients Zio, 214, Zi9, Zzo, Z30, Z31 of the 30 terms be a

standard, then the standard Cs = Ilimit Dy.

| Let the RMS value Cs, within the field, of the
coefficients Zi7, Zis, Zzs, Zoo of the 46 terms be a.
standard, then the standard Cs < limit Ds.

Let the RMS value Cs, within the field, of the
coefficients Z,, Zz7 of the 586 terms be = standard, then
the standard Ce < limit Dsg.

Also in this method, as is obvious from the
meanings of the coefficients, when the ftarget information
contains pattern information, based on a presumption,
obtained from the pattern information, which aberration
must particularly be restricted in order to form a good

projected image of the pattern on the image plane, a

standard is selected.
<A sixth method>

In a sixth method, with using a given standard of
the RMS value, within the field, of coefficients given by

welghting according to the target information the
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Let the RMS value C4, within the field, of the 10 coefficients Z16, Zn, Z19,

Z20r Z30, Z31 of the 30 terms be a standard, then the stan_dard C4 <

limit D4. let the RIMS value C5, within the field, of the coefficients Zl?, ‘

Zie, 220, Z29 of the 40 terms be a standard, then the st_ar_1dard A5 S limit

D. is Let the RMS value C6, within the fiei%,gpf the coeff_|C|_ents 225, Z_27

of the 50 terms be a standard, then the standard C6 < I|m_|t _D6. Also in

this method, as is obvious from the meanings of thg coefficients, when

th&" R gétlifitoasiont mntampam?tinf@rtmam%l;bﬁz%ge ﬁ%t%ﬁia 1 in
umption, obtained from the pattern information, which aberra |

ﬁ:ﬁé%%%tigcu arly'Be TestfictRd irt Brdeh to Foif & G66¢ projectiethimagesfem is

' [ d..25 <A sixth
the: patiereen the im plare, a sfandard is selected., , .
metﬁ§d> In a sixth method, with usingna g(;)l\_/en .stean%g?dj STC FHEOQE%RHE(%
withiis treerfield, ofecoefficients givernby: nyeighting qg@grq}gq g:éthgsta%e{
information the 10r 8 coefficients of the terms of the Zernike polynomialin

e s e o
RO vl oot € A et i & HIGIE I ARG (7S MRt ion e on
target informatidroaoniainsnattesn infermatior, hased on, apresymetan, ,
obtained from the pattern information, ‘
which aberration must particularly be restricted in order
to form a good projected image of the pattern on the
image plane, the welghts are determined.
<A seventh method}

A seventh method can be employed only when the
target information contains information about a pattern
that the projection optical system projects, and by
analyzing the result of a simulation for, based on the
pattern information, obtaining a space image formed on
the image plane when the projection optical system
projects the pattern, the specification of ﬁhe projection
optical system is determined using as a standard the
wave-front aberration amount allowed for the projection
optical system such that the pattern is transferred
finely. In the simulation, based on linear combinations
between sensitivities (Zernike Sensitivity) of the
coefficients of the terms of the Zernike polynomial in
which the wave-front in the projection optical system 1is
expanded, to a given aberration (or an index) for the

pattern (object pattern) and the coefficients of the

terms of the Zernike polynomial, the space image may be



10

15

20

25

which aberration must particularly be restricted in order to form a good
projected image of the pattern on the 10 image plane, the weights are
determined. <A seventh method> A seventh method can be employed
only when the target information contains information about a pattern
that the projection optical system projecti,o%nd by 15 analyzing the result
of a simulation for, based on the pattern’information, obtaining a space
image formed on the image plane when the projection optical system
projectsithe paiteir;the spedifigationief the peojeatiom, optical system is. -
determined using as a standard the 20 wave-front aberration amount
allSwed F6r-thresprofetics opticalsvstem stichatatdhe patter hransferred he
fingly, In maeysicrﬁnsuIatg)nv basf%%on linear caombinations between

g y) of e’ tosffitiehtoftiB T8 ef (e said

sensitivities (Zernike Senditivi
Zegpaike potynomial in 25 which the wave-front in the projection optical

system is expanded, to a given aberration (or an_ index) for the pattern
(‘object patteird) andlthelvoefiicients béthel termsrof the Zetnikeelow. There
poéyniomcial, the space image may be 109 ob-~iained which sensitivities

aré given from'ZernikeS Vafations taBlesWnidlP wery éreatatbefosiandl 3)

in the- aame way as.ahove. the sensitivilies depending gn,said pattern. 5

This will be described in more detail below. There "exists a relation given

bfﬁ%ﬁ@&aﬁmgdanmﬂom(ﬁ@rious aberrations (or their indexes)
in n measurement.points within the field of the
projection optical system, for example, m kinds of
aberrations and a matrix Wa with n rows and 36 columns
that comprises the wave-front aberration data for n
measurement points, for example, terms’ coefficients (e.qg.
the second term’s coefficient 7, through the 37th term’s
coefficient Ziy) of the Zernike polynomial in which the
wave-front aberration is expanded and a Zernike-
variations table, i.e., a matrix %S with‘,e.g., 36 rows
and m columns that comprises variation (Zernike
Sensitivity) per 1A in each of the coefficients le.g. Zi
through Z37) of Zernike polynomial’s terms corresponding
to m kinds of aberrations under given exposure
conditions:

f= Wa x Z8S. (13)

Here, £, Wa, and 7S are represented by, for example,

the equations (14), (15), (16) respectively:
~][1,1 ‘fi,Z o ﬁ,m
S Som

f: ?’] . 2:’ .(14)

»fn,l ‘](;1,2 o .fn,m
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between a matrix f with n rows and m columns that compris_es dat_a pf
various aberrations (or their indexes) inn measurement..pomts within the
field of the 10 projection optical system, for example, m kinds of .
aberrations and a matrix We with n rows and 36 columns that comprises
the wave-front aberration data for n measurement points, for example,
terms' coefficients (e.g. the second term's coefficient Z2 through the 37th
term's 15 coefficient Z37) of the Zernike polynomial in which the
wave-fro Qabergatlon IS egpandgd and a Zernike- variations table, i.e., a
matrle jith e g., 36 rovv’s anch'th columns that comprises variation
ike g\éhsmvny) per 1X in ga&h of the coefficients (e._g. Z2 20 through
)éZerhike polynomial's terms correspgdfgling to m kinds of
aberratl ns:under given exposure conditions: f= We x ZS. (13) Here, f,
Wa, and|ZS arejepresen d by, for example, 25 the equations (14), (15),
(16) res d’tfvely i fr,z fi ff%j fg’rﬁ“fn 1f2..fn,,110 212713 ...71,36
21,371 222237Wa(|s)Zn22n33 .2Zn336 71,37 2 ('~ b1l bl,2 ..

blm Ll 1,2 . Im
b
ZS = f’l LT (e)

b36,1 b35,2 b36,m

As the equation (13) indicates, the amount of any
aberration can be defined by using the Zernike-variations
table and the wave-front aberration data (for example,
terms’ coefficients (e.g. the second term’s coefficient Z,
through the 37th term’s coefficient Z3z7) of the Zernike
polynomial in which the wave-front aberration is
expanded). In other words, by specifying desired
aberration values in the form of £ (eqﬁation {(14)), and
solving the eguation (13) with the known (created béfore)
Zernike-variations table, the wvalues of terms’
coefficients (e.g. the second term’s coefficient Z,
through the 37th term’s coefficient Z37) of the'Zernike
polynomial for each measurement point within the field of
the projection optical system can be determined which
values make the amcunt of a specific aberration at a
desired value.

That 1is, in the seventh method the specification of
the projection optical system is determined using as a
standard the wave-front aberration (terms’ coefficients

of the Zernike polynomial in which the wave-front is
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Zi.J=h2,1 b2.m b36,1 b36,2 b36,m As the equation (13) indicates, the
amount of any 10 aberration can be defined by using the
Zernike-variations table and the wave-front aberration data (for example,
terms' coefficients (e.g. the second term's coefficient Z2 through the 37th
term's coefficient Z37) of the Zernike pélynomial in which the wave-front
aberration is 15 expanded), In other words, by specifying desired
aberration values in the form of f (equation (14)), and solving the equation
CES)IMtHEthe Kriotvrf(CFE4ted befbte)® Zemiké-VaRatiorsTablé) tHevaties
afistms coeflicients (¢.9, the second.tenn's coefficient 22 20.thyaugh the
37th term's coefficient Z37 of the Zernike polynomial for each
measyrementyaiat within theifield of thempsojectionaptical systemeane.
determined which values make the amount of a specific aberration at a
desired valuengs Fhat ise irpthe sevarthlmethod fhe specification of the
projection optical systems determjned using as s%andard the wave-front
Bt (&S CoBRRIGHES ‘ot 1S 25rHTke Sdlyromiat i WHEH 1
wavedront is 111 expanded.fora space image ohthepatternwhere he tne
amount of a specific aberration, e.g., a line-width abnormal value (an
irmlex of coma) i aka girerswareues irpamg dfithemaboveanétheds of with
determining the 5 specification, the specification of the projection optical

Sy7starn i§ YeterfiiAed BaSed B inforatih ofthe ©X the wave-front on
the pupil plane of the projection optical system, that is,

the overall information of light passing the pupil plane,
and therefore by making the projection optical system
satisfying the specification, the target of the exposure

apparatus can be securely achieved.

3

b. The process Qf making a projection optical
system

Next, the process of making a projection optical
system will be described with reference to a flow chart
in Fig. 11.

[Step 1]

First in a step 1, lens devices, lens holders for
holding the lens device, and a lens barrel for housing
optical units each comprising the lens device and the
lens holder are made according to given lens data in
design which are optical members composing the projection
optical system. That is, a known lens-processing
apparatus processes glven optical material to the lens

devices such that these have a radius of curvature and a

thickness along the axis, which were planned in design.



target that the exposure apparatus must achieve, with_ using as a

standard the information of the wave-front on tr_le pupil plane qf the .
projection optical system, that is, 10 the overall mforr‘natlon'of light passing
the pupil plane, and therefore by making the projection optical system
satisfying the specification, the target of t e £xposure apparatus can be
securely achieved. b. The process of making aprojection optical 15

system Next, the process of making a projection optical syst.em_wnl be
deseribedl wittvreferenceltoauftove skar dn A1ig. Stap,H 20-Firstin aste oy,
1, lens devices, lens holders for holding the lens device, and a lens barrel

forHouRing™ bptickidiritseaeh dormptisingthedensdeviteand the ters lens

h made ac ing to given lens data in  design which are optical
moelgngggé%compoglgﬁ% p je%c%%n%% optical stém. FRARE IekRcwishe lens

lenseprocessing apparatisPracesses Givenoptical materjal to the lens,
devices such that these have a radius of curvature and a thickness along

the' BtisPwhihewereaplanted.in desigrgll2 And a known |
me[tgl-%rocg?sing apparatus processes given mate_rlal (stalnless, b_rgss,
ceran%ic?etc.) to the lens barrel for housing the optical units comprising

the lens deyicg %@ejen%g@dg&%@ctgaggggggirg%nstiggs gy’lhsicrc]ie.vices

were planned in design. [Step 2]
of the projection optical system PL made in the step 1
are measured by, for example, a Fizeau-type
interferometer which employs a He-Ne gas laser emitting
light having a wavelength of 633nm, an Ar laser emitting
light having a wavelength of 363nm} or a light source
which converts an Ar-laser light into a higher-harmonic
wave having a wavelength ©f 248nm from an Ar laser. The
Fizeau-type interferometer measures by a pick-up unit
such as CCD an interference fringe caused by light
reflected by a reference surface on the surface of a
condenser lens on the optical path and light reflected by
the surface of a lens device to be measured, so that it
can accurately obtain the shape of the surface to be
measured. Obtaining the shape of the surface (lens
surface) of an optical device such as a lens by using the
Fizeau~type interferometer is discloséd in, for example,
Japanese Patent Laid-Open No. 62-126305 and Japanese
Patent Laid-Open No. 6-185997, and thus its detailed
description is omitted.

For the lens surfaces of all lens devices forming

part of the projection optical system PL, the measuring
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In a step 2, 'the surface shapes of the lens devices of the projection
optical system PL made in the step 1 are measured by, for examplg, a
Fizeau-type 10 interferometer which employs a He-Ng gas laser emltt|ng
light having a wavelength of 633nm, an Ar laser emitting light havmg a
wavelength of 363nm, or a light source '@h converts an Ar-laser light
into a higher-harmonic wave having a wavelength of 248nm from an Ar
laser. The 15 Fizeau-type interferometer measures by a pick-up unit such

asCChtan interference fringescarised bydight eflgctadby aJeference s ; g

-surface on the surface of a condenser Lens on the optical path and light

reflétfed byefhe Surkate 6t arlehs Hevies 26 bé mezsufed;sethatit 201can

acgcurately obtain the shape of the surface to pe measured. Obtaining the
shg%g %%%heén g&#a&f(?&r?ﬁ Sufface) Of AT Optical GeicEStich 88 aheAS bfAM or

usingsther kizeaurtype interferometer,is disclosed in,for gxample, | |
Japanese Patent Laid-Open No. 62-126305 and Japa_lne_se _25 Pa_ltent
LafthOpeniNe t6-185887 vand thus itsidetaited description is:amittech dor
the lens surfaces of all .ens devices forming part of the prcjection optical
sygﬁ?ﬁq&ﬁ_, TS thedSufing 18 °dfthe shape of the surface of an optical
deyg:@elﬁﬁi@g the Fizeau-type interferometer is performed, and, the
measurement results are stored in a memory such as RAM or a storage

unit such as"adard diskcafripe sedend 5 eommunication SErYer130-i ng the

thgﬁgggg]ypugggngggssgﬂg%g%g?Eﬁ}a§3Q$%Zns devices forming
part of the projection optical system PL, the plurality
of optical units each comprising the lens device and a
lens holder for holding the lens device which are
processed according to design values are assembled
individually. A plurality of, for example, four units of
these optical units each have the movable lens 13; through
13; and a double-structured lens holder described above
which has an inner lens holder for holding the movable
lens 13; through 13; and an outer lens holder for holding
the inner lens holder, between which the positional
relation are adjustable through a mechanical adjustment
mechanism. Tﬁe double-structured lens holder further
comprises the above driving devices arranged in
respective, predetermined positions.

-Then the plurality of optical units are assembled
individually by sequentially dropping these and a spacer
each time between these into the lens barrel through its
upper opening. The optical unit which was first dropped

in the lens barrel is supported by a protrusion in the.
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[Step 3] After the completion of, in step 2, measuring the shapes of the

lens surfaces of all lens devices forming 10 part of the projection optical
system PL, the plurality of optical units each comprising the lens device

and a lens holder for holding the lens device which are processed

according to design values are assembléd 4individually. A plurality of, for
example, four units of 15 these optical units each have the movable lens

131 through 134 and a double-structured lens holder described above

wHiefY hiss andnndr lehs hokdes fordiolding tHemevalleclens 134dhraugh a1l
13t' and n‘outgrr1 lens holder for holding the inner lens holder, between

which i pSittonal 2052 1ation a8 Seijtistaie THREGGH & ndcharical Lens
adjustment mechanism, The double-stryictured lens holder further - . .

comprises the above driving devices arrangedin respective,

predetesminechpositionsc Then the plusality obepticalwrits-are)assembied 1 on s
25 individually by sequentially dropping these and a spacer each time
bétRéeR Hhese tddrIBRS Bakgl thréuyhlits mppecopering. Riecoptical t h

unit which was first dropped ir. the lens barrel is supported by a
p%%r\gé‘fgﬁ in Ititeolféf Cié)\?lvrelrg end of ﬁ%ﬁ%ﬁg BafeRfia g%%aﬁ@ﬁ%%ﬂ%i% be
alk $he eptical uaits have heen agcommodaied in the lens Qggglnﬂlfy and the

assembly ends. During the assembly, distances between the optical”

sufaces (nssurfaces)aithe tens S devices are rieasured bymatooks upon

(micrometer, etc.) with taking into account the thickness of the spacers to

bg e completlon of the assembly in the step 3 between the
optical surfaces (lens surfaces) of the leﬁs devices in
the projection optical syétem PL.

Incidentally, during the making process including
the assembly, the movable lenses 13, through 134 are fixed
in their neutral positions. Although the explanation is
omitted, the pupil aperture stop 15 is instaled in the
projection optical system PL in the assembly.

The results of measuring, during the assembly and
upon its completion, distances between the optical
surfaces (lens surfaces) of the lens devices in the
projection optical system PL are stored in a memory such
as RAM or a storage unit such as a hard disk of the
second communication server 130 through the input unit
(not shown) such as a console. It is remarked that in the
assembly the optical units may be adjusted as needed.

At that time, relative distances along the optical
axis between the optical devices are changed via, e.g., a

mechanical adjustment mechanism, or the optical devices

are tilted to a direction perpendicular to the optical
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accommodated in the lens barrel. And the assembly and the

measurement are repeated to obtain final distances upon the completion

of the assembly in the step 3 between the 10 optical surfaces (lens

surfaces) of the lens devices in the projection optical system PL.

Incidentally, during the making process irit‘llgding the assembl_y_, the

movable lenses 131 through 134 are fixed In their neutral positions.

Although the explanation is Jr omitted, the pupil aperture stop 15 is

instaléd in tver projection bptidal systearPlein the assembly: Thegesults, o1 o

of measuring, during the assembly and upon its completion, distances

beliiseh theSaitical Hiffaies (ER"s slidadesypefthedend:devices infthe tapped

20,prejection opti ystem PL are stored in am morysuch as RAM or a
stolﬂggjegu%%%ugﬁ%adsi Eg%% OISR of the sﬁeecr(l)snd}%% 5ni§8t|5rP§§rvEPf3dens
thiough ¢hre input sita@es shewn) suchasa censole, |t Eé@ﬁ@ﬁé&dc AL o
in the assembly the optical units may be adjusted as neede ._25 Att at
tinte! Pelakie aistareessalbng a9 upticat axishetween the eptica) dewg&%l of by
arg changed via, e.q., a_mechanical adjustment mechanism, or the optica
devﬁ:](f-:‘%wgrnegtiIj(:aehde tgs a f?gctwo%tser%eﬁ(fﬁe&laﬁﬁcﬁﬁe%fpti@als%"aXFé—IT iver.
Mareexer, the lens barrel may have a tapped hole made therein and a
screw which screws through the tapped hole and Whi_ch tquches the lens
holder so thakthe lenstholdér carmbe displaced inva-@ireetiotht aberration
peéBendicular to 5 the optical axis to adjust eccentricity, etc., thereof by

e

scTeWingthé SErét QAR {00t sGEF 4S8 ScrevadfverPl assembled in the

step 3.

Specifically, the projection optical system PL is
attached to the body of a large~-sized wave-front
measuring apparatus (not shown), and the wave-front
aberration is measured. The principle of the wave-front
measuring apparatus measuring the wave-front is the same
as in the wave-front-aberration measuring unit 80 and
thus its detailed description is omitted.

As a result of measuring the wave-front, terms’
coefficients Z; (i=1, 2, through 81) of the Zernike
polynomial (fringe Zernike polynomial) in which the wave-
front in the projection optical system is expanded are
obtained. Thus when the second communication server 130
1s connected with the wave-front measuring apparatus, the
terms’ coefficients Z; of the Zernike polynomial are
automatically stored in a memory such as RAM (or a
storage unit such as a hard disk) of the second
communication server 130. While in the above description

the wave-front measuring apparatus outputs the
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[Step 4] Next, a step 4 measures the wave-front aberration due to the
projection optical system PL assembled in the 10 step 3. SpeC|f|_caIIy, the
projection optical system PL is attached to the body of a large-sized
wave-front measuring apparatus (not shown) , and the Wave-front_
aberration is measured. The principle of t?? ave-fro_nt 15 measuring
apparatus measuring the wave-front is the same as in the_ .
wave-front-aberration measuring unit 80 and thus its detailed dggcrlptlon
is omittedj Asentesultof measuting the wayerfropt; terms' oefficients Z;
(i=1, 2, through 81) of the Zernike 20 polynomial (f‘rlnge Zernlke _
PO irfwhich tRE SREvet froAgihahe Pprojedtibpopticalsystemdsiponent s
expanded arg obtained. Thu uve\éhecrg3 the second communication server

130 is connected with the wave-front Héﬁsﬁrﬁf@jfﬁpﬁé_’ﬁas%ﬁl@ﬁﬂssyswm
coeffiients 2 of the Zeenike, pelynemial @ﬁ%ﬁhﬂé&%%@ﬂ%%@rﬁdvﬁ%,
memory such as R[.M (or a storage unit such as a hard dis ofthe

seé&vd! fconmnunication seres 180nWhile in thembeye geserptions therer +he
way! -front measuring apparatus outputs the 116 coefficients up to the

81s t%?mt()efliﬁe%Yn?ﬁg GORSThial in order to calculate higher-order

co nts; of the aberrations due to the projection optical s.ystem PL,
coefficients up to the 37th term as in the wave 5 front-aberration

measuringlunitorscaefficientstovep the; 82stiterm sayike oUPUL e p1, 1is
adjusted based on the wave-front aberration measured in
the step 4 such that the wave-front aberration satisfies
the specification determined according to one of the
first through seventh methods of determining the
specification.

Before the adjustment of the projection optical
system PL, the second communication server 130 reproduces
optical data in the making process of the projection
optical system PL based on information in the memory,
that is, the shape information of the surfaces of the
optical devices obtained in the step 2, the information
of distances between the optical surfaces of the lens
devices obtained in the assembly of the step 3 and
optical basic data stored beforehand, which reproduced
data is used to calculate adjustment amounts for the
optical devices.

That is, a basic database for adjustment is already
stored in the hard disk of the second communication
server 130, which database contains, for all the lens

devices of the projection optical system PL, the



[Step 5j In a step 5, the projection. optic_al system PL is adjusted based
on the wave-front aberration measured in 10 the step 4 such that t_he
wave-front aberration satisfies the specification detgrmlned accordmg t_o
one of the first through seventh methods o_f determining the specification.
Before the adjustment of the projection og%al 15 system PL, the second
communication server 130 reproduces optlca_l data m_the_maklng process
of the projection optical system PL based on information in the memory,

thatds, thé Shape inferationsafthe sutfages efithgoptical devicesyq i 1o
obtailied in the_step 2, the information 20 of distances between the optical

suftaced SFthaliens ‘devicss dhtaifedin thecassembiyrofithe step 3and of the

jcal hasic, stare, rehand,.which reproduced data is used tq .
ggﬁ:%%ate adjfs%?ﬁ%arﬂo}pfr%% fgfll t%elgB ical GevicES. 5 Ph&ti¥ ek basicwhich

davababetforadiustmentds already 1stored ip thejhard disk of t{}%sseg%ndthe

communi catior server 130, which database contains, for_a the lens

deRTCe S the projasioredptierbsystem ik, the ﬂéﬁagarlail@pr%j eachatrix
1's coefficient Z of the Zernike polynomial relative to a unit drive

tater%j rﬁlét%? n% C %Ef?hne&%&gdﬁek&%oﬁ‘ég\fﬁjei‘e theSlené devices arcmbvablen -

whioh arsriatioe:is salculateghaseson design yalues of the & projegtion, |
optical system, the database being a matrix given by expanding
M&fRD'86 a8d eontairmen: 130 performs a predetermined

computation based on the optical data in the making
process for the projection optical system PL to correct
the basic database for adjustment.

And when one of the first through sixth methods is
selected, the second communication server 130, using a
predetermined computing program and the least-squares
method, calculates drive amount for each lens device in
each of the six directions where the lens devices are
movable, based on the corrected basic database, the
target values for the wave-front, i.e. limits for terms’
coefficients Z; of the Zernike polynomial given by the
selected method of determining the specification, and
measured values of the terms’ coefficients 7Z; of the
Zernike polynomial, which are a result of measurement by
the wave-front measuring apparatus.

Then the seéond communication server 130 displays
on screen information of drive amounts (may be zero) for
the lens devices in each of the six directions where the

lens devices are movable.

According to the display, an engineer (or operator)



10

15

20

25

movable lenses as well as the movable lenses. The second
communication server 130 performs a predetermined computatiop based
on the optical data in the making 10 process for the projection optical
system PL to correct the basic database for adjustment. And When one of
the first through sixth methods is selected, the second communication
server 130, using a predetermined comﬁ&ﬁng program and the o
least-squares 15 method, calculates drive amount for each lens device in

eagh pi the sixdirections where the lens deyices s.are T.m \%\éaébzl?o%asoe}gtical
on the corrected basic database, the target values fo_r e wave-front, ie.
linfitsforteriis’ icoeffitients Zcofdhe Zernike palynemial givendyethe20-a+ 1 on
selected method of determining the specification, and measured values of

thé Terms" cBEficRtS 7o the “2efrilee Folyrorial wiichare a fesult of
m@@%ggmgéf t@;—;-ewas\%@égggl%tirgggﬁgvrri]ng apparatus. -hen the second

communication Server 13C displays on screen information of drive

amounts (maycie zero) for, thenlens epuices inseach-0fiihe sixditgezions. 4 -
where the lens devices are movable. According to the display, an o
6! Sheffo) 1°S-adssahens oo ottt e rsecton
B e bt the
Sm%@&@ﬁ@ﬂeﬁﬁ@egﬁcé$éHﬂﬁﬁghgéyﬂénggggg%gﬁeg§g§§ on the
target information out of the terms of the Zernike
polynomial in which the wave-front in the projection
optical system is expanded are not over the limits. When
the second method is selected, the projection optical
éystem PL is adjusted such that the RMS value of terms’
coefficients of the Zernike polynomial in which the wave-
front within the field of the projeétion optical system
is expanded is not over the limit. When the third method
is selected( the projection optical system PL is adjusted
such that terms’ coefficients of the Zernike polynomial
in which the wave—froﬁt in the projection optical system
is expanded are not over the respective limits. When the
fourth method is selected, the projection optical system
PL 1s adjusted such that the RMS value, within the field,
of the coefficients of terms (n’th order, mb terms), which
correspond to a given aberration, out of the terms of the
Zernike polynomial in which the wave-front within the
field of the projection optical system i1s expanded is not
over the limit. When the fifth method is selected, the

projection dptical system PL 1is adjusted such that the
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the method of determining the specification, the projection optical system
FL is adjusted such that the coefficients of specific tgrms selected bgsgd
on the target information out of the terms of the Zernl}(e 10 polynomial in
which the wave-front in the projection optical system is expar)deq are not
over the limits. When the second method {s;selected, the projection
optical system PL is adjusted such that the RMS value of terms' o
coefficients of the Zernike polynomial in which the wave 15 front within the

fieldGf tve prejectiartapticat systeme iscgxpanded ds pelover the limit. ¢ ...
When the third method is selected, the projection optical syst_em_PL is
adflSRt stEhTRattRR#E dvThcients bitheaZernike palyinomialiin whiche rms,

th -frong jn_the projection optical system 20 is,_expanded are not
ov%ﬂ%}éﬁre(ggggﬁ/sé%ﬁ%i S%ﬁhgn %lev?éhrﬁﬁ@ﬁjéﬁﬁ)ﬁllg Belettdd, "E’rfe_u.le terms
prajéctioneoptical systept Lyis adjusted: such that the, RMS value, within - . .
the field, of the coefficients of terms n'th order, m8 terms), whic _
cofe8pdii¢ ivla giverhabearratipacottcof the termsiofdhe 26rZerrikexpanded 1is
porlyngmial in which ihe wave-front within the field of the projection optical

O

system & expandedis ot ovBRfHe I VIket et erethed #elected,

elact iecti i [ ' h that the 119
S ed,t iestio tical-sys FL @ﬁdjusted uch t .
RMS v;%)ue?%wﬁ?neﬁt%e f?é%p of the cggef icients of eSac‘?Hds rou e(%f M fermsa

havirg thiéSanse me, valtie puhoftesms,: which correspard 1o.agiven s vop by
aberration, out of the terms of the Zernike polynomial in which the

wilE Gt WithiA SREGEN® o the Tir6jeSivToeptica Systentis expanded is
coefficients of the terms of the Zernike polynomial in
which the wave-front within the field of the projection
optical system is expanded is not over the limit.

When the seventh method is selected, the second
communication server 130 performs a simulation for
obtaining a space image formed on the image plane when
the pattern is projected by the projection optical system
PL based on the pattern information contained in the
target information, and analyzes the simulation result to
adjust the projection optical system PL such that the
projection optical system satisfies the wave-front
aberration amount allowed for transferring the pattern
finely. In the simulation, based on linear combinations
between sensitivities (Zernike Sensitivity) of the
coefficients of the terms of the Zernike polynomial, in
which the wave~front in the projection optical system is
expanded, to a watched aberration (or an index) for the
pattern (object pattern) and the coefficients of ﬁhe

terms of the Zernike polynomial, the second communication
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not over the limit. When the sixth method is selected, the projection
optical system PL is adjusted such that tne RMS value, within the field, of
coefficients given by weighting according to the target information the 10
coefficients of the terms of the Zernike polynomial in which the wave-front
within, the field of the projection optical gystem is expanded is not over
the limit. When the seventh method is selected, the second
communication server 130 performs a simulation for 15 obtaining a space

imagedermed onihe image plangwben the patterpys projected bythe « o
projection optical system PL based on the pattern information contained

iR tRe Saftrat inforiation; leadvanalyresahe sinadtion resultto vaeljusttheeated
%rol,:ectio ol%ical system PL such that the 20 projection optical system
Atisfias t1ia WavB-flont abefratibh antunt aftdiFed for fransferting s 2@

Rats e Ji n [ io S inear combinations_between
sensit%]itfggg({zy%%nigé?rsse%%i%it}geoa%hzgec%%%%en@%eﬁgorkrﬁss o% he amount
ZernikesPolyhomiadina2=whichitbe wavedrons d1the projectior opticled on
system is expanded., to a watched aberration (or an index) for the
patferAREb6fect PAEENTBAd M s6efdeadf HamsaitheZernikehod .

polynomj éwetqggoggggwy%ng%iog.12a0 sg%/egéwg obtair%sothe,Spafe
image, which sensitivities are given by Zernika variafions tabies \hich -2 YS

weresereated heforehand nthesame way asabove, andcalcuates a,) oy
drive amount for each lens device, which makes the amount 5 of the

Wakched ubetritioneat ok befoac limft, basedsdn: directions where the

lens devices are movable. According to the display, an
engineer {or operator) adjusts the lens devices, so that
the projection optical system PL is adjusted so as to
satisfy the specification determined according to the
seventh method of determining the specification.

In any of the methods, because the projection
optical éystem PL is adjusted based on a result of
measuring the wave-front in the projection optical system,
higher-order components of the wave-front aberration can

be adjusted simultaneously as well as lower-order

‘components, without considering the order of aberrations

to be‘adjusted as in the prior art. Therefore, it is
possible to adjust the optical characteristic of the
projection optical system very accurately and easily, and
the projection optical system PL can be made which
substantially satisfies the determined specification.
Although, in this embodiment, after, in step 4,
measuring the wave-front aberration and installing the

not-adjusted projection optical system in the exposure
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the space image and by using the least-squares methqd. Ther_l the _
second communication server 130 displays on screen mformatlc_)n of drive
amounts (may be zero) for the lens devices in each of the ij directions
where the 10 lens devices are movable. According to the dlsplgy, an
engineer (or operator) adjusts the lens d%tvi es, so that_ _the_pro;ectlon_
optical system PL is adjusted so as to satisty the spemflcat_lon_determlned
according to the seventh method of determining the specification. 15 In

anyobthemethodsabegausetbe prajection optical system PL isadiisted, .,
based on a result of measuring the wave-front. in the projection optica

sy$tef) Higherorder-dompoments ehthedyave-frdntaherrationcafabecd in
adlﬁted simultaneously as well as lower-order 20 components, without

coJrC15|(efleﬁ Ag the Grdet 8P abarratiorist t6 be Bkt a?éfiﬁﬁtﬁé PHioF Af.
Therefore, tiis possible 1q anglflgtcg}g o(g_li al characteristic of th?[
and

projection optical system very accurately %%%ﬁ_s, %%%’thé %?013&%?16115
optical.syste éhtcarehe madeawbich 2&sehstantially salisfies the, cperator
determined specification. Although, in this embodiment, after,_ in st.ep 4,‘
m&FSrgtHe waveshrort albrfation ardtidstaling e sotlagjustedisting the

jecti ical system in_the exposure 121 apparatus, the projection _
e sl e BRI SRS 8 e o
instabed in: dhe exposuse apparates aterhavingadivsted;the. ,WB%?%E%” on the

optical system (reprocessing, replacement, 5 etc., of optical devices

Eé@;ﬁﬁgxgﬁp@yaﬁﬁp@gﬁﬁalling the projection optical system
in the exposure apparatus, measuring the wave-front
vaberration with the wave-front-aberration measuring unit
80 or the measurement reticle Rr again, the projection
optical system is preferably readjusted.

While in the above measuring of thé wave-front upon
the adjustment of the projection optical system, the
wave-front measuring unit uses a space 1lmage formed
through a pinhole and the projection optical system PL,
not being limited to this, it may use the pattern formed
on a wafer W by projecting, for exanple, the image of a
predetermined measurement pattern of the measurement
reticle Ry through a pinhole and the projection optical
system PL.

It is remarked that in order to make easy
reprocessing of optical devices of the projection optical
system PL, after identifying an optical device that needs
reprocessing based on a result of the wave-front

measuring apparatus measuring the wave-front aberration,

reprocessing the optical device and readjusting other
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may adjust the projection optical system by adjusting t_he positions of
optical devices without using the imaging- charact(.arlstlcladjustmg o
mechanism. Further, based on the result of, after installing the projection
optical system 10 in the exposure apparatus, mea_suring_ the wave-front
aberration with the wave--front-aberration measuring unit 80 or the
measurement reticle RT again, the proje&t?o% optical system is preferably
readjusted. While in the above measuring of the wave-front upon 15 the

adjustmentlofdbe prejectian; oplical systemythe waverHfront measuring unit
uses a space image formed through a pinhole and the projection optical

Systefi-PE e 1sting ﬁmit@nzt@w§,sitimay_@sem@pa&@ma%ﬂn@df Opdical
wafer CW, by projecting, for example, the image of a 20 predetermine
meda%E%grﬁgn%at 2}% o%?l?é’ Tifeasarentei Licticle RWF B#HBUGH arpiairoleary,

o : : : ke
andibe pegjectiansaptical system PL It is remarked thaft in order to ma J
easy rep%:essing of c(;é;ti%al c%zé\%cescof the projection optical 2% sySteh? rme

PL@%ﬁeK@ehltiffg/mglan'lrm@ticaledqviﬁejbaftﬂeﬁdege&Q§§§Siggp§§ﬁd oNay .
result of the wave-front measuring appara-us measuring the wave-front
abematioi - fefrotéssing the optical device and readjusting other 122

optical devy m e performed at the same time. Furthermore, it
rgprocess%% 'r:gfgge%%%%gﬁ)p?a%apﬁg%/%%s bR theSpTafettion opliearatus

systein isindcassaty stheingprpcessing or replacement is p_referably
performed 5 before installing the projection optical system in the
First in the making of the exposure apparatus 122,

the illumination optical system 12 comprising a plurality
of lens devices and mirrors is assembled as a unit while
the projection optical system PL is assembled as a unit
in the above way. And a reticle stage system and a wafer
stagelsystem, which each comprise a lot of mechanical
elements, are assembled as individual units, and optical
adjustment, mechanical adjustment, electric adjustment,
etc., are performed so that these achieve desirable
?erformance. During the adjustments, the projection
optical system PL is also adjusted in the above way.

Next, the illumination optical system 12 and the
projection optical system PL are installed in an
eXposure-apparatus main body, and the reticle stage
system and the wafer stage system are attached to the
exposure-apparatus main body, and these are connected
together with electric wires and pipes.

Then, optical adjustment is performed on the
illumination optical system 12 and the projection optical

system PL because, between before and after being
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exposure apparatus. Next, the method of making the exposure apparatus
122 will be described. First in the making of the exposure apparatus 122,
10 the illumination optical system 12 comprising a plurality of 'ens devices
and mirrors is assembled as a unit while the projection optical system FL
is assembled as a unit in the above way, d a reticle stage system and
a wafer stage system, which each comprise a lot of mechanical 15
elements, are assembled as individual units, and optical adjustment,

mechanichl adjustments eleetricsadjustaen - etcu Araperfonad sodhat: 41
these achieve desirable performance. During the adjustments, the
préjBEtiGH: eptitaltsystem .45 Bisbladjlstetiin thenalyoveavan 20aNexty i stic

the (lumination opt| al system 12 and the projection optical system PL
arecﬁsn}]ledpln nan (—?)C(poéure EAppafat ugﬁaél) %08{# rarfd theefidig selger I

Sy%ﬂe%a@dﬂiﬁ%{!\f@é@{tﬁa%§Y§t%mear§§%%9§d éc?:l%s tment of the
exposure-apparatus main body, and these are connécted 25 together with

eleriid wiresandopipes: aTheny sptical idjustment isgperformed o5 1thed in the
illumination optical system 7.2 and the projection optical system FL

beTAHSE BetwdBRBETore arftrdfter'tieihty 138 Snstalleriptret aberration
expesyresapparatus.main.bady, opfice a% chara terlstlcsfP%artlcglarl y the

imaging characteristic of the projection optica system are different. In
this Erabodimerit.supoitbe ptical-adjustment ohthed:prejectign apticals o +o

system PL after being installed in the
the tllt stage 58. Wave-front information of

measurement p01nts as a result of measuring the wave-
front aberration is sent via the network from the main
controller 50 of the exposure apparatus to the second
communication server 130, which, using, e.g., the leasté'

- Squares method, calculates and displays drive amounts for
the lens devices in each of the six directions where the
lens devices are movable, in the same way as in
adjustment in the making of the projection optical system
PL as a single unit.

‘And according to the display, an engineer (or
operator) adjusts the lens devices, so that the
projection optical system PL is made which securely
satisfies the specification determined.

Although’it is possible for the main controller 50
to automatically perform the final adjustment on the
projection optical system PL via the imaging-
characteristic correcting controller 48 according to

instructions from the second communication server 130 in

the making process, the movable lenses are preferably
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exposure-apparatus main body, the wave-front aberration is measured in
the same way as above after having attached the wave-front-aberration
measuring unit 80 to the Z-tilt stage 58. Wave-front information of 10
measurement points as a result of measuring the wave- front aberration is
sent via the network from the main centroller 50 of the exposure
apparatus to the second communication server 130, which, using, e.g.,
the -east squares method, calculates and displays drive amounts for 15
theptensrlevices-in each of the sixidirestienswhere threlensrgevicesate of
movable, in the same way as in adjustment in the making of the
Projéetor loptiescsystert PRR3ERSIAGeldhitC ARG AcESrdiig torthesnough
isplay, an engineer (qr 20, operator) adjusts the lens devices, so that the
T R A BRIl e i R
specifigationidetermingds Altheughit is Bessible forthe main coptrolier, [0,
to automatically perform the final adjustment on the 25 projection optica
Bystehe Phosa theciemagineg: chagacteristicieorrecting controlfercd8 the wave-
according to instructions from the second communication server 130 in

HE MakimFproRe 8 thé Frovibie T8 \ré preferabty 124 kept in their

sitigns af mpletion [ e sure. ap tu
%}Sggﬁ%%o Cé%%%r% e%%%%%ggﬁve%t%oé%? d%rlé/?n%g&ev%és)'jﬁsfo a%teﬁ%vi?ige neesy
#iroducegddnterasemigendueiterdafnanytagturing factory. 5 Furthermore,

because higher-order components of the wave- v
It is remarked that for example when the above

~readjustment does not yield a desirable performance, some

lenses need to be reprocessed or replaced. In order to
make easy reprocessing of optical devices of the
projection optical system PL, an optical device that
needs reprocessing méy be, as described above, identified
based on a result of a wave-front measuring apparatus
measuring the wave-front aberration in the projection
optical system PL before installing the projection
optical system PL in the exposure-apparatus main body, or
reprocessing the optical device and readjusting other
optical devices may be performed at the same time.
Moreover, optical devices of the projection optical
system PL may be individually replaced or, when the
projection optical system has a plurality of lens barrels,
lens barrels as units may be replaced. Furthermore, in
reprocessing the optical device, its surface may be
processed so as to become non-spherical, 1f necessary.
Yet further, in adjusting the projection optical system

PL only the position (or distance from another), tilt,
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front aberration are supposedly difficult to automatically correct, the
positions, etc., of the lenses, etc., are preferably readjusted. It is
remarked that for example when the above 10 readjustment does net yield
a desirable performance, some lenses need to be reprocessed or

_replaced. In order to make easy reprocessing of optical devices of the

projection optical system FL, an optical device that needs reprocessing
may be, as described above, identified 15 based on a result of a

wave-frontmeasuringapparails s measyring.the wave frontabeyrations in. |
the projection optical system. FL before installing the projection optical
system Phan the-expdsude-apparatus mairebedy, ok geprocessing thecy may

optical device and readjusting other 20 optical devices may be performed
agfhé%étﬁ@?i%e.OWIOF&O\?%"?‘YO&%J&&\I?&@S%@F@BFojé&ﬁ)r%ﬁtPcﬁlal axis
system PL may be individually replaced or, when the projection optical

system has a plurality of lens barrels, lens barrels as units may be

replaced zrurthermege, in 2bJeprocessing sheneptical deviee ritssurface
may be processed so as to become non-spherical, if necessary. Yet

furthiers tradjastingthe gorojectiane dpticat system  PEonly thiespasitiohqomed.
distance from another), tilt, 125 etc. , of an opti%cél device thereof maBy. be

chand&d: Sor, WHenthEDPHES GRRG 8 B18ng,4ts etcentricity TRy  Be et
CHQEQ%%é%ikmaﬁb@HQEKEQQHOQHEQPQﬁgﬁ§X§r§%é§é¥“§t@%ttern on

overall adjustment (electrical
a reticle R onto a wafer W by the projection optical

system PL whose optical characteristic has been adjusted
very accurately. It is remarked that the making of the
exposure apparatus 1s preferably performed in a clean
room where the temperature and cleanliness are controlled.
As described above, according to the computer
system 10 of this embodiment and the methods of
determining the specification of the projection optical
system, the specification of the projection optical
system i1s determined based on target information that the
exposure apparatus 122 should achieve and a given
standard of the wave-front aberration due to the
projection optical system PL. That is, the specification
of the projection optical system is determined using a
given standard of information of the wave-front on the
pupil plane of the projection optical system. Therefore,
the projection optical system PL is adjusted based on a
result of measuring the wave-front aberration, for
example, in making the projection optical system PL

according to the determined specification, so that
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adjustment, operation verification, etc.) is performed. By this, the_
exposure apparatus 122 of this embodiment has been made which can
accurately transfer a pattern on a reticle R onto a Wafer.V\( by the
projection optical ..., system PL whose optical charac_terlstlc has been
adjusted very accurately. It is remarked that the making of the exposure
apparatus is preferably performed in a clean room where the temperature
and cleanliness are coritrolied. As described above, according to the

Cbﬁmm&ﬂéﬁiﬁﬁﬂe@bﬂ%@ﬁ@%%@“@qm@E@tQﬁqgk%ggﬂ%xgﬁgrration are

determining the specification of the projection optical system, the
SEé&ﬂéﬂﬁﬂ?@MﬁéXﬂ@@dMﬁt@mkabSwﬁémisﬁemmmHE%Hﬁﬁ§QC@omponents.
target information that the exposure appara us 122 should achieve and a

given 20 SERdART oF the Wi frBrit dberafibn die s tﬁéﬁ:ﬁ‘éjeé;ﬁ@?
i [ . ificati fth ojection gptica
o . T, et e i

system is determined using a~given stan

waverfeontionythieo papit plenerof dhenprojests.scn optical $ystefhent o tne
Therefore, 25 the projection optical system PL is adjgsted -b_ased ona
rBS@E 6MEABUARY #iedwavertrbataberration: forcexarople Limmaking the-

ject -cal system PL _according to the determined specification,
;%8!:[%158%%%2%9% E%Se X%?&re%roc%n M pgo r%e% s%# tR8 VFaveSiont abefrafish ard1ng

simaltan@m@sﬂaewékedc%wsﬁéﬁx'PéNnyOfQEEi%‘l'HBOE%'HﬁtIPHE/S the
compared with the prior art where after the adjustment ofthe proj ction
GptRaRSysterm foR 5 comretting tonei-ordercompanants, the adjsstment of
obviously simple. In addition, because the specification
is determined based on the target information, the
€xposure apparatus 122 comprising the projection optical
system can securely achieve the target.

In addition, in this embodiment, in adjusting the
projection optical system in the process‘of making the
projection optical system and exXposure apparatus, after
determining the specification and measuring the wave-
front aberration due to the projection optical system PL,
the projection optical system PL is adjusted based on the
measurement result so as to satisfy the specification.
Therefore, the projection optical system PL can be easily
and securely made which satisfies the specification. Thus,
sequentially performing the adjustments for lower-order
components and for higher-order Components and tracing
light-rays for the adjustment as in the prior art are not
néeded, so that the process of making the projection

optical system PL becomes simpler and that. the exposure

apparatus 122 comprising the projection optical system
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projection optical system for correcting higher-order components is
performed based on a result of detecting the higher-order components by
tracing light-rays, the process of making the projection optical system is
10 obviously simple. In addition, because the specification is determined
based on the target information, the expgsure apparatus 122 comprising
the projection optical system can securely achieve the target. In addition,
in_ this embodiment, in adjusting the -15 projection optical system in the
preegssreflmakingitheeprojection @ptieal system. and exposure apparatus,
after determining the specification and measuring the wave- front

aberration'due- to-theSHejeE 61T BticdP Sy SteRT PR theprdjetfibn optical

system PL;is adjusted based on the 20 measurement resulf so as to
satisfy the spr(letifliéc%%oﬁ N ?ﬂéﬁe%r%?th%pgr%fe%ﬁoﬁ %ﬁﬁgﬁ s%%%s’te%ﬁ1 PET%%n

be-easiby. and sesurely madgavhich satisfiesithe speeification: TAUS - 2 ¢ 1 on
sequentially performing the adjustments for lower-order components and

foi- Righer-evdeccomporients dndtracingt2Eggtitrayysfon theeadjustment n
as in theﬁprior art are not needed, so that the process of making the

projettion OptiCHTBYSRIMBL BEESMBS Sithfier akd TR Sthe expbstirevave=
appasas22 campiising the prolectionapfical ystan 127 SeAele 1arcer

achieves the target. this’embodiment, both before and ‘after installing the
projection optical systera Pieintbe iexposurgrapparatusdnainbasly: thes 1
wave-front aberration 5 is measured. In the former, the wave-front
abefedtigR can be very accurately adjusted regardless of
whether or not environmental conditions are different
between before and after installing the projection
optical system PL in the exposure-apparatus main body.
Alternatively, either before or after installing the
projection optical system PL in the exposure-apparatus
main body, ‘the wave-front aberration may be measured.

In any of the cases, because the projection optical
system PL is adjusted based on a result of measuring the
wave-front in the projection optical system, higher-order
components of the wave-front aberration can be adjusted
simultaneously as well as lower-order components, without
considering the order of aberrations to be adjusted as in
the prior art. Therefore, it is possible to adjust tﬁe
optical characteristic of the projection optical system
very accurately and easily, and the projection optical
system PL can be made which substantially satisfies the
determined specification.

According to the exposure apparatus 122 of this

empodiment, the main controller 30 measures the wave-



measuring apparatus very accurately measures th_e wave- front_ln_ the
projection optical system, and in the latter the optlcgl characteristic of the
projection optical system can be very accurately .adjusted regardless of
10 whether or not environmental conditions are dlﬁe_rent between before
and after installing the projection optical s tem PL in the
exposure-apparatus main body. Alterna ely, either before or after
installing the projection optical system PL in the exposure-apparatus 15
maifrboedy, ithetwnaves-frontaherration pay. be measured. In any,of the
cases, because the projection optical system PL is adJL_Jste based on a
resﬁﬁ%ﬁi?ﬁe?é%,%#iﬁ@tth@nmawimntimqherpmjeet'con_(@p_tlcahs_y@_agmrement
higher-or er ¢o ponents of the wave-front aberration can be adjusted 20

' simru?t%&l%%uslyT s (eIl A8 I6WeRE e RoMponeRs, withéat éensibleringnaging-
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' ' [ [ fore, itis
thecorder ot aberations{g pradiygted asin, the pripy art. Therefore, itls .
poesdspilrble to adjust th(e?zp(S)apti%:qz‘flsghargcteﬁré?ggtkllcatr)if1 the projection optical® -9 4)

system. vensaccurately ard easily, ﬁnﬂéﬁ%g@%iog@ﬂggb%& SYSIEM  which
PL can be made which substantially satisfies the determlneq
spB&RdatEH ALEBHig to- thEeTslfnapparatugt22refthisng through the

errI}nggj' ent, rrggatn' ntroller 50 measures the wave 128 fr(_)nt in the
projectiig]% g&t%?a% systefn%\ﬁa}fﬁg wave- fionCaberfation Hi&asiingldyREss o e,

. N : . he
ortthe measirement seticledE)sas described abgye and gontrols the |
i(maging- characteristic adjusting mechanism (48_, 13, ghrough 134§%etc.,
usigSthete8iit dFmeaserag theawave-front sthich using the result of

measuring the wave-front, so that the image of a pattern
formed by the projection optical system PL is adjusted to
be fine. |

In addition, because the exposure apparatus 122 of
this embodiment comprises the projection optical system
PL that has been made according to the making method and
adjusted in terms of higher-order components of the wave-
front aberration as well as lower-order components in the
later adjustment as well as in the making process, a
pattern of a reticle R can be accurately transferred onto
a wafer W by the projection optical system PL.

In addition, according to the computer system 10 of
this embodiment, the wave-front-aberration measuring unit
80 of the exposure apparatus 122 measures the wave-front
in the projection 6ptical system PL. The first
communication server 120 sends the result of the wave-
front-aberration measuring unit 80 measuring the wave-
front in the projection optical system PL to the second

communication server 130, which controls the imaging-
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provides overall information on light passing through the pupil plane of

the projection optical system. Therefore, the imaging characteristic of the
projection optical system PL is automatically adjusted using the result of

10 measuring the wave-front, so that the image of a pattern formed by the
projection optical system PL is adjustedjtogbe fine. 1n addition, because

the exposure apparatus 122 of this embodiment comprises the projection
optical system 15 PL that has been made according to the making
methodzariccadjasted in demss oblighercoreet sompdéiients af the waveh 134)
front aberration as well as lower-order components in the later adjustment

ad e s it the raking procBES 3 paitem ofa rétife R taR be - Ae=store,

‘acgyrately fransierred onio 20-awafer Weby the projection opfical systey

PL. In addition, according to the computer system 10°of this embodiment,

the weaverfront-abereationraeasuringiinits 88 of thel expasufe apparatus of the
122 measures the wave-front in the projection optical system PL. The first

257 earAMUAieEtoRTsePVer T2IPdendsthe Pesiit ofitRe Waveection optical

front-aberration measurin unit% measuring the wave- front.in the .
ﬁggltsyjs'tge’m %ﬂet%at % sjérclc?r? n(?%%nlrﬁﬁniggtio&nlggr%etp 130,19

whigh septrolsitbe imaging k2, characteristic adjsting mechanism A8 tern
13, through 134) '.]sing the res:__ '~ of measuring the wave-front. ,
THerefore, the intaging chareciaristicpt thesgrofectiormpiical isystemRited to
is accurately adjusted using information of the 5 wave-front on the pupil

mgﬁeSFﬁﬁﬂﬁ%khﬁBﬁoﬁﬁaa“d communication server 130 can be

disposed in a remote position from the exposure apparatus
122 and the first communication server 120 connected
thereto, in which case the imaging characteristic of the
projection optical system PL and thus the image of a
pattern formed by the projection optical system PL can be
very accurately adjusted in remote control.

According to the computer system 10 of this
embodiment and the method of determining optimum
conditions, when a host computer managing thé exposure
apparatus 122 or an operator has inputted iﬁformation on
exposure conditions including pattern informaticn into
the first communication server 120, thé second
communication server 130 repeats the simulation for
obtaining a space image of the pattern formed on the
image plane based on the pattern information included in
the information on exposure conditions received from the
first communication server 120 through the network and
known aberration information of the projection optical

system PL, and determines optimum exposure conditions by
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system, that-s, overall information on light passing through the pupil
plane, so that the image of a pattern formed by the projection optical
system PL is adjusted to be optimal. The second communication server
130 can be 10 disposed in a remote position from the exposure apparatus
122 and the first communication servef-320 connected there o, in which
case the imaging characteristic of the projection optical system PL and

thus the image of a pattern formed by the projection optical system PL
cah bV 5 ery e uraBi ddid$ted Tit Femoté contr8iF SACSHRding 16 tifgsposure

compuer eLen 10 aliis, empodiment And the, milfod of delerpining.

optimum conditions, when a hos-_ computer managing the exposure
apparatus d24 .o anoperator das daputted:informaten on Arexposure
conditions inc_udina pattern information into the first communication
semerdR0cthHe sedorid eomniuhicatioh s =TT fepeatLhelsindlatios tem

for. obtaining a space image of the pattern foggeqéon the imarge plane
basetdRithe pattern toristion IRAIAAEE in 25 thaInformaRiER onarParatus

exposure congitions recelyed from the first communication sefver .20, o n - -

through the network and™ known aberration information of the projection
optiealraystem Rlzand-determines oplimum ekposire tondidonssby 78,&nd
analyzing the simulation results. Therefore, the exposure conditions are
almigstatfidmatiCalfset & Be bpeimuP VAccording td e OifiputdPsystém 1t 45,

ST e o SRR TSI e e
accurately adjusts the imaging characteristic of the
projection optical system PL in remote control.
Alternatively, a service engineer, etc., using the
measurement reticle Ry, may measure the wave-front
aberration due to the projection optical system PL of the
exposure apparatus 122 in the above procedure, and input
position deviation data obtained by the measurement into
the main controller 50 of the exposure apparatus 122, in
which case also the second communication server 130 can
very accurately adjust the imaging characteristic of the
projection optical system PL in remote control.

Furthermore, the exposure apparatus 122 whose
exposure conditions are set to be optimal before exposure
can, with high overlay accuracy, transfer a fine pattern
on a reticle R onto a Wafer W via the projection optical
system PL whose imaging characteristic has been adjusted
accurately.

Although the above embodiment describes the case

where an adjusting apparatus for adjusting the image of a
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122, a service engineer, etc., attaches the wave-front- aberration
measuring unit 80 to the Z-tilt stage 58 and instructs to measure the
wave-front via the input unit 45, so that the second communication server
_30 very 1G accurately adjusts the imaging characteristic of the '
projection optical system PL in remote control. Alternatively, a service
engineer, etc., using the measurement reticle R T, may measure the
wave-front aberration due to the projection optical system PL of the 15
exposinerdpparaisd 22vinthe absve procedires ahd dsputSpesition PL 1is
deviation data obtained gy the measurement into the main controller 50 of

th& BRFGsUTE Apparatus 122 e Uhith Casa also thie secohid 2 s H4ng
comununication server 130 canyvery accurately adjushthedmagings« i c of the

characteristic of the 20 projection opt._cal system FL in -emote control.
Fustheimore,dhe expaswre appatatus 222 witose exposutel condittonscare
set to be optimal before exposure can, with high overlay accuracy,
trahsFer finé Patterhs on B retide R Bntond wakst ad dfa thesrojection

°p£'E%'e2r5n%¥§t$g‘1§L %Vﬁ°§ éT%%'Q%ba d?r%ac}_%”%'&&eas been adisted .~
accurately. . Although the aboveé embodiment descrie$ the case where an

adiustingrapparatys for agjusting the -'Taage-of: 831 pattesn farmediy r and
-he projection optical system PL is constituted by the

i-nagincechiagracteristic adjastiig snachanispe forlabfusting tihkdmagingcal-axis
characteristic of the pi),Lr%ﬁ\ctlon optical sﬁ%]stem L, this mYentlorHsg? Sthe

o016 (s TFE SN Apparat i may DS Weve enot

illumination light EL. For example when using the
mechanism which shifts the wa?elength of the illumination
light EL together with the imaging-characteristic
adjusting mechanism, the adjustment of the imaging
characteristic, as in the case of the movable lenses, is
possible by using the variation of the imaging
characteristic in each of a plurality of measurement
points within the field of the projection optical system
PL, specifically wave-front data, for example the
variations of the second term’s coefficient through the
37th term’s coefficient of the Zernike polynomial
relative to a unit shift amount of the illumination light
EL, which were obtained by the above simulation, etc.,
and contained in the database beforehand. That is,
performing the least-squares computation according to the
above second program with using the database gives an
optimum shift amount for the wavelength of the
illumination light EL in terms of obtaining an optimum

image of a pattern formed by the projection optical
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alternatively or additionally include, for example, a mechan!sm WhICh
drives at least one of the reticle R and the wafer W in th_e direction
parallel to the optical-axis AX or a mechanism which shifts the ‘
wavelength of the 10 illumination l'ight EL. For e_xam_ple_when using the
mechanism. which shifts the wavelength ééhe |IIum|nat|on_ light EL
together with the imaging-characteristic ju_sting mechanism, the
adjustment of the imaging characteristic, as in the case of the movable

lensestisil5 passible bywsing thevadation of the imaging: charactefisic o, 1,
in each of a plurality of measurement points within the field of the
prajéctioncopticaPaystéme FLyspetificatiy avave-front data, for example the
variations of the second term's coefficient through the 20 37th term's
coefficient%fl%?é‘)fg%i&eh&o| Shifal ‘?@Bﬂ%ﬂ?%nﬁ%ﬁﬁﬁ%@laqﬁmqéase of
il-luraiinat-am light which.were, %bg@igeggy the abgve sgp%atlon, etc., ’ .
and ctn?;ined in t?%%satabas%ggeférehand. Théitr}s,ogeﬁfgﬁmlnggﬁg tatus, no
least-5edaresreomputatior: hdeordingeo e 25 above S86eRd.BragraM has to
with using the database gives an optimum shift amount for the _

wave Bf theP fifuhTiratsight Elinatérray stebtaining an optimum

[ f rmed_ by the projection optical 132 system, and
paced on f1s ComALLNG 12t 118 eaUREG L TR stk alcally

adjusted: tAlthoughtibe above embodimentdescribes the-case of Using. . 1.4

the exposure apparatus as an optical apparatus, not 5 being limited to
th%sﬂﬁﬂﬁnﬁ%faﬁp&%mkwyﬂyh@gdothe second communication server

130 as the second computer are connected with each other
via a communication path including the public telephone
line, this invention is not limited to this. For example,
it may be a computer system where the first communication
server 120 and the second communication server 130 are
connected with each other via a communication path LAN
126”7 as shown in Fig. 12, such as an in-house LAN system
installed in the research-and-development section of an
exposure-apparatus maker.

In the construction of such an ithouse LAN system,
the first communication server 120 is installed on a
clean room side in the research-and-development section
such as a place where an eXposure apparatus 1s assembled
and adjusted (hereinafter, called a “site”), and the
second communication server 130 is installed in an office
remote from the site. And an engineer in the site sends
measurement data of the wave-front aberration and
information of exXposure conditions {including pattern

information) for an exposure apparatus under experiment
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comprise a projection optical system. AIthou_gh the abovg embodlment
describes the computer system where the first communication server 120
as the first computer and the second communicatiqn server 10 130 as the
second computer are connected with each other via a g:omm'u_nlgatlon
path including the public telephone line, {his ‘invention is not limited to
this. For example, it may be a computer system whe_re the first
communication server 12C and the second communication server 130

are'I5 cornected witheeachuothenvia arcommunicatiompath LAN 126:as. i 4.
shown in Fig. 12, such as an in-house LAN system installed in the

res%é?chtﬁﬁd-‘a%€éIBpﬁ%?%’ﬁ‘_é]ééﬁcﬁfFéfCHh %&pﬁsure-lamarimsl makesrlfineer
e R R B i

communication server isinsta

researcheandIieveloprent segtion, sygh asa place whe &8N SXPQIIE, s ging

apparatus is assembled and adjusted (hereinafter, called a "site"), and

the" SeESRE ebmmdicatfort serverrt3tistinstallebiniamnoffise 2548MSIe o f +he
from the site. And an engineer in the site sends measurement _dgta qf the |
wavestront abefratioh and® informatiof ot exposite condiions finsluimgnation,

attgrn, inf | r Xpo aratus undey experiment 33 to
fne Socontcommunication serar 14 B he Shce GOE DATRG St “hem 2

comreridatiomsenver £20. Andian epginess onyhe office side instructs - ;
the second communication server 130 to perform automapc correction of'
thé Hiading s diatactefisfic sRtheProjdetiort optidat systereRLE pbtheoptical

system PL after the adjustment of the imaging
characteristic to confirm the effect of the adjustment of
the imaging characteristic. The result can also be used
in developing the program. |

Alternatively, an engineer in the site may send
pattern information from the first communication server
120 to the second communication server 130 and make it
determine an optimum specification of the projection
optical system for the pattern.

In addition, the first communication server 120 and
the second communication server 130 may be connected with
each other by radio.

Although the above embodiment and modified ones
describe a case where a plurality of exposure apparatuses
122; through 1225 are arranged which are connected with
each other via a communication path, this invention is
not limited to this, and there may be only one exposure

apparatus.

Although the above embodiment describes the case of
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exposure apparatus 122 based on the received information, in which

server 130 a program being developed by them is already installed, and
receives the result of measuring the wave-front aberration due to the
projection optical 10 system PL after the adjustment of the imaging
characteristic to confirm the effect of tha adjustment of the imaging
characteristic. The result can also be used in developing the program.
Alternatively, an engineer in the sire may send 15 pattern information

frovs deefirs-caminupication Séivet L1120 tothe Seeond eormiumcatigntical
server 130 and make is determine an %ptimum specification of the

profeetich Sptical syStemToFtHE Fatteth S At dn,?ﬁéefi%?cmlcal idea
cogymupication seryver 120 and. 2C:the second gemmuynication seryey; 130

may be connected with each other by radio. Although the above
embpadinweht apdimadified nges deseribe adcasemwhere avplualifroht can be

exposure apparatuses 1221 through 1223 are arranged which are . _
conhBetetiivitd 25 Hchbthér Vida CfimuhRALIGASHER, tis invedtiod s, 1n
not Iigﬂted to thisb and there may Icr)lnl.%eorne exposure, apparatus.

USLiness bet L a3k B,
F. -hougllﬁ the above e r\odtlment escribes the cas€ of 134 daétgrrmmmr&ay

the speeification gkthejrajestian aptical reystemdising.ibe computerhe

system 1C, the technical idea of determining the specification of the _

projettionopticat systemtusing aStaitard forithe Wave-frort canlbesF stem

“S?g§”§§¥?gg¥t%g¥%?ﬁg T€£§wgggl%aé¥§%52gh by the maker A.
Also this case has the advantage, when making the
projection optical system based on the specification
determined using a standard for the wave-front, that the
process thereof is simpler.

In addition, in the above,embodiment, the second
communication server 130 calculates adjustment amounts
ADJ1 through ADJm of the movable lenses 13; through 134
using the second program and based on the result of
measuring the wave-front aberration of the projection
optical system of the exposure apparatus 122, and sends
the adjustment-amounts data to the main controllier 50 of
the exposure apparatus 122, which gives the imaging-
characteristic correcting controller 48 instruction-
values according to the adjustment-amounts ADJ1 through
ADJm to move'in the movement directions the movable
lenses 13; through 134 by, so that the adjustment of the
imaging characteristic of the projection optical system

PL 1s performed in remote control. However, not being

limited to this, the exposure apparatus 122 may be



a business between the makers A and B, the maker B may _determlne,
using a standard for the wave-front, the optimum specmcaltlon of the
projection optical system for pattern information, etc., proylded by the
maker A. 10 Also this case has the advantage, vv_hen maklng the _
projection optical system based on the specmcatlon‘ o_Iete_rmlned using a
standard for the wave-front, that the prock3s thereof is simpler. In
addition, in the above.embod_ment, the second IC communication server

' ovable
130 adtustment amounts J1 through ADJm of the mova
Iens@%{sﬂfgﬁéoughslga %&s?r%n %telggccilr\% pargﬁr M-aid bas8d shitHe

resmheﬁamﬁﬁlﬂﬁgiheMENEHgﬂﬁﬁﬁﬁﬂ@HQ%Hf%§ﬂ¥eg¥ﬂggéyggagased on

system of the exposure apparatus 122, and sends 20 the

adj&éiﬁneﬁ?%ﬂ%nﬁda@amﬁémmm@nwanm5&ohth@exw@on and
i [ i ing- istic correcting

ap 2, wWhich gives the imaging characteris

cor%g%)%tieqré 4]ég?néstr%acﬁ1§n-p\}:acf§ersa§c@o§d| 2%0 ﬁ?ecgﬂjﬁstﬂ@ﬁ@ﬁ‘ou nts

5ADJlﬂW0UQBtADQHQ@'EQV%H%ﬂﬁﬂﬂg%gg%@fﬁ%eﬂo%sg¥%¥$%%®gé§gors
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lenses 131 through 134 by, so that the adjustmen_t the imag_
chaf@étefisaepilthe projectidiv optical systess Flaspesformed iFremeate; -1 5¢
contral. Howev%r, not being limited to this, the exposure apparatus 122

may b2 T35 ConStrictia 16 auRsiatcany aBjist the infsgieg-shift reticle
chajacteristic Qgtofgrgiﬁ%iggyop[gg%luy%e{g rt?g%&d on the result of

measuring the wave-front abérration and Using g%ar(_ﬁéeﬁ'??db?é?ﬁ dstie) is

seconeprogeam hs Notel that imeelmanufacturing of MICTORSRCessers. . 1 1,
under an illumination condition that a coherence factor
(o0 value) is smaller than 0.5, preferably below about
0.45, the phase-shift reticle is illuminated. Here, the
best focus position within‘the expdsure area in the field
of the projection optical system deviates due to the
aberrations of the projection optical system (e.qg.
astigmatism, spherical abérration, etc.), so that the
depth of focus is smaller, which exposure area is
conjugate to the illumination area with respect to the
projection optical system and is a projection area on
which the image of the pattern on a reticle is formed by
exposure illumination light.

Thérefore, in the making of the projection optical
system, by, e.g., adjusting the aberrations of the
projection optical system (e.g. field curvature,
astigmatism, spherical aberration, etc.) based on the
deviation of the best focus position (image surface)
within the exposure area of the projection optical system

due to the use of the phase~-shift reticle, the best focus
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for_ example, when forming gates, a phase-shift reticle as a phase-shift
mask, particularly, a phase-shift reticle of a .
space-frequency-modulation-type (Levenson type) is used tog.e.ther with
small a illumination. Specifically, 10 under an illumination condition that a
coherence factor (a value) is smaller thaf 065, preferably below abc_)l_Jt
0.45, the phase-shift reticle is illuminated. Here, the best focus position
within the exposure area in the field of the projection optical system

deviatestditentoithe Hbnabereations of thesprojection Q%ﬁ?@|@§%ﬂ§e'gisplaced
astigmatism, spherical aberration, e'=c.), so that the depth of focus is
smafért Whicheqpssure hide is2 tenjugatérto the #luminationtarea svith
respect to tlt‘ne Rro' ction optical system and is a projection area on 20
et oo N

which the image of e paftéfn-on & FetichkisFofmad by & dstire Pe

Hmﬂ&%ﬂEEH&HHSEh%§ﬂ¥8'mgﬂsf%a@QQBEW@é%O%ﬁggglQP@gﬁus

system, by, e.g., adjusting the aberrations of the projection optical system
(e.giffdld cenaturen25lastigmatising spher&a&ab@ﬁati% ect_ﬁ) based-eny ¢
the_ deviator of the best focus position (image surface) within the

expOSUie &85 bFﬁﬁbf@é&ioﬁ%ﬁﬁ@al%F@ﬁmﬁﬁhé useotile is
et S L R e e T

preferably displaced partially an iberately. 1 this Cas
correctian for correeting the-aberraions may,he perfprmedsoaslodnake o v,

a so-called overall focus 5 difference small. By this, the deviation of the
beef focus than before.

Furthermore, the same problem may occur when a
phase-shift reticle is used in an exposure apparatus in a
device-manufacturing factory. Therefore, the best focus
position within the exposure area is preferably displaced
partially and deliberately by_adjusting the aberrations
with using a mechanism for adjusting the imaging
characteristic 6f the projection optical system such as a
mechanism that drives at least one optical device of the
projection optical system via an actuator (piezo device,
etc.). Here, at least one of the field curvature and
astigmatism or additionally the spherical aberration in
the projection optical system is adjusted. Also in this
case, focus-correction for correcting the aberrations may
be performed so as to make the overall focus difference
small.

Before the adjustment the imaging characteristic of
the projection optical system, the imaging characteristic
thereof, mainly, the image-surface (representing the best

focus positions in the exposure area) may be obtained by
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focus position upon using the phase-shift reticle is greatly reduced, SO
that the pattern of the phase-shift reticle is transferred onto a wafer with a
larger depth of focus than before. 10 Furthermore, the same problgm may
occur when a phase-shift reticle is used in an exposure apparatus in a
device-manufacturing factory. Therefore, thg b(_ast focus position within
the exposure area is preferably displaced1 3partlall_y and dell_berately by
adjusting the aberrations 15 with using a mechanism for adjusting the

imaging wharacterisiic efdbe projaction optical sysiem.suchasa ..
mechanism t{%‘; drives at Ieagt)Lrl one optical device%ft jeeprojj"eoclhocr)1pop?tlcall
systéif Vidan ackuater(pieol deviee; sete )nHere, at least ong of the field

curv%ture agd 20 astigmatism or additionally the sp_herical aberration in
thecprgjreéta:ﬁorel3 J(A);ﬁ:)ﬁz':‘ejilcsystem Is adjusted. Also in this case,

' [ ' ] formed so as to
focus-corregtion fQr carecting the gt’)erratlo may k%e per , -
make the overall foccl%difference ama’ 1. %%%e ore the AUfiktHEfAt fhe using

imé@m@tha%mﬂmﬁﬁhiﬂmheﬂHQE@@NH@@@¥&§¥%EHBH¥%W%%#?%e used. In
characteristic thereof, mainly, the image-surface (repregentln e bes_t
focu&positiohs in B Bxpdsiie Biew) ihay bé obtained-by 137 computing

fro i a the, projection aptical system or by actually measuring
theg})n?ggﬁg% %h%gé}[eﬁé%c.kﬁ the fo%(ﬁrelltcﬁystée,ﬁrrﬁEﬂ% St edfipififlg byr from

usm@eSEEwMMeﬂéme@m%Eﬂ&%@d%%ﬁbﬁgé@8¥%”¥H@%%“%%g%%e reticle
by a space-image measuring unit having a light~receiving
surface on the wafer stage or from the resﬁlt of
detecting an image of the reticle’s pattern (latent image
Or resist image) projected onto a wafer.

Here, it is preferable that with using a pattern
image fotmed under almost the same exposure conditions,
e.g. small G'illumination, as in manufacturing devices,
the imaging characteristic of the projection optical
system is obtained.

In addition, the imaging characteristic of the
projection optical system in which the deviation of the
best focus position upon using the phase-shift reticle is
reduced is measured again after the assembly or
'adjustment.

At this point of time, the deviation of .line width
in the best focus position surface may occur due to
residual aberration in the projection optical system. If
the deviation is aboveva limit, at least part of the
projection optical system needs to be replaced or

readjusted to make the aberration in the projection
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the latter case, the imaging characteristic may be obtained frc_)m the
wave-front aberration measured, or from. the result of detec.tlng the
pattern image of the reticle by a space-image measuring unit having a
light-receiving 10 surface on the wafer stage or f_rom the resul_t of_
detecting an image of the reticle's pattern %Iatent image or resist image}
projected onto a wafer. Here, it is prefer‘a% e that W|th_ using a pattern
image formed under almost the same exposure_conqltlons, 15 e.g. .smal‘l
a diuminationsastiapmamfacturing devices, the imaging charaqterlstlc of
the projection optical system is obtained. In ac_ldltlor_1, the imaging
characteri3fié ®f theo piojedticreoptivat systerrhia vﬁn@hjt@@tdﬂyﬂat@tqfégq
20 be§t61;cnacus position upon using the phase-shift reticle is reduced is

measUred Again aftel tHE-ds<Emdiy Br %%ﬁds%ﬁ%‘ﬁt%ﬁ »t?i@lb@mt@ﬁﬂme,
therdedation,of linewidth, in the best focus Jposition surface may occur b Is,
due to 25 residug}%tberr%&ion%&e projection 8p_t$c%1?s%ié’r_n? _‘ﬁ?ens arrels
deviatiom isralove adimitnatleastparbef thep projection epticahsystem, .+
needs to be replaced or readjusted to make The aberra_tlon in the
projéctiorPiiS0 BititaPsy st samalier Hére, optivab devicesiof thed

iacti ica' individually replaced or, when the
e g e
unity may be replaceds Furthgemere, gt - e non-spherical, if
necessary. The optical device is a refracting optical
device such as a lens or a reflecting optical device such
a4s a concave mirror or an aberration-correcting plate for
correcting the aberrations (distortion, spherical
aberration, etc.), especially, non—roﬁation~symmetry
components due to the projection optical system. Further,
in adjusting the projection optical system only the
position (or distance from another), tilt, etc., of an
optical device thereof may be changed or, when the
optical device is a lens, its eccentricity may be changed
or it may be rotated about the optical axis AX. Such
adjustment (replacement, reprocess, etc.) may also be
performed in the above embodiment.

Although the above embodiment describes the case
where the measurement reticle Rr has a reference pattern
as well as a measurement pattern, the reference pattern
is not necessarily provided on an optical-characteristic
measurement mask (in the above embodiment, the
measurement reticle Ry). That is, the reference pattern

may be provided on another mask or on the substrate
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least one optical device may be reprocessed, and especially when the
optical device is a lens, its surface may be proc.essed So as to bepome
non-spherical, if necessary. The optical device isa refracting optical 10
device such as a lens or a reflecting optical device such as a concave
mirror or an aberration-correcting plate for_ correcting the aperratlons
(distortion, spherical aberration, etc.), e ially, non-rotation-symmetry
components due to the projection optical system. Further, 15 in adjusting

jest j iti ' from another),
the prejestion optical system,only,the , position, (or dlcftance anothe
tilt, g‘fc., of gn optical device thergof may é%har?glec%r,%}‘?& th#” oftical

device israetens, its eecentrcitymay hecchapged rardt may heyrotated,
about the optical axis AX. Such 20 adjustment (re_placement, reprocess,
etc)) Tiay hish BE PeRolthed s Hesabovesembddintent. lthotighdbepat t o rn

: ; e
abav, | t describes the case where the measurement retic '
RthSZs%??g‘grﬁenr?gg p%(ftee#?eca% Wal a8 A MESiuTemeRe FatidrhC i on times

refemceMﬁ%ZSﬁa@t'n%é‘@l%ﬂqﬂge%gg Measy ement pattern
optical-characteristic measurement mask (in the above embo iment, R&

me2Btferhent- Fettle RT) ATt isythe referencespattep myay be provided,
on nother.maslga?lr on ' he substrate 139 (wafer) s'-de and not on the

mask side. That 14' % Féferencewaler isireparedhy: attemesatinewith
registiawajeravhers the image of the reference pattern formed reduced to

; = n on -the
the projection magnification times 5 its original size, transterning tie
mé%@@@rﬂenﬁpa{mar, substantially the same measurement as in

the above embodiment is possible.

Although in the above embodiment the wave-front
aberration due to the projection optical system is
calculated based on the result of measuring the resist
images which are obtained by, after transferring the
measurement and reference patterns on the wafer W,
developing it, not beiﬁg limited to this, the result of
measuring the image (space image) of the measurement
pattern projected onto a wafer using the space-image
measuring unit or of measuring the latent images of the
leasurement and reference patterns formed in the resist
layer or images formed by etching a wafer may be used.
Also in this case, the wave-front aberration can be
obtained in the same procedure as in the above embodiment
based on the result of méaéuring the position deviation
of the measurement pattern from a reference position (e.g.
projection position of the measurement pattern planned in
design). Instead of transferring the measurement pattern

onto the wafer, after transferring the reference pattern
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onto the resist layer and then developing it, and by measuring the
position deviation of the measurement pattern's resist image from the
reference pattern on -the reference wafer, substantially the same
measurement as in 10 the above embodiment is possible. Although in the
above embodiment the wave-front abemration due to the projection optical
system is calculated based on the result of measuring the resist images
which are obtained by, after transferring the 15 measurement and

Ererente pattersn thetiafeP W, 2devetsping itenotng miteth iocthis: he
theresyltof measuring the image (space image) of the measurement
pattern projglggac% gﬁg garﬁafle? u%leﬁé ﬁé gpra?coe%ﬁ;?% e neastififd threr
almeasuring e latest images-aithe 20 measurementand reference
patterns formed in the resist layer or images formed by etching a wafer
il Berliseth YAISS imtHs case] the wavedront abertation eambe - image
ogtgisned,in the same procedure as in the above embodiment based on

& restit Bf mEasring e fositioh déidticn 25 6f hesneasrement
patteradrom aireference positi .. projection _position of the
measuregr%fgntlpa%em plannedgir% égie%%nirjl%s e%&%ﬁr%hs?é?ﬁﬁé) the” -

mieaisarepheritrpatiesn sonio ¢he-wateriafter transterdng the, seference, ;s
pattern 14.0 onto the resist layer on a reference wafer on W%ich the
HeasulsTRéntsatterh s Rfeddyiformet; the position tdeviationoofike -
ement pattern from the reference pattern may be measured by,
g%ﬁ%i&&?%%g%%eiiﬁg whlch is pré@gded i% the egéosuge

apparatus.
While in the above embodiment the coefficients ﬁp

to the 37th term of the Zernike polynomial arevused, the

coefficients over the 37th term, €.g. up to the 8lst term,

of the Zernike polynomial may be used to calculate
higher-order components of the aberrations due to the
projection optical system PL. That is, this invention is
irrelevant to the number of terms, and term numbers, of
the Zernike polynomial in use. In addition, depending on
the illumination condition the aberration in the
projection optical system PL may be caused deliberately,
and thus in the above embodiment the optical devices of
the projection optical system PL may be adjusted for the
aim aberration to take on a given value and not zero or
minimum. |

In the above embodiment the first communication
server 120 inqui;es information of reticle to be used
this time in, for example, the exposure apparatus 122,

from the host computer (not shown) managing the exposure



5 measuring unit'having a plurality of apertures corresponding to the
measurement pattern. Moreover, although in the abqve emboqllment the
overlay-measuring unit measures the position deviation, the alignment
sensor may be used which is provided in the exposure 10 apparatus.
While in the above embodiment the coefficients up to the 37th term of the
Zernike polynomial are used, the coefficitfits over. the 37th term, e.g. up
the 81st term, of the Zernike polynomial may re used to calculate 15.
higherpardet amponents ohihs.aherraionsdue tahe legr, onaptal ; )
s'y'stem PL. That is, --his invention is |rrelevar_1t to the num er of terms,
and-fefrrmahbers; of ¢he Zeemike polynemialdn use sl adsd-40Rain +he
dependjcng%on .the illuminat_on condition the aberration in the 20

projetticn opticArS/Erh P may betddienadeliberatelyn ang mag-imthénput s

abqve-e iment.th jcal.device tof t rq ect_ion optical system
PL may éQ @a%justed:L fc?r%%ggi%n%elrﬁat%nptgiﬁelgrsl% giveRVAIGE ahgon
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communication server 120 inquires -.information of reticle to be used this
timE‘?n,thf‘%xaﬁ*ﬁb?é&ﬁ@‘é&ﬁé@ré%b@éﬁdwf@ 1227 ffomthehostomprise a

showr,_ managing the exposure 141 apparatuses 1221
fﬁr?u%%?%gggn%%gsgdg on tfgeg }:e_tf%?eé?nfaiﬁﬁgt?%, 5BErchas agiven an

database te ebtain he spattery information, gt alfernatively an operator

inputs the pattern information into the first communication
communication server 120 reads a bar-code, two-
dimensional code, etc., attached to a reticle R being
transferred to the reticle stage RST, via the main
controller 50 in order to obtain the pattern information.

In addition, in the case of measuring the wave-

front aberration using the measurement reticle for
example, the alignment sysfem ALG may detect the position
deviation of the latent image of the measurement paﬁtern
from that of the reference pattern, the two latent images
being formed in the resist layer on the wafer. Moreover,
in the case of measuring the wave-front aberration using
a wave-front-aberration measuring unit for example, the
wave-front-aberration measuring unit may be one having
such a shape that it can replace the wafer holder. In
this case, the wave-front-aberration measuring unit can
be automatically transported by a transport system
(including a wafer loader) for replacing.a wafer or wafer
holder. By implementing the above various means, the

computer system 10 can automatically adjust the imaging

characteristic of the projection optical system PL and
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5 server 120 via an input unit. However, not being limited to this, the
exposure apparatus may further comprise a reader BR such as a .
bar-code reader indicated by an imaginary line in Fig. 2, by which the first
communication server 120 reads a bar-code, two 10 dimensional code, _
etc., attached to a reticle R being transfqrred to the reticle stage RST, via
the main controller 50 in order to obtain thAe2pattern information. In
addition, in the case of measuring the wave- front aberration using the

measurement reigle Jor-15 example: hiesalignment system ALGMay .,

detect the position deviation of the latent image of the measurement
pattétir froRT that oftherefere R pattern, theltodatent imdgesshietngi ment

formed in the resist Layer on the wafer. Moreover, in the case of
merazg%gﬁﬁé the W%%/S—fl%%% Ab&r&t6h GSiRg Vo § wavebfrortberritionn

measHENg Lhif f@'ﬁ%)ﬁar@@lei@ea%@ﬁ%fgbwgga%%%mgg’?gri%%g?ié from
may be one having such a shape that it can replace the wafer ho er. In

thi& easeahe wavesfpent-aiiesration sneasming i con: be autermatically g unit
trapsported by a transport system 25 includlng a wafer Ioader’) for_ .
rep%éciﬁ‘ﬁ% Wafef bF Wafi hblder YBy-fripl&fefiing te aliovervarioss 2 part

m u te can.automatically adjust the imaging
mesns e ST J0 S0 OnRIe S S DA0NS,
exposurecanditionsiwitheut the Relp 9f apnhonerator O service; eNQNEe, 5. 4
Although this embodiment describes the case where the

waVeR STt aerratibATmeasumied anit 80 4w attadhiableotosand detachable

f“%%bodiment, wave-front aberration due to the light-
receiving optical system of the wave-front-aberration
measuring unit 80 is neglected, the wave-front aberration
in the projection optical system may be determined in
view of the wave-front aberration due to the light-
receiving optical system.

In addition, the exposure apparatus 122 alone may
automatically adjust the imaging characteristic of the
projection optical system PL and set best exposure
conditions by using the first through third programs and
databases associated therewith, described in the above
embodiment and which are stored in an information storage
media or the storage unit 42 of the drive unit 46 thereof.
Furthermore, the first through third programs may be
stored in an exclusive éerver (equivalent to the second
communication server 130) that is disposed in the factory
of the maker A and connected to the eXposure apparatuses
through LAN. The point is that this invention is not

limited to the construction in Fig. 1, and that it does
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5 the wafer stage, the wave-front-aberration measuring unit 80 may be

fixed on the wafer stage, in wn ich case a part of the

wave-front-aberration measuring unit 80 may be provided on the wafer
stage while the rest is disposed separately from the_ wafer stage. _

Although in this 10 embodiment, wave-f:ﬁnt aberrgtlon due to_the Ilg_ht- _
receiving optical system of the wave-fro “Bberration measuring unit 80is
neglected, the wave-front aberration in the projgction optical system may

be etermined in Wwigw-of theawaysrirant aherratiop duetg the light 15 .,
receiving optical system. In addition, the exposure apparatus 1_22 z_allon

maly: afonsaticalyadjust tk imagingcharastetistie %fst-h@: pr(:jhec?_ont

optical system PL and set best exposure conditions by using the firs _
thprough %/hi}r*&n% SYtaMs dHY 20 aafans8es ddsitted fictawin sdéseribed se

in ;neg}govghgn@gg&'@gggar& !tcgn stared in an information storage
media or the storage unit 42 ((}f}}{yhe dr%r'egur%’lagthse%gﬁeﬁ!rthne?%o e thE

firstihwough thivd pragramstmay berstored - an %9&5!5@@%\@{;6 apparatus
(equivalent to the second 25 communication server 130) that is disposed
in Hbafﬁcfo?ydé%é?ﬁ%rjﬂlané esnirectac iethelbxXpostretapparituses

iough AN TSR N e e L

construction in Fig. 1, and that it does

(servet,reic.s)ysiering the, §irst thiough thitd programs is dispased.
Although the above embodiment describes the case
This invention can be applied not only to an

exposure apparatus for manufacturiﬁg semiconductor
devices but also to an exXposure apparatus for
transferring a liquid crystal display device pattern onto
a rectangular glass plate and an exposure apparatus for
producing membrane—maggetic heads, micro machines, DNA
chips, etc. Furthermore, this invention can be applied to
an exposure apparatus for transferring a circuit pattern
onto glass plates or silicon wafers to produce masks or
reticles used by a light exposure apparatus, an EUV
exposure apparatus, an X-ray exposure apparatus, a
charged-particle-beam exposure apparatus émploying an

electron or ion beam, etc.

In addition, the light sourde may be an ultraviolet
pulse illuminant such as an F, laser, ArF excimer laser or
KrEF excimer laser or a continuous illuminant such as an
ultra-high preésure mercury lamp emitting an emission
line such as g-line (a wavelength of 436nm) or i-line (a

wavelength of 365nm).

Moreover, a higher harmonic wave may be used which
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where the exposure apparatus is a stepper, not being 5 limited to t:is, it

may be a scan-type exposure apparatus that is disclosed in, for example,
U.S. Patent No. 5,473,410 and that transfers the pattern of a mask while
moving synchronously the mask and a substrate. This inventi_on can be
applied not only to an 10 exposure appalrﬁtll.ls for manufacturing _
semiconductor devices but also to an exposure apparatus for transferring

a liquid crystal display device pattern onto a rectangular glass plate qnd

an égposureiapparatus forw pradileingmemirane-nagnetic heads.dpicta o1 et
machines, DNA "5 chips, etc. Furthermore, this invention can be applied

to 3 eXpoldrd’ SpparafiRor fRrdfEAIng gréut patferA oo glass
Platgs-an slicen walers 1g produge fugsks.on teliclesused by a laht, o,

exposure apparatus, an EUV" exposuré apparatus, an X-ray exp

appdratiis] @, 2G:eharged-particle-bearpexposure, apparatys employing.an <o o
electron or ion beam., etc. in addition, the light source may be an

ultraviolée pulsa siimipdnesuchras anmelladere ArR excimer ldser orxrib e,

excimer laser or a cgntinuous illuminant such as an 25 ultra-high pressure
meerg%) ry fam éoermi?tfzﬁlélﬁn eﬁwrilscllsié/rF e S asRReE (a WAVEIRAGICGTS,  the

43pnm) ot t-iling (8pwavelength-of365nm), Moreaver, a higher ha 9@% cation

wave may be used which 144 is obtained with wavelength conversion into

ultfavicletr d§wsingomors inearmopticel erystabafterrhaving anaplified

S"%@%%@¥§%Q%”Q§§%%%ﬂ“Qgga§§¥gﬁer, the projection optical
system is not limited to a refracting system and may be a
catadioptric system having reflecting optical elements
and refracting optical elements or a reflecting system
having only reflecting optical elements. It is remarked
that, when the Catadioptrié system or the reflecting
system is used as the projection optical system, the
imaging characteristic of the projection optical system
is adjusted by changing the positions, etc., of the
'reflectinq optical elements (concave mirror, reflective
mirror, etc.) as the above-mentioned movable optical
devices. When F, laser light, Ar, laser light, EUV light,
or the like is employed as the illumination light EL, the
projection optical system PL may be a reflecting system
having only reflecting optical elements, and when Ar,
laser light, EUV light, or the like is employed, a
reticle R needs to be of a reflective type.

It is remarked that the process of manufacturing

semiconductor devices comprises the steps of designing

function/performance of the devices; making reticles



visible, emitted from a OFB semiconductor laser device or 5 a fiber laser
by a fiber amplifier having, for example, erbium (or erbium and ytterbium)
doped: Furthermore, the projection optical system is not limited in
magnification to a reduction system and may be an even-ratio or
magnifying system. Yet further, the projefggn optical 10 system is not
limited to a refracting system and may bé a™ catadioptric system having
reflecting optical elements and refracting optical elements or a reflecting
systemohaling only reflectihghopticah élementisribisdemarked, dbat; when.
the catadiopt_ic system or the reflecting 15 system is used as the

projectioAbtidardyeiem ithe: adifd eharackeaatis bt theoprojectienial ;
optj is.adjusted by changing.the positions, etc., of the
g%%ﬁﬂ%@?&f% HR'E pé%%erg ék ghe (ﬁ&%c §”8E§ﬁbf5§ﬂ%§fer by

reflecting optical efements’(concave mirror, reflé
aUm&im@nﬂﬁﬂedhﬁm@bﬁémﬁﬂé%ggd@XE§§ﬁ@®68§%§9§%5@¥n8%§%mb1ing
laser light, EUV light, or the like is employed as the illumination light EL,

the" pfojeEibastichl BystamiPl madyebe heefiecting systeny havingionly, and
reflecting optical elements, and when Are_laser light, EUV light, or the like

IS

I

§rﬁ5l%%/g V8 25 r(aaltrilc%e FResds toBe of T rtie type. fsiréfatiketi ce

that dhe, pracess oh anifaciuring semicanductor deyices comprises the

steps of designing ?L]mction/performance of the dea\djic%hsﬁﬁno fr?gpr&iclsege‘p’ the
145xascornding aptire-function/petformancesplaneed incthed desighing step;

making_wafers from silicon material; transferring the pattern of the reticle
onR?t Q@%%rﬁﬁposure, the pattern of a reticle R is

transferred onto a wafer W through the projection optical
system PL whose imaging characteristic is very accurately
adjusted according to the patterﬁ to be transferred or
based on the result of measuring the wave-front
aberration, and therefore it is possible to transfer the
fine pattern onto the wafer W with high overlay accuracy,
so that the yield of the devices as final products and
the productivity are improved.

Although the embodiments according to the present
invention are preferred embodiments, those skilled in the
art of lithography systems can readily think of numerous
additions, modifications and substitutions ﬁo the above
embodiments, without departing from the scope and spirit
of this invention. It is contemplated that any such
additions, modifications and substitutions will fall
within the scope of the present invention, which is

defined by the claims appended hereto.



using the above-mentioned exposure apparatus; assembling 5 the
devices (including the steps of dicing, bonding, and d packaging); and
inspection. According to this device manufacturing method, because, in a
lithography step, the exposure apparatus of the above-mentioned
embodiment performs exposure, the patigrg of a reticle R is 10
transferred onto a wafer W through the projection optical system PL
whose imaging characteristic is very accurately adjusted according to the
pattekA 1dBe transferred or based on the result of measuring the
wave-front aberration, and therefore it is possible to transfer the 15 fine

pattern onto the Wabdr WAt AIYHCSVeH iy actifdey™ rthafthedeerhod
e deveemasdinal pradudis end Dedfoduatialy e iproved alovElLy 1x
the embodiments according to the present invention are prefetred
embadiments, these skiled tuthe 20iadt allithegraphy systems eprising:
readily-hink of numerous additions, modifications and substitutions to the
Sabove emBBRARBHAL) WitholEdSpdring froki tHeascbperaniEsgiditof fps ical
invention. It is contemplated that any such additions, modifications and
subss}]fu%%%é will fall 25 within the scope of the present invention, which is
defined by thesclaims.aprendedersta. 1461 LOXD WISE CLAMS 1.8y on
projection-optical-system adjusting method with which to adjust a
projection opti€alssystemaised i ran expesure appatedus, saichadjysting ni ke

method comprising:
Sensitivity table corresponding to a pattern to be

LLOYD WISE

10 transferred onto an object via said projection optical
system and at least one optical condition to be set at

the time of transferring said pattern.

2. A projection-optical-system adjusting method
15 according to claim 1, wherein, in said adjusting, said
projection optical system is adjusted such that the
coefficient of a specific term selected, based on target
information, from coefficients of terms of a Zernike
polynomial in which a wave-front in said projection

20 optical system 1is expanded is not over a given limit.

3. A projection-optical-system adjusting method
according to claim 1, wherein, in said adjusting, said
projection optical system 1s adjusted such that the RMS

25 wvalue of coefficients of terms of a Zernike polynomial in
which said wave-front within the entire field of said
projection optical system is expanded is not over a given

limit.
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5 measuring a wave-front in said projection optical system; and adjusting
said projection optical system based on a result of said measuring of a
wave-front, and a Zernike Sensitivity table corresponding to a patternto LLOYD WISE
be 10 transferred onto an object via said projection optical system and at
least one optical condition to be set at thettime of transferring said

pattern. 2. A projection-optical-system adjusting method 15 according to
claim 1, wherein, in said adjusting, said projection optical system is _‘
adjusted such that the coefficient of a specific term selected, based on
target informatign, from coefficients of.terms of a Zernike. polynomial. i
which a wave-rontih Suc BrojGCtioR 20 pical Syetom S Lipandsd Lot
oves a-given Hmit: 3. A prajectionzeptical-system adjustingimethot g, said
according to claim 1, wherein, in said adjusting, said projection optical
systernis atljustedstichrthat thesRMS 25 vallfrusfteoefficierits of tarmshef

a Zernike polynomial in which said wave-front within the entire field of

saif §5rofectibiopticalsystemiTs 8kpanded i’ it et A yReke fimitt which a
LLQ]X%EM?EI@E“Q% . @a&@l%’PSB‘éocpﬁ'%h%%%'l‘caadiuss@@t’%thf’g elxpanded

according to claim 1, wherein, in Said adjusting, said projection optica
systers is adjusted-such/that thesh eeeflicients afi tesms of a Zernike
polynomial in which a wave-front in said projection optical system is
expanded

5. A projection-optical-system adjusting method
according to claim 1, wherein, in said adjusting, said
projection optical system is adjusted such that the RMS
value, within the field of said projection optical system,
of coefficients of n’th order, mb terms corresponding to a
watched, specific aberration out of coefficients of terms
of a Zernike polynomial in which a wave-front in said
projection optical system is expanded is not over a given

limit.

6. A projection-optical-system adjusting method
according to claim 1, wherein, in said adjusting, said
projection optical system is adjusted such that the RMS
value, within the field of said projection optical system,
of coefficients of each group of mO terms having the same
mb value out of terms, which correspond to a watched,
specific aberration, out of terms of a Zernike polynomial
in which a wave-front in said projection optical system

is expanded is not over a given respective limit.



are not over given respective limits. 5. A projection-optical-system
adjusting method 1.0 according to claim 1, wherein, in said adjusting, said
projection optical system is adjusted such that the RMS value, wi'~hin the

field of said projection optical system, of coefficients of n'th order, mA LLOYD WISE

terms corresponding to a watched, specifig¢ aberration out of coefficients

of terms 15 of a Zernike polynomial in which a wave-front in said

projection optical system is expanded is not over a given limit. 6. A
projection-(j;ticé%-s@ﬁéiﬁ adjtisting Aiethdd ~20’ a&&rding 18 Tdingl nethod
Where(i:%, in said @r(yugtin : r%aid pﬁ(éj]?gg%r} ogg(r:nal sXsStgrrln is adjusted such
that the RMS va ue, within the’field of said proje%}ﬁon opﬂéal system, of
coefficientspfieachigrgup of Y@ Jermmhaving the samenmo s put of
terms, which correspond to a watched, 25 specific aberration, out of terms
of @ Zenike polyndomialaindwipich sewavefromp inisaid projection, optical
system i.s expanded is not over a given respective limit. LLOYD WISE

5148 7. A préjection-opticA-syte Aukting 1Hethoa - Scedraing 1o cRinPE t Hoal
furthet camprisingobiaining infaumation of a pagierm;sblectd9 HIoieption: corn

in said projection optical system, 5 wherein, in said adjusting, sai
projectionloptical isystem isradjusied baseslvima spasesimageefsaid

pattern calculated based on linear combinations between sensitivities, to

a WiEHeld aérradtich, of eoeffiviehedied aberration, of coefficients

of terms of a Zernike polynomial in which a wave-front in
10 said projection optical system is expanded and the
coefficients of terms of a Zernike polynomial in which a
wave-front measured in said projection optical system is
expanded, such that said watched aberration is not over a

limit, said sensitivities depending on said pattern.

15
8. A projection-optical-system adjusting method
according to claim 1, further comprising:
obtaining target information that said exposure
apparatus is to achieve,
20 wherein, in said adjusting, saild projection optical

system is adjusted such that the RMS value of
coefficients given by weighting according to said target
information the coefficients of terms of a Zernike
polynomial in which a wave-front in said projection

25 optical system 1s expanded is not over a given limit.

8. A projection-optical-system adjusting method

according to claim 8, wherein said target information
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of terms of a Zernike polynomial in which a wave-front in 10 said

projection optical system is expanded and the coefficients of terms of a

Zernike polynomial in which a wave-front measured in said projection -
optical system is expanded, such that said watched aberration is not over-UYD WISE
a limit, said sensitivities depending on saitbpattern. 15 8. A
projection-optical-system adjusting method according to claim 1, further
comprising: obtaining target information that said exposure apparatus is

to dcHieVE 2D wherelilart safd adfjustintp ShRIFprofaerds eptical Bystemcsion
adjgstegasu&h tfgat.tehgtRll\éIS \{)algé[e;L 82 coseffiscients given by weighting

acco¥dinglto id” férget information tJhe coefficients of terms of a Zernike
polynomial in which a wave-front in said projection 25 optical system is

expanded is not over a given limit. 9. A projection-optical-system

adjusting method2agoordiag tto claterd, whdremysaid target) nfarimagiondilhod
)YDDI'WISTE 149 includes information of a pattern subject to projection

by 8&1dY9jetton Bphital sy 16 & pitjectiohopticall8fdteiaditisting

mefhor, 5,a560rding 40 gay.ong,ofdlaims 10,9, wherein in, meagyring

said wave-front, a wave-front in sai projection optical system Is

megsureskthbasad aparesult of pristing & givenspatterniisa waker Wa fesult
pinhole and said projection optical system.
of printing a given pattern on a wafer via a pinhole and

said projection optical system.

11. A projection-optical-system adjusting method
according to any one of claims 1 to 9, wherein in
measuring said wave-front, a wave-front in said
projection optical system is measured based on a space
image formed via a pinhole and said projection optical

system.

12. An exposure apparatus which transfers a pattern
onto a substrate via a projection optical system, said
exposure apparatus comprising:

a movable member that is disposed on the image
plane side with respect to the projection optical system;
a wave-front measuring unit at least a part of
which is disposed at the movable member and that measures
wave-front information in said projection optical system;

an adjusting unit that adjusts a state of an image
of a projected pattern that is generated on said

substrate via said projection optical system; and



10 11. A projection-optical-system adjusting method according to any one

of claims 1 to 9, wherein in measuring said wave-front, a wave-front in

said projection optical system is measured based on a space 15 imagel LOYD WISE
formed via a pinhole and said projection optical system. 12. An exposure =~ " '*
apparatus which transfers a pattern ontg ggsubstrate via a projection
optical system, said 20 exposure apparatus comprising: a movable
member that is disposed on the image plane side with respect to the
projection Gpticansysterhe a Whse-fropt iicastring bt 2@ least Arpartsfi t
which is disigosed at the r%;ovable,mdgtmber and that measures 2

5 e
wal&-Fot fiftarmatiohtin safd' projectiohPtical sydtém? i adjisti g dit + V=¥
that adiusts @ state, of ap image.afa piectedpatigmthat isgenerateds sa:q

on said substrate via said projection optical system; and 11011 VV ISE
15G alcontratier.that controls said adjusting unit using said wave-front
information and Zernike Sensitivity corresponding to at least one
exposure condition of said substrate. 13. An exposure apparatus

according t9 Iaigg 12é wherein said controller determg\es a 'ustmfnt
) . xgosure %gﬁaratus accoE ﬁng O claim 12,
information” of said projection optical system, using the least-squares
mejhed-hased on said wave-front information and said
sald controller determines adjustment information
of said projection optical system using the least-squares
method based on said wave-front information and said

Zernike Sensitivity, and controls said adjusting unit

based on the adjustment information.

14. An exposure apparatus according to claim 13,
wherein

based on data regarding a relation between an
adjustment amount of an optical element of said
projection optical system and variation of a coefficient
of a predetermined term of a Zernike polynomial, said
controller determines the adjustment amount of the
optical element of said projection optical system as said

adjustment information.

15. A device manufacturing method including a
lithography process, wherein in said lithography process,
an exposure apparatus according to any one of claims 12

to 14 performs exposure.
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Zernike Sensitivity, and controls said adjusting unit based on the
adjustment information. 14. An exposure apparatus according to claim 13,
15 wherein based on data regarding a relation between an adjustment
amount of an optical element of said projection optical system and
variation of a coefficient of a predetermined term of a Zernike polynomial,
said 20 controller determines the adjustment amount of the optical
element of said projection optical system as said adjustment information.
15. A devickMmanbfactimini mettracsineludivgia 253imstraphy process,

wherein in sai%%:ithq_zgrap% %rocess an exposure apparatus accordin%éo

any one of Blaé 12 T4 pefbril ExPodire PrEYD N161C, 18148PR e
computer system camprsing: & first.eompyterwhich is forpacied o agstem
exposure apparatus main body having a projection optical system, that
projecis ap twage tof azgivempattermionto @iy subgteate cam adjusting: unit

which adjusts a state of an image of said pattern formed by said
projettidhoptieal system; and a second computer which is connected to

said first 10 computer via a commu 'g:atign £§th v%herein aid sec

n d .
computer calcufatds 88&{}& i cj)'r%g"uolncwnh V\R{iic t% (:aon%ro(fisaeﬁdOOIn an image

adjystingh Wit pattern formed by said projection optical system;

LLOYD WISE

and

a second computer which is connected to said first
computer via a communication path,

wherein said second computer calculates control
information with which to control said adjusting unit,
using a result of measuring a wave-front in said
projection optical system, which result has been received
from said first computer via sald communication path, and

wherein one of said first and second computers
controls said adjusting unit based on said control

information.

17. A computer system according to claim 16,
wherein said result of measuring a wave-front 1s inputted

into said first computer.

18. A computer system according to claim 16,
further comprising:
a wave-front measuring unit that measures a wave-

front in said projection optical system,
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using a result of measuring a wave-front in said projection optical system,
which result has been received 15 from said first computer_ via said

communication path, and wherein one of said first and second computers LLOYD WISE

controls said adjusting unit based on said control information. 20 17. A
computer system acco,d"-ng to claim 16] 5&herein said result of

measuring a wave-front is inputted into said first computer. 18. A
computer system according to claim 16, 25 further comprising: a
wave-front et g Lmitdh At mehsGraeta Wewe Hrsftifh sakitprofectivntd

optical sgsctem LLOYD WISE 152 Whgrglrg)g%ldglrst computer itself

bt daid Yot BF Mebdria g X Wave-front from said Wave-front front

megsutng Ak 519+A computer system according to claim 16, wherein
said adjusting unit comprises an imaging- characteristic adjusting
mechanism that adjusts the imaging-characteristic of said projection
optical system. 10 20. A computer system according to claim 19, wherein

said first cohfputet SeRUL Hf6rmaio 6fs&d CoAtErRUsE ir saiy™ 6+

EXROSAILE ApPATAlUS énaf‘ngQ‘E% 0 5aid sey dr%"é‘é@“tsﬁ"igx?aaﬁ& ng-

communication path, and wherein said second commuter obtains a space

image, A5Jerned ondhe image planenwban saigdpreiection @ptisals system
projects with said pattern by a simulation based
imaging-characteristic of said projection optical system.

20. A computer system according to claim 19,
wherein said first computer sends information of said
pattern used in said exposure apparatus main body to said
second computer via said communication path, and

wherein said second computer obtains a space image
formed on the image plane when said projection optical
system préjects‘with said pattern by a simulation based
on said pattern information and said result of measuring
a wave-front, calculates a limit for a watched aberration
due to said projection optical system at which said space
image is finely formed, and calculates control
information with which to control said imaging-
characteristic adjusting mechanism such that said watched
aberration due to said projection optical system is not

over said limit.

21. A computer system according to claim 20,
wherein said second computer calculates a space image of

said pattern based on linear combinations between



on said pattern information and said result of measuring a wave-front,
calculates a limit for a watched aberration due to said projection optical

system at which said space 20 image is finely formed, and calculates

control information with which to control said imaging- characteristic LLOYD wi
adjusting mechanism such that said watched aberration due to said

projection optical system is not over said limit. 25 21. A computer system
according to claim 20, wherein said second computer calculates a space
imageof. saidipattern based orelingae Contbiratiohs betwedn ELOND cARNtS

E 153 sensitivities, to a watched aberration, of coeffi(gentg gf terms og[a

Zeffike BoRjRofttaldn iG-S fiave ot in daid Projédtion ptital syster't *°
is expandsd and the coefficients of terms af a Zexnike palymomial iBhe

which a 5 wave-front measured in said projection optical system is
expandet; saishsensitivitiesdepentling de saidgatteri.y28mAabniputehich a
system according to claim 16, wherein a plurality of sets of said exposure

5 apparatust 10 haResoHy Al ddid FRdttompute FareProviidCand S4RFe™ 1S

exposure aratus main bodies each have said adjusting unit, an
wherai %gl%géec%%ag:]o?neﬁlu%rt i%‘f:%h%%te%e\%g %g%l%or%grln usnaléé%i%aggt S
to at least one of the set of said 15 plural first computers and the set of
said plural adjusting units.
22. A computer system according to claim 16,

wherein a plurality of sets of said exposure apparatus
10 main body and said first computer are provided, and said
exposure apparatus main bodies each have said adjusting
unit, and
wherein said second computer is connected via said
communication path to at least one of the set of said
15 plural first computers and the set of said plural

adjusting units.

23. A projection-optical-system adjusting method
according to claim 1, wherein
20 said optical apparatus 1is an exposure apparatus
which transfers a pattern onto an object via said
projection optical system, and
in order to adjust said projection optical system,
a Zernike Sensitivity table corresponding to at least one
25 evaluation item regarding an imaging characteristic of
said projection optical system and at least one exposure

condition of said object is used.
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23. A projection-optical-system adjusting method according to claim 1,

wherein 20 said optical apparatus is an exposure apparatus which

transfers a pattern onto an object via said projection optical system, and  FLOYD WISE
in order to adjust said projection optical system, a Zernike Sensitivity

table corresponding to at least one 25 evpjuation item regarding an

imaging characteristic of said projection optical system and at least one

exposure condition of said object -is used. 154 24. A

projection-8ticalfsyister adjusting Mnéthedl accordint té ¢laimtaag method

wherein said at least one exposure condition includes a first information

regeramGH-Battdrn stbfedtté 5 projietiSn fo be performed by said
projection qptical system and &.secondjnformation segarding;aldeastane,

optical condition of said exposure apparatus. 25. A
profection-aptical-systesnadiastingimethed Pdtaceordingtg elaim23,
wherein when at least one of said at least one evaluation item and said at
leaRt 67i€ ekpesurtTonditionsd pirar R PIuFality o Zenfikd SeRsitvity 2L

fabjes respectivel, correspanding o compinatons.of saichaLlest 18 151
evaﬁﬁﬁtlon item and said at least one exposure condition are used. 26. A

projegtionapticakaystearadjusting method ageerding.toramuane of
claims 23 to 25, wherein 20 in order to adjust said projection optical
system,
25. A projection-optical-system adjusting method
according to claim 23, wherein
when at least one of said at least one evaluation
item and said at least one exposure condition is plural,
a plurality of Zernike Sensitivity tables respectively
corresponding to combinations of said at lest one

evaluation item and said at least one exposure condition

are used.

26. A projection-optical-system adjusting method
according to any one of claims 23 to 25, wherein

in order to adjust said projection optical system,
data regarding a relation between an adjustment amount of
an optical element of said projection optical systém and
variation of a coefficient of a Zernike polynomial is

used.

27. An exposure apparatus according to claim 12,
wherein

said at least one exposure condition includes first
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data regarding a relation between an adjustment amount of an optical
element of said projection optical system and variation of a coefficient of
a Zernike polynomial is used. 25 27. An exposure apparatus according to
claim 12, wherein said at least one exposure condition includes first ti.. t..
(IYO'A/'SE 155 information regarding sajd projected pattern and second
information regarding at least one illumination condition of said projected
pattern. 5 28. An exposure apparatus according to claim 27, wherein said
contrdlleruises datarregrarding @ elatibre befwesieah ndjusementarogstcond
of an optical element of said projection optical system and variation of a

coefficieht'éf-a ZBrrike PofyhBhial™ 10 297 AnXpostite HiEthGd: with vtk - =4 on
to tg%nsggri% %tgefré g@gqjag object via a projection optical system, said
exposure method comp.r_.ising: determining an adjustment amount to be
adjusted by 15 an adjusting unit to substantially optimize an imaging
characteristic of said projection optical system, based on information

regarding tR8 imaging eharacteristioss shidsprejeetsn optcdl ysterdm 27/
Zernike Sensitivityd table corr fgondin to gaidapattern agd at least oTetZ.O

opt‘f’ i tonditidh 16 bgosréggf) etime’o ?ranaélfterrinrgega‘r thg & felation

between an adjustment amount of an optical element of

LLOYD wisE

sald projection optical system and variation of a

coefficient of a Zernike polynomial.

29. An exposure method with which to transfer a
pattern onto an object via a projection optical system,
said exposure method comprising:

determining an adjustment amount to be adjusted by
an adjustingbunit to substantially optimize an imaging
characteristic of said projection optical system, based
on information regarding the imaging characteristic of
said projection optical system, a Zernike Sensitivity
table corresponding to said pattern and at least one
optical condition to be set at the time of transferring
sald pattern, and data regarding a relation between an
adjustment amount to be adjusted by said adjusting unit
which adjusts an imaging state of said pattern on said
object and a coefficient of a predetermined term of a
Zernike polynomial; and

performing adjustment of the imaging state of said
pattern by said adjusting unit, using said determined

adjustment amount.



said pattern, and data regarding a relation between an adjustment
amount to be adjusted by said adjusting unit which adjusts an imaging
state of said pattern on said object and a coefficient of a predetermined
term of a 25 Zernike polynomial; and performing adjustment of the
imaging state of said pattern by said adjusting unit, using said determined
adjustment amount. L.I. ,vr 156 30. An exposure method according to
claim 29, wherein said at leas:: one optical. condition includes at 5 least
an illumination condition of said pattern, and when determining said
adjustment amount, the least- squares method is used. 31. An exposure
method accotding’td A& 38 4 0Vereth &40 MdMAidPreghidifig e
imaygf%n ecpgracteristic is a wave-fron'i: aberration of said projection
optical system, and when determining said adjustment amount, a 15
coefficient ¢fza predetarmined teren eba Zesnike palynomial whichisies at
determined based on the wave-front aberration is used. 32. An exposure
5 mefrodsaccording torelaimtado 2@ whekdih Said ddjasthterh apicurit is and
determined so that within a field of saig p(_g%jection oRtécag ﬁXStem’

abewaﬂon§%ﬁen determining sal Justme unt, the least-
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squares method is used.

31. An exposure method according to claim 30,
10 wherein
sald information regarding the imaging
characteristic is a wave—front}aberration of said
projection optical system, and
when determining said adjustment amount, a
15 coefficient of a predetermined term of a Zernike
polynomial which is determined based on the wave-front

aberration 1is used.

32. An exposure method according to claim 31,
20 wherein
said adjustment amount is determined so that within
a field of salid projection optical system, aberrations of
said projection optical system at a plurality of points
within a predetermined area where said pattern is

25 projected are substantially optimized.

33. An exposure method according to claim 32,

wherein
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said projection optical system at a plurality of points within a
predetermined area where said pattern is 25 projected are substantially
optimized. 33. An exposure method according to claim 32, wherein
t,UOYU VUI Em 157 said adjusting unit includes an actuator which
drives an optical element of said projectipgroptical system, and said
adjustment amount includes a drive amount of 5 said optical, element. 34.
An exposure method according to claim 33, wherein said adjustment
amount is detérimimédsotthapbothi 3.0lofdbwessrder conipoments and ch
higher-order components of the aberration of said projection optical
systéhvaie 8lbstantalfy otihGizEed 35 A éxposuré hethdd BcEsttiretd
claim 5 wherein said adjustment amount is determined so that

S enm, . .. . .
dlffe?/ent aberrations of said projection optical system and different-order
componentsof @agh-phetradian asesubstantially @gimizegl 203G ount of
device manufacturing method including a process in which a device
patterhds fariiethon @l pAstoSensitive object, using an exposure method
according to any one of claims 29 to 35.
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34. An exposure method according to claim 33,
wherein |

said adjustment amount is determined so that both
of lower-order components and higher-order components of
the aberration of said projection optical system are

substantially optimized.

35. An exposure method according to claim 33,
wherein

said adjustment amount is determined so that
different aberrations of said projection optical system
and different-order components of each aberration are

substantially optimized.

36. A device manufacturing method including a
process in which a device pattern is formed on a
photosensitive obJject, using an exposure method according

to any one of claims 29 to 35.

37. An exposure apparatus which transfers a pattern
onto an object via a projection optical system, said

exposure apparatus comprising:
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25 37. An exposure apparatus which transfers a pattern onto an object
via a projection optical system, said exposure apparatus comprising: 1.1
.07D'Pwi5E 158 an adjusting unit which adjusts an imaging state of said

pattern on said object; and a computing unit which determines an LLOYD WISE

adjustment amount to be adjusted by said@djusting unit to 5 substantially
optimize an imaging characteristic of said projection optical system,

based on information regarding the imaging characteristic of said

projection @pticat systeima@ ZernikesSénsitiwityjtablescarrespondingtostate of
said pattern and at least one optical condition to be set at 10 the time of
trarfstéfirRpSdia patterh, hd 4t 165ardirR @ relation between an

adjustment amount to be adjusted hy. said adjusting unit and a c¢oefficient

of a predetgrrﬁiﬁggu%%rrﬁgof%nie%mﬁlgo yﬁ‘%crjénleaf 38 An e%g élusr!’(%memJC
appafatusaceording 4 ¢lairnay , pwherein saigd-at deast ngropticab

condition includes at least an illumination condition of said pattern, and
whenldeterntiniag saidadjusthrentamaonnty thedeasta 20 sypatestretiidd said
is used. 39. An exposure apparatus according to claim 38, wherein said

InfaHi{oR regardiRy thHeimagig 28 craradieistit i Avefoft Teaarding
ab%ﬁ@?Qﬂﬁﬁf%W% characteristic of said projection optical

system, a Zernike Sensitivity table corresponding to said
pattern and at least one optical condition to be set at
the time of transferring said pattern, and data regarding
a relation between an adjustment amount to be adijusted by
said adjusting unit and a coefficient of a predetermined

term of a Zernike polynomial.

38. An exposure apparatus according to claim 37,
wherein

salid at least one optical condition includes at
least an illumination condition of said pattern, and

when determining said adjustment amount, the least-

squares method is used.

39. An exposure apparatus according to claim 38,
wherein

said information regarding the imaging
characteristic i1s a wave-front aberration of said
projection optical system, and

when determining said adjustment amount, a

coefficient of a predetermined term of a Zernike
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projection optical system, and when determining said adjustment amount,

a coefficient of a predetermined term of a Zernike [J.iI3YU'~N E 159
polynomial which is determined based on the wave-front aberration is

used. 40. An exposure apparatus according to claim 39, 5 wherein said
adjustment amount is determined so thaf swthin a field of said projection
optical system, aberrations of said projection optical system at a plurality

of points within a predetermined area where said pattern is 10 projected
arepsubstamntially optimized. #41d Areexpostide Bpparatusaddotdingte claimnt
40, wherein said adjusting unit includes an actuator which 15 drives an
opBGH Bléhhémbi sdid'fidjection optical system, and said adjustment
amount includes a drive amount of said optical element. 20 42. An
exposure apparatus according to claim 41, wherei.n said adjustment
amount is determinedeso that bethe of dawernerdereempongntsansl aim 39,
higher-order components of the aberration of said projection optical
systémirarer25 substantially optimized. 43. An exposure apparatus

according to clajm 41, wherein , , L
g sa%ﬁ ad%ustment amount is determined so that within

LLOYD WISE

a field of said projection optical system, aberrations of
said projection optical system at a plurality of points
within a predetermined area where said pattern is

projected are substantially optimized.

41. An exposure apparatus according to claim 40,
wherein

said adjusting unit includes an actuator which
drives an optical element of said projection optical
system, and

said adjustment amount includes a drive amount of

said optical element.

42 . An exposure apparatus according to claim 41,
wherein

said adjustment amount is determined so that both
of lower-order components and higher-order components of
the aberration of said projection optical system are

substantially optimized.

43. An exposure apparatus according to claim 41,

wherein
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LLOYD vv s 160 said adjustment amount is determined so that different
aberrations of said projection optical system and different-order

components of each aberration are substantially optimized. 5 44. A LLOYD WISE

program which makes a computer execute a predetermined process
necessary for adjustment of an imaging;state of a pattern in an exposure
apparatus which transfers said pattern onto an object via a projection 10
optical system, said program making said computer execute a procedure

of: determiniag dnsadjustment anzouni ta béadjusted bynail adjusting unit

to substantially optimize an imaging characteristic of said projection

optitsf Egdent baked %tdf?reﬁomﬁgatﬁﬁ%gamﬂﬁ@%a@m@ical system
chaarggtecriiftri% of said projection optical system.a eZaeri%ikebSensiti%/it)éntag)lree

O ornery C a rra
correspondlng t% said pgttern an %t i’éaS'[ one optica condfftlon tolbe set

at thelime gt transferring: said-pattern, and data regarding a relation
between an 20 adjustment amount to be adjusted by said adjusting unit

and a coefficient of a predetermined term of a Zernike polynomial. 45. A

program %E?rdiz@g? Sl A4, whereln, %éssaé‘?'_%kﬁgétt%'}e optcalce 4

condition includes at least an illumination condition of said pattern, and
when gleteraining saidadjigstkrentaracuntr thefdeasta squarasanethod isn

used.
imaging state of a pattern in an exposure apparatus which
transfers said pattern onto an object via a projection

optical system, said program making said computer execute

a procedure of:

determining an adjustment amount to be adjusted by
an adjusting unit to substantially optimize an imaging
characteristic of said projection optical system, based
on information regarding the imaging characteristic of
said projection optical system, a Zernike Sensitivity
table corresponding to said pattern and at least one
optical condition to be set at the time of transferring
said pattern, and data regarding a relation between an
adjustment amount to be adjusted by said adjusting unit
and a coefficient of a predetermined term of a Zernike

polynomial.

45. A program according to claim 44, wherein

said at least one optical condition includes at
least an illumination condition of said pattern, and

when determining said adjustment amount, the least-

squares method is used.



t.LOYD'k./VISE 161 46. A program according to claim 45, wherein said
information regarding the imaging characteristic is a wave-front aberration
of said 5 projection optical system, and when determining said adjustment
amount, a coefficient of a predetermined term of a Zernike polynomial
which is determined based on the wave-front aberration is used. 10 47. A
program according to claim 46, wherein said adjustment amount is
determined so that within a field of said projection optical system,
aberrations of said projection optical system at a plurality of points 15
within a predetermined area where said, pattern is _projected are

substantialfySoptimiZ28°98 2R pf6grant'aecorihgto TRt 27, WRsFSH ™
said adjusting.unitineludes an actyator which, 20,drives an.qptical
element of gal%j pro’jqection optigal sys%em, jr%j said adju%a'%en amount
inclucles acdrive amount of said-epiical-elementie2> 491 Aprogragnid
according to claim 48, wherein said adjustment amount is determined so
5 thap betre of iovwercsrtéFedmpBAEREs amifigher-order components of the

rration id projection i i
aberration of said projectian, optical sysfem.are bLIYE wike 192 .

coefficient of a predetermined term of a Zernike
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polynomial which is determined based on the wave-front

aberrationbis used.
10

47. A program according to claim 46, wherein

said adjustment amount is determined so that within

a field of said projection optical system, aberrations of

said projection optical system at a plurality of points

15 within a predetermined area where saild pattern is

projected are substantially optimized.

48. A program according to claim 47, wherein
said adjusting unit includes an actuator which
20 drives an optical element of said projection optical

system, and

salid adjustment amount includes a drive amount of

said optical element.

25 49. A program according to claim 48, wherein

salid adjustment amount is determined so that both

of lower-order components and higher-order components of

the aberration of said projection optical system are
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substantially optimized. 50. A program according to claim 49, wherein
said adjustment amount is determined so that 5 different aberrations of
said projection optical system and different-order components of each
aberration are substantially optimized. 51. A storage medium which
stores a program 10 according to any onesof claims 44 to 50 and can be
read by a computer.
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substantially optimized.

50. A program according to claim 49, wherein
said adjustment amount is determined so- that
different aberrations of said projection optical system

and different-order components of each aberration are

substantially optimized.

51. A storage medium which stores a program
according to any one of claims 44 to 50 and can be read

by a computer.



