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1 TITLE OF THE | NVENTI ON *@00002* SPECI FI CATI ON

DETERM NI NG METHOD, PRQIJECTI ON OPTI CAL SYSTEM

METHOD AND ADJUSTI NG 5 METHOD, EXPOSURE APPARAT[\J/MWW,I“” “l NI
MAKI NG METHOD THEREOF, AND COMPUTER SYSTEM BACKGROU
OF THE INVENTION Field of The_.invention 10 The
present invention relates to alspecification

det erni i ng retnod, o proj ection opti cal system maid NN
maki ng nmet hod ther%ﬂgf‘&%a %ﬂ* %W&&s@ﬁq and nore *Goooo2*
specifically to a specification determ ning nethod of

15 determ ning the specification of a projection

.2 PSRRI A, ProvecTion
adj ust | r&bfr?hape.@ﬁr's‘i%ﬁpﬂﬁé‘iNﬁsﬁfﬁdﬁ ARDPMIERIr ING

in an opti ca par at us, an exposure apparatus

provi dedmmrifvn @REO'APPMUS-ZQLNESWIW@G METHOD

according to the rret hod of a projection optical

syst em FIRERECFY AMDCOMPUEER SydTEZM ONpUt er
system sui table for inplenenting the specification
determ ni ng nmet hod and adj usting the imaging
characteristic of the projection optical system

provi ded 25 i rBABKGREUMD cORp LHEt FNVENTIOMNt i on of
The Related Art *159159* i In a |ithography process

f Fledaufakt ThengInvention

The present invention relates to a specification

159'

determining method, a projection optical system making
method and adjusting method, an exposure 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 suiltable 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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2 sem conductor devices (CPU, DRAM etc.), inmage

pi cking-up devices (CCD, etc.), liquid crystal

di spl ay devi ces, nenbrane nagnetic heads or the I|ike,
exposure apparatuses have been used which form device
patterns on a substrate. 5 Because of increasingly
hi gh i ntegration of sem conductor devices in these
years, a step-and-repeat type of reduction projection

: t (th - cal t I hat ,
R R e S WL R SRR
| ass. pl at t.ep-and: t f 0 .
pr et on Slfodiie oph S B (theeh-d a%‘?iaysstgxﬁlcﬁar
S | Y/ .
R T T b s S O R Phey dPpagacuses

SO MU YsedaM a5, rbasatse: sl biplerhayshsaeathlstrate.
of which has a sub- 15 circuit pattern need to be

oveydaaist A ifrrmeds 1oty By S rﬁﬁ@eifétiéni 8PostARNtohQuctor
accurately align a reticle (or mask) having a

Sl widegliitn paid=ey nydanrdredh tdiespaandwébesespept bo

the already-forned pattern in each shot area on a
suleiucatien Ipragrederi dro eaqoasatel gpphrgmust heh20so-called
optical characteristic of the projection optica

sydtempe mMeddstt e fraei Sty paelEisereel anda adplbstedteosuch
be in a desired state (for exanple, a state where

g WSS oPT oS dtlaty 13 atlstRTIRY- FARGetBPeaof scan
reticle pattern relative to each shot area's pattern

o HRE st FRe e f?%?arte‘& eﬂ‘ih? | £°TS2 t Efar Re@nning

PR or T o o A "GHULS SPER of ™ (HeoBaBS( 1 AF CPEnbLKe

iqgg%ggﬂﬁgakg%&ﬁristic of the projection optica

systemis “‘preferably adjusted in order

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 of a reticle pattern
relative to each shot area’s pattern on the substrate is
corrected). It is 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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3 to accurately transfer reticle patterns for second
and |later |layers onto each shot area. As the nethod
of nmeasuring the optical characteristic (the inaging
characteristic, etc.) of the 5 projection optica
system a nethod is nmainly used which cal cul ates the
optical characteristic based on the result of
neasuring a resist inmge obtained by exposing a
bstrate r asureme reticle having a
S G T AR ok e T ek G IF P T hBE R P kabPgoRg and
%_Q%pdﬁ yef% cific ab ratlon formed thereon and

t iéN eve oplngr}(%€§% 5tY ?t Ihete the proj ect ed

| mge alg the 'F%%%‘Héne'@ﬂ“ md £ otg'hé Oﬁg@gc { he

nmet hod elng ca print met einafter. In

e%ﬁ%&%ﬁé%éﬂ%&HﬁHLﬁﬁﬁé(Hmééﬁhé”éﬂﬁré%ﬁer9§€§8r'Qgc }5of the
| ower - order aberrations such as Seidel's five

akaigialdtanrs o f;itle:al spherdeal 2 aherKad i Qﬁ,mgﬁ?ﬁﬁy used which
astigmati sm eld curvature, and distortion

acadrogilag d0 thee qprt inda InedHeorh ctaertli sel]. csbhavgdast the result
managi ng t he above aberrations due to the projection

optfi cela ssysitngmabased sn dneey ereatsiua i med 20y respbsihasa

been perforned. For exanple when neasuring distortion
dgabss nafie . thasjuedt iomeaRY reilesly stelhi c he nkasungnant

reticle is used on which inner box marks that each

apéegeg@&ari@%mw%e%%rmfoﬁfﬁm qfe@@ns?%rﬁarb@%y

box nmarks that each ., a 25 s uare havi a di nensi on
of SEEEMNSar® fortaf h%ﬂm nﬁo AskaeFeant ard
oyt er. f er_ whose su
: 2 i%at%gearelioﬁﬁmg bbS| sst Sq roaugeh ‘“f}heere p?kb? e%ﬁ’?)?lcgeg image

OBE' %%le ﬁbé%%%rpeﬂetﬁet \?@aftecreﬁ age fcc'rr{{@c‘!’,edtﬁgdmethod 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 1s coated with a resist through the

projection optical system, the wafer stage is moved and
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4 then the other marks are transferred and overlaid
onto the wafer through the projection optical system
When the magnification is equal to 1/5 for exanpl e,
the resist image of box-in-box marks appears, after
devel opnent of 5 the wafer, in,each of which a box
mar k havi ng a di nensi on of 206n1is | ocated inside of
a box mark having a dinension of 40um And distortion

d h ' [ ical ' d.
Y50 I R L ol L O LB P oo
S A0S ALAN HEMATELL, 0 (BLETEREe POLEL ! fron che

t , nea t4 i ich :
Hl%g?\gn cat 1RASY 1 (1'{1@ 1'2% e%%%ré,&%g?gg'r \gghg r@s:l.gt

lin Space pattern ereinaft _ fo as
" bindgk %%WHH%Jﬂﬂ“%dﬂ'M%%kéwgﬁﬁéd%gﬁhaf@erf@évglégﬁéﬁt of

0.9umis forned, and the 15 pattern is transferre
orthe wvamfgr iwheserswif ageidis a aost ol ¥k t Ha®i hg§ShSHimension

through the projection optical system Wen the
mag@niziliveatiison dca tegualn diaiel /&f forboexaapk ehathegr €si st
i mage of the L/S pattern appears, after devel opnent
ofdimea siahernof Héwmg Aad idiss v dtiprofd@® ©o 18en pAndlection
coma due to the projection optical systemis detected
bypriragsudr isyg teire 1w dieteatied 1y gfeasior 1ngeshe npobobt honal
ends of the pattern and obtaining a |ine-wdth ,
aBRePirONy Rk ey &P By thfe Mo ioviny s topn frem their
l'i ne-wi dth abnormal vale =(L1 -Lg%é Ll +L5%% %%. 25
MEEEGVERCS B Orheids oy 3% HEH® 1658 éJpr%*F?i § ™t he
proj ection aoptical ,system_a wafer_is noved
Sequent 'SEFY 76 ATRTLFEATY 100 nd (IO of gRgRERESTent
OQE%Q%hea&%Su%%BE%%'W%ﬂ%ﬂ‘Q“fﬂﬁ%iéﬁﬁ‘éﬁbé%sééﬁESrn
(Step pitch) apart
{(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 -L5)/ (L1 +L5) (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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5 fromeach other, and the L/S pattern is transferred
each tine onto a different area of the wafer through
the projection optical system The wafer position
associated w th one whose line width is maximal out
of the resist 5 images of the L/S pattern, which
appear after devel opnent of the wafer, is adopted as
the best focus position. Wen neasuring the spherical

S R e R a1 o ot/ iR TER g perhREREESE each
dlf&ﬁggﬂ} /Sdﬁ?éégéhgigggglgg @hglféféfn%hggﬁéhbgg?

t
r at i 0, é) base ferences Weeén

e‘?cgsi idde 5 ceq
o tain %ﬂ] asurﬁ%gn%ﬁeq?%e Cur €€%%§onhassoc1a e

NBASH RNtyhHe a sty f@aus; Pagdtiem i SuPesforARdrEDist
a plurality of 15 nmeasurenment points within the field

ofirdaie Pprog ecld ary PPdcd risy steiah adsbdas eslf oort Bévelopment
measuring results, the field curvature is calcul ated

usifng hehevdfeast -isquatast edred hothe e siddf d¢wn, pabenion.
nmeasuring the astigmati smdue to 20 the projection

opti cal Wapst ewasihd npdde eaprdr iofala diestratoons the
position is perfornmed with two kinds of periodic
paEESuFeNNGs @ fpér iksh tdi fawts drs Hreolper pavrir Eornedt o

each other, and based on the difference between the

b&dtraflddys PodiltiSn£2 Aheh a’e i gt i s A %f%la%*al hf@dpattern
25 1n th t h ficat t
oA RR & St & bk R ?péeiibaoé’ Ehfat b
'%lf%%tr% @e%e%e%%%fd tbe§t{1l ol Sésaffaéﬁs asuké‘

[
bove nmanag of aracreristic
t@%h@?ﬁdﬁﬂ'éﬂérratlon 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
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6 optical system That is, the specification is
determ ned such that the five aberrations neasured by
the print nethod or obtained by a sinulation
substantially equivalent thereto are at or bel ow
gi ven respective 5 val ues. However, because of the
demand for further inproved exXposure accuracy
corresponding to increasingly high integration in
gars, . 1eas only .the : _order . .

B R 10y oy M ref R Lo FEERBat andet egmined
b ting.t tica
%ﬁ&glQﬁlﬁb%ﬁ&?giwgsg%é§¥%% cngq%ggsurgd ggtgﬁ1d8§§nt

characterlst I C proj ec Ion OptlcCa

t%de'odrh%kﬁc%%rfé‘iﬁ SAJ'%lmJi‘&t{&@SQHb&%nUﬂths

| ows e space | a nmeasurenent pattern; for

é@mlv%le%tL/t%d&aétt&r&@aast S&fﬂ‘"@eiév@%?@éb{ fggpeee%é
15 (intrinsic frequency conponents),

f wadarwnt al wave corresponding to the L/S period and

hi gher harnonics, and the pattern determ nes the

space- f Hegeerai, edeafaudee oft arfpordaiisnd hedr passthroigbroved
the pupi|l plane of the projection optical system
Mezpatsivre, acetinaas dravigrp@0d vy | bosipatéeshsgayehigh

used in the actual manufacturing of devices, the
spacedindages o wiieste paaars nIneaelh uiteg onhunthablewer-
space-frequency conponents. Therefore, the prior art
w@trﬁl@a? G SrgadanTy aeﬁﬁ?&réalj%twgtfa%eﬁma@roﬁgt pasegd and,

PR, bR Ao o harly geel, (e derond, 2o,
shouph fauicle ey s b L oelc O, o

t?l@@dﬂ%@%&ﬁﬁ%edtré§%f§.a@hgngégggﬁ for that is as follows.

The space image of a measurement pattern, for
example, a L/S pattern has space-frequency components
(intrihsic 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, aithough reticle patterns having
intrinsic frequency cdmponents that are missing in the

information need to be measured, it takes an enormous
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7 anount of neasurenent and tinme, so that it is not
practical. Furthernore, because of the accuracy in
nmeasuring resist images, which are affected by the
intrinsic 5 characteristic of the resist, etc., the
correlation between the reS|sg i mage and a
correspondi ng optical 1nmage needs to be found before
extracting data fromthe neasurlng result.
Furthernnr when an aberratjon is large, the.10
it my Sl R et the LEFretbond R"
S (ﬂgge of the pattern is lost, so that accurate
asure of the aberration is difficult. In this

case, QI G POTR Ay A CHf att,ﬁé yaé‘@@ﬁé‘éiz NgntR€asuring

aberrati on, It 1Is necessary to ch ange t
patdgrdt- Q’Ln{aﬁﬁas tRghide dd éﬂff’é@té§p@ etlfléegf’!@PQM)Slc

etc. of the rreasurerrent pattern ? he reticle,

t UGt dd 1l ¢ And er T SHCL | h@tct hethéntbtAgiLEtion
characteristic of the resist can be neasured (the

| ibegardetry tilee ot sted)mad@randiea savere sasndingheptical
nmet hod of determining the 20 specification of a

prigjeerst inmedmptticdle simtren lsetorei agttactihe dborwefrom the

criteria has reached its limt. It is because a
PIaEAT 1YY gitdWwldl- syst em sati sfying the specification

detern1ned obV|oust cannot achi eve exposure accuracy

demanded - SEOEHR AEN PR RPFEERFEOD 255 | krEgen the

C|rcunst nces, .the adjusting nethod has been ad

e Hich ity U R tp Fia comperamatng space

aq% é@'g%tt e pa§$%flflc 5on dgge{ggpegc%ﬁpgte

posit ons, ens devi ces areé adj usted slch

tﬂ@%surement 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 frequency), 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. It 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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8 the Seidel's five aberrations (| ower-order
aberrations) satisfy the determ ned specification,
based on the result of neasuring the aberration due
to the projection optical systemaccording to the
print nmethod after the assenbly 5 of the projection
optical systemin the nmaking process, and, after
that, detecting residual higher-order aberrations by

N -, i hod. d ' [ h ,
USRS TSI L D00, 300 SR BB ot ons
o i 3 ) h
i%téstg%efig%]ee@é%l%g@a%é%?{f?éggfggI nlga%gér <e>§StP1%n result

-sur IocC neceséary
(refar t i d- .
b4 B s (o panes B o, AT ERRRCOn opnicas
PrljRcdnl Qb QU GRSy St Peeds hbendd0a8LEPSLRE assembly

correcting | ower-" order aberrations and correcting
higrheshreo ey e dratd isca 1. 5s pérelerdl 50 @H@pﬁ&ﬁlh?npfr@&ess,
light-rays tracing that even super-conputer wll take
sexet,ala fdayrs thmtperdetrant ikgir tdet dwa £, hikearaorder
aberration (non-linear aberration) occurs by which

t e drinadddnsy of & helglesistys i megeing méehod and adjusting
correspondi ng space imge of a pattern is 20 |ost,
adjhgs tasg it pr gitezti onf oz adedigeennntkeeRrofection
the order in which aberrations are adjusted is needed.
FOP teearp 1S9 S tife n abiel 1413 b Yer SR FRCE frigeg ofugh as non-
pattern resol ved, so that accurate data of

i.S not
di 'C@H:S%_sﬁacg%m%%crﬁ%d SpmeFFearanber p5p; BRY formed
C%@%&%rb%cp améﬁﬁ%e aggh'wiégéaoéén'ﬁo?:fﬁ%ggéggzgnt

neasure conma using a pattern ToOr accura

of Com%%v%@,usctqet @%o%%@&?@%@%él@ﬂ SYSEEY L8t ion

make the coma snmal |l enoug and t hen neasure

dicpQldal10Ry A% HEd st sPherdg@lof 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 is 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 i1s 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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9 aberration and, based on the nmeasuring result,

adjust the projection optical system The fact that
the order of neasuring the aberrations to be adjusted
is specified neans that the selection of the | enses
used is restricted. 5 In additijon, the prior art

nmet hod uses, regardless of what neker the user of the
exposure apparatus is, mneasurenent patterns suitable

L QAN s d eneclive, abergallons, By, L0 0LdCL o0 . cne

ermne the specitication 0 e p

SYHABANLAUS AN e L _ale@g ehatacteri shico Lbe of

rement pdatterns remarka responadi ng

I eRectd1 g aber rald ans i deanwhihe, aafss@£&¢§éssfs>@e&fied

the aberrations due to the projection optical System

haanen e 14Rgi 81 e ENBSACHE! ikdlel O drifeVaAIdYSis restricted.
patterns are different. For 15 exanple, contact-hole

f eat ur egnaeldI®ien, nfdrenseib bya rashé Gied | $8et Napefirdless
the others while a fine |ine-and- space pattern is
marfe whaftl werkead the aorer tdfancthy dheoswtdessparatus is,
Furthermore, the best focus position is different
baewser emenits gadtted rld g idrab 14 nlec anelr spaeetpat respective
20 Therefore, the optical characteristic (aberrations,
eBOSF IS 1ORS Frvojidctdrsitopiq (gt aysinen el spaeification of
capabilities of an expasure apparatus actually differ
bét e EF VES WSS SPDS P SHULSURE MY FNVERTI BhF TRP§ical
inmgntign was ,made under_such circunstances, ang a
FIPSEaGiPEoSe 167 (i PIRESEHICITVert ohe TRS 1 5ompr 6P b¥
2, 3REGHN1 6 kN (9! T NG JEthod Wt h pwhi ch it 10
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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is possible to sinplify the process of meking a
projection optical system according to the determ ned
speci fication and securely achieve a target that an
optical apparatus with the projection optical system
is 5 to achieve. Mreover, ajzgcond pur pose of the
present invention is to provide a projection optica
system maki ng nethod w th which it is possible to

ipli fy . f Ki j ection, optical
S P8, TSl T B i gt
e e R R R T

mataed mbiaeh san R Gyahael iy ath: Sasid % 'éJ@ttfﬁéﬁ@ an

optical characteristic of a projection optica _
Sypire®a1lappafr@itilsh WAWHagR: HrdNa-drasesfei dWend{9Pem is
is to provide an exposure apparatus which can
acourmahelye.transfer a pattern on a nask onto a
substrate through the projection optical systemand a
maki ng Netrkodetrherneakecodar ganergsea dfi fithe purgpase: ofnvention
the present invention 20 is to provide a conputer
syst &m wire igki eh piroJjiestgogsidpte calo sigipin fyakireg method
process of nmaking a projection optical system ,
a¥a&hdivhd Cho 1thd sd@esEiided Wpedin ldaty difiarocess of
sec%tely achi eve a target, that an optical apparatus
W 1NGhe Propection Sphiical systtam iad cefchiehe.agieve a
A, sixth rpose of the present invention is to
DFEUEEE KIEbmplt CP Ty EromaRATAT ar Satbri YT y
perfornk %ﬁ&&ﬁngygéog%sb%th%%%¥%§é%éx¥Hyéﬂé¥gﬁffg &
exposure “apparatus. "Il
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.



According to a first aspect of the present invention,
there is provided a specification-determning nethod
with which to determine a specification of a
projection optical systemused in an optica

apparatus, 5 said determ ning gﬁthod conpri si ng
obtaining target information ich said optica
apparatus is to achieve; and deternining, based on

sai o tangelo ol e o, the o spect fhealhon of agic

proj ection opti System W

\M@H%JﬁﬁygyEﬂ%ﬂéfﬁ'f@J@ﬁ??ﬂ&eén% EH?f}gamﬁPghdetegmlnlng

corresponding to a wa ont at| on

l“MEﬁﬁHd(NlﬂHnWHEQhSM§t§5%é§m£§es§té§£¥1f§§aﬁlon of a
standard. Herein, the value corresponding to a

\Mpﬁbﬁddﬂﬂonfﬂﬁﬂfdﬁl(Hyéiﬁﬁuﬁ§§daﬂn|Qﬂeépgichmeapparatus,
wave-front aberration such as a Zerni ke coefficient,

etsaid atet datigeing e tHed nedheni seagsoBt & €80hYi BErget
power, a mnimmline wdth, the wavelength (center
wavng]camgtth, o wawrell an ggdi dvi b thi. c &t cappatatlibusnabi ashieve;
l'ight incident on the projection optical system

i @Gy gRteomiofing pdrasech subjatd targproirfvrvationhethe
i nformation about the projection 20 optical system

WRRSE ideCertiigne £ & rfealég@rfmeﬁfft‘we%no@p healopypeam with

apparatus ch informtion can be a target for the
PO i08% % i%c A2 st et Aa:k&%lflawgore o*FRrBt n@pfoHalue

é%%g?r%%ﬁo‘g&'o@a“ ot ol '%f o wRRLAT: fatd
w% Icta%plar %rrata{ls éyos c}{n eél ggl ng_gne o%andard

ront ab "o anount and Torfespondihg

to a WBW%r%&%ntt%%ewaﬁdéﬂbofMBéﬂbﬁJ¥hgPEQch&éQQ front

optical systemis to satisfy, as a standard.

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, wavelengthlwidth,
etc.) of illumination light incident on the prajection
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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That is, the specification of the projection optica
systemis determ ned using overall information as a
standard, which is information of the wave-front on
the pupil plane of the projection optical systemand 5
different fromthe above |imt i nformati on about
light that passes through the pupil plane. Therefore,
i n maki ng the projection optical systen1accOrding to

: .

2@2%&2:?32; ar & S|nu é%@%égr %g?géfgﬁe%élﬁﬁlegécal
e n

L REg 88 deL A, @yﬁh‘gy‘ﬁ@%ﬁ P RebDRaPEBhOE 9

Weend0n BB atd Ofh £ Sand hakn LHE %'Mv@@?@ﬁ% b the
S|an|f|ed Furthernore, a target that an optical

appayiat s aMd bt e ) REEE O OpSt £34 L SYSE€8MI 8nkiO

achi eve can be securely 15 achieved. In this case,

t REITE et tv il & Heetdhaskse Of imUted@r M AbAgat D6n about light
specification of a projection optical systemusing a
wenrertf parsts easb erhratiagin Emounip Bl plstandeiidre Fore, in making
exanple, in the determ ning of said 20 specification,

t frées pasifeicddtdrompdfi el ¢ yetogreca¢anrd opy i tal thysdetrermined
is determned with using as a standard the

cééteﬁléllé"@ttl(?f“ra heedvg FiQr degt ra e 3l el s based on sai d
tarﬁwa |nfor tion, fronugoeff|0|ents of terns of a

zérl ACGHPHRT RS Wee-3F okt e H QEFRT 25
T e AT A5 1o e e
32)?1%”% %glfjlt\%l% qfes%ei:qd o[fr %e Ctdrol gﬂ%%cﬁa{[‘ées ron
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 usingla 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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RMS val ue (Root-nean-square val ue) of coefficients of
terns of. a Zerni ke polynom al in which a wave-front
in said projection optical systemis expanded such
that said RM5 value within the entire field of said
projection 5 optical systen1if not over a given
limt. Alternatively, in the determ ning of said
speci fication, the specification of said projection

cification, the speoi fication of g
Rl Haie RS T e D T 28 %‘%@?ﬁi‘ﬁf%ﬁg?nof
eyt D S AR EPhRLEN, BPhrfE grane in

nat; ; i it &4t S5 Y ' -
e e R el P ot oo VBhen thar sata
s ficatd i tefirsaimt Mol eed i PReld OPtigal }z‘éﬁ@@c'i%n
determined with using as a standard the RMS val ue,
widdhiiedlhe istedntd iof st b psoj £C§1i08n opihecal system

of coefficients of n'th order, nO terns corresponding

to a watrdhednaspewiifyi,c iabertatdomreoiniig cbesdigi ents

of terms of a Zernike polynomal in which a 20

wapedirfamta iimrsaithepragjescit fiore ojptn caf sysdeprosection
expanded such that said RMS value is not over a given

| ot calalsystes iveldetgmninrd detldr niwi mg @$ shpddards the
specification, the specification of said projection
oo CSRdttemats teetts Rined 4% Th kR PRyl wRomLat apaviich a
t he 2% RVS val ue,, wthin the field of said projection
opfi'cal rﬁh@éﬁ\ S6F- T HTITG B FHEEh @)‘%B%“o S pgypanded
t i.ng _ . S 0 val ue out of terns, which .
C%HEZISID%%\[% %glépecv?/aetc e@?%tggec&ﬁel FUhe? FEt i GhVeRutcgpective
tenng +Qf a Zernike 14

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 is determined with using as a standard the
RMS value, within the field of said projection optical
system, of coefficients of each group of mO terms having
the same mf value out of terms, which correspond to a

watched, specific aberration, out of terms of a Zernike
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pol ynom al in which a wave-front in said proj ection
optical systemis expanded such that said RVS value is
not over a given respective limt. Alternatively, in
the determining of said 5 specification, the
speci fication of said projectiﬁy optical systemis
determned with using as a standard the RM val ue of
coefficients given by weighting according to said
tar infaormation the coefficients, of terns_of a_.
2B RSy Ao Bl it o veve. 1 07§ noa7 8F §hon
proj (Mo} tical t [ such,t said .
PRRSHIOn, SaEale SKAAMIS Sxpaed, sueh gL sald. s
9N ovldrMal gihiert Ne R&G fj&atdpn: det ermini ng met hod
according to this invention, said target information

nmay i nchuderhatiRkarmation Hf Rt eltheubk estii4o
projection by said projection optical system In the
speeictifgakitadngdeterarispdtg Meidfoitbracseorsh 1@ pteébt Son

i nvention, said optical apparatus may be an exposure
appaiabls swisitem tirsamsftersnimegl weitipaidiaig ont® at2fdard the
substrate via said projection optical system In the
sp¥éi edaei of- derdrtiialieng smatihcth docoraighgt ing abésrding to
invention, in the determning of said specification,
b&séd &ArERtolRECILER tdora thet taref Bibjastts @b terms of a
projec%ion by sai.d _projection optical system a 25
sPRENAKROR KUY OB adedfo e h matvot i 1 ta Ypataidmge
formed on the_ inage plane when said projection optica
SPEPeRCHT 6 o0PE Litin "t EPRSTAIRE Sl of Rt atfofl RMS
aggﬂhg g?ytgg %Q%b%%% %%é%?f%f@d?%fﬁé'ﬁgé é&grmgvgiven

limit.

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

information of a pattern subject 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 a
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-
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front aberration as a standard such that said pattern
is transferred finely. In this case, said sinulation
may obtain said space inmge based on |inear

conbi nati ons between sensitivities 5 (Zernike
Sensitivity) of coefficients qf terms of a Zernike
pol ynom al in which a mave-froﬁ? in said projection
optical systemis expanded, to a specific aberration

f sai d.patter.n as a pattern subject to projectio .
a%ropﬁea(ﬁﬁ%éiﬁQQn%§ %Eﬁqéé%élépéﬁrE?%% ﬁi&g paflern is
pelynemal, d shjgh, a wave-front in said projection
optical system’i s e€xpanded, said sensitivities

dependi g t%ﬁs?%b@e@a%%ﬁkpsﬂﬁﬁfﬁtféﬁ”ﬁ% ' Ld £ gaid space
(Zerni ke Sensitivity) of coefficients terns of a
Zgkiglee baR@lcy ReM18he de ki et K NG CAPADIddtyi 0l vities
the 15 projection optical systemunder given exposure
cqrdirniites Serfsdit ieanp! e f \wud@tiorepes d90tsrwachs of

the coefficients of Zernike polynomal's terns

c Geres pengioiyniomivdr iilousvhiatvera atdwonst @it theisaid

i ndexes). Herein, the term(Zernike Sensitivity) is

upee jectdenotoptswell maatieny.l L6 oouteti ng-¢ o assecohic
aspect of the present invention, there is provided a

f ﬁgﬁfréﬁiéjoéctfioéns@ritdi ®AItL eyns tasm arddd e rret e g t hto
which to make a projection optical systemused in an

oPtPe&F tapparafus hes &g ffdiisa t Torprieity et rdspnhke
the.,s echicatio%.o& sai d ZQHﬁ;o'eclion optical system
aBO5Y #PRG o Wh& Md5be Bf Meda FrEoetdt Mt hP et o %rrl
this.i i.Qn; d j_USt i sai roj.ection optica
{BERkRYCY:00r, 300 AUSD S8 LSO 2P SRl
tBthaEBep%Q%%EBKCﬁ%k%U Ofsctsi®ivities (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 said
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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projection optical systemis determ ned by the

speci fication-determ ning nethod based on target

i nformati on which the optical apparatus is to achieve,
with using a wave-front aberration anount, which the 5
projection optical systemis t96satisfy, as a
standard. And the projection optical systemis
adjusted to satisfy the specification. Therefore, the

usted to sa eci {1 cat i on fore, t
O RR Gl Y R ﬁé‘g%%é?fﬁgpteﬁn}?%? 'ﬁéﬁfyoﬁ as
o o M ke P kAl ChERRRR e Bk PoaP Eetom

anth LRI QM e JPOYEL T BLbELaLRLOEERL L eve,
about |1 ght that passes throug e pupi| “pl ane.

Herish hiOhRy -Oniefe aesd @t 4988 &F €onadhyshed @81 el khe
as | ower-order aberrations, so that the 15 fwo-step

agjustaaiton rogthiec4ir i Ofstesh aodecbi ghtisays akrackl@ndard.
for adjustment of higher-order aberrations are not

neges sarey .priyjeretfionre, opthiec ol osessenf 1 sakifigs@ed to satisfy
projection optical systemis sinplified. Furthernore,

a thearsgetc itfiata tarproptTreat e ppar atlus prdhetheon optical
projection 20 optical systemis to achieve can be

sEARtEy igcdveted 1T tgrt §$Fgtthe specification

proj ection-optical -system naking nethod according to _

t S SERY S8 inghy sira he iafepratiopt #9de sfandard, which

det er,m ni t.h i.fication_of a projection,_optica
S)??teréﬁfnl?ln lé)e ; ?t;}}%)rﬁa%%éJF?%??oﬁna %n?u8§lag;§ne of

ST iAol RaNe, 40T E RSt PLD L0 O

0 %tb%'v'és 18 mRIAE l'rf?%&‘?naftff&?da@&ﬁ hfi%}q@gghgjt aﬁgs g\@ §N¢ hrough

said projection optical systemprojects with a

Patleeiip3UbjAGnel7 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 projection
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
sald specification a simulation may be performed that

ocbtains a space image formed on the image plane when said

projection optical system projects with a pattern subject
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to projection by said projection optical system and
said sinulation result may be analyzed to determne a
limt for wave-front aberration as a standard such
that said pattern is transferred finely. In this
case, said 5 sinmulation may opg§in sai d space i nmage
based on |inear conbinations between sensitivities of
coefficients of terns of a Zerni ke polynomal in

0 AL o LS BLOLSELLOP, BB P BUEL S <o
. . ' 0] ' ' th .
oS PO S )P od LBBLEES 80 SE-Hiene o Limis

WHGh 2 —‘étefcfrftogptbéfkas@ii& pei@a‘?%%é’r‘?%a?ﬁ”sﬁ@h §M§Eeg‘aid
i s expanded, sai d sensitivities depending on sa

P&l n ik thieydd fStrdd Of H641 PN-BRLERRL - SYSEEMsaig

maki ng" 15 nmethod according to this invention, said

t AiGR{L a difrOmEBY Wt 1By d4%d Usleaddf DhABE 1 98588 8n linear
pattern subject to projection by said projection

o ptdntdln aistiraambdtwddre Jdrrsit prof bes | oN-opéf€atisxskemf
maki ng method according to this invention, in

adjeusts g saiZk 20l ki gyaegtriconi opticalhsylst @nvagar firont in
projection optical system may be adjusted based on a

r 85 pafo Jresdsianl ptal akely sy Sremt i sibexpanded, | hosai gpecific
projection optical systemso as to satisfy said

s pediTiadaarod o Hevael d 'RAdj Lt P thePp bRt $hl opti Eal

LSSl ins, TEATR LA e posiLon or g1 st pnce

ORISR p PG SRR Pt B and e, e

o%p&ﬁ%%ﬁi%@Qééﬁ“¥§”eéggnded, 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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the optical axis, and replacing individually optica
devi ces of the projection optical system and, when the
projection optical systemhas a plurality of |ens
barrels, replacing lens barrels as units, and,
further, 5 reprocessing at |ea L one opti cal device of
the projection optical systen? especi ally when the
optical device is a lens, processing its surface to
beconme _non-_spherical, ,if necessary. .Herein, the .
oo o a bl Tt 'S HECPi 67 b1 DACABLALdl 1y SpEAFal
[ : 0 C ' In_this_case,.sa
R o LR fodnoh SRER B onV sk oa B bR Reane
b e dnstal Li [ j i an ical, system]

CRE T T Doy R e o abe P B s ar A VL TRAL barrels,
n%;ﬁradig@fléqwaeﬂép@tasl%ﬁp@ér abhQN FRYthEr,

performed after having installed said projection

Otd i ceaysiiramd h Tds ted e boglyi 061 sakdicopbecahe
apparatus. In the first projection-optical-system

meckd cnjge ¢ tnietrh axeb taice0l &8 yegt d1o, tdissec DA EDY i Whensahd optical
optical 20 apparatus may be an exposure apparatus
wdeoh aer drsfeerlserss, ginmre pain@rhtonsordasabsdriateomeanon—
said projection optical system According to a third

a rigfalyhd foreaasanywdir fohn , t heeeckgrpsoypded a
second projection-optical - 25 system maki ng met hod

wi ERINRER S GhRaRE ) g5t Tt TR opt | euptenst ém used A

an, exposur e apparatus, said nmethod conprising
aﬂQE§%%uf%ﬁﬁ oLt i on optical system according to
exposur%np%%thi0@§ scherIed to be usgda19

s case,” 8aid measuring o 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



such that a best focus position in at |east one point
of an exposure area within the field of said
projection optical systemis displaced by a given
anount, said exposure area being illumnated with
exposure 5 illumnation light., According to this,
correspondi ng to exposure conditions scheduled to be
used, the projection optical systemis adjusted such

h h f ition, | t | int of
art Ui GSiite P ER o IR (HE 11 BT T OF [ReC pr B BPPORT OF
' ' T el | mpunt .Lhe.
g%%%gﬁ#§%%§%§@%g%hghﬁﬁ#%ﬁﬁ%g$é%ﬁ%$§ﬁ?gx%%%urérojecglon

i luminat i lj.ght. 1k ' i sure.
(ST, PPl B L IS, SEULA Bnfies i
CXROV e ARA MR eVl G AHE @ | Hen sattgns of

the projection 15 optical system (e.g. astigmatism

spherinGalataker natjran, etc.), so that the depth of
focus becones smaller. According to this invention,

t he propeebiran ngptricc alh i ssy stcrmpd sparadliend ntovhé gho § iee

best focus position in at |east one point of an

exposliite oase s chededrade dtee b2 st ortdi et @ expdsnir eptical

conditions. Therefore, an exposure apparatus having '

t Be Sped] a6t iach ushEeicc sludy sthah itist ddd sl fedes ep@sthhon in

perform exposure under the exposure conditions, where

t RE dE¢Sat PBR BP e Hedt fORBS U AW h iR eblheyfield

reduced and .t he depth of focus is 25 |arger than ,

bé?%o%g‘.e PROURICS 108 PS4 Xt et S ohefR+37Rd Ry @ given

incl ud il_lLum_natiaon _condi.tion that, a coherence

f%gfgp%ys%ﬂgwgﬁpgﬁugﬁhﬁqf .b%ﬂ?g illuminated w1€h 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 is made in which the best focus position in at
least one pcint 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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In the second projection-optical-system maki ng nethod
according to this invention, said exposure conditions
may i nclude use of phase-shift-type masks. According
to a fourth aspect of the present 5 invention, there
is provided a first exposure qggaratus whi ch
transfers a pattern forned on mask onto a substrate
via an exposure optical system said exposure .
appar at rji sing,a projection optical system e
aggor di % fc glrggnseecocfrg% Haelp(ﬂ ércs T HhdR Jc%?]g—ﬁbéi{f?f& nakig
Teidiots 1. d s dvantd on, sy spld, expaguLeaontgal
system According to this, en e firs ex%osure

ARRAH AU EOTR Y SES: B qi@é?%@f@@&éé@@ﬁiﬁy% ;g% nRdeys .

according to the first making nethod as the e sure

opti cal peystreMndacAus &durtie Pt €CchF 0P ORLEEaknt
system 15 hi gher-order aberrati ons have been adj usted

as et ias, owefe ardefr Abidd@td ONSrst te £PHsREEUEBHEL Y tus
transfer the pattern of a mask onto a substrate. en

t v ifcibr straresfEosure mparat USo qoaproses ma Pk opeed i an

optical system nmde according to the second making

mstred ras e e 2 @rexpusurropipthta bysyenemi tszht exposure

per form exposure under the exposure conditions, where

t REPFEFTAS GPTHIL UHE D s tPr FIRSS Postr 't beal ssyspeem| pade

reduced, .and the depth of focus is larger than before.

TRECEFSHET (e e SE Shfodires taphft ateoRAMPeirdrpgthods

ex rre with hi,gh accuracy. 25 Accordin oafifth

cebedt g et SR SR e R et F e brod iR o

nmet hod wi '%ﬁ to e n_exposur.e parat us, said

met hod ggtr‘%%rrﬂ%}“ g tr?alg:ﬁﬁé’aﬁﬁno}%g]ﬁ ;J’%lnrségt?’&paqs St em

b&pﬁ%&%@u@”%dﬁbﬂﬁ%@é'dwﬂid%g%é%Bn 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 the present

invention, there is provided a method with which to make

an exposure apparatus, sald method comprising making a

projection optical system by using one of the first and
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second meki ng nmethods of this invention; and

installing said projection optical systemin the
exposure apparatus nain body. According to a sixth
aspect of the present 5 invention, there is provided a
first projection-optical- systemadjusting method with
which to adjust a projection optical systemused in

an optical apparatus, said adjusting nethod

R R A RS R ST T
ORI Gel SN AMBISaL o0 Sesulh oL EALCC SR 15,kacus

opfdiGalbyst emis adjusted based on the result of
measuring the wave-front in the projection optica

system ABerefioige,td he skt ol S8ddOoPPtheabre¥shemis

adj usted based on the result of neasuring overal

i dfnoreratiicon wWhiede iis ipfovigdd on oirst hprvaeetibarbpdical -
the pupil plane of the projection optical system and
disfyfséeream ta Fruerh itrfee reddved |vwini it edh 1 ¢inf bo natlijoataboptrojection
| ight that passes through the pupil 20 plane. Here,
hicgptfeicagds ders taerystd ons 2 eoRid} et egbparateb) asid

| ower - order aberrations with no need to consider the

0 PG M SEFNgh BTG b rROMR Kies § 110 tIRA T bRT af t vaThefEPBEe ln

the ,optical characteristic of the projection, optica

SYEtEMPEER S5 18 PRICE T at Y S A #28i 79 ddf iBEedatds

BRS04 PGB0 SN PEOLEEE 8 s

C%%%%h%ﬁ% ofo%_%éﬁ%ﬂ%ﬁ&ﬁiﬁernjselected, based on

target information, fromcoefficients of terns of a

Zer ni keppebyd@M@lk d R1d%, 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 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. 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 case, 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



10

15

20

25

whi ch a wave-front in said projection optical system
is expanded is not over a given |[imt. Alternatively,
in said adjusting, said projection optical systemis
adj usted such that the RM5 value of 5 coefficients of
terms of a Zerni ke polynomal sn which said
wave-front within the entire field of said projection
opt|cal systemis expanded is not over a given limt.

d | ' Q .
op | c&?tals;"g %emfllgo adj us?%%uéhéﬂg? (ﬁ%?l %25@%2?%8?@(#@ S
ofe)g Sar{Egecpflsa r@{rg\}%er pol 1[‘\9591""5(11'11 ¢ Which a wave-front

proj ection opt| cal system s expanded are not

OVer gipers frespedliye dd ity AdeEp Veg¥ld r83k8tion
%yst em

adj usting, said proj ect| on 15 optica

adjpisted. sipdrdmhats they RMeyadyen cMht htHetﬁﬁsf bshqeoef

said projection optical system of coefficients of

N’ dde £ ideirg n 480 d.fe r&ritd I & £ SPONeh Pk é Opdl ywehehedin which
speci fic aberration out of coefficients of ternms of a
Zesraniick v pa -yinmitalw i trh whi e aemiad/ee f £ D01 di 0f saktld20
projection optical systemis expanded is not over a
gummeqtimrt Ol it naty stedny, 1$ rexpanded) Ust hag, ogarda given
pr.oj ecti on optical systemis adjusted such that the
RMSRidd -u within the field of said projection

opti cal ystem of 25 coefficients of each group of nD
terms hﬁ‘l e i AHILEGHS oY erfdidwprehection

SN e et Nt
i@esr?r{.sdo[y%j %%txjn%ri(eol%}cjl%oﬁiaslt o) v%ich 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 mf terms having the same m@
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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i s expanded is not over a given respective limt. Wen
the first projection-optical-system adjusting nethod
according to this invention further conprises
obtaining information of a pattern subject to
projection 5 in said DYOJectIOQ optical system said
projection optical system in sald adj usting, may be
adj usted based on a space imge of said pattern

b bet
e TR SR (IR T ETO (50T E e Dl e

sensitrvities ernlke

aberrat i@Rn %%é“%%féﬁﬂﬁ?ﬁf%éﬁléﬁL f@affpfoggﬁnggﬁustlng

pol ynom al i n whi ront said ectro

Opfeit®ld SWlamiry edanted fﬂﬁéﬂiﬁbnCfﬁ%éh&£685§$9£ses

terns of a Zernlke pol ynom al in which a wave-

Medsuied ngh iSAd IR td O QR4 €&hn SY P8t Sto projection
expanded, such that said watched aberration is not

over saith driafidct isai dbEensl isydias, d@@ﬁ@dﬁbﬂ@] 88t $8hd
pattern. Wen the first projection-optical-system

adptdiang s ywesteinod iac cerid rgijusttii, inenté oadfustderbased
conprises obtaining target information that said

offi éaFPagpaiargs ofs stag chatsteven sz bprafedtbased on
optical system in said 20 adjusting, may be adjusted
s&&ﬁe?ﬁaﬁqnﬁénﬂmw @@tdvreerbc?@rfﬁlcﬁﬂewtsl@ vehebyike

h id t t f tion the
“’Ssﬁﬁﬁﬁ%ﬁ% %mf S%ae et JL;Q};’%”%%Temctnents of
f tiqgn tical system
i S ggpan veZerr%n O\Pé) yél d‘ﬁ\fgneﬁcr] Iﬁ’i lc}?%‘l“l‘}a‘f?f ront in
t i ncl ude nfo t|on
o?g pgéb F%%su Je§? ?gqgﬁj ect |g§ (57 AP ;ﬁQ§
Opbkeal cs¥ateMbrl Rebhe e St AUvQ) 188 AR £ f&é{%ﬁmh a

adj usting 24
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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met hod according to this invention, various nethods
may be used to neasure the wave-front; for exanple,
in measuring said wave-front, a wave-front in said
projection optical systemmy be neasured based on a 5
result of printing a given pat% rn on a wafer via a

pi nhol e and said projection optical system or a wave-
front in said projection optical system may be

AT R = R o SHRFE A Eo5s b f“i%a%i%g‘%‘dr‘%‘ﬁg%%amay
[ t] , 1 IS,
S%\éer?}dsjéééaa}%ggrgeoag%lgg]eﬂ% %?ae\pé—f I cl;]r\{@n kggs%ﬁﬁégﬁl S

provi pr oj ect'i on- opti caf - asti'ng

meddaad i whieh, 4 adi Ust a, P eCH- 90 9825]8%

systemused in an exposure apparatus, sard usting
NG E QA IcH G Perd TN Gna YIS rﬁc—%éb?%d Vlmé?géegéw &

conditions that a phase-shift ‘'mask is use

cehenance ff gotiort iofg TR}l win thatk &® &8 AMNwafer via a
illumnation condition, prior focus correction that

dirdphades andestid froets qiisin i @t ida Bt sy eash, 00e ROWAKe-
of an exposure area wthin the field of said

prgicadt iion septd eadojsydtiem myptal &L gs wetemnmant be Saedsured
exposure area being illumnated with exposure

i PRERCh&N @n SPagie: 1macsoridinmed o7idi s, pivblenleeandngaid
exposure conditions that a phase-shift nask is used
WPERI& CEdREr OREE SPActSdiS TSt smal l er than 0.5 as an

i 1lum nation condition, prior 25 focus correction is

per f or mBd CPREETGi 1 4o EE VTS @ Rl O ds?e i RFEFAN At

SATkgE0E:00L 0, SO0 IRMLP AR08 el can

tBGsB¥RORHAEsR10R RRILAG WitH RALEth Wi N &XPOS UL & 285 ection
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 correctibn 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 exposurelconditions
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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illTumnation [ight. Therefore, the projection optica
system can perform exposure under the exposure
conditions, where the deviation of the best focus
position is greatly reduced and the depth of focus is
| arger than before. 5 1In this ase, al t hough the
phase-shi ft mask may be of a ‘half-tone type or of
anot her type, said phase-shift mask is preferably a

- f. - | at.i on e of. phase-shjft nask.
R R e st i st 10!

' thi, S . nt.i gn [ rior focus ..
TSRPS0l A D sl YTy, SO B! Wi cions,
aherS Rl k@R dJdyisaiiq Pred agld %%Pt Sals Zpycc‘éztemon is greatly
According to an eighth aspect of the presen
| PeRitide@N anld @R e gt deth & $8coNd, B¥POSM & before.

“apparatus 15 which transfers a given pattern onto a

substrate ¥¢hasacpisel,ectlittou iR hedeBh 5@l thask may be
exposure apparatus conprisinhg a wave-front neasuring

unift at hatl frzasier eype oxaEE faraythd M Sl MOl @Gt h&Fe-shift
optical system an adjusting unit that adjusts a

sthatsés afs prreifeagd lof as aipth (206- fradduesrie f-oravhdl Hyi sl type of
projection optical system and a controller that
cohesershdditdmagikust i ng unit using a result of said
wave-front measuring unit nmeasuring a wave-front. .
Accor di hf F6et Reson W&@éﬁﬁﬁﬁﬂﬁﬁﬂéiﬁﬂﬂ%nfMﬁﬁqm ghjusting
neasures a wave-front in the projection optical -
SPELEAT 25RAH 8GNt olHer COMEGISTan SRS TRy UFRELS

usi e result of, asurin he wave-front that ,
e oL aESTaneTa Dol BRI T alo e S i et rgperrat ion
tEEOHQEdtB§0888%EoB'%%%i%%l system.

According to an eighth aspect of the present
invention, there is provided a second exposure 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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of the projection optical system Therefore, because
the state of the image of the pattern forned by the
projection optical systemis autonmatically adjusted
based on the result of neasuring the wave-front, the
projection 5 optical systen1ca§ accurately transfer
the pattern onto a substrate. ?n this case, the
construction of the adjusting unit does not matter as
| o s it _can adjust the state of e | e of the
péﬁ?&|$fQﬁ?ﬁﬁF?ﬁﬁqrﬁpiﬁ%ﬁgc?Y%ﬁeTO iB?F@gE%§ySL§ﬁPuse the
F ' justj L _pRay. comprise, an
e e e Y O TR REY RaRER, bPnar®

a%ﬂ&%é&éfg%iégﬁﬂégh(%nggﬁeféSgﬁgoﬁgt§égglygégﬁﬁgkggnbased

opti cal system In the second exposure appa

Aot di i st ddaduivend i Ofe $a08-608LEO! LRE BR%ection
control said inmaging- characteristic adjusting

meghariasmdiasedn athd SPaceat ecr@hssakdtpat bkRern onto a
cal cul ated based on |inear conbinati ons between

sendisttinattd.es (Zerni ke Sensitivity), to a watched
aberration, of coefficients of terns of a Zernike 20
pol ynomlIal tibi saiacte,a himey ezdrsomtudtni smi df ptlogestiiaating
optical systemis expanded and the coefficients of
t &g dofesa Ikdy Mk giolamormad 49 Whi chnaadavetf tbat state
nmeasured in said projection optical systemis .
e Panded IMBEEh Ahdtie Ak VEATE HERFTRBR P YL Fon PEoRsEtion
over .a i 25 sensjtivitj s%gepending on said

C

mt, sai
paPteril SKEG i?Fgort SR Htn SEp2cA oS thRIprBEENRaY
BB PR PN A & LIS SOTRLELG LT o
| BhQE MR +%7 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—froﬁt 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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that an optical apparatus is to achieve is inputted;
and a second conputer which is connected to said
first conputer via a comrunication path and
determ nes the specification of a projection optica
systemused in said 5 optical Appar at us based on said
target information received fromsaid first conputer
via said communi cation path with using one of a

ue corres

b
b o tba'e‘i?ﬁ?aaﬁ'fglh”f b C %gflaeis?ojtgc%dsﬁ ted; and
t andar
A@Céﬁg#ﬁgy?%%m¥é%gtzﬂ 4S|%f%?%%a?%%8t gt >and dpfetal
ARRA AU 131 é§t18£U§£€H éH&Odgt%kﬁﬁhes the

COﬁ'pUt er, Cja[ a secon COﬁ'pUt er- det erm nes

spgsd dii El&idtqrbrpfo@ Qr;%@féé@%ﬁp&ﬂ)@%a§y§%§€eﬁa§§gdoﬁn said
the 15 target information received fromt first

Caliter] \dpba tdter L WEBHU Catt | O Pat Hryét hi b BEa 0nen0f

a wave-front aberration amount and val ue

c arerassipretd i firgpnt e aal dvavier St andmpaber rat & oga i whtehmtih€cation
projection optical systemis to satisfy, as a

steartdand. thThatins onche Speaidveaf tamt odbéhea®0on amount and
projection optical systemis determ ned using overal

| Rdeatdosiy P dsittendar it waNehf 1 ent ndloemes £ bon of whiieh
wave-front, on the pupil plane of the projection
oﬁﬁl@alproél)?ﬁtelrﬁ%ﬁd?%qaﬂerse&fﬁtqm ohf the dbiefyi nised
|nforgP on about |ight that passes through the pupi

pﬁgﬁ azsls Therefore |n meki ng the projection optica
eC|chat|on

e det d
ﬁyzhgrlorgggﬁqa eFFaFloné g?ekg]gﬁﬁ} é%ﬂ%*%ne%ﬁ?%c?%d
agpielda la%pESaQ‘\cA:ﬁuSo rder ARG Al ONSs bﬁ’nﬁ,‘fj& USET NG ENE £5 ot

proj ection
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 value 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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optical system based on. the result of neasuring the
wave- front aberration, so that the making process is
sinmplified. Furthernore, a target that an optica
apparatus with the projection optical systemis to 5
achi eve can be securely achiegg . In this case, when
said target information includes information of a
pattern subject to projection by said projection

,%ﬁ%a‘{. o A SRS G B, SE RS b o Epge weve-
' ;%A%%rbr?a' PLi04 £CLH O é’ﬂhga{aa%é%gern

prOJects W t al'd pattern, ase

Irgl%mtﬂl(ya anf-aalydee sal dta%@y«%aﬁﬁge 5888%&&8

determne alimt for mave r ont erration sa

Pr@ieetdtery aptdiralhSystemasi éh standasd syshehhat said

15 pattern is transferred finely. In this case, said

S eCOViGveORTRH &fe MRy IOk By Nn@aidvegpace i mage based on

| i near conbi nati ons between sensitivities of

coef fi cilentthiaf deevays wifera séerditeergeol ymbeimdtion includes
whi ch a wave-front in said projection 20 optica

sysifermmad iexparfded patr erspodi fect aberpatijentfon bgasdid
pattern as a pattern subject to(Erojection and the

c Befiesitdvins opft itcarness Wit e zegani k es pedydhopdraput ar whigh

a ve-front in said projection optical systemis

cRBAHAER. 3 SAmAladdan iNah ePiRiEhd nPRfRe shipage formed on

P kel S S P L i

PSP B ol e e el
pﬁ%ﬁ%%hh%@o%? 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
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 computer system according 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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optical system According to a tenth aspect of the
present invention, there is provided a second
comput er system conprising a first conputer which is
connected to an 5 exposure apparatus mai n body which
transfers a given pattern ontgy,a substrate via a
projection optical systenm and a second conputer
which is connected to said first conputer via a

c ?HH i_gatjon path, perforns a sinulation that
o% ai%gﬁasgbggghinage formed on the inmage plane when

10 sai dAErcgjr%q igo'%o.oett itcéq'ltﬁyasépggipr&f. e@ﬁ%té%%gegéi d

pattern, based “on | nfornation sai'd pa

I 86&le¥ied o OfRgaied  of | fgvfagﬁng‘%eégﬁﬂsééﬂ?uter system

communi cation path and known aberration 1 nfornmation

otompird sBNQ QCtHiion toRIAlt Y SieBh i fNcbRnatyZestsakd
simulation result to determ ne best 15 exposure

cengoliu@rs appecarndisngaio tHidy; whiSECoNth €OIPLE €8 given
performs a sinmulation that obtains a space image

f patrteranontie anmsgd s tpladree wikeera tdweo e ot 2ot | opt D4l cal/stem;
system projects with the pattern, based on

i ahdr rasieorndf compufatrt etn atedel verhr2ctfednto heafdrfirst
conputer via the communi cation path and known

aBeFPELREN VAT 8r #RITER isk ties madjlectiont @pts cal simulation
sggtenl and anal yzes the sinmulation result to

d

BrnPREAIRESE ERFGSULESTSNdiALMSHE .OTHetef Brage plane when

AP UMb Gy 95 T i1 TRSEoNsRF A RGFepy i Sald pattern,

. Cal | ca ert ) |
' nggaaghoag%ayemaﬁleﬁr toffi %&l%xg)gawﬁemcolneoérgi%qé %ﬁ% said

are Inputted 1nto said nmput er, en

CRIRULELGRHSLER, el U OB P L
aberration information of said projection optical system, .
and analyzes said 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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'said. first conputer

recorded on a mask on a path on which said mask is
transported to said exposure apparatus main body, said
pattern informati on nmay be inputted into said first
conputer via said reading-in unit. 5 In the second
conmput er systemaccording to this invention, said
second conputer may send sai d best exposure
conditions deternmined to said first conputer via said

TR L P B SE0R T A L
i n_bady. id t di & L
CERRRLS R PO d 0 5010, PSR SRR L) O

| BURRLLAN . pSU A SACONG SPGB SULAID 5814 2PACE
i age based on I near conbi nati‘ons between

S VAN ; j nsitimity) of coefficients
of%%?lgﬁlég%fﬁza %&%ﬂégd&ﬁﬁg‘?ﬁ% ltli'n whi ch a

wave- frant the $icdndPlcin@hitdan LpidGRla SERMd Sto this
expanded, to a specific aberration for said pattern

ad naepatitoer,n sadbj eclcdmal qun s aeyagkidiesaid best
coefficients of terms of a Zernike 20 polynom al in

WeKE sa nga venidignonsn dediednpinggcedia creidpiicat syspever via
I's expanded, which wave-front is obtained based on a

r 69dicdt cogann Ligp tdaind pithst conputer via said

conmuni cation path, of measuring a wave-front in said

proj ect L8ntHPEI €abesysed Ldisd somyiutian tags set exposure
dependi n 25 on sajid pattern. In this case, said _
r&é’aﬁﬂt&%nﬁeaéuﬁaﬁ& £ ARAFELTS GHRP2 4 Hdd Hp RI¥Y Fhtrdaid
..Qr, when the conputer system

f%Fﬁﬁeﬁxggﬁﬁfﬁsggﬁgﬁﬁﬂﬂﬁ%Tont measuring 31

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
projection 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 first computer via said
communicaticn path, of measuring a wave-front in said
projection optical system, sald sensitivities depending
on said pattern.

In this case, said result of measuring a wave-front
may be inputted into saild first computer, or, when the

computer system further comprises a wave-front measuring



unit that nmeasures a wave-front in said projection
optical system said first conputer itself nay obtain
said result of neasuring a wave-front from said wave-
front neasuring unit. 5 In the second conputer system
according to this invention, §€id best exposure

condi tions may include, anong various things,
information of a pattern suitable for exposure by

sald {£XQosur e appar at us na or _said best . .
expnosu?%l f:tonaeaf‘cp s may" 3 hel Eﬁ%ngt o538t 9oRECGFCEA BN
%yééémd'559§ Eff?{rggﬁ 8£££n9t§egkvpagnobtaln

patern nunerical aperturée of saird projéec

oRtdiGalre Syt &R ﬂ%ﬁéﬁ%ﬁn S@'?apgsfrgﬁgofygﬁ said wave-

condi tions may I nclude speC| I cation of aberration

due-drir sRidbuigigeaidon, 15 optical system upon
transferring said given pattern. In this case, when

the conqut ehes RN WMt £ONPY$ 688 @Pcording to this
I magi ng-characteristic adjusting nmechani smt hat

adjnystrs i drhe dantayibegs € hetaed @ré st ded 0f i Ak dmatyoji eet ude,
optical system provided in said exposure apparatus

maime nigo dig 2@ wcorifeictetl tion Sark seeondf canpateerui auitable
sai d comuni cation path, said second conputer nay

c AT GIXPOSUT S Mabistd chiretes i apparadissnahy body, or
mechani sm based on said best exposure conditions

dEFeCNITEd, TP RHTRICAHE §RIGT MeRY charheder 5t Leastk one of
Sl shsoban ol ical oysten 25 pccording o en
p%%\éu%gr?l %hl clﬁlru?nse%gonanecacpe tts%rem n%o%u‘?’ég%\f)ﬁgf’%ugptlcal
”%b%t@%gy having a projection optical 32
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

exposure apparatus main body having a projection optical
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systemthat projects an inmage of a given pattern onto
a substrate; an adjusting unit which adjusts a state
of an image of said pattern fornmed by said projection
optical system and a second conputer which is
connected to said 5 first conputer via a comruni cation
path, wherein said second co ter calculates contro
information with which to control said adjusting

unit, using.,a result of neasuring a wave-front in
S SV T B oG al Ty SHEHT b chi FeBUPE T ha&nbeBRo 2
r [ fromsaid first computer. 10 vi,a said

e o A i g B ok r e aP B F phptang® en

e
comunicati’o P ereln one

S {; ol ' | ' L1, bas .
St R e S Rk R T R LA
FishSle FOMRHET S d N B8 Lt cHBASUEL D8 Bted to said
wave-front in the projection 15 optical systemto a
SeaeRd GOt thir0Ugh GG HIRHY L34 1190 DAt fine ABENt Bg 1 g
second conputer calculates control information with
WaieClonido compturtelr tdad Adjdtsds ngontdl , insSéRgaBiseSHith which
of nmeasuring a wave-front in the projection optica

syst @on twioilc s ariek wWld usesi iipem rteceiviady 20 feom t hef

first conputer via the communication path, and one of

t Feafiurdingard wseeorfd codnput evsl ¢ atoid st idre opdiasti sagstem,
unit based on the control information. Therefore, the
stat€hofregn itmligs &feednird qeaitviest rf ¥ait ngail d bf/i 83 dcomputer

prqjection optical systemis accurately adjusted 25
uditg SeRé Fﬁ%&ﬂﬁ%ﬁ%ﬁ+QH Ratd mede f7REe oh e plippaid
pl.ane of the projection optical system that js,. . ,
ar S T nPOR ARt S SHOTE T [ IeE Y ¢ i GUGH Hhe unic
PREILLAPLANS, 1ol B oS 10330 ik Ge0Nd computer can be
pl aced renote 3

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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fromthe exposure apparatus main body and the first
conputer connected thereto, in which case the renote
system cal cul ates control information with which to
control the adjusting unit, and the state of the image
of 5 the pattern formed by the3§rojection optica
system can be very accurately adjusted based on the
control information. In the third conmputer system

sai d yring

[ hi [ ' It aof
A Tve Mot e ThTT LT eLS PR3 refl eBRpatant
t I S a
bR Tt L e SR RS Z%a ©WEGE. Femnte
. ! ; . ; ot
"k olaotion Stieal, yerem e (Lot o
\MﬁﬁﬁﬂﬂdyntHéTHHfﬁﬂﬂﬁﬁ%ﬂﬁﬁffPnQn&E@ﬁ@réPQtQSOEnEBet%@age of

the latter case,” the first conputer connected to

eXPRs W AR it dTed N sl & ESno¥RYEair QUELER can
said projection optical systemby using a wave-front

mibes wie g atnidradtely soijsdted seséd neastiié ngoNBABE ,

and the state of an image of said pattern formed by

saind oz@hagriginect i on optical systemis al nost _

automatical ly and accurately adjusted. In the third

conput er Ns FéiCeiNdacoCdmRy eyt sten raceridingthe this
construction of the adjusting unit does .not matter as

| GRY SRS o c &7 IGUT eI tth € SRS W inhed 28 Tomfeont fhe
pattern forned by the projection optical system For
e%&ﬁﬁlt&eds&in&oadiy i5 ﬁﬁ]iqo%tquew%%r; the computer
i i.ng- characteristic adjusting nechani smthat ,
P R G CrR At o BT O SOt B b ectibh that
ORkhe@re3%a wave-front in said 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 conputer may send
information of said pattern used in said exposure
apparatus main body to said second conmputer via said 5
conmuni cation path, and said second conputer may
obtain a space inmage forned qﬂ%the i mage pl ane when
said projection optical system projects with said
pattern by a sinulation based on said pattern
information and said result of neasuring a
wSYEFfont, calculates a linit for 10 a matched

aber r at ign dye 19 sai 4Pl acdon RN Al naysiam at

whi ch sai d space inagé i's

c%%hcag%leanbrfo'safaf P ARt A é& i §4&& gaﬁgs&s%

sald I magi ng- characteristic adj usting nec m such
?ba%@‘tQS watahedagbely aldion dueydP SHELRL o] @f& ' led

Ical system 15 i's not over said [imt. In th

C@@ﬁmuﬁ@b@tiaﬁoﬁdt%qnﬁlﬁdersaw Sl il a!&n;altép%?@y obtain a
I mage of said pattern based on |inear conbinations

bepweenisansi fovineidedn( Zerniikeigeensidrie/idhedn 401 @

wat ched aberration, of coefficients of terns of a '
ZernuketzonpopyncaﬂabwsﬁaMmpﬁmyfcManﬁﬂhnﬁa1d1pﬁmtbrn by a
projection optical systemis expanded and the
céénpilarénnsbaperepns saddd patdamrke rfolymagnicat and said

whi ch_a wave-front neasured in said projection

opEFBAF SYsheatrEisgpandede daint s&fsiayidtigess limit for

depen n said pattern. 25 In the third conputer
s?sV%ﬁFgggoF‘BFﬁ§a{‘g°Phi‘i§e FERIDRY DI e it e

SO0RLH - TR et e (o] DY, ana
pEHiéhié%e0&0§%E§l°&n§%%ﬁa§§%§§Qﬁ%ﬁ?%&%%ﬁLg%'Egﬁkéga 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
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body and said first conmputer are provided, and said
exposure apparatus nmai n bodi es each have said

adjusting wunit, said second conputer nay be connected
via said comunication path to at |east one of the

set of said 5 plural first co ters and the set of
said plural adjusting units. 1h the first, second,

and third conputer systenms according to this

i pvention, varjous things can be used as the .

co O%qnia@eﬂ ioh pa#lt{StThcaC?“R L { c%ﬁ%h(?%‘it i pd 192 id

p . et . 0 ai d . . .
Cormin s oAt M MO e BT crabhopdsusting
| i@t ,0ls a5 & e COMEUGAL ' 14 ad]
Iﬁne. !ﬁ addifﬁon, in%?qi%még$%2ﬂ§a%?%€£%§%§b€l%ngég?
t RSmmuiniela talkth TREMNE LHOSW L 12RNAE 84 HISESe 3ELOTYENGaig
to this 15 invention perform ng exposure, patterns

canube lacdusat elonduigred oM arsdibsdt ade, sand highhy
i ntegrated m cro- devices can be manufactured with

hiagh upitend;. ufhersef ore, accordi ng to anot her aspect of

the present invention, there is provided a device

manuf acflor ithg Metdsdd ssicogdoner?D wWiitdedimsteansystems

second exposure apparatuses (i.e., a device

MaRGPAEL NG 9 rrdtisod Nvemriogi ng athieo st ephiofgs can be used

transLerring a pattern onto a photosensitive object by
u€Pn§REnEBMIPHE MO Partd! -s dddrid Ieseposird communication

a atuses). 25 BRIL.EF DESCRI PTI OF THE DRAW NGS | n,

C REEhC BBy 2Ry Fnd PGS FRGOTR 7 SOHErRTEIR: At Lon

show,n h tructi . Of C uter, system .

seesraPay Toedntl po kBl s P Y i sate
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 is 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).

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
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Fig. 2 is a schematic view showi ng the construction of
a first exposure apparatus 1221 in Fig. 1; Fig. 3 is a
cross-sectional view of an exenplary 5 . _
wave-front-aberration measuring unit; Fig. 4Ais a
view showi ng |ight beans emtt from mcro-Iens
array when there is no aberration in the optica
system Fig. 4B is a view showi ng |ight beans enmitted
fr. icro-lens array when there is aberration in
tﬁgﬂ%%ﬁgég* system Fig. 5is a flow chart showing a
proces§EqbgoQIH@W5 %ﬁﬁ%ﬂ§%&én@f%&}%#éﬁiﬁgetﬁgcgggstruction
conmuni cat’i on server en ~sett1ng best exposuré
il i7QN% t0fe x3Pb LURD rer @PPHAL UG Hg £ 1s a
schemati c, obﬁ?ghe vi§§ﬁ%% a neasu%enentqgetlcle;

Fig. 7 Fsga SChemat icG o4 LV shovh Adh aph & Zo £7 88 Sexem lary
section, near the optical axis AX, of the measurenent

2@ avet-ifeion trawRired tdbra Medd @t tngt@gec al ong with a
projection optical system Fig. 8 is a schematic view
showi ngFag.X4Z disossvissectdtmwiafg thieghtY shaestémnce8d from
of the neasurenent reticle nmounted on a reticle stage
amdggonilenst her2y mhejredthicore ot ircal alsyst et ofri hn ke

is a,view show ng a neasurenent pattern forned on the
neR$GF ke Sy Stéfiicl e of this enbodiment; Fig. 9Bis a

vi ew showi ng a reference pattern 37 formed on the
neasure%éﬂt f8t el & FfSPhiSOoHBEYi gt beams emitted from

micro-lens array when there is aberration in the optical
lsystem;

Fig. 5 is a flow chart showing a process algorithm
executed by a CPU in the second communicatibn servér 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-Z cross-
section, near the optical axis AX, of the measurement
reticle mounted on a reticle stage along with a
projection optical system;

Fig. 8 is a schematic view showing an X-Z cross-
section of the -Y direction end of the measuremenf
reticle mounted on a reticle stage along with the
projection optical system;

Fig. 9A 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. 10A is a view showi ng one of reduced inmages
(latent inmages) of the neasurenent pattern forned a
gi ven di stance apart from each other on the resist
layer on a 5 wafer; Fig. 10B is a view show ng the
positional relation between t | atent image in Fig.
10A of the neasurenent patterh and the |atent inage
of the reference pattern; Fig. 11 is a flow chart

' i h 0 f Ki th
Sro IR S e e kiR ia%t"#fﬁeescié%ef% SERedaFrat;
[ i . . ' ; ter  system
rodt 11 od L DRTARL ED DSt b O G B PRerareae Thages
| : napdi pend ion _.
ﬁy?%Qggﬁygggﬁ%%gﬁqﬁglom1Lase&M%%m%Pgs££§§§g$1§$¥§§%.glglven
shaws anke SEhemati ot QAN UWHHON H @he CPéTQP;Is@rlZ%yéAEeHh a

according to an enbodi nent of this invention.

comyfutrer system 10 shown in Fig. 1 conprises a

l'i thography system 112 in a _

sem condudet. orlBrarufactivw howiagt e Aot KEWMEE relation
maker (hereinafter, called "maker A" as needed),
wiviecweies &hesértenta idengec e remiuf act Qi i ) tleppasasuBement
such as an exposure apparatus, and a conputer 25
syStemrlangf tae dapenir e mggsarel usherakeference pattern;
(hereinafter, .called "maker B" as needed) connected

via a &éfmurilcdtsi én fiavhehard whihfrathie jghowing the
tele%hone l.ine 116 to part .of the |ithography system

1P3°C88STRE MPEHEGr Dy PRASESHIPT Wriffd sevyetem; and

com’ruanggt.l 9 3§f \éersc:hze(r)na%sica VfilerwStsl'tlcoowrg_pnuqt e acchrllsrtSthl’Jction

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 maker (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.
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second and third exposure apparatuses 1221, 1222, 1223
as optical apparatuses, and a first proxy server 124
for 5 verification, all of which are connected with
each other via a l|local area network (LAN) 118. The
conmuni cati on server 120 and éirst through third
exposure apparatuses 1221, 12227 1223 are assi gned
addresses AD1 through AD4 with which to distinguish

th 1 ti ly. The fir roxy server 124 is
prgc}de r%itp &éiﬁ%ﬁhﬁﬁ$ﬁii%zziH£¥ﬁ%%%ﬁPf?%TEeLephone

li 6 ad ind of, firewall . at is,
tk@SFﬁ%Ef%%F6§§&§§$V%$ ﬁ%&-%ﬁé@ef%gs FﬁﬂﬂBFEﬁfioﬁhgéfﬁt'
fl.Qw t ) m | ea g e
LSRR LU DRI oo L AT €238 1Bd0° 1224 as
h%ﬂtﬂ%a@h%ﬁaﬂ%s@j&qr ESnfSs A@Jré@r§yg{{¥%rvé9 P32Sfor

through it "and bl ocks the passage o er

| RleQrifElda@i.orS0 diNato ff Rgh AN Jd8 dsnhEOt 88t 8- RIALPE other
unj ust invasion fromthe outside. 20 The conputer

sydtem 1b4adongydas e tavcee OfTchANY OXy8 . server 128 for
verification, a second communi cation server 130 as a
second Gbepubenuaridattien ideesveat 1120 andhighf Br€: through
connected with each other via a |local area network

( EANE d1 260 OB s @rmad adoraami 12 i, 011 29ey véR2139r¢ sa@5igned
assi gned an address AD5 with which to identify it. The
seeeREsgesx e tigioupds ALh Wit senechnalo adishibngfiiskt them
Proxy server 124, prevents comruni cation data flow ng
tﬁﬁéﬁﬁﬁ & YAN 126 from | eaking to the outside 39 and

oo e el Blohy Sl ok, LS ADE LA e e
LAN 118 and the public telephone line 116 and serves as a
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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In this enbodi nent, data fromthe first through third
exposure apparatuses 1221, 1222, 1223 is transferred
5to the outside via the first communication server
120 and the first proxy server 124, and data to the
first through third exposure:ﬂgparatuses 1221r 1222,
1223 is transferred fromthe Outside via the first
proxy server 124 or via the first proxy server 124

RO B e 1 Kbtk 1A T B bf (e BFprefes the LaN

SRS 1ARRALALUS, 22241, Ar&:hf%osm a f SdYGE L o0,

proj ecti on exposure apparatus of a Step-and-Tepeat

type, ip€+nasSLERRRimd .$gﬁ&d“%fgﬁl Ere{ 19 tthrough

source as an 15 exposure t source erelnarter,

Cahlied axplbisghle FYHER Uses N £XPQSYLE @g@ggﬁgu?f%ﬁ%%erred

conprises an illum nation system conpose

s@ur e@elBuarddel Wiwmurad i AptdGRhursysd €Ml 2sefver 120 and
reticle stage RST as a 20 nmask stage holding a reticle

Rtae &imesk pirblxymiseatved Wid4), axpasy® tdl e npiieon through
light EL as an energy beamfromthe illum nation

sybtien) exppsojrec tippm regiuiscal 135t em2RL, as2dn isexposuséerred
optical system which projects exposure illumnation

| EgRm Ehef poimstihle méwel dhe Higrmto prowf esemvers5las ar via
substrate which is on the inmage plane, a wafer stage
VERCoR IRRECRTR¥Y. SEVedt dgd G dhendl i Hy ToRMWaE@at hpn

'S nounh 8, and a control systemfor controlling

t RES&SrT 2 I'i ght source 16 is a pul se-ul traviol et

L0 46 0unCB LRt LB L3S AN LNLIB B o cpe
l§§§Et(§xﬁ@¥ﬁkgngbga9%tus 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
exXposure 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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157nm) or ArF | aser (a wavel ength of 193nm.
Alternatively the |light source 16 may be a |ight
source 5 that emts pulse light having a wavel ength
in the far- ultraviolet or ultraviolet range such as
KrF excimer |aser (a maveleng{@ of 248nm) . The [i ght
source 16 is disposed, in practice, in a service room
having | ow cleanliness that is separate from 10-a

I . h 11 h i Ng_an exposure )
APPSR, AR VA R PRI e e
e TR SR SRR YRR IR £ 654 P o

stiagaMBhr BUE 1adSr A SRASEN r?ﬁ‘@'hi cp ed to the
chanbgﬁslf?via 1§i§§iight-traﬁ% ttiﬁg o%??@éf system

( matt sxhewi)vd INC Kl Noi gt 4 Qasde PREtm®F B8 a 1ight source
optical -axis adjusting optical system called a
beamtmerciiisngulnid .1 ighe IHghing oureevdben§tEonhr ohbedar-

by an internal controller thereof according to

c onttrrelv-lioifedr et ivdrt rES falom araregedn ©odth ro$ | ©FF58x&imer
terms 20 of switching the output of |aser beam LB

t Resever(gy wefve laswgt lhedm A48 rper. pul se,

out put -frequency (pulse frequency), the center .
wavel engtl® dddhfalsouwrasd M dish dispatrtt rumgmidticof in a
the wavel ength range) and the |ike. The illum nation

o FEIEVaICCs FSRPEMPEY 18 6hpiavs €5l SR 5L R8A § riefert | BhisSerabegn from
expander. (none are shown), .a beam, shapi ng,

i |aP€mer?51nce°-° iw%rrﬁaﬁ ﬁ*ﬁﬁ“b&pft iejgalh%%% SRR RS~

a i,¢al, integk i zer 2 therein, an
oo P SRt e e ARl D En Pl ot che

[ ehavndhakBs efAicBISeeARdy ARy diens. 28R, & gfgéf)é?'ﬁsn
ind 30, a mrror Mfor deflecting the optica at h,
andeapeoRdenseh 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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| ens 32. The optical integrator is a fly-eye lens, a
rod- integrator (inner-side-reflective-type .
integrator) or a 5 diffracting optical device. In this
enbodi nrent a fly-eye lens is used as the optica
integrator 22, which is also afferred to as a fly-eye
| ens 22. The beam shaping, illum nance-uniformali zing
optical system 20 is connected through a light 10

i SSi ' | ded the chanb 1
TR Y ?%%f%%otv.i%rfi? e eﬁw %ﬁ%ﬁ;i%o%i%_ 30, a
i 3 a Ich 1S
Iaﬁg-l enlts M: er g%%?%?%%%o?}ﬁg ?#g%?g%éﬁgﬁ Sép\éﬂ;a condenser

i 7 f ;A1 1 0 - p y -
?ﬁgggif%%dSﬁgggmyﬁﬁé%gﬂ%%éﬁyéﬁgéng%r% §g§ éggn% 82’ a rod

The tfdoraays | @thed2-d ind hee £ XbE 1 $LdeypE EH@e?rator) or a
beam shapi ng, illum nance-uniformalizinhg optrca

s ysitfeina2(t ifray rept fdomddei d@sern beris haymbBgihtat a fly-eye
cross-section shaped, a surface illumnant (secondary
i [Lemsi nantisecbhrgrosett afptaidatl ofitperator! bam wants 28 also
(i l'luminant inmages) on the focal plane on the output
sir@eeTnisl ¢t plsarre Hubstwemtiehs$ y22oi ncides with the
pupi | plane of the illumnation optical system12 in
order t@&he PegMwiE@inte rdtiwrinAnektinifdfoahizing
illum nace. The |aser beamemtted fromthe secondary
i PPIACRaN S YiSEe5 20a1ie FONNe G hath Bon gl gt L Eght
herei naf.ter.. The i)l um_nati on- tem aperture sto
o ACE 24 CSHIEE Dy o S I 1 Ko HigheTaEr 11 o che
di e .%_ i&g l. pl.ane on t exit side of the
flléggée@lrgﬁlga‘f !ﬁ d%i%lacl.rérlansg\{ssdtea”t1 _grf%_s?h?‘%@hl apnd gets
phhéh%§o§E0@%d%fadwaf3ﬂgﬁéﬂ“%edﬂlﬁﬁ?'ﬁﬂié@’f%siﬁgldent
aperture stop plate 24 are, e.g., a
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 forms, from the laser beam having its
cross-section shaped, a surface illuminant (secondary
illuminant) composed of a lot of point illuminants
(illuminant images) on the focal plane on the output side,
which plane substantially 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
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usual aperture stop (usual stop) constituted by a
circular opening, a aperture stop (small-(y stop) for
5 maki ng coherence factor a small which is constituted

by a snall, circular opening, a ring-like aperture
stop (ring stop) for formng ?%ring of illum nation
light, and a deformation aperture stop for a

defornation illum nant nethod ponPFsed ?fmﬁ_pLu[ality

AR AR B R CR s e ke Y SRetR on e

i Lum.nat.j.on- t plate 24.is

o P SR S Phen e By 0 Brpui oo
' ()éﬂgy} 0 §9§%r

ggﬁ%fgiler 56?§2%H ne&% t égggggt%¥%§€?%g§é$sb¥5a

seligciilal Yorralidd, B HPetherondi&al (Bt 05 LPEh) rfor
I F t he

illumnation Iight EL, 'so that the shape of

| aiimariossydraee fdrdehd esmd 11 umhnat i 08 E856£iPEEed by a
later is aring, a small circle, a large circle, four

eyes 1dr, tdiedulker cierninsgead wofnd-hel pespalr€ustOptop (ring

plate 24 or in conbination with it, for exanple, a

plsthoa)i thyp roff o i ifrfgr aec tr imgy apft i iClal undieva tciesn di sglosedaha a

the illumnation optical system a novable prism

( E6rticeaatons mpergolnghedran fori smdefernatl omgit heminant

optical axis of the 25 illumination optical system

aﬁ@t%domﬁs%iotf Compri & Inig- ¥ato § eargnones z@bmrrl]ged

opti cal sysé m ar ref erably arranged between the

| PERETSEdFE e—% é’%d W?H&h IPta AP hiRgrardT L 22s ahappyare

i riabl e, n Lg_ 43 optical integrator 22 is

TR YO K30 MR, LGRS G S AT 2 o
i bhurienayi qn %b%@%r%%t%@?éﬂané¥¥gﬁaed 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, four
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 system, 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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surface thereof or, when the optical integrator 22 is
an inner-face-reflective-type integrator, the range
of 5 incidence angle of the illum nation light to the
i ncidence surface, light-anmount distribution (the size
and shape of the secondary ill$g1nant) of the
illumnation |light on the pupif-plane of the
illumnation optical systemis preferably adjusted,

that s, I f 10 ljght d the change of .
GRS AT T Uri4tat 1 hf fhe-FKEi bPRSR F@e intensity

CBORIEI SPpIUr a4y b i Hank- FhegBS Coi dpaapence
| B0 MG J° A AL LEL EOLBNETHIPSY 22 45 an

integrator are al so refefre sTa'se
| o8 0300o0 12 A SRORALL QL4 N 0pL L Lab e PALRe 0L hBE o
ilTumnation light EL fromthe iflum nation-system

apeldivied ¥ R latsr @k i 51 Buk B4 A1 Pt ii»?@kt Syst emx
conposed of the first and second relay lenses 28A,

28RBcibetwee s urtizete t Ne gred+ah@untbl d ek 800 n 61 8h SPOBEUsi ze

The reticle blind 30, in which a 20 rectangul ar

openi stafer cdeftid rege corrdectyanigul winaht und hathen ar ea

AR on the reticle Ris nade, is disposed on a plane

codjlugdnetion e gbdt teey it heurdfgeel gflandecf ethel £l Rimination

and is a blind whose opening is variable in shape and

septgathéydion dentrsifiegralbly badpastord 25that is, loss of
bl.ind-setting information also cal |l ed maski ng . .

i AL ratilien 1O BRSpSdEdIsh e Bt N pafor of Liweinating
ilgunin tign _li.ght EL. behind the second relay |ens

28BSt 6P Hit g Spar tl%oipret & FdYay BT et ey stent § siehed that

det | i N 1L Qr for qh r thct'n he. illunm nation

I ?éh? BEE %Q\E}}Orﬁl&%{?&?sgd p]T Arraolﬁg the ngefc%r?ﬁ]?‘%? a%}“‘—f‘%%%

28Bitewand ikhgealsst irch &R by the inner-face-reflective-type
integrator are also referred to as.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
rectanqular 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 reticle R, 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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and on the optical path of the illumnation Iight EL
behind the mrror M the condenser lens 32 is

di sposed. 5 In the construction descri bed above, the

i ncidence surface of the fly-eye lens 22, the plane
on which the reticle blind 30 ﬁs di sposed, and the
pattern surface of the reticl&*R are optically
conjugate to each other, while the illum nant surface

e U (R T aibtS EEhbaFiPGnPastRen

oH 1, DA FOULEL Ao PN 0L
R T e

B et i | B e 1R 57 Py Blosea.
the fol lrgwitng dUH%HﬁEBHidH*H@é&%f%@&tﬁﬁbég,ﬁgﬁ%giﬁeﬁdence

of the light source 16 is made incident on t am
shapifag.e idfl Wwhenaice-dynd flaamal 2Z) nehopbismé SYSHBMEROthe

20 which shapes the cross section thereof, and then is
maed 1clecicdemd @& titve dilspaeed | ensd 22he Byatbhésn theface of

secondary illumnant is formed on the focal plane on

t h&eexiet isilge R gfret tpptfilaaldpe darbu@ete The each other,
illumnation |ight EL emtted out of the 25 secondary

i MRdren&Re gdd4@s namvto vty Tt apr e @ @t ophenfocak plane on
il Lum nation-system aperture stop plate 24, the first
rg:hﬁy SKdfs S3ER Afhd heedilangiiarl eiperddir et pweil plane of
reticl, bLin%.SO, and the second relay lens 28B in

| FRE oraur AR 48 R o0 G R e L T P DR

t ovard ggho 1yt e 'rrgr-%gyui af ter ssin

th?%ugﬁ t efgongénser%%eﬁéc§ ) +on Optlcgf‘sys em PL (the
exit pupil plane) are optically conjugate to each other,
and these form a 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 system 20
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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illumnates the rectangular illumnation area | AR on
the reticle Rheld on the reticle stage RST. 5 A
reticle Ris |oaded onto the reticle stage RST and is
hel d by el ectrostatic chuck, vacuum chuck or the Iike
(not shown). The reticle stage RST is constructed to
be able to be finely driven (including rotation) on a
hori zont al plane (an X-Y plane) by a driving system

Q d that th f
tﬁg‘er”eﬁ il Bt CaFgeéj ﬁi%]rr’ﬁegar 6 tbfg)”air 8@% ?%ﬂbs(? the

dﬁtl%%to%r Ms%%a &efeﬁéggfn&a?ﬁﬁﬁ_ﬁhn rf%:]?nr%maeense:q lens 32,

gi vén resolviHg 0 supply

tqqlnﬁﬁawt%@e%er (?c%lijtt&gttﬂaxl[ en_ﬂm aceﬂ';rx C%éee;h 50 38 the

is noted that the materia or t reti

derends cor thhe d 'oglhttrﬁeo%rét%d&%e%ta-rcf@tRés‘ls when ArF
exci mer |aser or KrF excinmer laser is used as the

light soueegclsyRt Net 160 Ihtd Ry ide L yStadagaicRsT
as fluorite, fluorine-doped quartz or the |like can be

used 26 Weilkdepywear Jtddsaserid sHisE8d amdlen | dghék or the
source, fluoride crystal such as fluorite,

f Lagei neotopedwauar heorretheld ikmgreerisT tis beonseducted to
The projection optical systemPL is, for exanple, a

r 8guebilen toy Seehiriedty i’ itvisire cldrmtarliug inid ateration) avm a

the 25 projection nagnlflcatlon of the projection
oBPFééPn§9§t ehanpL (2g X€Yg plaﬂezl) by 3 girifyig system (not

f mhen the illum nati area | AR on_the
SF@P Fsif) r‘f&maﬁ'&te@d ERit 1 Ao @99 I rAThe§ ore igheicle

i OBy T B LR,
”?8@&&&83559@rt&ﬁ%%r%%%o%et%knﬂléi‘@%é% resolving power
of, e.g., 0.5 to 1Inm 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 ArF
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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projected and transferred by the projection optica
system PL onto a rectangular area A on a wafer W
coated 5 with a resist (photosensitive material),
which area A usually coincides with a shot area. The
projection optical systemPL ig-a refractive system
conposed of a plurality of refracting optical devices
13 (Il ens devices), e.g. about 10 to 20 ones, as 10

d 31
12§%ﬂﬁagﬂf(con %é%%%%rg%uFX%nﬁgLfﬁi Vlé:ES BFggrEQ;the
t R_si de
el IR B AR o

¥R dde Pfand e&Sar@s%fféd glest!LSHSSﬁtE@%tl

can be driven by 15 an 1 nmagin -c a

CQﬁ&&Q&l@&(BHHdTH|ﬁ%qu%gJTE& 42808 ﬂﬁvbﬁe§ #3fer W coated
through 134 are held in a lens-barrel via

douwilre-astriascitdty etbH NS d1os Tiet B (MQte 8DOMY) which area IA
respectively. The lens devices 131r 132, 134 of these

ansudlly yiimmetes |weintsh hol stests £aeh. of which is
supported at three points 20 agai nst a respective

out er | &he polodectsyerdrapti e desysesn Blchs as peézactive
devices (not shown). By independently adjusting the
VEIYSAGES CappIased 1af theo kinad Hyy deli tefract hegl epsical
devi ces 131r 132, 134 can be shifted in a Z-

dideddEedn 3tHéLec5b""t C%?é’ll%ﬁésr cﬁf%ctﬁilb(hu*éfl@h%o 20 ones, as

%84 R if de ek pEEERE ?a?éa%”ﬂsﬁa'ts' e, 13, 13,
ot ae?Cf%%?déﬁ%md%;ﬁﬁwéif’mééﬁ FHERATPAY of de
f@%%cQﬁpEﬁ%n.nQ@fth%ﬁ%b%7é¥MQ¥%qg”§£&Qe f@@f&lglﬁcg§de of
side face of the outer I|ens ol der, driving devi
sueb PSoReeZq cHeVWRET A &ystem PL out of the plurality of

lens devices 13 are movable lenses that can be driven by

an imaging-characteristic correcting controller 48. The
lens devices 13; through 13; are held in a lens-barrel via
double-structured lens holders (not shown) respectively.

The lens devices 13;, 133, 134 of these are held by inner

lens holders each of which is supported at three points

against 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 13;, 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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di sposed at al nost regul ar pitches each of which
covers an angle of, e.g., 90 degrees. And adjusting
the voltages 5 applied to two opposite driving devices
the Il ens device 133 can be shifted t wo- di mensi onal |y
in the X-Y plane. The other f s devices 13 are held
in the lens barrel via a usual*lens holder. It is
noted that not being [imted to the | ens devices 131

134, | 10 th I in
tﬂﬁ“%arg A e 7 e o SBCER6R Bot T hal Ouy8Feens
Qf%g%gt|o _&fgégcéﬁ Ia te é gtlcae aat e)
for corre ing tthe pYOJeCtldi DptY taf O syst et PLAFf
c S€,@s ri
okl n%n%@tetéieﬂo%’cm%@?%@ SO SN U S
b 0
farf e ks O@r?ﬁ ces (tCLe nu gp%g £%§u§€98§]neﬁe voltages

t hose opt|cal recti

Whig iteQ) B MMARIo IBYe REr ONEN QT ddPL Eest PRE 1 BhECHevice
not being limted to two or three. Mreover, near the

puis; crhane shithedprepeetimemsi2ha00tyi G ﬁﬁéﬂxﬂﬂ lane.
an aperture stop 15 whose numerical “aperture (N A)

i s vari dlee otbrtri Neouwssldevices I3 edhet eienideth rangeless-—

di sposed, is a so-called iris aperture stop, for

eYarpyled, vamd & $1seent risinseddldehe Tmihs woneédother 56t

25 It is noted that the material for the |ens devices
ofPeiRg grisjidad @ dfte deinsydaeieed 1% fhusmuate 134, lenses
crystal = such as fluorlte fl uori ne-doped. quartz,

syiFeetine é’lh‘é’rj’( 2 Plage it 1RF ik Rthelnag e Rlerdesifasepf the

F I 48 d th [ nation
egio eaxl%p”eq&m%%‘é;a Vs 12025 "Trerd GRORr G apCting

S%ﬁgtgs p%%@gi ﬁ%%t@)w¥8£“%é¥¥%é¥lng 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.) 1is variable continuously in a
predetermined range is disposed, 1s 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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quartz. The wafer stage WST is constructed to be

driven 5 freely on the X-Y two-di nensi onal plane by a

waf er-stage driving portion 56 including a |inear

notor, and on a Z- tilt stage 58 nobunted on the wafer
stage WST, a wafer W is held yia a wafer hol der (not
shown) by electrostatic chuck, vacuum chuck or the

like. 10 Furthernore, the Z-tilt stage 38 i's A
caonstructed t be able to. be positioned in e X-Y. ,
pﬁ%ntélsc?ﬁlt e t\c/\%}aef &%l%%aetm %‘ah?o&;eoffl‘f’ gn Fz laser is

relatdy v : = e I to_be able in
tﬁleS% ?—'di%rlg%tritllc?)lﬁe ;éor\%%aétaft%e S%‘%%%@S'%%Q% %Pg¥uWﬁ3FddOp ed
ouuizhe Z-tilt stage 58 can be 15 set at a specified

position (position in the Z-direction and tilt to the

X-Y p|aﬂﬁk-wME%ﬁC%ﬂﬁvygiwgﬁj£H1éJK%@%ﬁéﬁédSE@9§e5§ri§en

a novable mrror 52 t hrough which a wafer |aser

| freefller onettele BAVEKG-d it 91 ShSPOSEHh SEBG UL e5a E8B8-stage
position in the X 20 and Y-directions and z direction

( countierc pockdiose SthautclidinZ-axi S)eof hdeoZ; tahd on a 7-
stage 58, and position information neasured by the
wafiet [sdsge S8t efert@rbter tHeiWa SesupddedisD, thewafer W
mai n control ler 50, which controls the wafer stage _
WEF fgrRd Re 2 tiafe rsthiged o8) (s ethaonn 250y hel posiosbatic
information via g&e waf er-stage driving portion 56
|ﬁ£§‘|‘lﬁ&i'n§atcl’1‘élmdﬁ iGfg Gy sl 0t the wafer stage WST
and the Z-glt St age 38&,0_« r.ef erence k. plate FM
havi ng fof hgﬁglgrﬁmlg €497 tuditrf’g?eo flo{) A reed to
masupeent Ls glanesed.an i f il b BA0% 8 S8 rer
that the surface thereo
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 is a movable
mirror 52W, through which a wafer laser interferometer
54W externally disposed measures the position in the X-
and Y-directions and 6; direction (counterclockwise 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
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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substantially coincides in height with the surface of
the wafer W 5 A wave-front-aberration nmeasuring unit
80 that is attachable and detachabl e and portable is
di sposed on the side face in the +X direction of the
Z-tilt stage 58 (right side qI the drawi ng of Fig.
2.). The wave-front-aberration %easuring unit 80, as
10 shown in Fig. 3, conprises a housing 82, a light-
osed of a pluralit

o . 2 ¢

ot el e T ey '%Pegofg%)ae%%lf%‘f]%%e s polppPaRd: on
Lati A0t j 2, ight-recejvin

Do G idg SHsoer e theBNa Tt Rt SASE FEePar o

tl%%b'%@é 'trigilljys c%%:nc' §ri%.51'1ec‘led§'§ﬁ %i@ijxoﬂ}getggrgége of the

pl ane of the ~housing 82 having Space therern’is

shaped ki ke an "L", and in the topside (in the +Z
direction) thereof, an opening 82a which is circular

in a planwaivewfirdntedeesd 20 drhated dhtnd rom eboyechhe is

housing 82 can be nade incident through it.

Fartthehable, and eletfacdladsls Ghd it edi $0digsos8d on the

cover the opening 82a frominside the housing 82.

Forided faget He dyeerXs uhifrace: iofn tdie ttovei- gl hsssB88gby 58

deposition of metal such as chrome is a shielding 25

meBodte shade of &hsl dodivdmopehifig i e he center

t her eof whi ch stops unnecessary light fromentering

the |ighhe Wa¥eriirRg toplieddatdyst aRaBmy drassie i 1y, as

waye-front _,aberration due to the projection optica

STEPUR BD. 46 THe (CGREASESAIRF TR &d+ st oai5a

c ri.ses _an_.obhjective |e 84a, a relay lens 84

a%ggglgéiﬁegpFﬁggﬁ sys%em'gi composeéaoy a pfuraPity of
optical devices arranged in a predetermined positional
relation in the 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 plane of the
housing 82 having a space therein is shaped like an “L”,
and in the topside (in the +Z direction) thereof, an
cpening 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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mrror 84c, which are arranged in that order from
under the cover glass 88 in the housing 82, and a
collimator 5 Il ens 84d and a mcro-lens array 84e,

whi ch are arranged in that order on the +Y side of the
defl ecting mrror 84c. The dq%Secting mrror 84c is
fixed to make an angle of 45 egrees with the Z- and
Y- directions so that Iight i nci dent vertically from

42, 10 is deflected t
The. col ITmadeH SHe it (14 TRCHGUbc VATt The OLF CaPs an

S NN e e
n‘%{mro% (BQIQ,I %J?Q_W ar@% ée:fg_] eeéé i(‘&]? 1‘:’“5@3’018&&: Pfi‘émaunder

plurality of small convex ens devi ces)

aRhAN@REGdN AR A Y 10D tthd Ri\es D88 Pendi Lt ag &&mﬁator
optical path. The |ight-receiving portion 86 conprises

a lleinghts4 d el \W O AU 1 SUChras ¢ 30, AiEAS| KPA| 2 FEPhged
and an electric circuit such as a charge transfer

cdmt rtdldti rgrddy odri cthéd . +Theibegbit- reeeide Mg e enasor 84c.

a size enough to receive all rays of light sent from

t Féenmiderfd-dogringamiay or84a afiserf hvead Ngp pasisedan oyl of 45

the objective |lens 84a. Data neasured by the

| Fgrersc&ilviingheoZti emdBE i Fiseantians the ah llght

controller 50 via_ a sggnal | ine (not shown) 25 or by

r &8icd dePhe VR&Fe-Prldnt BRI Gh Freddts idR) e veolean 84a
nmeas ye front aberr tion due to t%

g POl e Oes@rds}&eerﬁoa@mﬁoertlﬁ@%r fdotTonis noted

0 i aI y§ P i S flxe tﬁ@t

e§%o§ure%ap ggg? SRSy fﬂ% qﬂﬁir?ﬁe*ﬁi&%r?mblcal

tg?s@@%@B&ng% %QQVHa%hPQH%“% negrw%ll of the housing 82
via holding members (not shown). The micro-lens array 84e
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
receive 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
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projection optical system PL by using the wave-front-
aberration neasuring unit 80 will be described |ater.
5 Referring back to Fig. 2, the exposure apparatus
1221 further conprises an oblique incidence type of
mul ti- focus-position detectioglsysten1conposed of a
light source switched by the hain controller 50, an
illum nation system 60a for sending out imagi ng beans,

i, ) I f _pinhol Lit i d
(e b BT e G B oTete Por o pRct BgYr e HhRL method
. ohl . : h tical . ’
ot T P, o FaPEhhclier hg the
[ J4 | t r
WP R ] aces 18 Past i bn ol Be P, ehe P LEbne-

Sial Bt L8l dreGhe sifr0GHs udlet egd | @01 sySLeatshetgbRah ek .
The focus detection system (60a, 60b) has the sane

constr uRdferrdhd bailscdosedyi e, f0s expdPhee apparatus
Japanese Patent Laid-Open No. 6-283403 and U.S.

PatZént fNothBr448md32 sear mes piidique tiherietencdhey@d of multi-
di scl osure in the above U S. Patent is incorporated

héogius 1pp sidfieme nbd east 1@ngs st ¢thecompooadl ofams 1ight

desi gnated states or elected states, to which this

| BOSESt isordichashlbk dtticomasn appht el 1perddi . athe main
control ler 50, upon exposure and the |ike, 25
caftiB1ieatHeOT7 SyEhan dlants neending repat inegingt heams,
X-Y. plane of th er, Wvja the wafer-stage driving
p?ﬁ’ll\qtlicgln"J}fnoggl B’Laslé’cqf %ftwq%%soﬁﬂja?iﬂﬁa%? nafoward-the

l(?g%t%_%ug)l%!n%n%lf) thse;J %(%Sf n osré’ﬁcgég?r,'tvf%% g%]ﬁl%t%%g tggd in an

recei ving sys

d%%h%hh%ndgﬁ%QﬁﬁﬁnFQﬁpﬂjg¥dﬁ§%f55%3¥§f§fﬁfysaﬁgda light-
auto-leveling are perfornmed.” Furthernore,
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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the main controller 50 nmeasures the Z-position of the
wave-front-aberration nmeasuring unit 80 and positions,

it 5 by using the focus detection system (60a, 60b)

when neasuring the wave-front aberration as descri bed
|ater. Here, the tilt of the wave-front-aberration
measuring wunit 80 may al so be asured, if necessary.

The exposure apparatus 1221 further conprises an 10

al i gnment stem ALG of an,off-axis fype for neasuring. .
CHPDGE T oM ol Th%, BPC U S RHBRE ORePREOBRS aZG&Per W Which
h K e er st age I _and the reference_ma
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defRad 1N e e WaSE,f HEQUSREYn Hangs £ SgBr 934 Erg%&térc]) s it

resist on the wafer not to sense to a target

WH C uglirek s Hip fidmgesddfect 16n t @y getmmaskaf o60BH QARen
the receiving plane by the beam reflected fromthe

t aregetumrK tard warvd Ntent e shovntdn 20 B¥sarpbek- Upter.
device (CCD, etc.) with outputting the pick- up

sifgral, s theertddft. dNottHeeiwwgrd + i ¢eid-dloe thet FbA mysteming
an al i gnment sensor which directs a coherent detection
bedrhtt & Oa mear gelts ardrek maRbwietdct 5f thechesarygcat t er ed

or diffracted fromthe target mark or an alignment
sensor ZHewWsxER Sece APP ARt Ut et d eferidéiest qomportRe an
s%@?beans %g?%f’ of the sanme order) diffracted from

t o

HERGEE Plheé o itbi Wt THR B CYPR 96 FBFSBEing
U580 DSSSSR LT S S UGl B SR B nee
aoBaE%eO%aE%Ejgﬂ%ge 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 frequency 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.
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al i gnnent m croscopes (not shown) each constituted by
a TTR (Through The Reticle) alignnment optical system
for 5 sinultaneously observing a reticle mark on the
reticle R and a corresponding reference mark on the
reference mark plate through %Ee proj ection optica
system PL using |ight having e sane wavel ength as
exposure |ight are provided. The reticle alignnment
n1croscgpe has the sane O constr

o !
di scl 0s@@ 5T For BAMpI ! J%%%h%ﬁ% ﬁgg?:ﬁ?éﬁﬁ¥89€ﬁéﬁ

R ) 646 413
FF%SpEﬁ%pﬁg hgge?gl at C%%?osdge i of peficle
éil Jealsnt df%féﬁég ams 4 U ga%ﬁ ?5?99ft?§ed by a

| ong as the nati eS|gnate

elrfa® et rnk% At s ﬁétﬂ@l&h 5fi§nh@ﬁ€r8§£i8?9 stem for

application’is applied, pern1t The contro

i REkudes idwe S8 rbkféHﬂ\le‘ldQ[ BOcidle FmegrkzoM\h’cH@ }:étlcle R
constituted by a work station (or mcroconputer)

campl iasiaeg r@ sgld diCentre e RErocesri g i the 2OF&Mhce mark
(Read Only Menory), RAM (Random Access Menory), etc.,

apd awiei ¢ ooty dlhe e et ien appat @d Usspyesal PLassing

wel | as the above operations. The main controller 50
céAuhdl Haviaonddre steatss vl mgtivfas hexnesere st aget are
exposuyre timng and the like overall. 25 Furthernore,

f BFOgRERGI-e The Sedrisde diionment ohkstr e et eRe byahatle same

T A O o

SR LA A s S B8
;%4%,)’4 15DCO§E%spo%r<ﬂn%f(tt%rer]:aééél. Cﬁ@e§lse915§u£geln 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 storage 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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controller 50. And the main controller 50 is connected
with the LAN 118. 5 An information-recordi ng nedi um
provided in the drive unit 46 (hereinafter, CD ROM
for the sake of convenience) stores a conversion
program (hereinafter, called£9 "first progrant for
t he sake of conveni ence) for convertlng posi tion
devi ati ons neasured by the wave 10 front-aberration
ri [ s. describ ater._into
cogﬁ% g:%%n;is%ftgf %{aﬁ: Ter neﬁ(or%&%,%%ija@ S4Ha 28cGRaRqMa DVD-
t hy RO e ar atuyse 2 h
ok BT e B S 88 "R P mat

tQ%n%%th%rO%O”e%%Hw€H£\%E”%f55ﬁﬁ?§#§%%a§bofs &énhgcted

t he exposure apparatus 1221 throu
ngiirherarceanetig.g,, W1 be descrlbed assum ng for the
sake of sinplicity that the wave-front-aberration due

to theahi ghttoreeeiivnigeindialg sysdam &hrdfidd@ in the
wave-front- aberration measuring unit 80 is

nelgliivgi bhet 26 Afexgimefitss;, iQD-+R0M UppOSEde t Haket be

first program of the COOROMin the driving unit 46
haonyeanenpst aksltedesi @ tdverwshoriage nuidraa?. (Wpoeinsfiakr,
exposure operatlon because t he wave- front-aberration
measterdng UAILE S0 Prodemic et fiihsmedite OB Gomyénience) for

stage 58, a service engineer, operator or the like
(ﬁ@Pé’Fﬁéfol@r Pogifiea desidtdenengigreatredthy | thaswave-
attaches the wave-front-aberration

nEEETFT ARCBRAE L ohoTEg St G L
Stags S8, cbeLe. e 35 Yave L ant. absration measuring
e

on a pre termn enfenrlen e surface
(hereinpnihgeghde £AGEthArd exposure apparatuses 122,, 1225
have the same construction as thé exposure apparatus 122;.

Next, the method of measuring wave-front-aberration
in the exposure apparatus 122; through 1223 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 negligible.

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, 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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the +X direction) by bolts, nmagnets or the |like, so
that the wave-front-aberrati on neasuring unit 80 can
be put in 5 place within the stroke distance of the
waf er stage WST (the Z-tilt stage 58) when neasuring
t he wave-front- aberration. ﬁﬁg r the conpl etion of
the attaching, the main controlfler 50, according to a
nmeasurenent-start conmand 10 inputted by the service
nmoves the wafer sta via_the

i ] 1)
oRATRSErort - G T s e fitlnd B9 ] Y. 2r 1 on 2

- - i i it 80. i t \ ,
LT 0 BT MBS B e race 1

altih%n@nhiﬁ%tﬁ&qptbﬁﬁ%gvvfps prn?a\/irgeetdsp ts*gr?%yljt]ﬁee, so that

wave- f ront-aberratio medsuring uni

alen@nBRte -8 D AG r A1 r Lhe; de§#CLiPYe put in
eélat the sa by t he

result and val ues neasur tine by

| asekel RlieHfier aRt et AW LaltdH&t esr thiee POBLL I Ohge WST
coordi nates of the alignnment mark to obtain the

adecheate tpasi tsitaryeofs styhevhaay endd it rrapefHatwdre - front -
nmeasuring 20 unit 80. And after the neasuring of the
waverfregaton.aberrati on measuring. unit 80's position,

the main controller 50 neasures the

wave- f r it eabé&heacioo Lief iche o frdriveera tdesdrirapd thed owain
The main_controller 50 | oads a measurenent reticle,

2508R TRALER PilnhaIcEoredngr &9 & andagyraiertott atHoveemmand
cal |l ed "pinhole reticle"” hereinafter) onto the

r éPPEItEegt Rye thrsPEFY 18 ENINE 9 haddiC (ndtO@vi)e wafer

R R K T
IAHEVTERE 3SR ten lec AL AP NI BT 5o o
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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an ideal point illum nant and producing a spherica
wave. It is noted that a diffusion plate, for exanple,
is 5 provided on the upper surface of the pinhole
reticle so that the wave front of the beam passing
through the projection optica%%systen1PL and the
wave-front- aberration can be asured for all NA's
of the projection optical systemPL. 10 After | oading

i | icle .th in. t I 50 det ect ,
A L D R b P a7 e bl GtBpesca
the, rgfd cl e ald ey 1961 ofﬁﬁloega@ﬁd?f Pﬂgegigﬂoﬁg% being
detectlon resut, p05|t|onst eplnoe retrcle1n a

pragdetfram nec ROSi 1 8 n 50 t Hdy ﬁPSdﬁ@@ﬁ ralépﬂgfﬁggl wave.
pi nhol e reticle alnost coincides wth the optfica

axi s of mthe Prejeet ithton i ot rsyséem Phec Af E6F thakple, is
the main controller 50 gives control "~ information TS

t e ddPhin s agpkér tuBkee i f gEREr gl fhollaseethead so
LB. By this, the pinhole reticle is 20 i1llum nated

withfatt Hdrd Ward rfatdron dfi gitte Bhedm opa s bengi thueugat tae
optical system 12. Then light fromeach of the
plocdleictyi of gEitriles less woft ethePpi arhd| ghe evacéefient -
focused t hrough the projection optical system PL on

t R® e LNRgge pICae o Mt zepi Fivol @11 magh: * 250Rekbe t he
mai n .cont.roll er 50 noves the wafer stage WST via the

WEEPSSHGE GRNHGRG portiTh B6, while nonitoring

Teasur 1% LU I L ARED AL I p20

RS o A o S B S PSR GBor e

PEARGOReticle 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
axis 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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the pinhole reticle is forned. At the sane tine, the
main controller 50 finely noves the Z-tilt stage 58
inthe Z5 direction via the wafer-stage driving
portion 56 based on the detection result of the focus
detection system (60a, 60Db) Sﬁ?h that the upper
surface of cover glass 88 of the

wave-front-aberration neasuring unit 80 coincides with

e LBl a0E an WIS e BNOkS, LIROSE 16,ciags weer
: - T ' t i ght
1A LA, B0 SRty Bl s LIS LU RAD on

CRHLH QPRI NG 1 c 118 SOMS &Y 258t 88 ONsLAE time, the main
l'ight-receiving optical system 84 and recel ved by the

| iciercacielvigg e 168 ifvdhecHd 2 ightir reegi¥i B9 in the z-
portion 86. The operation will be described in nore
detiaidct el omia Aspheriast stwmye dsipiogusedtfeansbhBased on
given pinhole on the pinhole reticle. The spherica

were ideteargden neident ah the projecdéetosncopbncaystem (60a,
system PL and 20 passes through the |ight-receiving
opftOvalsusystématsshef undwr vevetdeomE abeveatgbass 88 of the
measuring unit 80, i.e., the objective |lens 84a, the

r #1232 1f&es tgabe Rt A Msra BUCin@initheB G ofPin@tdes with

| ens 84d which produces. parallel rays L of the |ight

t M MG PR 1R MRl 1T RAMRE B4 ggS 28T ¢ hf grmed,
th il pl f th j.ecti tical t PL
| &5 S d 6T iV Ut By the i 15 027 o a7 53* 63629°

E | [ Wt ' -1 4e f
%%I&' a%n%e%l%:élddﬁ.te Bg{l ‘.tl'hes ,mt(%{eo llelq%l'\st:s%%a% @r emt%ggfﬂg%}ﬂ?n

respective € receivi ace O

58 ih8eaieViang %f%\&ecgﬁcqcfeqwn@qﬂ%dmp'@qé Y OP dening of

recelving surt ace.
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 detail
below. A spherical wave 1is produced from the given
pinhole on the pinhole reticle. The spherical wave is
6ade incident on the projection optical system PL and
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
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 84e.
Each lens device of the micro-lens array 84e focuses

respective light on the receiving surface of the light-
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If the projection optical systemPL is an idea
optical systemthat does not cause the wave-front 5
aberration, the wave-front takes an ideal shape
(herein, a flat plane) on the pupil plane of the
projection optical systen1PL,5?nd thus the parall el
rays of the 1light incident onthe mcro-lens array
84e cone to forn1a pl ane mave with an idea

(here|‘%$F%r so CaJﬁsﬁna ln$8¥gcaﬁ¥8esgoh8mﬁ ﬁceiving

Shr e forned on the optical axis of each |lens
deV|ce of the mcro-lens array 84e. However, because

the projieCtin HRILA 1 Y 1 ypEayses, j
wave-front - abegggilonJ'theIagyggfrﬁigg%% P%rﬁédégylgﬁgl

payAlilell r of dihee ldgdd hpei 8t ophthgavaLERERkENS
array 84e deviates fromthe ideal wave-front, and

acerdiatd drg tdree demiediesht tHakes Sant b@eki | bhapel fherein,
of the wave-front to the ideal wave-front, the I maging
pa rmtlaaf pdacte)spot uhsnpnpﬁﬂfplmméh@fophecakoﬁébsleh a
20 respective |l ens device formng part of the
mogrtg-dadnsy stramayPIg4earat Whoswthe Fagalidl Heye, ofhthe
deviatiqn of each spot fromthe respective reference
on ttda Hel ¢ eTlemyl *r bRVt fige come to form a
e-front. And the |jight-receiving device form ng

pE Wﬁ WAYE WS iaghtiFetei WA VY %%9?F0n1%6WEbﬁUeFF§e a
f h dent d
%lo?uss%&oﬁw?n FhesRE T o S e$ %??‘?ali?éna spot”)
h t I
é”?éﬁt ass P e B SR D P SePiifiurataser
! B8 HTBAH0 ROSI O A LAy SPOL, Daset P51 0°

el ectric signal hen a posit
However, 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 toc the ideal wave-front, 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
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deviation (AE, Ail) based on the cal culation result

and known position data of the respective reference
point and 5 stores the position deviation (A, Al) in
the RAM during which the main controller 50 receives
a correspondi ng nmeasurenent vgéue (Xi, Yi) fromthe

| aser interferometer 54W After the
wave-front-aberration neasuring unit 80 10 has

nme red the sition deviations of the spot.imges
foC?O%}Lﬁwreodl.lrFargiaﬁg Cpaolicrﬁnl%q‘e? hegi V&?lgb?ﬂhBPg,l£f'ﬂ8 g gach
c I r that the
B L o e P
MRASMIANGAUNIAZ, 80uH! MRSle LAUNGHes I L {081 MBILAGE ang
poi nt 15 of a next pinhole. After that, 1n the sane

Wahoam RS dAROEE (e FBdPe 6O E OLL ErcBBKBS Nt and
the light source 16 generate | aser beam LB and

caltoteat ehd s iithRel Ripwiosi 160N (A, eaph SPOothe FRAM! hQuring
I magi ng points of the other pinholes the sane

medisiohe e nesqUeree Hel 124y repesteslivés & ScoemmEketding
that in the above nmeasurenent, the position, size, :
efreasugfemeng ivMdlwe n@i, ol:ar Eaconthhelasetri ¢heéenrdye dometer
changed for each given pinhole by using the reticle

blNi4fd 30 such that only the given pinhole or sone

pi nhol es i ncl udi ng the given pinhole are illun nated
25 wi t hAhET Itlgﬁ?mwﬁé’ﬁ“ i AitgRb e atiqremepgiring unit 80

o B Tk O G i TR TR 208 e
devy i ). of t f..i 60 the

e e e G R i TR U palt b qaede
oEloBE_‘?coil'I@Qi B9 RRWRL EHe LU d LSRN N FBASML 8RN 1o

val u
center of the opening 82a of the wave-front-aberration

measuring unit 80 almost coincides with the imaging point
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
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 of the main controller 50 stores

the position deviations (A, An) of the spot images for
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(Xi, Yi) neasured by the |aser interferonmeter 54W upon
measurenent for the inmagi ng point of the pinhole). 5
Next, the main controller 50 |oads the first program
into the main nenory and conputes, according to the
principle described bel ow, the ﬁave-front (wave-front
aberration) for the |nag|ng po? ts of the pinholes,

| e. the first through n'th nmeasurenent p0|nts Wit hin

e LAl ol P B0 S SR RB LR SRR v e
B 0 B OB B RS v
t
asaﬂéfyza?n%é%@%h B3PS AL g woon

| TR N & r e@ch Bﬁ?ﬁfﬁ%wgﬁgnﬁhgf Eﬁgrgiﬂﬁgﬁeyata

of the imging point in y usi ng I'rs

progr amndsxt ,t hirse endiodi et rot her veyer b5@et +RE ki gbt
having passed through the projection optical system

Plpricgy2n abtta nete besid mamdbhe POGI tdaPudey| ahkehsding to
(A4, Ail) by wusing the first program The position-
déVeatdmoimsci(pAre dd9cridheddid yow eftiectwhhe-firbhs ofvatrBefront
wave-front to the ideal wave-front to the degree that
tw@aﬁar\iﬂé‘—lfqrdntfqrs tdrcavwamsreqj prinhe pbstheopinholes, i.e.
devi ations (A, It is remarked 25 that, as is
omeolfslrfsrtorﬁftw%hw%lm%@tmmwEponb@e weghhihethe
Si ti |at|ons (A, AIH? and the wave- front, the .
c&o %rﬂ@l&?daoqrhﬁﬁ ¥Rl C%Y%W%t%g sphelfically,

Y R MO S T e BT o 6o

o%qhté%l%%ov PP AR atd Qs ﬁlﬂélsgcon sgLiped
coefficient Z; through the 37th term’s coefficient Z37,
based on the position deviationé (A, 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 (AE, 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 (Af, An). It is remarked
that, as is obvious from the physical relationship
between the position deviations (Af, An) and the wave-
front, the principle in this embodiment for calculating

‘the wave-front is the known Shack-Hartmann principle.
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briefly. As described above, integrating the position
5 deviations (A4, O)), which correspond to the tilts
of the wave-front, gives the shape of the wave-front
(strictly speaking, deviations froma reference plane
(the ideal plane)). Let WX, ﬁi i ndicate the
wave-front (deviations fromt reference plane) and
k be a proportional 10 coefficient, then the foll ow ng
equati o

0 “Woekne 1 n R o Bharat8) s ebetsron:
| DR 8 dhete B o L P b8 B A o R e e

figtedey and 15 expanded in a series whose terns are
orthogonal. The Zernike polynomal is a series

sui tabl eyd xRk A awé,aca@n%gygﬂhgakhéf{aag £28n
axlis 1 n, where its corrponent tangent O adclrcle Is

expanded drik a(Ad,! i/BpNORBLIdIC S&FF&Spoddatoi Shel P@1ts of the
wave-front Wis 20 expanded in the equation (4) when

usiang & Eoltgr gico dimatshsystem {Re VhveWPoBE=38trictly
..T;(P,e) .(4) Because the terns are orthogonal,

c ogfefakdirent siediiatfi @ts tfeom ex nse Eaneheedplensgi nede ideal

i ndependently. The "i" may 62 ternminate at a certain
nisee wi -t Hhedn Weffect) oindicote oie vaveefragt THeviations
first through 37th terns (Zixfi) are shown in Table 1

ad e iR IR P aRe 3AN t kriaei & FEBPertiopsl jn

practice, the 49th term of the, Zerni ke pol ynom al, 5 ,
i r?otelﬁfglcé.%%di n ift%% SR RES\ RS a%q’t“ﬁEE@??h(?ér m(3) exist.
That '

oW
Ag"k7§i . (2)

oW
A=k ..(3)
= %y

Because it is not appropriate to directly integrate
the tilts of the wave-front obtained only in the spot
positions, the shape of the wave-front is fitted by énd
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 series. That is, the wave-front W is
expanded in the equation (4) when using a polar

coordinate system (p, 0).

W@ﬂ%;&%@ﬂ)~«)

Because the terms are orthogonal, coefficients Z; of

the terms can be determined independently. The “i” may
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is, in this enbodinent there is nolimt to the nunber

of the terns of the Zernike polynom al. <<Table 1>>

Z. fizifi 10zZi 1Z19(5p5-4p3) cos 30 Z2p cos

0Z20(5p5-4p3) sin 30 Z3p sin 0Z21(15p6-20p4+6p?) cos

20 Z42p2-1Z22(15p6- 20p4+6p2) g3 n 20 Z5p2 cos

20Z23(35p7- 60p5+30p3-4p) cos 0 Z6p2 sin
20Z224(35p7-60p5+30p3-4p) sin 0 Z7(3p3-2p) cos
0€2h70RSe140pa+2ER4 220D | C

50 15296p4-6p2+1227p%' S%ﬁ%%&(ﬁg%g@g)&%sfg 28(2%2-65852 rt of
€05td0iRE1pBhei Hi3022908RRLBPA) tH R AML L2 B4 3P shown
cos 20Z30(21p7-30p5+10p3) cos 30 Z13(4p4-3p2) sin
207Bab2e11pds3eLphplenp3pleshoud® Zh4( BIRS L2033 P)Table 1
c0s0Z32( 56p8- 105p6+60p4- 1p2) cos 20 Z15(10p5-12p3+3p)

55 n0¥33p58pBi¢O5pEREOIALECPRYmMSiof 2Be Zernike polynomial,
Z1620p6- 30p4+12p2=1734( 126p9- 280p7+210p5- 60p3+5p) cos

b Zahpa ewkodimest 126p9s280p7tR2t0pS- 603 89Lh sierm) That
2023%54 sin 40236252pb0- 630p8+560p6- 210p4+30p2- 1

73795 pth 28 297pdiDeRL SR8 e686p B4 2dpd L4 2p2 theBacalmy of
t.he positiopn deviations detected are the '

Eﬁ?fé#%%?i% st tRENLKSePPLYREMIAL i ng t he

gﬂfgg{en ;al coefficients for the terns to the

p05|? On teviations is 25 performed in practice. Wen
expressed in a polar coo din%te syst em (x=pcos0,

y=psi n0), the equations (%), ~{6) exist.

Z1 1 Z1s  (5p5-4p3) cos 36

Z2 pcos Zao (5p3-4p3) sin 30

Z3s psind Za1  (15p%-20p*+6p?) cos 20

Zs 2p31 Z22  (15p5-20p*+6p?) sin 26
Zs p?cos20 Z23  (35p™-60p5+30p3-4p) cos O

Zs p?sin20 - Z24 (35p7-60p+30p3-4p) sin O

Z7 (3p3-2p)cos® Zos- 70p%-140p5+90p4-20p2+1

Zs (3p*-2p)sin 6 Z pScos 50

Zo 6pi-6p2+1] Z27  pSsin 560

Zio p°?cos 30 Z2s  (6pt-5p*) cos 40

Z11 pP3sin 36 Z29  (6pS-5p%) sin 40

Ziz (4p*-3p?) cos 20 Z3o (21p7-30p5+10p3) cos 30

Z1s (4p*3p?) sin 20 Zs1  (21p7-30p5+10p?) sin 30

Zue (10p%-12p3+3p)cos® Z32  (56pf-105p5+60p*-10p2) cos 20

Z1s (10p%-12p%+3p) sin 6 Z3s (56p-105p5+60p*-10p2) sin 20

Z1s 20p5-30p*+12p2-1 Z34 (126p°-280p™+210p5-60p3+5p) cos O
Z17 p*cos40 Zss  (126p®-280p7+210p5-60p3+5p) sin O
Z1s p*sin 40 Zss  252p'-630p*+560p6-210p*+30p2-1

Zsr  924p'2-2772p10+3150p8-1680p6+420p%-42p2+ ]

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 in a polar
coordinate system (x=pcosO, y=psinB), the equations (5),

(6) exist.



10

15

20

63 aWaWwcosO 1 awsinO..(5 Nap p a0 awaWwWsin0+1
aw cosO ... (6) ay ap P a0 Because the differentials
of the terns of the Zernike polynom al are not
orthogonal, the |east-squares nethod is used in the
fitting. Because the infornatigg 5 (position

devi ati on) of each spot inage expressed in two
coordinates X and Y, let n indicate the nunber of the
pi nholes (e.g. n= about 81 to 400), then the number of

sets of edMti OWs ehéﬁy eguyaf i ons (2) through
(6) is 2”6*- 8 q %Bg) @g}Each termof the

Zerni ke polynonlal corresponds to an optica

aberrati orpwLogmr - or der gwerns (i val ue being small)
al nost corgespoyd Sing Sei W0§9abeaﬁbt|ons Ther ef or e,
t he wave-ffont “Bberrat? o’ due to the proj ection
optical system PL can be expressed by the 15 Zernike
pol ynom al . The conputati on procedure of the first

progr amgies: 5 @&t @HE A ARG NG t O the, aboyes ¢ + g

principle, and executing the first program gives t

mﬁ%@nﬁm@nboﬂyﬂaﬁﬂgﬂléﬁb(ﬁ%ﬁ“bfﬂﬂ&@oﬁ@?rr@ﬁéoﬂéaégtsquares
the first through 20 n'th neasurenent points with

t e thioell d sofustelie 1 nprudjee ot todi rapt | Badka syst €ne Pi-nformatlon
specifically, the coefficients of terns of the

Zdppiské ipal yiegmadliorg. gpf tderh samondinegel s expressed in

coefficient Z2 through the 37th termis coefficient

Z3¥70 @gordinates 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 corresponds 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 expressed 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
coefficients of terms of the Zernike polynomial, e.g. the

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

coefficient Zi.
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In the description below the wave-front data
(wave-front aberration) for the first through n'th
measurenent points within the field of the projection
optical systemPL is expressed by colum matrix Q
given 5 by the equation (7). P1 P2 ...(7) 10 P'J In
the equation (7), each of the 8fenments P1 t hrough Pn
of matrix Qindicates a colum matri x (vector) nade up

of the sgeco through the 37th terns' coefficients (Z2
to 15 z%g)&g? TP RR ‘B%E%omtngﬁ wRHE~harRt sa(ﬂa
co 1 t he ve-front .data e. t he
seg%%ﬁét€%%$§ %%§#$$%%£%%m§_rt&&%uéﬁrf_etégPH%hFQrﬁPs
capddd i amn L3 0 L hes iﬂlgﬁep9kgﬂan%§l%h%b%%bg%%tion
in the above nner in the storage uni g4 .2

Moseovedl. 4 hecdmi pr, contLghlersa9. ,acesh diAg 29 '
inéﬁ?ﬁy fraﬂ?%he first c%%nun?cat?gn serverT%SS, rgagéven
oufy titee veyieatf¥ont (Tata from the storage unit 42 and
sends it to the first comunication server 120 via LAN
118. 25 Reperring back to Fig. 1, stored in the hard
disk or fHel like of the first communi cation server

120 are |jHhfjormation about targets to be achieved in
the first) :through third exposure apparatuses 1221
throug@ =123,--f(@ 65 exanpl e, resolving power,
effectivel mninumIline w dth

.
~—+

2

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

The main controller 50 stores the wave-front data
(e.g. the second term’s coefficient Z; through the 37th
term’s coefficient Z3; of the Zernike polynomial) obtained
in the above manner in the storage unit 42.

Moreover, the main controller 50, according to an
inquiry from the first communication 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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(device rule), the wavel ength of the illum nation

light EL (center wavel ength and wavel ength width in
spectrum, information about patterns to be
transferred, and other 5 informati on about the
projection optical system detggnining t he

capabilities of the exposure apparatuses 1221 through
1223, which information contains sone target val ues

as |1, as informtiaon about rgets to.be achieved b
efﬁ%@lﬂghaﬁﬁg¥é‘6§5§E?%H%HUI%%F?%tb%e Tbn%WPWogﬁegdWl%th

Ve e PR e dr KPR eehS 1 EREREERGR Laone
C GITTUR G AT YO Ry SRS V& o thB 05 %%e?é‘n?‘@ﬂu U$§ JBAL 1 AMOHAEt rum) ,
conmputing program (hereinafter, calfTed a "second

priegiodia thad Abdite sakes Ols CONVIBNI €RERI FEPEEOMRHEI Bdher
an adj ustnment- anount for the inmaging characteristic
basedramtite: aeeff iterssopict esmsopt ithe £esokke

pol ynom al, an opti num exposure-conditions setting
priegreami(hiereittedf terpalsal itetka &f hihe exrogsant hppatheuses
sake of convenience) for 20 setting optinum
edifdautbreoogti LP8ms, wahdhaidababhateonassotikaned swinch target
the second program Next, the database wll be

deSdriafeds Tied ld@tsabdslo resnt an rabolietacaet data be

par?neters for calculating target drive amunts

( v eghYs (SRS UWho ARIF T DFUTHe sz%h%%%qﬂetpe%l
devi 131r 132, 134 (h i ft lled " b
P M M SO R R A

characterni sty ¢ of the projection optical system
according to the nmeasurenent result of the wave-front

66 aber fRLHQR 180D HIPHE 3PREI S GRl lhe VAT LA PN e second

ampunts o
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
associlated 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
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the i magi ng characteristics that are obtained by the
simul ation using a substantially equivalent nodel for
the projection optical system PL of how the i mging 5
characteristic, e.g. the second through the 37th
ternms' coefficients of the ZerEike pol ynom al, for
each of the plurality of measfPenent points within
the field of the projection optical system PL varies

n nmovi ng the novabl e Ienses 131, 132, 134
53% V%by %P%mlfloa%aﬁww igplily, e¥afigtion amounts of
dLgectJons wher.e t vari ation

angint s %%ﬁ?ﬁ)%ﬁ?%%@%%r%ﬁtfﬁé Hg?5b3§§ OQE@&P@@néytéhé
g'é& fé% rrHﬁ§ B$$e€?g€ gre%ggd 8%;%%& model for the

dat abase 'w

condi{d ANSop | oﬁ%zc% QteﬁSPﬂagfeﬁongﬁ rOJeCtlon

opti cal system PL rical aperture Yof

|%mﬁ¥%cﬁ§ﬁi§tfﬁnjé'éunﬁﬁété@@ongoegkﬁFgH gﬁghgﬁﬁﬂc%erms
factor (y, the mavelength X of the m nati on

| icghetf f itdhieersthapet afhd hee seCeadss Yyhbhygl Nagby <8ES- )sf the
and then, data of a first measurenent p0|nt within 20

tipidraﬂxtyﬁoﬂimeaﬂuxemémtﬂpdﬁﬁt@awlﬁu§h?ﬁhELfaéﬁd of the
inputted into a conputer for the sinulation where a
SW@@ij'Cd‘-immmeaﬂr yad toan Bl nga t hes ophénahoving the
characteristic is installed. Next, a unit quantity in

e &G abrl edulreé@eis(arils%.,nl@s,macmm:a@telyehges anét quantity
mgvabl e nputted. According to, for exanple,

| St RGN Gris TG G0 o e IRRMEI ke Srara Juovabbet the

Y- t I e by a unit quantity,
SRR PP S AR G A afost theleberasPons

tﬁg@;r@lglr%t way, gﬂ;@pqaﬂ&{on1an i deal wave-front for

Next, the procedure of generating the database will
be briefly described. Exposure conditions, i.e., design
values of the projection optical system PL (numerical
aperture N.A., data of lenses, etc.) and illumination
condition (coherence factor o, 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 quantity 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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measur enent point, for exanple variations of the
second term s coefficient through the 37th terms
coefficient of the Zerni ke polynom al, and displays
the deviations or 5 variations on the screen thereof
while storing themas parametgr PARAIPI in menory.
Next, according to instructions to tilt the novable
| ens 131 about the X-axis counterclockwi se by a unit

UL I OB e 191 L BLLOR GRLOULS! B8 1o

vi ations of d second \Y,

WSy Flnd Potidie THE5te TRASYL SPRPL fggﬂg’ EOEPe gecond
er N t he

exanple variations o t he coerricients o

Zatdvrves R ynamaly @t .§D{H¥S3zﬁﬁ g§¥ﬁa5!88§fggﬁ%ent of

variations on the screen 1hereof ile storing t

asHaredret Bfe 1o IRARARRLL | na i@ el ¥p1Mext +haceeydhp9ohe or
instructions to shift the novable lens 131 in the +Z

diveacitd oy @nh Whd Oussdn tyherébe wRIPYt 8f ot 0hgt BBem as
simul ation calculates the deviations of a third
wapeedmregre r fRARA IR |ideatem@awe-front for the 20 first

nmeasur enent point, for exanple variations of the

terns' &eftf,i cdaanliofy tte Zestiket pobyniowi ol 1t ande movable
di splays the deviations or variations on the screen

t H&Neofl shpbeust shendg-ekdm &9 usdedirdicakwiARAIRL 3 unit
menory.. In Hﬂﬁésane procedure as descri bed above, for

e SRS Yof SERHF T g e Hwbastprneat culates the

pfod.etnvtisa’tit he, lj)cfo%urﬁteer f r txlrwe_n%i mul 3}[i on,aaftgr gat a_ .

of thé asure PO ht"DET iy” THput ¥, 2t at Cuf at BE

SR o) ke LA B LI oBLS Lol

LRRAGINIJE of the terms’ coefficients of the Zernike
polynomial, and displays the deviations or variations on
the screen thereof while storing them as parameter
PARAZ2P1 in memory.

Next, according to instructions to shift the
movable lens 13; in the +Z 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 variatiqns on the screen
thereof while storing them as parameter PARA3P1 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



10

15

20

25

caly ates

pol ynom al, according to instructions to tilt the
novable |ens 131 about the X-axis, to tilt about the
Y-axis and to shift in the +Z direction respectively
and di splays the 5 deviations or variations on the
screen thereof while storing %hen1as par anet ers
PARA1P2, PARA2P2, PARA3P2, th %ugh PARA1PNn, PARA2PnN,
PARA3Pn in nenory. Also for the other novable | enses

132, 133, 134, i the same procedure as described
Ve SRS A O (a0 GF&%%#WW%@WE' the Zernike

nmeasyr enent points, .the conputer for the simulati

f on,
after "PAPE ot 19T r Shor Rt Bef ngC Fhphit £BE, movable
deyiati f -fronts frgm ,
réspecti ea%gggl%&EsgggggﬁgsFﬁ?éﬁjéigﬁﬁﬁg:JgF?é%T%m%S and to

ofshiteéhe iteriR @%ﬂﬂé&ﬁ%ﬁf%ﬁ@@t £6L ﬁg‘ kgngoii}éigginiag!ﬁ’sthe

15 according to I nstruction drive e nova

13Rviak33nsl3¢ ivafiesPestd Wn difectiPasS, WBEE.LP BBi1e

novable by a wunit quantity and stores the deviations

Ostwariingt it s RalARiers RBARMPL, pAAMASPL. pARA3P?,
PARA6P1,” through PARATPI), (PARA4P2, PARASP2!

PARAGEZh ARG, PARRIZDN t a0 { RARARR,

PARASPn, PARA6Pn, through PARATPn) in nmenory. And a
matri x 8lgovérrbyhehetheld owived expreasston {8) 8¢ 13,, in
conmposed of columm matrices (vectors) PARALP1 through
PARANPANEa & osfediriec la scslesiGtibard alenvet | Dows efichhef the
terns' coefficients of the Zerni ke pol ynom al stored

i ATE5ENERBPYIPN T (FE BFGRGRITEr R Br deh@sceputer for
dat abase in, .the hard di or the like of the second .
oA ER oA ORe e ARGPELSC (P4 NS dh TR beeads ebeing
tk t three-degrege-.of -f reedom novabl e

| BEEERy BB L Re s B Ao HovHB & 1 Erics £rom

nfééée5tg5é:}aea1h%aqu@f%ﬂ%é?n%or 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, PARAS5P1l, PARA6PL, through PARAmP1),
(PARA4P2, PARA5P2, PARAGP2, through PARAmMP2) through
(PARA4Pn, PARAS5Pn, PARA6Pn, through PARAmPn) in memory.
And a matrix O given by the following expression (8) and
composed of column matrices (vectors) PARAI1P1 through
PARAmMPn 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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be calcul ated for each exposure apparatus, i.e.
projection optical system or one matrix may be for
the same kind (sanme design val ues) of projection

optical 5 systenms. PARAIPI PARA2P1 . . . . . . PARANPI
PARAI P2 PARA2P2 . . . . . . P 2 0= 10 PARAI Pn
PARA2Pn ... PARANPNn Next, the nethod in this

enbodi ment of adjusting the projection optical system

PL__of e, exposur ppar at uses, 122_ 1t hrou 1223 wi |l |

béo %efsrf:e% OZTH.mqvnak%%heea]l So’el%E?X%nge%%éijfegg%%a?%%’( O may
1 [ i cate f e aratuses 1221

t ﬁ%ou%ﬁl 1géu13tseuaﬁ{%osrg ?%%}?ee |ﬁs((9§1§9%eae§8$5?gus ! _ e é'

distd-ngi ;s hese. rem Hhop. period
P S RS o S n P EF Sffe HBODIREREOTHE tppetne
M8y o eC MAAD| (| RImDS Qe i drhey a R £XPOS Up 8o 30PAE 8k U§?%Z%a1
according to instructions of a service engineer to
measities .has nmeasured the wave-front due to the
projection optical system PL by the wave- _
front-aberr@tion neasuring unit 80 and has stored the

measur ed wavBARALRL dB4BALR1t he- st orage FARAMP] |25
First, the ﬁ@{gﬁLpgnnpg%ggpbonnservenplngk&HHPQ s at
gi ven interjval's whet her or not there is neasurengnt
data of new wave-front: (e.g. the second terms
coefficiem| Z2 through the 37th term's coefficie {7
of 70 the Zernike polynom al for the first through
n'th measyrenent points) in the storage uniit 42|of

the | PARA1Pn PARA2Pn  --- .- PARAmPn

Next, the method in this embodiment of adjusting
the projection optical system PL of the exposure
apparatuses 122. through 1223 will be described. In the
below, an exposure apparatus 122.indicates any of the
exXposure apparatuses 122; through 12253 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 PL by the wave-
front-aberration measuring unit 80 and has stored the
measured wave-front data in the storage unit 42.

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

coefficient Z, through the 37th term’s coefficient Z3; of
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exposure apparatus 122. At this point of tinme, suppose
that nmeasurenent data of a new wave-front is stored in
5 the storage unit 42 of the exposure apparatus 122
(in practice, any of the exposure apparatuses 1221
through 1223) . The main contiﬁller 50 of the
exposure apparatus 122 sends e neasurenent data of
the new wave-front to the first comuni cation server

samst Rt i yer?%nlﬂ?%a#é?fﬁ%’”ﬁ“”iﬁa%?&aﬁ Bokbner
Wiptehh o J At HCt pr{ r}'?‘ﬁstsyarf ax%tgf aw%yétg.& § the

prOJectlon

AW GRISTRY AP dud 022 h%rou JQQ ”bfaﬁirﬂgr fg{;iSSose

130." Thi s data passes 15
PrOME SR¥aRIrchht a4 her é)urbéw Cwé@éBPPgﬂgh Y5ngedlby in

and reaches the second proxy server 128,

| dert it ddhardastdnaid Gih@d@i@§§ur@té1§§§§§tu9 ibe (in
data, so that it recognizes the data being sent to

t lpraserdared conymafi ddtd exseswves  di30a pacu 20s whR 2h tsersisgh
it to the second conmmuni cation server 130 via LAN
12€823TheTbecoadncopmtimiddeirord Os exfv érhel 3k peeseiey epgdatus
data and displays its notification together with the

i dért iSsEnGEs dhe Measogemendt dHe daf atlod mew eeavenhfrent to
25 storln% t he measurenent data of the wave-front in a

h&h§ fdirsk GOMMIEIGad cthmP st 29 a5l antaNj bs® nent

) ust mORE AMEaR SoTBHT A T CE‘%eerS Shotdd B gigh

LR L WL e A

I 9ads yhiB@ ions to automatically adjust the projection
optical syétem PL (or 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

which sends it to the second communication server 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 6n screen while
storing the measurement data of the wave-front in a hard
disk or the like, and calculates an adjustment 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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second programinto the main nenory fromthe hard disk
or the like and conputes the adjustnent anounts of
the 5 novable | enses 131 through 134 in directions
where to be novable, which conputation is
specifically shown in the belgﬁl Bet ween, data Q of
the wave-front (wave-front ration) for the first
through n'th neasurenment points, 10 the matrix O

t d he dat pbase, .and an adj ust nent-anounts
o bRt b ES e Ere  FandBui B8 andnhesugh 154 1

b h t
Cqusti onHe) 0ELsn %gfueé‘%?@a% tﬂtfﬁéﬁgaﬁgbﬁ ioleg);e e
or et TSR, the) nAEGHSRkelS DS, B8 RERHY Do on
Thetef 0f 18 &Mm@twetﬁ@'(gg%ggﬁs%a&nggﬁgwof fhs

obtai ned fromthe ‘equation usi ng | eas

S quas 5] dTet drogk 9i Ves tR e et § AR dough ARIB 16 pe

that is, adjustnment anounts (target adjustnent
ammnﬁbﬁexﬁwﬁiﬁh aovabt ££1 enses éﬁécibi@égmglgﬂoWﬂ in the

directions where to be novable 72 p= Orx

Qbgll. In the equation (11), OT and (OTx 0) -1

indicates the transposed matrix of matrix O and the

i nver se Bedtwaen gfata Q of the wave-front (wave-front
aberration) for 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 movable, there
exists the equation (9)

Q = OxP. (9)

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

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

[ ADJ1]
ADJ?2

P=| © |-q0)

| ADJm|

Therefore, computing the following equation (11)
obtained from the equation (9) with using the least-
squares method gives P’s elements ADJ]1 through ADJm, that
is, adjustment amounts (target adjustmeﬁt amounts) of the

movable lenses 13; through 13; in directions where to be

movable
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(Orx 0) respectively. 5 That is, the second programis
one for performng a | east-squares-nethod conputation
given by the equation (11) using the database.
Therefore, the second conmunication server 130

cal cul ates the adjustment amounts ADJ1 through ADIm
according to the second prograhtf10 while reading the
dat abase fromthe hard disk into RAM Next, the
second G er 130 sends the adjustnent

]| i cat Lon ser
anmount s ﬁtuqffh?%udh(%fu 'to the main controller 50 (11)
of the e ratu 22. By thi ta ., ..
cont ai n?ﬁg% S us o%enf‘lﬂa)rfou%t sanﬁBJ@Tf(hgguan&ﬁ;ﬁtl%s the
ASSES , . Seco proxy.server 1 .
gnd t éﬂggg%?ghﬁgfé%ﬁ&%%gﬁPﬁésf%%dagﬁer%ggﬁgietﬂ3§rlx of
figsk By O¥¥speekyge1124, which identifies the

destinati on address "attached to the data, so that it

recogni zestt he daie heidin ﬁﬁ'ﬁgﬁaﬁntf§ EXPOBYF Cperforming a
apparatus 122 and which sends 20 it to the exposure
apearsat-tesyuBA2 srinse HrAN KdhpUtatpi @t dLeen Mherhéhequation
address attached to the data containing the adjustnment
anddnt $1sADY ther cleglabdRim i ThedR2f o ADR, tiie A¥cohde dat a

is sent to the exposure apparatus 1221, 1222 or 1223

r €OPEEILE|tyl o B eMyee s dethdcadlonmiati eait flon 3@¢7 wetmd30

can send the first comunication server 120 the data

c GCARiSn§ DIHe thegiudin Aleln fdjasstdiend teoure sse@ind program
throygh ADJm in which case the first communication

s8hidP 156 F@Gayd e Kie tehes &7 4 tiHee ma7a cdhtk ol e RAM.
SR AL R EEE R G R S

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
passes through LAN 126, the second proxy server 128, and
the public telephone line 116 and reaches the first proxy
sefver 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
it to the exposure apparatus 122 via LAN 118. In practice,
when the address attached to the data containing the
adjustment amounts ADJ1 through ADJm is AD2, ADS3, or.AD4,
the data is sent to the exposure 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 ADJ1 through ADJm, in which

case the first communication server 120 relays the data
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In either case, the main controller 50 of the
exposure apparatus 122 that received the data
containing 5 the cal cul ated adjustnment anounts ADJ1
t hrough ADJm gi ves the inmaging-characteristic
correcting controller 48 value? specifying drive
anounts of the novabl e | enses % through 134 in

di rections where to be novabl e corresponding to the

q; 1 h 10 Th
|na;|ﬁg§q%araéﬁﬂﬁﬁgﬁgg cggégé |n§éc%ﬁP?8PF8rgg§érétus 122
I I e i
fﬁg&ﬁ§6§gg?qj%gﬁéggﬁiéﬁﬂ&%%gg %Q §4¥£8ﬁg|§§g i%%gogg'

wher e to.[rp%lt'mé&a@aese Socﬁé"e}ﬁaﬁtt &%@Eo?ﬁ@roﬁotbf the
position and yaw of each of the novable [enses

t @i 34 da i st et ankh d5-£ b1 V88IEAE data contalnlng

characteristic of the projection optical systemPL,

| the ahargualdtens Sl asest simsthos, AbTel hreUgMahpuR, gives
coma, spherical aberration, and astigmatism 1is
C¢ﬁmeama@1ﬂg-ahanaﬂﬁﬂﬂ&5t1@a¢oase¢b1n@naoanBEEé@aM8
aberration and astignmati sm higher orders of

aberlvgs epez0 foomsbrelnitee camowet £ov f echedmagabke| lagses 13;
| oner orders of aberration conponents. As i s obvious

i AR b dBsERTFBELSRNSt WE SRSV Al e Imgigdsle 31

t-hrough 134, the deV|ces for dr|V|ng these —novabl e

| RSB RGN ot Rhar SOREFTERTC SGIE /ARy RSthrough ADJm.
I 8 dt |1 50

IS Agediree eecr”l?oﬁ”aéﬁé‘%%f’%%{]h%. gﬁpﬁ?ﬁgﬁer 48

f

| SSTS, PR S R AL 40 AV S EToR0 BN bl e

ey vaend tl*é%s%%t 613%0%%%%9 150 1?1%9%%%%:1%”%%&% to be
ADJ1 t hrough ADIJm to the naglng haracteri sti

movable, so that at 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 remarked 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 1s obvious in the 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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correcting controller 48 via the main controller 50 of
t he exposure apparatus 122 that sent the correspondi ng
5 wave-front data before so as to adjust at |east one
of the position and yaw of each of the novable | enses
131 through 134. In this enbogdjnent as described

above, after a service engineer or the |ike attaches
the wave-front 10 aberration nmeasuring unit 80 to the

Z'ltéd Er:r{asﬁ} At 8Chﬁt hc?at%i ”@%tﬁ%&@@%iﬁ%ﬁ%ﬁ% lidgtr(r)l]:entchgmounts

proj ecti‘on optical System

| S 14 G Oy H AUTHASY terhﬁQ.GixK% %{?Hﬁz@?é?gﬂé@ic%”

that are inputte e inp

acHral el ih AddHiRM 1@l rosd M%irﬁéﬁyﬁéﬂgﬁé%& 50 of

renote- 15 controll ed manner. eiln the a

desey i&iﬂd@%r@%&ﬁféﬂaﬁ;ﬁlé O 2 Offid €ad oSy SERM ESrresponding
automatical ly adjusted, the aberrations may include

one vai-fifrictit] datte adfums isaldy eord@pist | 8t 1bhstcase, or
a skilled engi neer on the second conmuni cation 20
séheepobd@'ionsiacel getvs abreaedpantli ttige waveabrOnlenses 13,
neasurenent data in the hard disk of the second
c&irapniokatliden server 130 di spl ayed on screen and
analyzes it to find out a problem and, if an

aber r at iL8n tBiLef cEod imed ta @so s aiiigd ctveeet abter a

i ncluded, inputs an 25 appropriate neasure through the

kEYFHI&Fd SBEPRET (Ke O e sHdaRheonthmi ¢areoRront -

SRR Y B o P AIEBLOTEALEe 5o, ene

SRS HTach SAGE IR o) LS B0 Tt

fg%g:gbgﬁraﬁﬁﬁlXoagh%%@daiﬂdﬁ%f%%“ﬂééﬁﬁ%e‘%ﬁé’w§4e—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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based on the appropriate neasure on the screen in a
short tinme. 5 Next, the procedure of setting the

opti mum exposure conditions of the exposure apparatus
122 (1221 through 1223) will be described with
reference to a flow chart of g%g. 5 showi ng mai n part
of a process algorithmto be ecuted by the CPU of

t he second communi cation server 10 130. As a prem se,
hePexposure

er.i odi £, mai nt enance, ,etc,, of t ,

appa SACE 51 T it ¢t Fg?t BESGFCFhen optical
accordin 0, _service

gnélneéfjgppﬁﬁg%#zd%gﬁ%%t%%gn%ggygg?lﬁégnﬁrr858y' of lenses
'“EE%Hdﬁ%ﬁ*%%éwgéﬁrééfiﬁtégﬁéﬁgﬁggn?ﬁughéosEQSen in a short
projection opti ~system PL y the
wavignd ront - aberration measuring unit 80 and has
stored the neasured wave-front data in the hard disk

or theNéﬁﬁ%(ﬁhéfﬁ%gdééﬁréx%ﬁn@@@@1ﬁﬁnt§§rgﬁga%ﬁﬂé%ggosure

the same way as above. It is noted that alt
| worsHittiidgs tdfe O | SREB LXPOSAEa £8PdE L1 9PS (d8ba B0 ough

conmuni cati on between the first communication server
12@230r withe brpdsuce ipgpamattls rEX2ireant the setid chart of
comuni cation server 130 is performed |ikew se,
eXpldanat iSGP WAL drnimpardmni & ab ¥ ore amda tgominhnat bobe
paths will be onmtted for the sake of sinplicity. 25
TRESHIGEES Y A ERY @ e tsetomrl geomugn hea siwheserver
ag %rding to instructions of an operator on the naker
§ ‘sifide & KRE RS CRRTUMTEI B derirkenamceni eBc., of
S ifyin an _expaosure ratys whgose optinmum
SREGL NG00 BEROUILE, AR A4S MR SR, 50 o cne
'@§b%§5E%da g%r%%%%”q22%9”53%5% Eh%nt%egg%%fgg)éégineer’s
determne t opti mum
instructions to measure, has already measured the wave-
front aberration due to the projection optical system PL
by the wave-front-aberration measuring unit 80 and has
stored the measured wave-front data in the hard disk or
the like of the first communication server 120 in the
same way as above. It is noted that although also in
setting the optimum exposure conditions data
communication between the first communication server 120
or 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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exposure conditions and the second comruni cation
server 130, in response to this, has | oaded the third
program 5 into the main nenory. The process beginning
with a step 202 in Fig. 5 is perforned by executing
the third program First, aft in the step 202 it

i nquires conditions of the first communication server
120, the second comunication server 130, in a step

. . . bei . d
%8%?%9 tﬁéfégtéE%a é& Cﬁggl%%gg%PFgégggkgp%%E%nd

hi's, according to Tn t

OR&SAIAL: d £ A6t efddne. they opki azlag%@aﬁﬁg.ugsecgg%iﬁniu%”&

the first conmuni cation server I nquires o €. g.,

a edpsdu O Ere (I S e éShachHﬁuﬁéegﬁg%ﬁ Rrver
apparatuses 1221 through 1223 the information of a

retjos! ein tre e d hisid | BabY1688.8XPRSUER rg Program
apparatus 1221 and, based on the information of the

r étrite] ephes earieheserfady amthe g6t ScHattBEGihAL AEMRLEAN s step
thereof fromthe data base. Mdyreover, the first
cé@tfunircafion Setvepet26rias byquineedit2hpftiidetmdirad program.
controller 50 of the exposure apparatus 1221

cur r ent Fsatstti,ng ftsfrorimattiton staxh 262 aint | 1hgui nasi oanditions
condition and has stored it in nmenory. Alternatively

t RE &pér dtigs tmspmmiigdatiompiervere 120t teha second

i nformat.ion .and i nformatjon such as an_25 illum nation
ORI AR L Tar SRt 1iflt $hitd THeP 1204t walts for the
comuni.cation server 120. |n either case, the first
cgﬁﬁgﬁgﬁﬁqﬂ)e?ﬂFNéP9€§§e4hputs the pattern

i nf .0 for,the simulat Q... 77.iN the case
of o I oeedna Ehte R AT et Lt et "Bl

r3be@at@hCto AetelmidesSid AP @ fln A RASEYAL 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 from 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.

Alternatively the operator may manually input the
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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pattern) together with information of a specified aim

i mgi ng characteristic (or an index of the inaging 5
characteristic; the aiminmaging characteristic being
called an "ai maberration” hereinafter) and

information of a line-width ag?ornal val ue and so
forth. When the first communication server 120 has
conpleted the input of the conditions, the process 10
proceeds to a step 206 in Fig. 5 whjch sets, ,
cojﬁbliq-t s o‘?‘E céfe];tr?%@a%dzgﬁ’%??epﬁgwé’ﬂr ohdNEaBiLethe,
t ' erration specified jn the step.204 relative
th fer}{r?i kogpc%ore%tfjioc’l énts; ’ atd thendprboReddtEoCh apepctual

' t.hat. ' b tion ... .

iR PR O E S S A S e cir
; ' [ J.at | ' r ope 0 L ca
AL b e g Pl oy 1 Ok PR O BLbET)

atcHahe e ddins, tHd Digh NohadiMgtedat OB 51 00k € BB¢ng
After, in the step 208, it instructs the first 20

C aarhlricc &l Ova iserarer ded0i dro’ ikt i ndf OS PRt 408 8ROY mation
the projection optical system PL of the exposure
apfaratiisie-1232kth iabreosiap 2lid hensecoOntorth.
conmuni cation-server 130 waits for the input. And
when t h#hienf gheatfiios talwoutmurhiesa tpira) esdiwosr o 0 clads
system PL, specifically a nunmerical 25 aperture N A,
aRoMpPilgiresattinen ieewdi tdfort hsuctpredi sieans ngthofprheess
illum nation-systemaperture stop or coherence factor
6PTRCREFSI &Rgth SteEe 20 hdd Bdeh 1hputhieeh seta cer@ptions
212 the s%cond communi.cation server 130 stores the 78

[

i npat C&G 4TAFEr RaticEn H5Y RAVETd Y8t & i%% e aim

?E?%&ggkqghvgbg%i%QE rq%t@ﬁ% éﬁéﬁ”ﬁdﬁ“%é?%é?%é”%k 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, not 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 PL of the exposure apparatus
1224, in.a step 210 the second communication server 130
waits 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
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coefficient Z2 through the 37th term s coefficient Z37
O the Zerni ke polynom al are set such that each term
takes 5 on, for exanple, a value 0.05k. A next step
214, based on the pattern information and the

|nfor mat i on about the proj ectlpfg] optical system PL,
creates graphs (a table of variations of, for exarrpl e,
a line-width abnormal value relative to Zer ni ke 10

caelf IS EN Neions o dpal gl 2, dhe. pLm aper pation

set erratlon va ue |nforna % |ndex

(fa er rg‘}#-q}afd’% @V{ﬁé ab{qumicp{aliffg Egégnd term’ S
an | ndex coma ose a SClI Ssas are
C‘Uore%sfﬁ%@d’@ z eﬁ:ﬂ"ioulg‘ﬁo%fhfe' RN S O’ dé;ecgeefﬂ&ent 737 OF

pol ynom al , d the process 15 proceeds to a st

2kbe M@ﬁhlﬁé“béfyﬂdhfgltiﬁ%\@%ﬁaéuéﬁstﬁ§£a&é¥ﬁ t@rm takes
Zerni ke coefficients is a table that represents

semsi tfio# td:esn(1Zsr i ke 19ensi 1asity), to a specific
aberration, i.e. the aimaberration (or its index), of

20 coef A ciesrtt stefp Lardys afsddeorZering Kea pod ymoh abriat ion
which the wave-front in the projection optical system

i #ndexpanded.onned laerataty tort lbei pige heaslordoptb tbal system
respect to the pattern given as an object pattern,

amd/i $TATTRel 97 ARfeT | hedthRSEd O8N vilTd agdiaret P L, for example,
| nf%rmatl on, .the i nformation 25 about the é)ij ection

dae-gisidmabnomed ittt e ket vt Fons gah ke

nf org ,tcl}%%&ﬁ“\é\‘g}o?yﬁré{i‘é( the >4 d%JlSqu]g?]berratlon (the
e%r 7800 9L A0 LN KNS plon”)ecc?,"g# LI

evi ces Ccomnposi n roj

S%%E%ﬁﬂe Tﬁ%tegﬂ %MWQEﬁﬁﬁEHHBbel'bgfﬁé'{hggufg an index

dat abase of
of coma) and whose abscissas are corresponding terms’

coefficients of the Zernike polynomial, and the process
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
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
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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maker B for and identifying the kind of the projection
optical system of an exposure apparatus specified, for
5 exanpl e by product nane, as an obj ect whose optimm
exposure conditions is to be determ ned, the Zernike-
vari ations table can be createg A next step 216
checks whet her or not Zernike- %ariations tabl es for
all the aimaberrations specified 10 in the step 204
have .been created. If the answer is NO rocess

r

, 1
e?ﬁﬁ%§§(§QWR9%ﬁQﬂ)Eﬁﬁnp%ﬁ%@?%éo%e?BF%%§E33$Fﬁﬁmons
' J [ [ f ed, t
vehha e d, T A UAREL L Ol f’?‘ﬁlég‘gls?en S3haPPEPI s the
h . t he ' .
pacac e [ICHRE AULANG AU kg "8 1 gBoifrion

Alddri.cdin da et & 28 estdod (IS8 rMGL S 1 D6 g%?&égiedéf for

conmuni cation server 120 to input measurene ta

t R&ampAe Jy Produdt kP £20ah hep $€60NEhose optimum
conmuni cation server 130 waits for the input o? t he
meagiarserrentcatatise i dNEen 4 e e fdésé reDnBAINI €81 98rnike-
server 120 has inputted fromits hard disk the
nvasuegnems dattd eofcarheenaveedtreomt (for exanple, the
second term s coefficient Z2 through the 37th terms
coef fi cReMexZ3Ftel Hé Zdvatilke Wolthronmiel dor Zernike-
wave-fronts for the first through n'th neasurenent

pIRFLE Long L akdas fS”%taelpl Xde (g sleoRgations specified

Gl MU A E S N T ST A -

CURL LD AN Giseted Zerp ke e gons

S48 364085, 3RS 4 D SR 2Rl i M o

+Z37x (pRter Zernike-variations tables 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 Z3y; 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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table's value)). (12) Here, A indicates an aim
aberration in the 5 projection optical system PL such
as astigmatismor field curvature, or an index of the
aim aberration such as a |ine-w dth abnormal val ue
that is an index of coma, and IS a proportiona
constant depending on the sensitivity of the resist
and so forth. 10 Mhen A i ndi cates the |ine-wdth

d I d-
S e Al tn £0%pd S8 R8N | B ke Brebigndy o1 P RER
I'pruwzd&? aleagggﬁ's yahye,) '+% g %fegagéetgevaee(x% oy G (2

equatl on obvi OUS uat

c%éﬁiéﬂécygfgetpe equat i on (12) Is one 15 for (12)
converting the pattern into space inmages (projected

i mages) neAdlent sle2A24 chiecksn Wost hesc psnnoh ahb the

aim aberrations (aberrations (imging characteristic)

f @rrojwhitcihore eyt 1d 0N ss Yt @n Sett ) s haly ea begpt Cahstl 8hedr field

If the 20 answer is NO the process returns to the

stepv222iregncbm amektdet noabere adimnabsreat tohatedhand a

stored in RAM Wen all the aimaberrations have been

cdliag-atisihh iabreomiah b4 Heha'al tal ani bndersaft somé, and K

all the aim aberrations in RAMare stored in the hard

dildk 2P rIRE Tt ng k corgirhed §perdbRy ppocekdssenshtivity

ne t ep 228. In the step 228, after the infornmation
?Fhéeﬁﬁ%ﬁeﬂﬁ (ﬁP(ﬁﬂ¥§ﬁﬂ systen1PL specifically

t dition
iuﬂﬁ”iéwiwsa PSR 4t d e M o syt e abert tie: and
gtt(?l% gatct%l}%r %%Ceﬁ %Ct ognc?—’spaé V\'eavpeéte{]grn haextrfng Plve lines

een changed

therein for example, the line-width abnormal value 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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conpared to the one given in the step 210, in a step
230 the second conmuni cation server 130 checks

whet her or not 5 the information has been changed a
predeterm ned nunber of times. At this point of tine,
because the information about_the projection optica
system PL has been changed onf once, the answer is
NO, and after the process returns to the step 214, the

f. 1he, st 214 10 through 230 is repeated,
PP RaT et Tt L o SFS S Fr RPRELUAF: SEPBneYt ABPEFence

i nf i b th
A e ol D O TR e 8RO hablig n Ba rit v
' t of .the
giane i iy ARt AR TR e 2o
paiHd Vs dder&dtmind M Nt 1 9 rggPdEEDOEhecﬂgnﬁhE%ﬁ%r or not
aperture, wavel ength, efc. After the process has been

r epratiett Mg drQdei L masd owabesq0f LhaBSteth®ned number
answer in the step 230 becones YES, and the process

prodfc editie s.0 At NExits YR L IZE AiméiebaLBE fhet EABormation
the 20 calculation results of the aimaberrations for

t oy edet grami etk immbest nfa Tosgs t éMNBLSRELT BgenatBanged
stored in the hard disk or the like. In the step 232,

t 196 19 Y& rc U direRtd ol S Verand 39f det et e npsocess
conditions (an illum nation condition, a 25 nunerica

apEHEIE, T el 1%t the coreesss ngft hee steps 214
O Paetons it GRSt Hir k7 SKLOF ¢he oF Kébiake
RTINS BT (RIS (S T4 B PR aSreposhne
dak%o%%gquw'%%&Jyaéﬁgiﬂgg?ection 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
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 time, 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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exposure conditions are sent to the first

comruni cation server 120, and the process of this
routine ends. 5 The first conmunication server 120,
whi ch has received the data containing the optinum
exposure conditions, instructg as needed, the main
controller 50 of the exposure %pparatus 1221 to set
its exposure conditions to the optinmm exposure
caondi tions. ecifically, the main controller 50

10,.
can chatge HFS=ton g he i 11unination condition by
changi ng{ he naegiecgtééfegofiff, é)itj Eé;@%%fﬂﬂ%é#ﬁg;\?g%%%

aperture stop , cah a e nu [

aperdd e dfcdhe gl ecttonsopti€ l%%éyggfgkpkomﬁunication

adjusting the aperture stop 15 o projection

opdd sl r SysS,enrd SOWrdle &l o 2¢h 800 6301 56 enbiBe
wavel engt h of exposure light by giving the Iight

source Thec@ildsdl ddmardd o] SdovePanse, tkich has
wavel ength of the illumnation light EL. It is noted

t hatceihe ds eten datonmaot et i Dy seliy espt 20urd 38xpB¥ure
directly instruct the exposure apparatus 1221 to set

i torekgasurse coretitudnes, tos theeddpd | nuine expbsuceéntroller 50
conditions. Moreover, by making a slight nodification

t @ft e Exacs Yo granviose btacdss sef stawerdposiee

flow chart in 25 Fig. 5 a process is given where the

0 et i SZERH WBATW A FRA T 07 ¢aibt bEland.

S

o SRR P mERBUrEh (S S S0 T 1L Fo SmecuyIgeant set

G556 IS ANDNS LG LIS B LASLLE, P2 Sho00L 00,10 1o

i%%OEW@jfyldﬂfﬁﬁ%fﬁﬁié&%%%ﬂ‘%Léf£&¥%E%E@E?pf&%é”?ﬂl 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 exposure 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



pattern informati on as opti num exposure conditions.

Li kewi se, by making a slight nodification to the 5

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 cal cul ating

ai maberrations (or space inages) based on wave-front
neasurenent data in the sane way as descri bed above
while l.ittle by little 10 changing the ,
SPOETAGE. S0 PRI E a1 oY Rt oRh wERR OFRET oBREFing
S ing_informatjon fixed are repeated to .determne
op%l!tflr?ur%aécgé)%r ar?_ta‘lxc?ﬁ[] value i aorerrcgﬁ%ng%%efﬂéne Opgmum
PRIl 0N IRl e L 1Y HLTBUPHL TERSL SEEL NG L AL, BLYEN
pattern as optinmum exposure conditions. Tn I's case

the 15 seqend seOMBNIGALIRN 58S ht_l%@ﬂfyéééiweto the

i magi ng characteristic by controlling the _

5 | radireld peloaiaet eHodd GroddLctd eh &t sl t8E ABo¥i 8hart in
the main controller 50 of the exposure apparatus 1221
sudky .t Bat at beoakery atd @i villie wHexrd hehProt€ssi ©h creating
optical system PL (for exanple, the 20 second ternis
céefrhiikeentrZ2 tilmeudtaktllees Zftd derathkat toeffilwi &vdérrations
Z37 of the Zerni ke polynom al) takes on the optinmm
aBerr abper- valages ) Absrathtdny elav g her et onglasurement data in

conmmuni cation server 130 may adjust the imagin ‘
chifaseBei ¥ave 35y desmtidgd mPavfe while little by little

10| FBSATE Shack et ste 25 corteeiina controller, 49,015,
cgggrg% g& %Ot%uc% L%&% t%ge ab;&&g&%on due to %éﬁ;to
proj ecti pti-cdd sysCEM P Ya P the" Optd
SHECLELLAN 5k BB OO USRS o, SN 05 & o
SgWBj¥B¥iBRA optical system upon transferring the given
pattern as optimum exposure conditions. In 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 the aberration due
to the projection optical system PL (for example, the

20 second term’s coefficient Z; through the 37th term’s
coefficient Z3;; 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

25 correcting controller 48 via the first communication
server 120 and the main controller 50 such that the

aberration due to the projection optical system PL takes

on the optimum aberration-value.
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descri bed above. In this enbodi nment, upon periodic

mai nt enance, etc., 5 of the exposure apparatus 122,

when a service engineer inputs condition settings,

i nformati on about the projection optical system

etc., through the first connug%cation server 120, the

second communi cation server 1 creates

Zerni ke-vari ations tabl es using another 10 program
artly djff.erent fromthe third programin the sane

aay as ?kg%ﬂ%ﬁﬂﬁﬁﬁQﬁPQ%wc #%F%éb%d?fnﬁ??e?ﬁ%%ﬁ?@e

c | L he in ntrol ler f. _the _expasure
RS s ofarig 8 PRSt oS =BF TR B2

SEAUGE HhRNUNRL!, neasures the wave-front aberration

and sends 15 position deviations data obtained from

the ”EQSMﬁﬂm%“emb@&ﬁﬁgﬁtfiE?bnc%gqﬁ@d¥gidHHﬁ%gﬂEﬁce, etc.,
120 to the second conmunication server 130, which

calfc what esxpdyiral mpherted i 0w | nwiide Sag@rwa¥eadngineer
descri bed above and drive amounts of the novable

| empext s1 3brichirtdiogh sE34 limy 20 icth feata tohsn Whiss et t bhbe

novabl e whi ch anounts nake the aim aberration opti nal

( @x9] exdriorooptiimiataldy,s tym usttng. t heh r aunglh helhe pf bgsam

and the | east-squares nethod. And the second

c SRImInd gEitaens srerate r1 3¢ Gupple eseadred dednmunhpathds server
to_the imaging-characteristic correcting 25 controller

48 3 §TERESFai ﬁr@a%erﬂqrelratgoan%c%k?h%gufbngmm@‘ﬁh@ﬁe

i magi ng- ch i St t] trol 48

CBEEORE FAade s S AR (o The °3§%’;§df§£ommi hg the
Le | t, h 134 in directions

S T I R LU R SRS pposuce

PeSihiyli @R oARd YAYW Qhe ?r%ﬁtﬁ ngorhﬂ% myable | ensgs é}?{]‘o sure
through 134 is adjusted an

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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that the aimaberration of the projection optica

system PL such as distortion, field curvature, cona
spherical 5 aberration, astigmatism etc., is

corrected. It is remarked that as to coma, spherica
aberration and astigmatism rggher orders of

aberration conponents can be ToOrrected as well as

| oner orders of aberration conponents. In this case

t he ond praogramis not_J10 necessarily used.

I\/tlgﬂroe\%\%gre,’ isﬁo S:&llagc eaero]a‘aTEh%%tO%e%]?tﬁée a%%?hg?onp?gar gar of
par.t j f.f t fr-am+ [ rogram i i,nstal.l e
PR 4 SN BANS BOA 5, RS ane
autgmatie adi S, Of oof NSe '{@@'@g@%@gﬁgﬁ e&%%&&&logystem

the 15 projection optical system e exposure

apRArAS asl 22 dt@ forpom adh USh PR uRE, t86ma, spherical
projection optical system PL of the exposure

apparatats ohl2 ssitclyras inek i€, , M NteRadEeeds easiky
achieved. In this case, according to instructions of
amregperkatcorthipw tas dendidnan seidrngs] 261t nfof oAt 400
about the projection optical system etc., inputted),

t las tdRDadgfi sihe higihe comdetd erf Sbgerdtoios ¢dmeposanes can
process in the same way as in the above sinulation,

t Becreatrecttivg semereAdr Mk elanat aridaiss tabl dserpation
after position deviations data obtained by nmeasuring

t FETRAPE S -f ot laiferGeae dritehaxe HuEh REQifaRdls t et

CPU of thelnain controller 50 cal culates the aim
ab&FFECRGH v Y5k 'same  way as descri bed above and

t hen drj nts_of .tthe novabl e . lenses 131 thraough
134 i n HPESEVESS Linoia St S BRSHy B Vil AR S

PSSR SR e 2015 Scor 1
installed in the storage unit 42 from the driving unit 46
automatic adjustment of the imaging characteristic of the
projection optical system PL 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

mevable lenses 13; through 13; in directions where to be

14
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the | east-squares nethod. And the CPU of the main
controller 50 supplies the drive anbunts to the

i magi ng 5 characteristic correcting controller 48,
according to which the inmaging-characteristic
correcting controller 48 contg | s voltages applied to
the devices for driving the nbvable |enses 131
through 134 in directions where to be nobvable, so

f L d f .10 h
o T Tt o Erdeat 1R RR b n18aeb S aardsred il 2
_ | otigh®134°PS §a
S Aretort rom At hE B rVEThhe rEoR Rl kB anc

abeid atd L9 - Al d SORLHSTH o8t Cangl BhEOERECHE Lt miagn
remar ked that as to comm, spherical aberration and 15

asdorgimdli s4® 30 g\@Sp DI éler sh&f 46 0GB0ARBLAL S8R0 he imaging-
corrected as well as |ower orders of conponents. As

| chend atesr i 9t T dhecahovet tegceopt koDlethespodabbeding to

| enses 131 through 134, the devices for driving these
movreltyile then siagss g fangt- ¢ieer & clegt hge thacaecrect shigccontroller 48
correcting 20 controller 48 conpose an

| gt leh areldiage stapp i dist ¢ nghe ndehdnesnfwhi diiving the
functions as an adjusting unit in this enbodinment and

W A1S st 16t Bt ndids éantidaleicéi ope, wherss to be

not ed . t.hat while the wave-front-aberration, 25
ESSGRTy G (TRG Masti At (HEE vebetFF oS kbspPagngnyaw of

S 0 LB YLD SRl Srstem O e e

descri p.tl on, no eln (

SR8 SO R F R, LB TR ST e

cahlced 23 'dietdle ol T r @81 degdeH ture, coma, spherical
aberration, astigmatism, etc., is 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 obvious in the above description, the movable
lenses 13; through 134, the devices for driving these
movable lenses, and the imaging-characteristic correcting
controller 48 compose 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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Fig. 6 shows a schematic oblique view of the
nmeasurenent reticle RT, and Fig. 7 shows a schematic
view 5 of the cross section of the reticle RT along a
X-Z plane near the optical axis AX and a di agram of
the projection optical systemPL. Fig. 8 shows a
schematic view of the cross section of the reticle RT
along a X-Z plane near the end in the -Y side and a

it A I o N, ST

algmost, .t shape as a usual reticle with a
pgﬁnigﬁeggﬁggggﬁprises a gl ass substrate 60, a |ens-

tt achi \A t - e-
Shapo 180SG DRndi’ PR M LAE AOOLEE - PLEY Sl fe

t R G assersubsdyiat e 60,1 R (e o] SUGhdhaty ISR L view

coincides wth that of the glass substrate 60, a

SfeC etheeitegrs Ghctaiaistdd uites byt Bclé are dJRIMEra fiXedhlane
on the bottom surface of the glass substrate 60 in

Fingear6 tdred drendiaeg tehel st 200 shapeagsara eifuhe projection
pellicle frame, and an aperture plate 66 fixed on the
berttdrmadursivadennfPlt.nd igpadkrsimenber $dhemattheview of the
| ens-attaching nmenber 62, a matrix arrangenent of n
cicFr@FISas eafdrurcds 3 jefdicle Rhedwgly B XjZ& pilane near the
through g, pxg=n),  is fornmed which covers the other 25
pErE O (the S FASE B ot IRaIAR hist i BFe Sction
Y-di.r.ection. . Prqvided inside of the circul ar
aﬁgFﬁﬁﬁgssgﬁﬁﬁm condenser |enses 65i,j each

const | HLEd DRgASAgh LA PGSR SMASELGRS Lakicie v,

| Beisd@ 1R cSRAce el eseddnd ne @l ass substrate; f0.
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, and 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;,y (i= 1 through p,
j= 1 through q, pxg=n) is formed which covers the other
part of the surface than both the ends in the Y-direction.
Provided inside of the circular apertures 63,5 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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the spacer nenber 64 and the aperture pl ate 66,
supporting nenbers 69 are arranged spaced a
predeterm ned 5 distance apart from each other as
shown in Fig. 7. Furthernore, neasurenent patterns
67i,] are fornmed on the opposiég side of the glass
substrate 60 to the condenser Tenses 65i,] as shown
in Fig 7. Made opposite the neasurenent patterns
kﬂ tﬂe aperture plate 66 as 10 shown in Fig. 7
are p| ol €-'l i ke openings 70i,j, whose di aneter is,

for exanplie %ﬁ%ggizgn&§gsgalb§e ${r Qu990$u¢%trate 60,

Fig. 6, openlngs are mde

band arRas A hdte LNE 4k e Yapdif &FL1 9D 08
? A?g% efence

| ens-attachi ng nmenber 62 respectlv

pallpplot tidl |m%nf15érﬂ§9%93%'aherélli’@e@pﬁﬂé@@d7§1pr98e¥:gfmlned
bottom surface (pattern surface) of the glass

sulistraie 6@aas M ddtFidthSe a%té’llﬁ)ék@rh netrsgown, a
reference pattern 742 identical to the reference

pat t er n Fuz4heirmofrer, meck aoppesidres ther todhres OPpeni age 728rmed
on the bottom 20 surface (pattern surface) of the

gloas § heuloprosis 66 i devrfedver g lass showms t na e gé0 6Loathe
pair of reticle alignment marks RML, RM2 is forned
SRREERSEA] LPnFiech 6 Ties FectShayn Hen rigtd cl & Madat epposite
on.the center line parallel to the X-direction of the

glt5§sm§@t§é1trre5‘leélt6(5’a§|jf&r2§ dutisi die? ttHee | &R EEFachiage 66 as
g? in thIS e %r nt, the measurenent
p& §ngn éﬁg | TaPé a U - 49500297 KLYL pat VepRe
in_ Fi @&“&ﬁfges nq: th§$ t he
r e%é&g\gge par't éfr%ﬁ:s% 732323 ar e%é ik ﬁel}fgi onal
patternR@EEQr§HBa5§ckf%%t%ﬁ%§ qgrQﬂﬂﬁguﬁgstJB%,s%@% are made
pitch as the neasurenent
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 opening 72;
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 reference 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, in this embodiment, the measurement patterns

©67i,5 are a mesh (street-lines-like) pattern as shown in

Fig. 9A. Corresponding to these, the reference patterns
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pattern 67i,] as shown in Fig. 9B. It is remarked that
the reference pattern 741r 742 may be the pattern of
Fig. 9A 5 while the neasurenent pattern is the pattern
of Fig. 9B. Furthernore, the neasurenent pattern
67i,] may be a pattern havrng di fferent shape, in
whi ch case the corresponding reference pattern needs
to be a pattern having a predetermnm ned positiona

i hat h
; grf@t{ 'eggé%rgt 5@@%9}%@;@%&8@&; PRk, 1; : rsoorﬂadq% ge

érn on a patt

t'f%éﬁgfgéﬂgf%gﬁﬁeﬁ 4190 o 1 LOR QE € me surement
Fnefl e B, 7

measurenent pattern at ever ereo

t hey Rattergy pref erablyn coyes sy th@amﬁkelgﬁﬁgﬁar&b@ Géhat the
or exposure area of the prOJectlon optical system1l

Plrdfle@iriel g veasura,the,i Ragi Be ehar aehel st idr @.flg 9A
the projection optical system PL. Next, the

measilree e refa dieeave -gd ond riabes rﬂhéopatﬁélf}nt erftlreg. oB.
projection optical system PL of the exposure

appertateusnck2?, (tthee resgrostene: @ip ped at esn 1221 st hagugbh a

1223) 20 using the reticle RT will be described.

Fibedtt arive hgariend reordtl fltsarerat | grape, nemswhedhforsa the

plurality of measurenent points (herein, n points)
WACHITE S Aol i Ge | ke fFranne masi e oreeps | kal beyst At PErN

usi ng the neasurenent reticle RT in the follow ng
ni’r’?ﬁ&“ 9 55 RARSTE i Topch RS Y iokoRe b P ¢4 @bl hgVhBRr fhe

T .
1 icle R onto
00218, R R S P T
S@%Wﬁhtl%%doﬁo%%% %@%éﬁyéﬁénﬁnﬁgftygﬂ-VW@aEQ@er the shape

waf er - stage driving portion 56w
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 wéve—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 fhe projection optical system PL using the
measurement 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 Ry onto the reticle stage



nmoni toring the output of the laser interferoneter 54W
such that a pair of reticle alignnment reference marks
on 5 the reference mark plate FMis positioned at a
predeterm ned reference position, specifically for
exanpl e, such that the center 96 the pair of reference
mar ks coincides with the origin of the stage

coordi nate system defined by the |aser interferoneter

) i i mul I b [ [ f
G G et ek SS%W‘?M?Z; e ﬁi’m?gﬁé"hthg wafer
i d t i Lan . S.
2%%%%&%3&%{ﬁgg%ﬁggépgiﬂé%ﬁ%@%%% $§¥%%ﬁ§ §F?g%§%n§% with

MprASCones; (e dRigucant rohd e, 59, finelyrdriyes gy

15 reticle stage RST along the X-Y two-di mensiona
plAafth Wrat & Gd M NOE Syst 2 & N1 1 ShoNR) SHEB ERABE marks on

position deviations of projected inages on the

r efrey endfe fdradee Mk gfldthe retislgoal t gpreat afagks

RML, RM2 fromthe reference marks becones m ni mal. By

t prssdertetrindlne 2 Greefl d ipmmENtp d 1 coomp) esedciandalhe for
center of the reticle alnobst coincides with the
oiacullcaxisniadf theed priv} extntoar obtilal paystem Peference
Next, the main controller 50 | oads a wafer Wwhose

s Mefrdce G negdtesd Wiitthh the ez k3in phbtokenstageecoordinate

mat eri al ) 5 onto the Z-tilt stage 58 via a wafer
| SAFEEY ﬁi&le-ﬂ%ﬂn%y o2t iR o EoMRroreero49- set s
the aperture siz reticle blind 30 in order t

forma S@FanaﬁﬁjF %ﬁﬁ{ 'iﬂﬁQQﬁ%¥H?£P%ﬁN%ﬁ9c%v%§%ra?

D2 qeNesa LEINe R Ot Sl % BB UBE L pncre

hagtar 1% &, 8641 PRe! BEER180L LG8t 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 aperture.size
of the reticle blind 30 in order to form a rectangular

illumination area which covers all the condenser lenses
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than the maximumwi dth in the X-direction of the |ens-
attachi ng nenber 62. At the sane tine, the nain 5
controller 50 rotates the illum nation-system aperture
stop plate 24 via the driving unit 40 to put a

speci fied aperture stop, for ??%an'pl e the small 6

stop, on the optical path of e illumnation |ight

EL. After that preparation, the main controller 50 10
Sué)fpl I eéf rn?éaé\%]{“&}:ngﬁ{l ]9 tJT l%oRta }gl?lre(o:gﬁalngs

hke it generate I aséer beam

eXRH$e725h§n59&h9Eﬁ sttgnt? dhl%%%hQQJHQ%%% {Elarger

thIS shown in Fi € neasure erns

67ﬁhdn afree Sﬁdﬂ'hrﬁlﬁﬁ‘e@i@&ﬁ[ lﬁaflﬁéekisﬁﬁé&%ﬁh 'f.h%he lens-
pi nhol e-1i ke 15 openings 70i,j and e projection

opititeadhigkstnemdds 5. aat resdl sambheineduegd hamges
67'i,] (latent inages) of the neasur enent patterns

6bqqtrdﬁi&ﬂ“ﬁﬂ1ﬁdtéﬁ@h JI04, 1 I eémihot ned- §E§€§ﬁ g@perture
predeterm ned di stance apart from each

t via-adi reeresicorfd [wionthidedresisg hmayer4ontbhpuvabespe2@fied
W Next, the main controller 50 noves the reticle

SRS TRSE istarhe fexligxwip bh bye aspakleseshbpedon the

di stance via a driving system (not_ shown) based on a
meRfi@temath afudhyy Bl herinaelomskiohnt BEf er onet er

and posi.t onal 25 relati on planned in design between
t he retrAé OéTt &1 SRR TR 1 il PR BN patheFRL¥ar 50

DY SN 4 il LSRR 812 o

SR S0 LI ALY ot N S ELLE! B evpose

theel Idewdicnat irgnebi @Rk Eh 1QRiVaiIWMINYHRS B, By this, as
shown in Fig. 7, the measurement patterns 67i,5y are
simultaneously transferred through the pinhole-like
openings 70;,; and the projection optical system PL. As a
result, the reduced images 67’;,y (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-direction by a predetermined distance
via a driving system (not shdwn) based on a measurement
value of a reticle laser interferometer 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
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rectangul ar area having a predeterm ned size on the

| ens- attaching nenber 62 and i ncl udi ng the opening
721 (but not 5 any condenser lens). Then the main
controller 50 noves the wafer stage WST with
nmoni t ori ng neasurenent val ues t he | aser
interferoneter 54Wsuch that t center of the |atent
image 67'1,1 on the wafer Wof the first measurenent

10 671, 1 js_.pl I t th i cal [

A SR it Bt o7 SF% SURGTT oL Bon parh) Such
Ay , TS 1.0 the |i ,

| LT TGO S o600 12 IRKGL: o,

F 1d G AL 10 adhe HAY H natd ot d & 9hts Ly gyzéhbﬁ’tggelens—
reference pattern 15 741 is transterred and overl al

ORitQ M Ry M &2 Revg | Bi@Niai BRI OT o b 88ing 72, (but not
nmeasurenent pattern 671,1 is already formed oh the

r esiystcdnaieeisean ttdheswafer W the area being called an
area S1,1. As a result, the latent imges 67'1,1 and

74" 1 of Thee fiheshaleaswrmmtlqatiEmoedd, dhandatde 20age

reference pattern 741 are forned on the area S1,1 in a

POSTt iwdrtdl moelidtdrdmaoasnestmwenantFialudB. ofNekhe theer

main controller 50 calculates the arrangenent pitch P

ofl it fpEres @rteie vté "o Uy Hha87itle orenteve effehe Watent

which pitch P is planned in design, based on 25 the

arfasGe Pdnt. i A HGF e imdh t£ ek SRPRSBTEIEN BN

the reticle RT.and_the praqjection nification of the

pP&jtgarinorﬁéﬁt i CalP P& rﬁc‘lglgLosaFncP% S e GRF X 5T o8

WST in B X.direction b tg_ it P such that the 93

cent er g %gntg’reeéﬂaéf, 7 e %Tet%e "ateHt® '%faégec%?trt%Je

SeReRINTRAMY ¢2RRL, RAL AN LS T8 TBY dSk ! ACCYenerate
laser beam LB and illuminate and expose the reticle Ry to
the illumination light EL. By this, the reference pattern
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 S;,;. As a result, the latent images 67711
and 74"; of the first measurement pattern 67;,; and the
reference pattern 74; are formed on the area S;,; in a
positional relation as shown in Fig. 10B.

Next, the main controller 50 calculates the
arrangement pitch P of the measurement patterns 67;,y on
the wafer W, which pitch P is planned in design, based on
the arrangement pitch of the measurement patterns 67;,5 on
the reticle Rr 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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al nrost on the optical axis AX. Then the main

controller 50 supplies control 5 information TS to the
light source 16 to make it generate |aser beam LB and
illum nate and expose the reticle RT to the

illumnation light EL. By this 3the reference pattern
741 is transferred and overlaid onto the area S1,2 on
the wafer W 10 After that, stepping |ikew se between

| SRR UL SO SRR PateRl 8 kReRE the
: \ : din_th
PRSP e Mt HAEen PR L ST N PEELROL TR bTatRS

eXNOMHe.orf e dTRIgE sl copt Ol Agr 50 unl oads the wafer
Wfromthe Z-tilt stage 58 via the wafer |oader (not

shown) am@nt raRSheris tdiht W BEr 190 85 G988t ££5 d@&ﬁ%?BSf
(not shown; hereinafter, "C D' for short) connecte

| drlfiorenaditch tThe whaiherl ddht sbhede O O €eVvRhRBSithgenerate
wafer W so that the resist inmages, 20 each having the

sdms ear feyage MEntaras idHown nat & gnd 108008 thbereticle Ry to
nmeasurenent patterns and the reference pattern are

f dheed lilnmtina tdoeasd iSihty Bl r aiwgechi s, atinat réKepantlepattern
wafer W After that, the wafer Walready devel oped is
29%ehBvEd2PEEATLRE ErD averds iektoavtmalthevertesy S1,2 on the
nmeasuri n unit (registration measuring unit) neasures
oVérEy W-errors in the areas Si,j. Based on the

ULl BRI e (O Llon dou AL ne) of Lhe. n
PR SR BT P LI Il S snom 1n
Fig. 10B, of the measurement patterns and the reference

pattern are formed in the areas S;,5 on the wafer W.

After the completion of exposure, the main
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 Si,; 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 S;,;. Based on the result, position

errors (position deviations) of the resist images of the
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while there are various nethods of calculating the
position deviations, statistical conputation is 5
preferably enpl oyed based on neasured raw data in
terms of inproving accuracy. In this manner, for the
areas §j,j, X-Y-two- dinensioqgl position deviations
(A', Al') of the neasurenent” patterns fromthe
correspondi ng reference 10 patterns are obtai ned,

whi ¢ch i d i h i t | | 5Q.
G e AR SIS it byl THE WervrceroShaRAier or
t Ileeféﬂ%%cel ;p 'tscerr%‘p.aﬁ(egrteh%talté?ﬁlaec)goe.r r?cl 'sovreernllafa%/ ed that
nmeasuring u 1% may i nput "the position ‘deviatl ons % ;

Oliyh)i 1l a8 ATH3S Sl o N {8 4TBL A 59?&&9%£§5g59h?ﬁ2

through the network. In either case, responding to

| st ilke GRS iGft 1 drhe MR At Lot d 0l | @smSPchopds the

simlar conputing programto the first program and,

based andiie dpgsidyicdn b & ansadred Adw) da€QMPHE €8rms
the wave-fronts (wave 20 front aberrations) for the
ardgadnpirgvinghaticduxadyne first through n'th

nmeasurenent points within the field of the projection
opti cal Isysheém RPannegecifidrcdlHey ,andws shcpndX-tetwds
coefficient Z2 through the 37th term s coefficient
Z3imen stijea aze pgisikd isal dsoriadl L ushbig the kcombuthag

25 program Here, the physical relation between the
pHSREVSFNERSy PRAGTEFS S A TOM Ahe )CotiR IPRN ke - Febprence

Wi be briefly, descrj W.th reference

ARGTSEE G DOEoGE SIS G e etk st 76 bagemain

OB ARE AL AN cIBUA WAL g udi WY M) " S s ce
engineer or the like. It is remarked that the external
overlay measuring unit may input the position deviations
(A£’, An’) in the areas S;,; into 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 (A&’, An’), computes the wave-fronts (wave-
front aberrations) for the areas Si,j, that is, the first
through n’th measurement points within the field of the
projection optical system PL, specifically, the second
term’s coefficient Z, through the 37th term’s coefficient
Z37 of the Zernike polynomial by using the computing
program.

Here, the physical relation between the position

deviations (A&’, An’) and the wave-front will be briefly

described with reference to Figs. 7 and 8, which is a
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50 perforns to obtain the wave-front in the projection
optical systemPL. 5 As represented by a neasurenent
pattern 67k,1 in Fig. 7, one of sub-beans diffracted
by a neasurenent pattern 67i,] passes through a
respective pinhole-Ilike opening 70i,] and then the
pupi|l plane of the projection Optical systemPL in a
di fferent position depending on the 10 position of the

. inj.. That i - f '
e s S R T %EY}% 585#3@5?”
- f -
oAt Py 6r ATB7 WS i oy by Bet TR FERT CaProL ex

S @B Rlo GAUSES Ji ARETERAL 1 Py e L PR MRV E; fEHé‘tfé?nQ;%étion

the pupi|l plane of the projection optical syst

td cdlecamr-&an dideal one (herein, a flat plane)
indicated by a nunerical reference F1. However,

becausaspraieddaitedphy cal meystieBhehiRatlo 4SS M7, | in Fig.
aberration do not exist, the wave-front on the pupi
pl7anenze eodires: ke basmee d 20F sar f et €o 22 regps eseahent byaatern
dotted curve for exanple. Therefore, the nmeasurenent
p&t’uer wagAes thydugged dasrecipos: tporhobe t hekawabpenifg
that deviates according to the angle that the curved
sUPkac @ theked he tthiliHe BlRng ofvaMes fpmiectbon optical
Meanwhi l e, light diffracted by the reference pattern
7RYSEEM FAoY I & WHARTSIT MY 1BLon Lerpndington ciled
by a.pi.nhol e-1i ke aperture, is de incident_ directl
o%otsﬁ%l&nojo ct97Sh TS AR s tRéh r%n@.j{'é‘ 963 raed Yave-
0 ~wafer ,W.t hr h_the .projection optical . system
oR-HHE, LS LA L1800l S LA BHAEE B AL,
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;,; is 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, light 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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pattern 741 is perfornmed in a state where the center
of the reference pattern 741 is positioned on the
optical 5 axis of the projection optical system PL
al nrost no aberration of the imaging beamfromthe
reference pattern 741 is causgg by the projection
optical systemPL, so that the image is fornmed with
no position deviation on a small area that the

Séi‘gdafaaelginaoﬁl‘eiﬁfgaﬁiaﬁse%%% 195 T4fr EediEerptenptinal
t'%g%}éﬁ ﬁ EaM%?@%JJf”lFééﬁ onsggéauygvgn ;8?tre§ggence

on t e pOSItIOﬂ’ evl a

V\@)\éectferrqpﬁéﬁa'ﬂsb%egrf@%edl L $ natsd tvh‘?ér@ hepr%éhf:@k of

rél ati on between the position deV|at|ons (A4

Aitlhe) ratd dizanasee-ddant7 4,ndisC st AR Prdci b €o9f i cal

this enbodi ment for cal culating the wave-front is the
kreuis oShatle Hardjreti oo 1ent €@s€ath abi Pnalmost no
principle. Disclosed in U S Patent No. 5,978,085 is
arRbeimmadritaror fc drice rimagl ndéod ae hivwdrogyhe#hee Eeaence pattern
plurality of 20 measurenent patterns on a mask having

t Md1samecsupadt byeths phejmedswmemgiti aadt isptsecd®T RBie so that
sequentially imaged on a substrate through respective
pithio 189 Ignd sa fargjasb tiidh roptresit syteayiahier 2on a small
reference pattern on the mask is 1inmged on the

sGB&er &é ﬁ#&@@tﬂ?élpradjle%t%ﬁ%wwu% syst em but

h h d I d, th hol
where pabeee ! SR e ohe Y e b ST iR o h

I t t h t
PRy B TR T ond PV e QB RES (A goear

Q%a%l—(flflo"f‘atte Lhe e ro‘?ptt}‘?ebegfcfsalt & bc}'e@latlons (AE7,

predet erm néd conputati on.
An’) the wave-front can be drawn. It is noted that as

physical relation between the position deviations (A&,
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
substrate 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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I ncidental Iy, when sem conductor devices are
manuf act ured usi ng the exposure apparatuses 1221
through 5 1223 of this enbodi nent, preparation such
as reticle alignnent, so-called base-1i ne nmeasurenent
and EGA (Enhanced d obal g?pent) is perforemed
after areticle R for nanufac ring the devices is

| oaded onto the reticle stage RST. 10 The above

pr r t|on uch as r e .alignnent .and. bas %%ine.
et T e R RSO BV PESGipeERined

Ratent Lai d-Qpen No. 4- 324923 and U. S.
Patqﬁ%%%gl% , 243, 195 correspondi ng t hereto.

Furt her 'I‘PlrceidenttQQl?GAth%rfj sl Qssthldr det@ds bds 4oL
exanpl e, Japanese Pat ent Lal d- Open No. 61-44429 and

Umanuffalcelr 0 .us ihg! 3heb bk Jﬁé%&éf@tﬁi@é et ®, Meough

di scl osures in the  above U S. Patents are

i neesperatridshempbaihy¥ntef prepeeatasn et@asd heticle
national |aws in designated states or elected states,

t alikinalentthi s o-atadrirat ibeisal - laippd intad 3 wrem&tk i snd EGA
applied, permt. After that, exposure of the
st(@phandede fdatatly pé igmmant )t hies measivemsd oftehea reticle
wave-front aberration using the neasurenment reticle

RR iferpBangdmsd urimoniineh dawimsisgi s sloged ovmed Haged

on the_result of wafer alignment. Because 25 the

e¥FoSGrE SPEPat RS is the same as in a usual stepper

ts detailed description. i,s omtted. Next, the net
of *maki AGSt B EoPABErRaR tnE a—;ach ﬁlsstreﬁﬁlﬁ_l‘? = attent ana

THSLPT BSERERGS SRR O 4R K

Seﬁﬁbbiéétb%%a%% t@%t% @‘%g'dnbpen 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.
4,780,617 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 using the
measurement reticle Ry is 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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optical system PL An engi neer or the |like of the naker
Ainputs into 5 the first comuni cation server 120
via its input unit (not shown) target information for
t he exposure apparatus such as an exposure

wavel ength, a mnimmline widih (resolution) and
information regarding a pattern to be exposed, and
instructs the first comunication server 120, 10 via

| Ao 10k 159, 5506h £ (A get fofor mati on. The

conmunrc Server urres of the second

COWWP”isa baR 3G Y8 1%%éM§§éH¥fi aﬂﬁgnifofa@he projection
recei ve data, ané, wHen the second conmuni cati on
sep¥etal1lld@skepl ipgs that it can receive data, sends

the target 15 information to the second comruni cation

server A30englheeseoendheomidl G itk seiMef A3thputs into
receives and analyzes the target information, selects
baked famstheommesdldatdfort ke rarad VISiG wite 0fs Sev@mt unit

met hods described Ilater for determning the

speckf sbatnon taage tdeéndommads 20 fand orespddhere apparatus
specification in RAM Here, before explaining the

metRBd§ SoRndexrposiugienyavielengddoi fa duitr igrum whisne width
aberrations the ternms of the Zernike pol ynom al
(fFRAGEUZEPRY k8 NFolPAERFEDL d KRfiad i theé iRt §Fronto be

i s _expanded are associated with will be 25 briefly
QBEEPPRBA. “BAcr e tT) Rbs tRECT GRETHER SRL{ projpemier 120,

shown.in table 1 and is a te of n'th order and nd
aheFoi kS BAPLE: Butihe R R Bt s P HEn
Coeff'CTﬁQthEs%'cggmﬁggcgtg%gerﬁgy%ffyﬂa(fh ff%??%% the
Z1) represents the position of the wave-front and is

NQt -88806bAhEH i WhtRoBN¥erver 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 £, (p,90)
as shown in table 1 and is a term of n’th order and m9,
where n indicates the maximum power of p and m the

coefficient of 0.
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aberration. The first order, 10 term (coefficients Z2,

Z3) 5 represents the distortion conponent. The second
order, 00 term (coefficient Z4) represents the field
curvature. The third and over order, 00 terns

(coefficients 79, Z16, Z25, Zgg, Z37) represent the
spherical aberration 10 conponént. The 20 terns
(coefficients z5, 76, 712, 713, Z21, Z22, Z32, Z33)

and the 40 terns, (coefficients Z17y, Z18, 27228, Z29

repr eser:rFtAhet e Oarsdﬁrgrra({é ifi'dh %%%%{?Cﬁ%t tfi)r F sents the

0 qr.der, ter cpoefficients 77, 15 78, .Z14, .
z@s%%%ﬁéoc%ﬁ‘%s FOnT pat R S wigh any
0 : fficients zZ10, Zz11, Z19, Z20, Z3o, Z31)

R HGHE,
and the 50 terns (coefficient Z26, Z27) represent the

coma compeneninstThe-&avem gratdiads be feteramoing, the )

specification wth using as a standard the wave-front

abeiyrald ot Arntdi A Hhedn tBenpsRELEL i on opti cal
systemPL is to satisfy will be described in the

bel ow. ZAef isestorretdratisr | 08 Mermretdwsit fideent 7,)
coefficients of ternms specified by the target

I fegmesteindrs dute Fidlnke dwervstofet he Zerni ke 25

pol ynom al in which the wave-front in the projection
opt i cal Tégsttérhrids agxhantad erdesel R tezkres tte@mbifidsents Zs,
In the first nethod, with using, e.g., the

cdeff i ¢isentss zZ37) Z3eRBPFREPoRBENGPhE rika ldipbeagrEitdren
cogggpent as standards 100 when the target information
c RS r esol vi ng power

The 20 terms (coefficients Zs, Zs, Z12, 213, Z21, Z22,
Z32, Z33) and the 46 terms (coefficients Zi7, Zig, Zzg, Z29)
represent the astigmatism component.

The third and over order, 16 terms (coefficients 2Z-,
Zg, Zia, Zis, 223, Zz24, 234, Z3s), the third and over order, 3
0 terms (coefficients Zig, Z11, Zis, Z20, Z30, Z31) and the 506
terms (coefficient Z,s, Z27) represent the coma 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 ;cspecified
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 coefficients Z,,

Z3 corresponding to the distortion component as standards
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for exanple, the specification of the projection
optical systemPL is determ ned such that the
coefficients within the field are at or bel ow
respective, predetermned 5 values. <A second net hod>
In this nmethod, with using th%#ﬁpﬁ val ue (Root -

Mean- Squar e val ue) of the coefficients of the terns of
t he Zerni ke polynom al in which the wave-front in the

a

10 projecti,on optic sysiemis expanded as a.

UL e I T o BlRH Eh oo fRR P oRe dergh vipe: Bawer
sy. ' det er i ned_-such. t hat _t RMS val ue .

o T AT T e S S e PR B o hEn BegPagd Brinep. ogfical
t j cur vat . . oy
ey el TR NG Ll facugtat phey PR cof0BScnes wichin
apd ot 410y AWe LA ast b@i&&ﬂﬁégggcti%t, eggeb@&%& i nkQf
each coefficient the RVM5 value of its "values within
theyfieed d may be ysed as a standard. <A third net hod>

In this method, with selecting as standards the 20

cod fdeiamnt snetfhddre terms of the Zerni ke polynom al in

whi ch the wave-front in the projection optical system

is expamdedig hetdpet, fochtioning the R¥S) ealien (Root-
optical systemPL is determ ned such that the
cheEfaidamnre walhie) ahetli¢ etdebf echenbs bél bive terms of
respective, given limts. In 25 the third method the

| itHe SaRiy i IPDlernarel ahnkn i whieh uehe ovadpf fepeht 1nr sive
each other, or sone of the |jmts nm be the same in

VAR S LA Fo Rt Gret HOERE 9. 45 | FrRARdS et fiod, ShRpAard, the

u%ﬁﬂ f¥§é§€¥é¥“%¥w¥ﬁgm%£g§%ction 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
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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value, within the field, of the coefficients of terns
(n"th order, nD terns), which correspond to a given
aberration, out of the ternms of the Zernike polynom a
in 5 which the wave-front in the projection optica
systemis expanded, the speC|that|on of the
projection optical systemPL'i's determ ned such that
the RMS value is not |arger than a given I|n1t In

t he fourfg1 the , tar nfor

contalns p&i ern #glrrmﬂl%% u%%%%da5n 218 82r§ the RMS
U 'mhﬂ@tweﬁléf@mwmgt beLecipt 85 P

mh aberration must particul ar eres rlc e

org@rtht&ré@fmxﬁe %&%@ronﬂ%&@ SREE I%n EoPat Leyn
? ?u S O

on the |magepane the 1imts ort

t hveaeffdic] e ©f thd ht@frﬁi§r®fnﬁlé928§n§k@ olynomial in
deternmined, for 15 exanple, as follows. Let the RVB

valiecrAltrof idee-cOsdht cigntise ZBro{SctWwbhhbpribelf s§kdenm is
be a standard, then the standard Al < l[imt Bl. Let
tmapawﬁadulﬁhdxbpﬁcifmnaxmﬂm|@fenhe2§rmméhtmon26ptﬁeal
field be a standard, then the standard A2 <_ |limt B2.
Letystam ANB ialdaetoBniofed heucloeflfiati eneé sRES, vZbuwi tthi not
the field be a standard, then the standard A3 < |imt
B3.anaar ttHerRes didieie At - e Eoef feerehtseghiodzghen the
25 within the field be a standard, then the standard
AFATIEY [IRFOIMATIQR FINEFNE oA e IS blﬁf%@atlonr based on

ffi t. .29 field b tand
R 2 P e A

wﬁﬂgi(§%ggfé%fgg%mé&ppgqggcularly 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, mO terms are determined, for
example, as follows.

Let the RMS value A; of the coefficients Z,, Zi
within the field be a standard, then the standard A; <
limit Bj.

Let the RMS value A, of the coefficient Z, within
the field be a standard, then the standard A, < limit B,.

Let the RMS value Aj3 of the coefficients 75, Zg
within the field be a standard, then the.standard Az <
limit Bs.

Let the RMS value A; of the coefficients Z4, Zg
within the field be a standard, then the standard A, <
limit Bs4.

Let the RMS value As of the coefficient Zy¢ within

the field be a standard, then the standard As £ limit Bs.
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wthin the field be a standard, then the standard A6
<limt B6. Let the RVS value A7 of the coefficients
Z12, Z13 5 within the field be a standard, then the
standard A7 < I|imt B7. Let the RVS value A8 of the
coefficients Z14, Z15 vvithinlt field be a standard,
then the standard A8 <_limt . 10 Let the RMS
value A9 of the coefficient Z16 within the field be a

Eb%”ﬁi{ﬂfe A i e bt %f\oifnf@ez'lé"oet%ﬁ%ﬁﬁ% e 2
h < i_mt
i i o OB o CEc AR hEeBobF: X BRFE 1 4e

22@ thiy the field beastandard then the standard
ll\%l’? Tt BIL Let the RVB value A2 of the

Coeffl Cipeyt %@hmi%ld@tﬂ n# hg,d 1 &lde be Ao 5t anglar dz13
then the standard A12 20 Iimt Bl12. Let the RVB valu

Aliwafit hengoefdiciwants L23nd424, WhER BhEthEh@a@db@q
a standard, then the standard A13 < limt B13. Let

th@]RMEiwaLue Al4 of the coefficient Z25 within 25
the field be a standard, then the standard Al4 <_
limt BI&t tret RMfe RMBiwadde AtSofcddief iooisdit <i 2nt Sz;s
726, Z27 within the field be a standard, then the
stwdridaid tAes field iba ta B15and@sdlethehet RvBstahderd18;
of the coefficients 728, Z29
< limit Bsg.
Let the RMS value Ay of the coefficient Z;5 within
the field be a standard, then the standard Ay < limit Bg.
Let the RMS value A;q of the coefficients Zi7, Zis
within the field be a standard, then the standard A;g
< limit Bjg.
Let the RMS value Aj;; of the coefficieﬁts Z19, Z20
within the field be a standard, then the standard A
< limit Bq;.
Let the RMS value Aj;; of the coefficients Zj;, 72
within the field be a standard, then the standard A,
< limit Bqs.
Let the RMS value Aj;3 of the coefficients Zs3, Zsa
within the field be a standard, then the standard Ai;
< limit Bjs.
Let the RMS value A;4 of the coefficient Z;; within
the field be a standard, then the standard A;4 < limit Bis.
Let the RMS value Aj;s of the coefficients Zsg, Z27
within the field be a standard, then the standard Ass

< limit Bis.
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wthin the field be a standard, then the standard Al6
< limt Bl16. Let the RVS value Al7 of the
coefficients Z30, Z31 5 within the field be a
standard, then the standard A17 <_Ilimt Bl7. Let the
RMS val ue A18 of the coeffici%@ s Z32, Z33 wthin the
field be a standard, then the andard A18 <_ limt
B18 10 Let the RVMS val ue A19 of the coefficients Z34,

2% v e e el A LI i s,
fhij.ci ent 36, 7wt hi he field t gndar g,
e e Uhddartst 20 @ ATy Bt el Prafcd

met Radz ¢l i@ fifth method, with using as a standard

the RMs value, within the fie!d, of the coefficients
of eaChLequ}_% q’{fMSnQatleéﬁlba?ﬁnghéh@oéi‘ﬁc%n\égl e30, Z31

out of ternms, 20 which correspond to a given

abarmath ehe Qute1Qf Hhe tefdmdafd, g REKStandard A,
pol ynom al in which the wave-front in the projection

opt ldalitspstem i s expanded, the specification of the
projection optical systemPL is determ ned such that

t he RVBLedl tdef GMSeawl ugr dup ©§ hbe taefélctbansaz;25 7s;
respective, given limt. For exanple, let the RVS
valiteiolthe thied & e 4 dthndaxd i hehewefli¢ cseandaz8, Ag
Z16,  Z25, 736, Z37 of the third and over order, 00

t & Ad™B& Bistandard, then the standard Cl 104 < limit

D1.
Let the RMS value Ajg of the coefficients 734, Zss

within the field be a standard, then the standard A;,
< limit Big.

Let the RMS value Ay of the coefficients Z3s, Z37
within the field be a standard, then the standard A,
< limit Bjg.
<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 m0 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 C;, within the field,
of the coefficients Zs, Z1s, Z25, Z36, Z37 of the third and

over order, 00 terms be a standard, then the standard C,
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Let the RMS value C2, within the field, of the
coefficients Z7, Z8, Z14, Z15, Z23, Z24, 734, Z35 of
the third and over order, 10 ternms be a standard, then
the standard 5 C < _ limt D2. Let the RWVS val ue C3,
wthin the field, of the coeffioci ents Z5, Z6, Z12,
Z13, Z21, 722, 732, Z33 of the1 fO terns be a standard,
then the standard C3 <_limt D3. Let the RVS val ue
4 lWi hin.the field, of the 10 coefficients 710, Z11,
Zl%, . 230, Z31 of the 30 terns be a standard,

then th r [ .t . Let the al u i
wi t hin ?Lhezgfl e ngsg?v%h“ﬁeé r%czde%ithl-iennttshezf%e ’8,O§2$,e

z it by ter besa andar d, -t hen, t he,st :
C52C%<éiffll|ér%e?r4%5 Z%Srrﬁzesf ths Ay vg e inzvﬁ“fhlzﬁ5 t%ﬁ:gacrhde third
figld,owdr tdeje £0efd 11 QR 426, stzgrYdé)f:ii} henef) I:ﬁ%‘lmétandard
be a standard, then the standard C6 S limt D6. SO

I oot ki sifethod, as is obvious fromthe neanings of

the coefficients, when the target information 20

cont ai nd.erattttey RMNferinad i@y, Wwiasect aha PrEsUMit othe
obtained fromthe pattern information, which
alsrafdilicorentrausts, pdet | &1, ardhy, b&i;egbs,i csed Eny arfdethe 20

to forma good projected imge of the pattern on the

| FRgEplene standadlartdhens et estandard A Sildnbit Ds.

met hod> In a_sixth nmethod, wth usi ngCéIfae gi ven standard

of the RVBWE F¥S Walhe Gune wHitdiia dderlid cicdtishe
0L YSIL i SELON 0, 200GL 411 L0202 98! e o0 ms b @
Z%E@A&%ﬂ%ﬂXﬁ%ﬂj%hé'Etandard(h < limit Dy.

Let the RMS value Cs, within the field, of the
coefficients Zi7, Zis, Z28, Z20 Of the 40 terms be a
standard, then the standard Cs < limit Ds.

Let the RMS value Cq, within the field, of the
coefficients Zz6, Zz7 of the 50 terms be a standard, then
the standard C¢ £ limit Ds.

Also in this method, as is obvious from the
meanings of the coefficients, 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, 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

weighting according to the target information the
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whi ch the wave-front in the projection optical system
is expanded, the specification of the projection
optical systemis determ ned such that the RVS val ue
is not 5 larger than a given limt. Also in this

met hod when the target informatdon contains pattern

i nformati on, based on a pres tion, obtained from
the pattern information, which aberration nust

icularly b [ d i . d .
D LA T U e B B o

ATYY i < § met hog> .
S B N ALY R e
| AT Go0 gl LT 00 U8 0 k1%

ang g 4 e deoam e @fs@cisi PMARLELRE RAS. vhaged ignght&e
pattern i nformati on, obtaining a space inage formed on

t hexdgege Hlrane ghiesh thendf 0] £Lsb 0PN 0Phi SaheEMSHERhen the
projects the pattern, the specification of the

prajrecit amfoptdtciadn sysitemns glet esmhnedrusinBgi188, 8based on
standard the 20 wave-front aberration anount all owed

f @r pres updjient,i @btaipted af ray st leen sachethatnfhemation,
pattern is transferred finely. In the simulation,
badedhormbenedrl ol Hathaonsi c bk nkenbsensstryctiedsin order
(Zerni ke Sensitjivity) of the coefficients of the

t &9 O Phd &S MU §5vtshoriage i of 2Bhanpehtere on the

wave-front in the projection optical systemis
eXpaife® W'at@e\/&?ljﬂgﬁaﬁ%n‘s?wr’&ﬁ){?ﬂdex) for the

j ect_.pattern) and the coefficients of the

C e BT TR

e polynom al, the space inage may

be 106 abtalagd iMlethRenld Ind LS Y& B BY TASH 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 the 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 is
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
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variations tables which were created beforehand in the
sane way as above, the sensitivities depending on said
pattern. 5 This will be described in nore detai

bel ow. There exists a relation given by the follow ng
equation (13) between a matri with n rows and m
columms that conprises data &T vari ous aberrations

(or their indexes) in n nmeasurenment.points within the

fi of the 10 projection optical system. for .
et Hed e T S S P T af Pone Pandl SRt PR g mmidee-
r]Jéyﬁﬁfﬁgkéﬁ%é%iégnﬁhiéﬁa&efgnyg%gggdtFgf%?g%éBBOQE the
aberration data for n neasurenent pornts, for

exXapd : ffiche . gs + 1 Lhe er :
coeffi g?%%teiggakt)&h‘?%'ug%ﬁ% hgélg%ﬁl?jéﬂngg %%E%ggfdipibciogénfsald
233t rit he Zerni ke pol ynom al in which the

wave-front aberration is expanded and a Zerni ke-

vari ati ansid abl€, be edes@riBddi XnZSo¥et Bet8i¥. be3Bw. There
rows and mcolums that conprises variation (Zernike
Sensidtivid yelperid? giveachy ofhé hectbekihgi eqtiatieng.(13)
Z2 20 through Z37) of Zerni ke polynomal's terns
cAratespondi mept tiok nf ki s of raber aadi onsolindes gheen
exposure conditions: f= Wa x ZS. (13) Here, f, W4,
arftPirs 6% rpraeseht &l U s fapeekakppes (95 their indexes)
equations (14), (15),.(16) respectively: [f1 42 . fm/

f 2 TnMESHTeEnsN - Roint s hthpy Wae fleld 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.g.

the second term’s coefficient Z, through the 37th term’s
coefficient Zj37) of the Zernike polynomial in which the
wave-front aberration is expanded and a Zernike-
variations table, i.e., a matrix ZS with ,e.g., 36 rows
and m columns that comprises variation (Zernike
Sensitivity) per 1A in each of the coefficients (e.g. Z;
through Z3;) of Zernike polynomial’s terms corresponding
to m kinds of aberrations under given exposure
conditions:

f= Wa x ZS. (13)

Here, f, Wa, and ZS are represented by, for example,

the equations (14), (15), (16) respectively:
fh ﬁg o ﬁm
Jf= f? . f%m --(14)

.fn,l f;1,2 e f;l,m
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5285=27z12271,3 . . 21,36 21,37 Z2,2 22,37 LZn 2 Zn
3 "' Zn,36 Zn, 37 bll bl,2 b21 b2 mb36,1 b36,2 b36, mJ
As the equation (13) indicates, the anpunt of any 10
aberration can be defined by using the

Zerni ke-variations table and tRhe-wave-front aberration
data (for exanple, terns' coefficients (e.g. the
second terms coefficient Z2 through the 37th term s
coefficient Z37) of the Zernike polynomal in which
the wave=frong aberrgtionzis] 15 expanded). |n other
wor ds, bylépec”fying H%syéﬁﬁ aberration values in the
form of |f“2Lequation (14))523aphd solving the equation
(13W@itih :t he known (created| bef.¢ry)

Zer ni ke-jvariations table, the values of terns'
coefficijents (e.g. the second term s coefficient Z2 20
through |tA)g 37f.h terdjg chgfficient Z37) of the
Zerni ke ~ pol ynomi al for each neasurenment point wthin
the field of , the projection optical systemcan be
det er mi ndd wiieh ~“vaPiwes make the ampunt of a specific
abgggftidglat*a desbred vajue. 25 That is, in the

sevémt fi|net hod the spec|fic 6lon of the proj ecti on
optical {systemis determ ned using as a standard the
wave- f r QBs, albenr ati dns [ erms' coefficients of the

Zernlke'%g)@%gnéguéghgg“2%5}rf%g@ggfég9n£hésamount 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 Z37) 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 equation (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 Z3;) of the Zernike

polynomial for each measurement point within the field of

the projection optical system can be determined which
values make the amount of a specific aberration at a
desired value.

That is, 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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108 expanded) for a space inmge of the pattern where
the anount of a specific aberration, e.g., a
line-width abnormal value (an index of cona) is at a
gi ven value. In any of the above nethods of

determ ning the 5 specificati an, the specification of
the projection optical syste&1 i's determ ned based on
infornation of the target that the exposure appar at us
nust ac | mnth u5|n as a ndar

B i SRR - TR % ‘Flep%EE?anY’Qﬁéethe
h t t hat i h |
fneéﬁha |on|8%F%E§ﬁ§(%a ?ﬁ%ﬁ h ngu%}s pl%n 1§eg%g&%k
1808 D 08 s ESLLER LB YLER e

exposur gn %Px@)aro%t Y LahdR M@éé’(:@fh&&ygﬂnlglrﬁhghe

process of making a projection opti 15 syste

Neydec itfieAHeeesTH JPHd K @ 1 Oh e6F | ORe Oﬁkb?‘(él:tlon
systemw || be described with reference to a

Charticaln syistenl s [tepnlined tdssd oM BnsbeRatioheBE the

devi ces, lens holders for holding the |ens device,

anc ragdterthatahel ofxoshmesiaygpapthathusti 4sheach, with

conprising the lens device and the |ens holder are

e rac eor @i 8¢ anolegids érhd einsf datat ion oBstiya wavehfapet on

opti cal nmenbers conposing the projection 25 optica

sydiceRUPEHatP e nEn*ékm pPepsepitdeas Otd Cadpparstam, that is,

prgﬁessesaaﬁéen optical materjal to the |lens devices
&Rt I fifust e 3Rt ir@ Bhe BUP1il plane,

ghlfg% %%e or%gkgh%m @ﬁ% eﬁg(g}g§gg%fg§ng§tlcal system

satisfying the specification, the target of the exposure
apparatus can be securely achieved.

b. The process of 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 given 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.
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109 And a known netal - processi ng appar atus processes
given material (stainless, brass, ceramc, etc.) to
the lens barrel for housing the optical units
conprising the lens device and the | ens hol der such
that it has dinensions 5 mhicg_gfre pl anned i n design.
[Step 2] In a step 2,.the sur £ce shapes of the | ens
devices of the projection optical system PL nmade in
for exa

t t 1 d by, le, a ,
R o Gt ?E?%&%ﬁ?%ﬁ%ﬁrgﬁw09§o§eﬁfé.eﬂeglven

| 1Lt li ght havi I o
3 JBoddlfeat; B0 08Y) 20 8B CLERY) N8 tha dpns
f i . i ch r an.
SETAAM s bds IS SR O8: 1 M1 o £O0VEEhS - 80ipg the Lens

Weeh} 1€ tath Pt 1 Bup rm@é]rAéu(l:ﬁS@E%tTEE I]IQE dimensdions

Fi zeau-type interferometer neasures by a pick-up un

SUHL @s WGl %lér[ﬁ&ifﬁ{ed@ﬁc%ﬁi nge caused by I|ight

reflected by a reference surface on the surface of a

corfsex] 1 ens on the optical path and |ight reflected

by the surface of a lens device to be nmeasured, so -

that it I20 acategcyr atled yswobfada dhepshape thet béns devices

surface to be neasured. Obtaining the shape of the

s@ff dde Prenectsiof ar)iofl asyopem cal madécénstbh asep 1

l ens by using the Fizeau-type interferoneter is

ditd@ Fseduned for SanpteanP bapaheBbz FagehyPeai d- Open

No. 62-126305 and Japanese 25 Patent Laid-Open No.
%@sﬁ%m&}f?&%w% Ny JRRLAY2P %%-sl&%%wﬁaﬁ@r emitting

i.tted. he | f 1] devi .
P i DAV 67 "AVE YR it o GBET Cal ShE1 CREPE, SBhEting

nﬁ%@%&'%&ving a wavelength of 363nm, or a light source

which converts an Ar-laser light into a higher-harmonic
wave having a wavelength of 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 disclosed 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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'(ngﬂé . units each.comp

110 of the shape of the surface of an optical device
using the Fizeau-type interferoneter is perforned,
and the neasurenent results are stored in a nenory
such as RAM or a storage unit such as a hard di sk of
the second 5 conmmuni cation server 130 through an i nput
unit (not shown) such as a cdnol e. [Step 3] After
the conpletion of, in step 2, neasuring the shapes of

the_l.ens surface f all %ens devi ces fornhng 10 part,

of% ' prof g i t i Taf %Ef%t%ﬁq B, OPR&CBLUFSFiEG §F1ng
S Eisin t he.l ens geViCﬁ andda h

| ens hot dete T ofP ot 'Hf Ay ??@F?Eﬁg HdvPEEERAER afBA the

I, ' o] Si | ues emhl.ed
AL L I e e -8 YR BT TR g ra o
of g4l jds h t a ns
o i hose SRS ey NeveDe Recll gl

desmin et aboe sawiah 185 afrdbhger ahensphe! 485+ f Qhot
hol di ng the novable I|ens 131 through 134 and an outer

| esrouhol darcH ars holcimgh 14 he i nner | ens hol der,

bet ween which the positional 20 relation are _

adjustratidle t hrough a mechani cal adjustnent nechani sm

The doubl e-structured | ens holder further conprises

the abové tehti iheg chend ledst car raafngeith i sitep e3peceasering the

predet erm ned positions. Then the flurality of optical

urfinePes € hddwler arfarrvictiarly bsnsedeehesal fgrming

dr oppi n Hgﬁge and a spacer , each tinme between these _

| R R (TR RIORAI AT RG4S SUBRER Bhent e, PTREality

optd cal, .uni.t whi.ch was first dropped ip the |ens

bé)rflr SPHE A BT e £ zacoé?polijﬁﬂs’?‘gntd}?% fsﬁ%s 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
134 and a double-structured lens holder described above
which has an inner lens holder for holding the movable
lens 13; through 134 and an outer lens holder for holding
the inner lens holder, between which the positional
relation are adjustable through a mechanical adjustment
mechanism. The 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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111 I ower end of the lens barrel via a spacer, and
when all the optical units have been accomodated in
the lens barrel, the assenbly ends. During the
assenbly, distances between the optical surfaces
(lens surfaces) of the lens 5 §¥ICES are neasured by
a tool (mcroneter, etc.) mﬁt aki ng i nto account
the thickness of the spacers to be accomopdated in

I b .. And th asur enent
Tt &f b e AP ekl antasbatsn, eRd When all

CQHR&%&& JEtQS%enblgeeH gggoSteE ?ﬁ@eﬁgﬁgge qens

10 optic a sur aces ens surfaces

Inc'ﬁt,;ﬁh A ETLLORS OPBLEShSY AL ML bmplx . g ances

urin he nmaki n Ccess

agsanilon éﬂgiégﬁ%%ﬁf é@PE&éeé3%léHE°H%Ef£§é qreef lXed 1 ons

in their neutral positions. Al though the exp Panati on

| sichbi il tded mdden papi by aperbyL e (8t BPohaLES, I e%al echith
in the projection optical systen1PL in the asse Iy

Thes kiesyl st ofagEasil i tige thif tRgebbeocassnBbkpaanes to be
upon its conpletion, distances between the optica
swdcareddtats isurflecebgnofbéheel enandevheeassBmble 20d the
projection optical systemPL are stored in a nenory

S U S HEIRAN @Grraa mireaiged uhd t otiehn a§inahaddstaskesf upon
the second communi cation server 130 through the input

urti®e QTR &HGth)o S Udie aaseemphgole. the psepedmbrédesn the

BRI, ARt yzeg%'&fs@ﬁé%g% heot rEhat Lg8s devices in

SIS B L 0 B e L oo

f‘."{ Eeus Al i N
the assembly, the movable lenses 13; through 13; 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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112 axis. Moreover, the lens barrel may have a tapped
hole nmde therein and a screw which screws through
the tapped hole and which touches the | ens hol der so
that the lens holder can be displaced in a direction
perpendicular to 5 the opticallﬁxis to adj ust
eccentricity, etc., thereof b screwi ng the screw
with a tool such as a screwdriver. [Step 4] Next, a
e-front aperratjon due to the

St le%u ""S“r\?e?zaéf‘te@%""‘fw PraakeenBréd fHet Ret2ppes: Bple
Iy t | t

atn% R e and 6 ST o i SPL LG DU RBRt Ent® tapped

m?r?osll'g'al&&i %leaéﬁt%alé dﬁ% ﬁrgé"’%‘%ns aﬂ?l&@f %‘ﬁvghg{:oghe lens

aberration I's fmeasure principre

V‘%‘éﬁ.éé@@arﬂ-%@%ﬁéﬁlaﬁ%@pﬂ?er ﬁ:?rg@@?b'ﬁ' Egrfagﬁdl cular to

wave-front Is the sane

warer farantcabesstad i W Ié@cé&@tiléﬁt9ndet&hUSthk§eof by
detail ed description is omtted. As a result of

meRsdW ingy tihee wedkesw oidh 4 eddl seeefischeptsedtdriver.
(i=1, 2, through 81) of the Zerni ke 20 pol ynom a
(frdtege 42er ni ke pol ynom al) in which the wave- front

in the projection optical systemis expanded are

obt ai nedlexthus wiep thenesegomab domum catf oonseabverration
130 is connected with the wave-front neasuring

apPdr dtudhe rodegtin cadfidal esirston B apeerelafkén the
pol ynomi al are 25 automatically stored in a nenory
sFHFPas ‘-RAM (or a storage unit such as a hard di sk)

above. dSEEA PEiCaH e ROt el 1 appar SPugE 15

O RS, cp%o 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
is 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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113 coefficients up to the 81st term of the Zernike
pol ynom al in order to cal cul ate hi gher-order
conmponents of the aberrations due to the projection
optical system PL, coefficients up to the 37th term
as in the wave 5 front-aberratiqgn neasuring unit or
coefficients over the 81st t may be output. [Step
In a step 5, the projection optical systemPL is
d based on the wav §}front aberraglon nmeasur ed

HELE 2R QUcH S hE St heehRveLt FBRt 2858 K&t i on
ifﬁélﬁﬂ%es o O ugh SRURhEAERerng gfcgggg'rngomponents
Bef t t ment
S an it e ceL B0, BEITLE AL BT o
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t he 'maki ng process e projection i cal “syst

PEﬂ%ﬁﬁﬂﬁﬂﬂkﬁdﬁfﬂﬂnﬁﬂéthfhéh@nﬂ?”@fVcer?@EléﬁtstB@er the
shape information of the surfaces of the optical

devistes et aianedd rodtutst ep 2, the information 20 of

di stances between the optical surfaces of the | ens

deh\dtegs Sdbt ai ned in the assenbly of the step 3 and

opti cal basic data stored beforehand, which reproduced

data i s Imsed sttercd,c et epramlj erst hemt opinbomt ssfotemhBL is

optical devices. 25 That is, a basic database for

adidistsiast based ragadihe Stavwedt $ont hebsurat doskmessthed in

second communi cation server 130, which database
coREaISTEP forsugh HRE It WalesT EeenbfapRBrpF bpRcEpbhsties

o%%bc%beéggfgggion Jg%ermlned 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
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114 variation of each terms coefficient Zi of the
Zerni ke polynomal relative to a unit drive anount in
each of the six directions where the |ens devices are
novabl e, which wvariation is cal cul ated based on

desi gn values of the 5 projec H%n optical system the
dat abase being a matrix give y expandi ng the matri x
0O so as to contain non- novable | enses as mell as the
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hrou sel ect ed e Secon

cmryt%d ars e MEl da;lﬁﬁd k?’azéé@ én @é@ﬂ&ég{fg%agg of the

conput i ng program an ast - squar es

§I@alea,ttq%rﬁrdp&@mws€&ﬁ each hLensHasyiceihy ACASR 1y
the six directions where the |ens devices are

meMatalne bybasedrat dhe reomiect 8d dash cagdatabasetathenon-
target values for the wave-front, i.e. limts for

t eroveblecdefifdes et svedil ofs tittes Zesvialkee pbéysesi alhe second
given by the 20 sel ected nethod of determ ning the
spesimuindarEitérn @ varedsift ik vEdres afprédetermbhed
coefficients Zi of the Zernike polynomal, which are

a SoBRYite tdompasire ehtt Iy cRMecahvdata ol Feasmrkagg
Eparatus Then the second communi cation server 130

§@C§¢§ 9% 5ies BB I Bt r%&t}ﬂoqqalofsm% Blobifit sorrect
zerao tq§ Ien vices in each of the six
?agﬁg ﬁ%&é&ﬁ%% e Wﬁ%?are novabl e.

Accordlﬁgdt%h%%eo%ls%&axh %f?g%t%% oééﬁ QPerator%hods 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.ei 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 Z; of the
Zernike polynomial, which are a result of measurement by
the wave-front measuring apparatus.

Then the second 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)
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115 adjusts the | ens devices, so that the projection
optical systemPL is adjusted so as to satisfy the
specification determ ned according to the sel ected
met hod of determ ning the specification. 5
Specifically, when the first thod is selected as

the nmet hod of determ ning the ecification, the
projection optical systemPL is adjusted such that the
coefficients specifjc ternms sel ected based on the

f
t Gt i oremets N1GF5 1 heC t i@k bRetRECTEFRiRE 2ptical
| ' i.n which th - f t in the projectiaon ,
TR aystBim S B dbe 5 ot Mot bys vt Fae| PRFEbLIcat fon
co thod is ,sel ected he oj,ection
X\g}%}cea%%se;cgtaerncdﬁj&i%goatﬁ u%}%eedses% %t?(%alfleghg R?/% val ue
Ofdetteerfﬁﬁ:nin“goecfﬁé c%&_:(gﬁff)éa g, Zerni ke pol ynom al in

whi ch the wave 15 front  within the field of the

proj ect isfe QRLiicGAl1 SYSHRIA dr%e %M@erﬁeéﬁo&w%sé ovefelPEy as

limt. en the third nethod is selected, t

predjecaldtodp ORI Rt estePleis sk aist edat s8N that

terms' coefficients of the Zernike polynomal in

Wipireh eidtd om\optfiraait dystidie BIL 0f £cddPhsoed i §akh SYBa€Mt he

20 i s expanded are not over the respective limts.

Weere fifhie i efndusr tdf regtdoidf i tsetrect sl edthed progedt oonthe

optical system PL is adjusted such that the RMS

v &adge twitinfiormattd o edut, ofofthehetewes foLi elme sZefnike ns

(n'th order, mOterns), which correspond to a given

aBOYROMGRL it WoFL Gt hee iy ot 19Tt 250 Zehherj RBoJection

pok%nonial i n whi.ch the %?ve-front within the field

oPPEHEPr SYEEETort So iR das, St eXpainde’r | §1bEs - When

over imt. Wien the fifth nethod is.selected, the

p:égljee%'{é i%g hdg‘?)rieitg zgljldeslyS StEmPL eldgngtd]% R STehO? ha T el
system 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-front in the projection optical system
is expanded are not over the respective limits. When the
fourth method is selected, the projection optical system
PL is adjusted such that the RMS value, within the field,
of the coefficients of terms (n’th order, md 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 is expanded is not

over the limit. When the fifth method is selected, the

projection optical system PL is adjusted such that the
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116 RVS value, wthin the field, of the coefficients
of each group of nO terns having the sane nD val ue
out of terns, which correspond to a given aberration,
out of the terms of the Zerni ke polynom al in which
the wave-front within 5 the fill of the projection
optical systemis expanded is ot over the limt.
When the sixth nethod is selected, the projection

i ] .' dj h th he RMVS
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t he patlt ern is projected by thoelgp%oj ect?%n ISpti cafiwall ed is

sysitersvell drasedinoit t hendattes nsigtpraethes eenktaiseded,

in the target information, and anal yzes the

sithd gtricgre ateisar todtol caldj argd t éthePpr b ectifi astept saah that

system PL such that the 20 projection optical system

s &thies fRMSs wdlaiavave-tfiriontthabeie bd i onf anpeffial bowedgiven by

for transferring the pattern finely. In the

siRHgEt g asmadliow [tgmere combyeint { ohsrmaeiorehhe

sensitivities (Zernike Sensitivity) of the . .

cSoEfitdicdrd oot Hda drmnoviof HehZetarREkpoPohBRPAL2L in
whi ch t he ve-front, in the_ projection optical
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the secqRe CRRURICAIN nethod 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 the

terms of the Zernike polynomial, the second communication
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117 server 130 obtains the space image, which
sensitivities are given by Zerni ke-variations tables
whi ch were created beforehand in the same way as
above, and calculates a drive anount for each |ens
devi ce, which nmakes the am)untll of the watched
aberration at or below a |imt,”'based on the space
i mmge and by using the | east-squares nethod. Then the
second co ni.catjon server 130.disglaég,og screen
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to the seventh method of determ ning

speridfieatdtihed nddr PAYi Oh dPecPEHBOES, 2becase bhGed on
projection optical systemPL is adjusted based on a

r el tspfce NB@SIH i YK tihe weweg ffieat 168stheqREeREChEeRod .
opti cal system higher-order conponents of the

wave- f r diiterabigrer atdamd aromiben ach usbedssr vkt aBodskplays
as well as | ower-order 20 conponents, w thout
coisigardary itrfeo mrateronfoabdr ¥ ee i angunts Wwagdpastedo) for
as in the prior art. Therefore, it is possible to
adiifstlanfe dpticen idhfach o f sthe sixt@erepedpast wbare the
opti cal gysten1very accurately and easily, and the

proFECtdon St i YR PLACHF BE drable WAPcAispEay, an

UL (0 spd s, e deleroct spelLoalion, v,

AR SN LI ABRLR o andostalbuo, e
satisfy the specification determined according to the
seventh method of determining the specification.

In any of the methods, 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 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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118 apparatus, the projection optical systemis
adj usted, the projection optical system adjusted may
be installed in the exposure apparatus after having
adjusted the projection optical system (reprocessing,
repl acenent, 5 etc., of optical devices). Here, for
exanpl e, an operator nay ad] %@ the projection
optical system by adjusting the positions of optical
devi ces wi thqut using the inmaging-.characteristic
A GG o R DR { Her D bhoel BRSERE -Festli Bo5pd, the
atter. installing the projection optical system10.in_ |,
tﬁgoéf&&ﬁﬂﬁagﬁﬁiﬁ%htéks sﬂ??%% ?%emﬁﬁv%?f?gﬁ a11€d in
aberr atj it - - t] uring
e St S O R R G PRES S
PoloSEllrabn QR A1 UMM | Br 5 RIELD1 Y, [ eAd) Yatetlen,

i1é in the above nmeasuring of the wave:front upon
1ottthe ad] Wit ofedierojiectd ONFOPt L LRhp BY St 8A operator
the wave-front nmeasuring unit uses a space inmage
f mayeddjulstoudie @1y i ansht xea Proyeeémh opy 0pai G68ting the
system PL, not being limted to this, it may use the
pavietn oher med opdr ca wafeari WDy priopect usngng foie imaging-
exanpl e, the image of a 20 predeterm ned neasurenent
pahegeg tef itste orgakjrsarieng medtdredl sm RTFYhrloegh aased on the
pi nhol e and the projection optical systemPL. It is
r ERBREd ofhat fite roridert ald itk e e syr o reph bersebhjcal system
optical devices of the projection optical 25 system
PED 5%19e|exipé’§h’trief ARG S Bt iNeA SHeVi ¢ eChhara reetigont

reprocessi ng based.on a result of the wave-front . .
BREAFT NG HpBATAL TS AN TR T NEvRA 1§ ghrmeasuring unit

a@%r L@t LAd, me(‘:l%’?lrr%?n%%sci rlgettit}:eleo&ij %%Jaiqle,\/it%% %Q:%jection
readj usti ng ot her
optical system is preferably readjusted.

While in the above measuring of the wave-front upon
the adjustment of the projection optical system, the
wave-front measuring unit uses a space image 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 example, the image of a
predetermined measurement pattern of the measurement
reticle Rr 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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119 optical devices nmay be perforned at the sanme tine.
Furthernore, if reprocessing or replacenent of optica
devi ces of the projection optical systemis necessary,
the reprocessing or replacenent is preferably
performed 5 before installing EF proj ection optical
systemin the exposure appar s. Next, the nethod of
maki ng the exposure apparatus 122 will be descri bed.

i rst. ki f th tus 122, 10
RS S Gkl g %&eﬁgﬁﬁ%e%ﬁﬁﬁﬁ%ﬁéeatlm:-

' ' fl, devi d ni i emhl ed as
PRl A dna:, AR EEP AIE T T ER0 Pt 3ndt Lg?_solpt?-cal
enhl j b qind . areticle
gt%gége se)%gtog?ntgjﬁgrﬂagovaaéf({elcrl&gt gigy(g?/%\?%ﬁ@g\ﬂi ch Bath=sary,

. . : i
C@ﬂ@WfE%fEdégs{ﬁ%i ug@%f&%e éﬁdfop ng??ésly performed

assenbl éd as i n units, I ca

agjerir@niins tahay GMe ahdd OB ShELEL1Csystem in th
adj ust mantn:s etc??j aree %gﬁr?bz% med ré,o(%t)hat th?a%se g{:nhilgve ©

desipoahire apeydiergmnce. During the adjustnents, the
projection optical systemPL is also adjusted in the
above walext20 tRexinethivel idd wrd kiatd orhopitsadusysappatatus
and the projection optical systemPL are installed in
an 2 2expddube gesardtaesi.nai n body, and the reticle
st age %ysten1and the waf er stage system are attached

é

to the Fé¥gdsdinetgpaedivy mdi rFivodKPaHre haepanatus 122,
connected 25 together with electric wres and pipes. .
TheR, loptitar A ushiémal S yeieord @fptheing a plurality
BT 0. 0Bl caly Syt 2 and s BLOTESLION st uniie
b%hggprojection optical system PL is assembled as a unit
in the above way. And a reticle stage system and a wafer
stage system, 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
performance. 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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120 installed in the exposure-apparatus main body,
optical characteristics, particularly the imging
characteristic of the projection optical system PL

are different. In this enbodi nent, upon the optica

adj ustnent of the 5 projectioa @ptical system PL after
being installed in the expos F -apparatus mai n body,
the wave-front aberration is neasured in the sanme way
as, ahove aft.er .havin attached th . .
v L T ot TG tares grntB Rk, zopFiEal
Skﬁgﬁé%%eégggﬁg f”B f{qéﬁf§£18n¥ﬁ£ }gan§gsué rT?thteristic
points as a resul't ot TEASUT! N e Wwave- Front

aQﬁr%ﬂé(ﬂkéi%é%ﬁgn\gﬁkféﬁﬂn§§¥9é% EﬂPnELQedEg%Qrent. In

controller of the ‘exposure apparatus to t second

C AN G d Bine &,V Qp 8Os h b 503 c 481 A9 uStHent LHE the
| east - squares nethod, cal culates and displays drive

apuditec fion Bpdiel ensseeni eeSaffe LA R 1HSt8LXed in the
directions where the |ens devices are novable, in the
S&Rpomyr e o radjusiatentbody t heheakd nwg- Dfotbeaberration
projection. optical system PL as a single unit. And
acdcomdiasg regl time tiespHane way engi aleeve (afte20having
operator) adjusts the |lens devices, so that the
prditachiesh thst insale Simandim et xa e nékehr Seguneiy 80 to
satisfies the specification determned. Although it is
pdds B¢ ifdr SOt dRtgsof Fert sonfeynautome®fcal |y
erformthe final adjustnent on the 25 projection
B TP 5 o AGREHhGRE GRSt £h sthe wave-

C ti t.rol l.er 48 .accordi.ng to instructions ,
f(r%grr%%t éil%%é:gf%% OglorﬁTsunslecna i O se %er}etl%r]?nfr?rﬂethe main

MGG ANRGESH JN& HPVAR S| ANSESH & L &L 78R Ysecond

communication server 130, which, using, e.g., the least—
squares method, calculates and displays drive amounts for
the lens devices in each of the six directions where the
lens devices are movablé, 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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121 kept in their neutral positions after the

conpl etion of making the exposure apparatus in order
to ensure enough drive stroke of driving devices just
after having introduced into a

sem conduct or - manuf act uri ng fﬁg;ory 5 Furthernore,
because hi gher-order conponent bf "the wave- front
aberratlon are supposedly dlfflcult to automatically

t et c, t he | enses,
pr ejfrért;kbelzﬁro?%ea%fﬂélt e%losjr?l?gsr @ﬁﬁ?ﬁeah?hSPmPéFtlon of
bove 10 r ust ment, does not

d
e5|ﬁgwﬂé ihcn$ﬁﬁuxfp%%%€uéléﬂs%§dﬁ€e 8“58¥e enough
r%PJ Ss%do}eg pr&ﬁc\?dn%'@e {Qs%fﬁgﬁgns%gg%ag¥v&ﬁg

reprocessing of o evi ces

ot Gl q Yt M- 5 %I@ééﬁ@ﬁcggié%gggﬁggétag ng agtory.

reprocessi ng nay be, as descri

b@%@iﬁ@kﬁbﬂéﬁﬂﬂécéﬁséiH%@KéEI@P&ePeééﬂ%bﬂgnegp@EaEHé wave-
measuring the wave-front aberration in the projection

offtricoal adyestrem iRin heforeupmssed]y ngifhecprej estion

optical systemPL in the exposure-apparatus nain body,
orutcgprtdcesisingea e opt | the desiceocasd regadj,usif nghe lenses,
ot her 20 optical devices may be perforned at the sane

t igwes.. » Nirceav@feitlicateatbnigesd of the projection

opt|cal system PL may be individually replaced or,

when t hét preojredrkebptiatal fay sxammbe ehen uthe | ajove

l ens harrels, |ens barrels as unlts may be repl aced.

FOFRREMTSTEDY O85 M oesld iy 99l pppleapegboreance, some
SRS P S T o <o
AHEUS! A9, NSRRI AP Gale Y e EL S ¥nkhe
position St ance om a | )
projectlon 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, if necessary.

Yet further, in adjusting the projection optical system

PL only the position (or distance from another), tilt,
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122 etc., of an optical device thereof may be changed,
or, when the optical device is a lens, its

eccentricity may be changed, or it nay be rotated

about the optical axis AX. 5 After that, overal

adj ustnent (el ectrical adjustnent, operation
verification, etc.) is perforﬁ@@. By this, the

exposure apparatus 122 of this enbodi nent has been

made whi ch can accurately transfer a pattern on a
rticle K Gt ORE VR erdaybye t Heepeof ebdy oheophpregrdioor,
system PL whose optical characteristi¢c has been | |

ad[tfgt &d*e \P&R}%&Lﬁ%‘fﬂeﬁ.lﬂaiJse?%naikéde%afltrﬁ@lty may

king of the exposure . apparatus.is preferably, . ,
ggor ocr(']hal g aorclJ@éﬁ“a}%%mﬁ%?%t?ﬂea}?g%ei:é?uPétéﬁal axis
clganliness are controlled. As described above,
according to the conputer 15 system 10 of this

enbodi rrg\rftteaznd%# e nethods OJ%%S%E:{?&‘I‘E ”%é‘ﬂeéﬁgimca%he

speci fication t'he projecti ptical " "sys _
SRREIUd teRitON e ddte i GUr@ﬁfP@a@P&ﬂlFaéit:%gi/S%ﬁgbéﬁformed.

determ ned based on target information _
X0 apRay aldifoshde i thaehi Y2 andcRi §i ¥8Pod9ment

standard of the wave-front aberration due to the

prhejsedtdeon mauid cdli gy steamRicuddadély st rahefer a pattern on

specification of the projection optical systemis

det erafilsdd dsiarg-ca a giafmr I drgatite ofro ot hani optdEal

the wave-front on the pupil plane of the projection

opftvisdEm RistidyaseTipatdfcrle, clpmradiee piof bethan bpencatjusted

system PL is adjusted based on a result of measuring

t W& W P& FY G labertatlisorkenarkedxampt ethe makipagofhehe

projection optical systemP ccording to éhe

QG760 “BREC et o P SR T ALY petforied fn 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 is 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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123 hi gher-order conponents of the wave-front
aberration are sinmultaneously adjusted as well as

| ower - order conponents. Thus conpared with the prior
art where after the adjustnent of the projection
optical systemfor 5 correcting lower-order
conponents, the adjustnent of 1 proj ection optica
system for correcting higher-order conponents is

perfaorned based on a result of detecting the '
hifbtfEte ordete T oiierme Rt Byof r B niga VPRt ophysbernation are

ST L 0B £5 L P R Bcnenc
[ ' i s, det 1 hed b th t
PSR A L B e
B PR O Ol Sl L BT SR AL

aditStd G e ol Qi et QR GRL i €2 §M§t§§;gggﬁ&éga 4of the

process of making the projection optica

XS iAPPIALUS ] af f S em IBL LT R PEOG NG higher-order
speci fication and neasuring the wave- front a%erratlon

dueniperidhe Priej eeir e isddeSYsh e Fhsult NEF detecting
projection optical systemPL is adjusted based on the
20 hee dsyhereir degs uldmsinaast 4 dopat s yndg height-rays, the
specification. Therefore, the projection optica
syPsremspL ocdamalke nengitley proteseten ebyt heak shsthm is
satisfies the specification. Thus, sequentially
pEPVEPNISAY SHEPIE -udimefidl Fin dwerawselethe coppohBhcstion
and for higher-order conponents and tracing 25
| rléhfj-elt&fg‘%&rd eghj s thiEnttHO§h N PR BEoRr tthge
n ded, so _that .the process, of king the ., ,
DEsPeaRTon SDEREALAE 70 B b oS | gh L C B ¢ PREECal
L 09 8XNOSURE 5 RARRTAY Uil YIRS 181 gk d e Proj ecti on
optical system
In addition, in this embodiment, in adjusting the
projection optical system in the process.of making the
projection optical system and exposure 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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124 securely achieves the target. In this enbodi nent,
both before and after installing the projection
optical systemPL in the exposure-apparatus main
body, the wave-front aberration 5 is nmeasured. In the
former, the wave-front aberration neasuring apparatus
very accurately neasures the w&de- front in the
projection optical system and in the latter the
optical characteristic of the projection optica

s lah A5 ARHSS dirsd 69§t adj ust ed regardl ess of

i ffer et BecnaTPBUE Akt th (oL PHE. ATT | AGCERe
oS e i GBS STyt hee Lrnkerom B2 apc o

CSLOR B A ELITN ATOAAY, orel Ethon Ol BBbecacion

Ve \e nfd et AP e At N f%@.te, nBas %%?e— %Poﬁ@yag%r?:gg ion

cases, because the projection optic syst em

agicsshiad RSOt d afdlh) DlcHBASM ¥ NHekBEres the wave- .
wave-front  in the projection optical” system

hifghert- dndehe gorpeiich dpthea WayesteRpt agleiratheNlatter
can be adjusted 20 sinultaneously as well as

| dvver -oprtdera lc emponrerites;i stiitdauE tloonstdfechgoh hepot detl

of aberrations to be adjusted as in the prior art.

Thheséfor @an e yepussiddurate ladjasjusthed opyacdless of
characteristic of the projection optical system very
akEGitied prame te&SiMirorman tdie gt oy apei daffesent
s¥§ten1PL can be made which substantially satisfies

t RETVEENePRTREE SpeLiahiteHt i1d talclelrdi MRf terehection

CHRFILE BV YR, 122 O o DO P08 B
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 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.

According to the exposure apparatus 122 of this

embodiment, the main controller 50 measures the wave-
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125 front in the projection optical systemvia the
wave- front-aberration neasuring unit 80 (or the
nmeasurenent reticle RT) as described above, and
controls the imagi ng- characteristic adjusting
mechani sm (48, 131 through 13ﬁ 5 etc., using the
result of neasuring the wave- FG% mhlch provi des
overall information on |ight paSS|ng t hrough t he
system

TR o S T e #ﬁ%@?ﬁ&%’ 811 §Ppesivipetne wave-

I t
R
V\@’eetfcc,rlcéqtR S%st t&%tsctrq%elcfr%% x%_ %rpaag:toﬁn;ttreaf%)rtrﬁ% rXaglng—

the projecti on optiical system is a

f'%ré&%@ﬂ&@%dﬁ%%§8%€ W EXPORUI F £ apP3Y at ulq%% 13,

of this enbodi ment” conpr e proj ection op

SyHem ukdifd- Hﬁﬂréﬁﬁigx%¥‘ﬂ@&@u@?ﬁ&rghggw£9elgfont which

naklng nmet hod and adjusted in terns Of higher-order

C@ﬁ@&ﬁﬂﬁéSdﬁeﬁdME\Mhﬂbrﬁéﬂi6na@@rIﬁéh@np§§sﬂ§%|tﬁ?ough the
| ower - order conponents in the | ater adjustnmen

welup ids dlartehe fivetkien g oy oE@SSon aopPhtd Brfiy oferd. rehéeteore,
R can be accurately transferred onto 20 a wafer W by

t Rdreprigjeasinoorheptadaal risytstene PLthe noadik ¢t bon optical
according to the conputer system 10 of this

eﬁb@&%?ﬂ isha e Firan Liabed T es t ot webnariing vesult of
80 of the exposure apparatus 122 neasures the

WEPESHTIMY the Ry Spiidi Bt oif dptdkatheykrage Pef Fheattern
flrst server, 120 sends the result  of

t \?5 B PR SRS SRR iy UhAT Ho Tosdti Rged to

t% - front in the projection optical systemPL to
t he secoﬁd conmmuni cati on server 130, which controls

the i mghNgydition, 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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126 characteristic adjusting nechanism (48, 131
through 134) wusing the result of neasuring the
wave-front. Therefore, the imaging characteristic of
the projection optical systemPL is accurately
adj usted using information of th 5 wave-front on the
pupil pl ane of the projection]éﬁfical system that
overaII i nformati on on |ight passing thr?ugh ghg

| ane, so that the inmage of ,a pattern or med by

thcg1 %te%ﬂ%%l%p% %%?t%%tlé%bénil§maéj4ést editBhrpegh” 134),

| .. .Th t server 130 can _be 10
ARHOE 1 T eho1 & JOSTTFnCer DieL NEvExps8Hte ThereTore,

he fi t 120
ggﬁﬁ%c edgl%i ﬁ%@ été& i ié %gggthégphgntﬁé?vggﬁical
St (0] stem
CQ%‘ dﬁr% e*% é%ﬁﬁ{ﬁ% %%gg o?é&ﬁ@ 1§¥eratlon of the

Prei et Uh ORI Cale SYSE LM ﬂaﬁ@n berda %495%{ﬁ@9985a%?>t¥.ca1

adjusted in renote control" Accordlng e conmpute

sysiared0 atd his, oo mepd rapdat hen 8HNedgAE passing

det erm ni ng optlnun1 condi tions, when a host conputer

mmhnpqutﬂneepqpxmngﬂénnxugmu5ha€2t@é afagpebat ar phasern
inputted informati on on 20 exposure conditions

i folnmichd pathemrdjdarimt iontioad sybeehi PEtis adjusted to
comuni cation server 120, the second contmunication

s&ey @Ptize re fit sadundieommen ppatbeon ebrueni hOacan be
space image of the pattern fornmed on the inmage plane
b&dSPBPY He Fatiediatg ot Heteonf Fer| Yiedekpogsrehepparatus

i nf.ormat j on on_exposure conditjons received fromthe

' :112%{ aéﬁnﬁhﬁ 0N SEFYEH A" R hr 9GS E he? ReERBRRCARE

k errat| n |nfornat on of the projectjon,optic
s&gggm ’ dﬁl Eﬁ%§'?ﬁ%mﬁﬁﬁ%& %?%CtﬁﬁﬂFFFSngf the

b%rOJection optlcal 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 the exposure
apparatus 122 or an operator has inputted information on
exposure conditions including pattern information into
the first communication server 120, the 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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127 analyzing the sinmulation results. Therefore, the

exposure conditions are alnost automatically set to

be optimal. According to the conputer system 10 of

this enbodi ment, when adjusting the projection

optical system 5 PL upon, e % t he mai nt enance of

t he exposure apparatus 122, a ggrvice engi neer, etc.,

attaches the wave-front- aberrati on neasuring unith80

to t Z- t||t st e 58 and instructs to neasure the
qf 9%ﬁ£ﬁ°Quﬁqsuﬁ¢s sbhehaforfe EQ@oﬁﬂposure

commu |cat|on server %?O ver %ﬁ@ g;ratel

dj
t K& Tagi RS AT S8 St e- a2 of Bt %ab p??E%ﬂ“al
oy om By T, S s s paliyely oo gnr =

engi neer, etc. usi n

h
e e ML
appan@ons 124 .1,N e BoMe RRGE dYF € h &Nt p HPYE apparatus

p03|t|on devi‘at'i on data obtai ned by the neasurenen

I 0o, BheecTwiikec @Mgitldear, 2 Of, ther LXPOS UF 18 aPPAE A USNt -
122, in which case also the second cormmuni cati on

sebeerat3dncarasverihpasiitated wadjistzthel ¢ ®ghgd 58 and
characteristic of the 20 projection optical systemPL
i AnsEruice scoet muda s Fe ttlee nwaee-fhenexpisurtdeappanat usnit 45,
122 whose exposure conditions are set to be optinmal
b&Po8aEx FHSUEE CoBigh Cofimum ifiagh v e7¢ 2e mck3N acsgry
transfer a fine pattern on a reticle Ronto a wafer W
v@&cvﬁétﬁlléﬁ él@‘ﬂ.uéﬁ Sof}thlec amags g haw att sihbsiel ¢ neli hlge
aractgrlst Cc been adjusted accurately. Al though

o aB6ed BnBBi e SdBLE Bis he GHSE Gy edhn
aﬂh%%&hngleeeara%”%e&%&d%ﬂéﬁgfnééthe &pqgesfng 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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128 pattern formed by the projection optical system PL
is constituted by the inmagi ng-characteristic
adjusting mnechanismfor adjusting the inaging
characteristic of the projection optical system PL,
this invention is not 5 limt to this. The adjusting

apparatus nay alternatively €addi ti onal | y incl ude,

for exanple, a mechani smwhich dri \éesdat | east one of
th ticle Ra the wafer Win the direction .
pé:i%é{qeee%rgtfioﬁl?%&ﬂw i %%&T}ec?(‘??lr OEF%E%aﬁV?ﬁ?ﬁPPEElS
hifts ith el engt h, of the Il 1umnpation |ight EL.
IS:oc:ronesxSCalerlfeceé/%e\ﬁ ‘?rﬁd“?%’engﬁ%]“%ﬂlléﬁi:iﬁﬁ\iﬁ%ﬁ §ij'hf1{5§l_flfiﬁ
it e, ] m [on, Light to er Wi
}Aﬁn\e&lh%u}gﬁér%?ff:%ga?aadcidegf%g?g&%djnﬂ% ??1% %@ﬁgﬁfgﬁfstﬂg Of the
adj sitamnt, pf e, | ' char [ I e
cgisrgﬁof thoerpr?t)ﬁ\/galhgtla{eln}a%}ngs][ge_sn,1 thhig, %ﬂg%sﬁt%éfzg?/éuglsnft
t he miard Bti PR Hfs t highd r@&jﬁ@ti&@aéagésété I Galn each
of a plurality of neasurenent points wthin the field

ofa lttheg nprtgjveclty @t %Hdi&&ﬂorﬁé’ﬁlﬁnin&udépe%fi @ﬁél‘n[ﬁle, a
wave-front data, for exanple the variations of the
s ecahc riiemmivh icoefdd icieanta t reugh ¢he 2P SHéhréeisls R and

coefficient of the Zerni ke polynomal relative to a

urihte shiffetr dhduntthef diheeddiamipatablel igbtth&lopwbigh-axis
wer e obtained by the above simulation, etc., and

céit &tnéd Mashame syntdbade Hefbrentml. vahatength of the

[ o 35 VT dGORT ogrh VIAATTRAS righEhes b antse.
SRR AL ap B AT s R LT e veel oot o
ORtbMuEn! TagR el AU Uk TS YA NS DL SLESEL 87
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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129 system and based on the conputing result, the
wavel ength can be autonmatically adjusted. Although

t he above enbodi ment descri bes the case of using the
exposure apparatus as an optical apparatus, not 5
being limted to this, the op&i al apparatus only has
to conprise a projection opti@ | system Although the
above enbodi nent describes the conputer system where

the first co ni cati on server 120 as the first

c Ot ﬁﬁ%ﬁ’éﬂﬁpgﬁg*§ Ghd- 16D iR %?%nrgéPgér ibe19gvgdength
t co C?EH'ter are connected with each other via
ahggﬁﬁﬁ%gggf?on%&ﬁﬁ%Xrﬁ:QHﬁ?ﬁﬁthe public tel ephone

exanp o TN 8 LR SR A B vRE phpspase of

CQﬁH%@‘%Hé‘Hkpéﬁ%%?%ﬁﬁ%&éﬂﬁ%t%§ §ﬁcgggﬁggﬂny§b895k8g, not
t her vi a

server 130 are 15 connected wth each

CEINY qaljiandath d:AN , 1368 é§k§@9ﬁmaﬁﬁ?ﬁggus1gnl§uﬁgs to

as an in-house LAN system installed in
I esamrdlyednd ptevelanmntoseicid Dns it an.

exposur e- apparatus maker. In the construction of such

an i n- hddsaouAN syst enove?@rtbrel fnigrst Cosppibeat oo

server 120 is installed on a clean roomside in the

r €OFRUEIRTasd-sdeve Miprentt Isectiat cuvhumscat pbacgerver 120

where an exposure apparatus is assenbled and adjusted

(Rér éihgaffiest campedex 'adid &he srrPndecompenhdation server

cgggunica ion server 130 is installed in an office 25

renot &5 FOfM BRE O%%t &RV S erfpi Harre e helkpreach other

sends _ neasurenent, data_ of .th ve-front aberration

KRS P BRA oA o ok RRt OO orie (7 4 FgLephone
pathernepi;af OLIRLEQD), G AL SXRASUE APPAL Al USUnder 1o

experi nment !
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’ 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 is 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 exposure conditions (including pattern

information) for an exposure apparatus under experiment
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130 to the second comuni cation server 130 on the

office side via the first conmunication server 120.

And an engi neer on the office side instructs the

second communi cation server 130 to perform automatic
correction of the imging 5 characteristic of the
projection optical system PL the exposure

apparatus 122 based on the received information, in

whi ch server 130 a program bei ng devel oped b{ them.is _
al%eddiP iSRIANT SPMEIH GV e3CFWRT r £30| @n ofhe office side

measur.i.n wave-front aberration

th to th , _
pP@fbé?F%%iﬁé%(ﬁﬂmgﬁ?%ﬁﬂﬁ%ﬁﬁFﬁ?%??%rf?ﬁe'gﬁ?ug??%ﬂglneer
f ' j ; N istic t ' t ect .
o I h et e B e ol TP char et e PR Te: Endon
resylde can @lgp A5ed ad{brgﬁ%ﬁﬁé o@&?ﬁeé@forﬂ)r&gr@ imaging
Al'ternatively, an engineer iIn e site nmay send

Pain-gr datfiQmmt ign oAb di 158 Sopmun| C%éér@l FL gf the

server 120 to the second conmuni catl on ser

M dstu r ed ARSI AN 2OPtH Y SPeCEfd CALEONOF I REormation,
projection optical systemfor the pattern. In

adei wihdr:sh e vdr 3 0C GMPHY Eddnh Ok 56 V@svd 2@ oy 26hem is

the second communi cation server 130 may be connected

wiatlir e agige i nettadrl daly  raadi ace A tvwrigihd hee@bbveof measuring

enmbodi ment and nodi fi ed ones describe a case where a

pltiiea Mistie ~¢fr oap edare sdpmay atusese 1R Iptdietighori 288t ical

are arranged which are connected with 25 each ot her

vy S SFoMtufitdss Shepadi v simant Rerthoninaginet

limted to.thi,s, and there may be only one exposure

B REGE TR 5gh GG LA e Ao HertE e A Bbss bRnt of

Ceng g%aging 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 1223 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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131 determ ning the specification of the projection
optical systemusing the conputer system 10, the
technical idea of determ ning the specification of
the projection optical systemusing a standard for the
wave-front can be 5 used irr%]ggantly to the conputer
system 10. That is, in a busiiiess between t he makers
A and B, the nmaker B nay determ ne, using a standard
t he wave-front, the timum speci fication of the

R4 T T bt ) SR GHTAt 6PP AT L BRR PRPOPRREPGNOBEical
SSRGS Hror TRRTTGY (AESCHof Lot FBR bRCHEAFR] idea
S R REh h lie SBFF b TR hAtn  RE EBPoBEgd SERePEor
ST STt A AP e (Ll der 0008 PHRPELTEME bR can b

aqdjdesd MBive RIS, ADMLS M&H@@tmgyg£eﬁhfom’fﬁgkgis, in

| enses 131 through 134 wusing the second program an

bas eth Omddie geasiddn afhe Meassrs g 408 waventr@ker B may
aberration of the projection optical systemof the

exjeasinne repparsatries &l 2% arediir $efsls 20 ti®ve-front, the
adj ust ment - anounts data to the main controller 50 of

t o téxpus wpe cdpiarativsn k22, tivhi mio e vesoh hept agilngystem

characteristic correcting controller 48 instruction-

v §lode $ addesdiimg armathieorad | @ise nerprenbdedsbADIle maker A.

through ADIJmto nove in the novenent directions the

V&S PSS (CEisediass thanraditpnusze bywhep nakinghehe

adj.ust nent _of the _.inagin g{arg&teristic of the ,

PG et olﬁnoﬁtﬂt&éialsygsélsetrﬁq“ AT p%"l‘f%?%?p?ﬁlifé%’t:éon

cantraol . ver, not_.bei limted to this, the

e%%g§%%%‘§%%§¥h{1s%1ffﬁ%%%%ﬂaf°r é%e wave Etonp, that the
process thereof is simpler.

In addition, in the above embodiment, the second
communication server 130 calculates adjustment amounts
ADJ1l through ADJm of the movable lenses 13; through 13,4
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 controller 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
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132 constructed to automatically adjust the inmaging
characteristic of the projection optical system based
on the result of neasuring the wave-front aberration
and using the sanme program as the second program 5
Note that in the manufacturin 5 f mcroprocessors for
exanpl e, when form ng gates, hase-shift reticle as
a phase-shift nmask, particularly, a phase-shift

reticle of §Pacq5fre uengc -nvgulation-tﬁﬁe )
SISO YL (f%]g:é( RPIWPt htRfatPaging
ftf 'rgggngégpgigficall .10hunder Qn il Tum atign
e i R o R 1Ect b (BT bar hej Vpbeh Bsed on

con I on a cohere o act D 8 A5 th
; ou , e
;@sée%%%%@ro% ?%ﬁagsr‘gsﬁl{qa&uﬁr% nvg ‘g%lvfg ?é, abRerapef and

f 9 PeH i%&#@é@b%%&éuggc@rssg%gaawﬁ field

of the projectio cal system devi a ue fo the

15 aber neiteOR® @ e HY i BRIA L OPiASab s W?&Pﬁﬂ)ﬁ@c%ssors
astigmati sm spherical aberration, etc.), so that the

defpirh edfarfodey)s wherS MR dreiing WH € EXPOSHE - a5 8AFE Sreticle as
conjugate to the illumnation area with respect to the
projrbetsicors hafiti calsksy stearhiandl 4181, pf oplesédé-ophareareBicle
20 which the image of the pattern on a reticle is

f efméd sty ceexfiresivea dyHmer uilatt lom+ 4 bt . (Téresefon et ypa) is
the nmeking of the projection optical system by,

elged A@dedtierg witd sherllatd onlsl wiindtelompr ofeetibhcally,
optical system (e.qg. field curvature, 25 astigmatism
sBI‘?@'F‘ircéin deraiiadH cretcend idd<ay Wit e cehsFear¢onfattor

L% BALelOS O On (LT Suloee), L e

t6¢4%§et%% E%%s%h%%%f%mggfféyécgghiffg%fﬁg%eépqygre, the
best focus position within the exposure area in the field
of the projection optical system deviates due to the
aberrations of the projection optical system (e.gq.
astigmatism, spherical abérration, etc.), so that the
depth of focus i1s 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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133 position within the exposure area is preferably

di spl aced partially and deliberately. In this case,
focus- correction for correcting the aberrations may
be performed so as to make a so-called overall focus
5 difference small. By this, H devi ati on of the best
focus position upon using the ase-shift reticle is
greatly reduced, so that the pattern of the
phase-shift ,reticle is transferred onto a wafer wt

f C h
a HHger tept o 1o ctEP Y AAhe bef BF el S 1B REPEABL HoFé SPlaced
}ggnﬁﬂm%#?Tg%éﬂgégﬁbé?ggégygfﬂgaFHEgaggégvl%gcﬁgalCle

used |1 an exposur a

OGRS BM A A deLOs Vend NERELOLEs bR e

focus position wt exposure area |

digpl Aned 4 F%,%tai:.a'ﬂhé’ Rk Og| én‘?ﬁ%&‘if&é{ ?%e?ggﬂsk'{a%st he

aberrations 15 with using a mechani sm for adjusting

the dregimne sharactsyistis, ofnd hgepr ok 6ok {99 PRLI pak+

system such as a nechanismthat drives at [east one
oidcarl piaMitGieornfugddte uPiky eehd OPh9PELERE FEYBEEMEYEA 5

an actuator (piezo device, etc.). Here, at |east one

ofg refeer Ifvi edediucierdiatdy ecreaid 20 asd t @Bk | SM Ohe phase-shift
additionally the spherical aberration in the
prrgjtectlicon sotraged f eyt nen so aglj wesfed. wiAtsoai hathes depth
case, focus-correction for correcting the aberrations

m®f fecuserthermieisrsas to make the overal | focus
difference small. 25 Before the adjustnent the

i magi ng FORANEAI St ith oS anh P IR Fe LY @FEREayhen a

system the inmagi,ng characteristic thereof, mainly .

RS S v opr b ol g (72 BERES SFcRRPaTAtus in a

p%%%&%%ﬁ%édﬁégg%&?ﬁ%&“%é%égfﬁp fﬁgfg oggfaéggdbggt 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 of 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



10

15

20

25

134 computing fromdesign data of the projection
optical systemor by actually neasuring the inmaging
characteristic. In the former case, a nethod of
conmputing by using 5 Zernike-variations tables

descri bed above nmay be used. Ig the latter case, the
i magi ng characteristic may be 136t ai ned from the
wave-front aberration neasured, or from the result of
detecting the pattern image of the reticle by a
sﬁé’@@-‘ﬁtﬁ&fe LROTs (S Pt haef ngha Preheckberi opagcal

1.0 surface,on the fer stage, or fromthe result of
dEYEEThG Taky ﬁf&&%@% H‘éea}%‘%%rll%'gh?)aﬂl%ghngl at ent

| BAS 5 Qs L%; i mage) projected onto a wafer. Here,
it I's preferable that with using a pattern inage

formed yndeh aldMsie ! Re SAME, &XN3UE e?ﬁoeg&%ﬁgﬂﬁgmg by using

e.g. small a illumnation, as 1 n manutactur

d@%&%@%eJU%%ﬂdﬁﬂydggﬂgﬁyéﬁnégéégiﬁé@fagg@epﬁg#eﬁéiQged. In
optical systemis obtained. In addition, the 1nmaging

chakaghetiest icasef, the Mt ik oical ssYStRM 1 Be
whi ch the deviation of the 20 best focus position

Upbit adsiedg firloen pihas erastifirdred | e St I @lue®dshiBed, or from
nmeasured again after the assenbly or adjustnent. At

t the peismtl tofo ft ideeectthegdentiaatpadnt aafn | inegeni oif hthénreticle
the best focus position surface may occur due to 25

r 83i duabagBeriagico meias e o} idcthanioptd chlglslysteoeiving
If the deviation is above a limt, at |east part of

t RETIBFE) edt it vpficcalstans & ects the beeept aeBd or

readjusted to ke the aberration in the projection
geggc%lng an g%age S% the reticle’s patégré (latent image

or resist image) projected onto a wafer.

Here, it is preferable that with using a pattern
image formed under almost the same exposure conditions,
e.g. small o 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 above.a 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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135 optical systemsnaller. Here, optical devices of
the projection optical system may be individually
replaced or, when the projection optical systemhas a
plurality of |ens barrels, 5 Iens barrels as units may
be repl aced. Furthernore, §$st one optical device
may be reprocessed, and espeél |y when the optica
device is alens, its surface may be proEessed solas
eco her| ., If necessary. The optica
ﬁg q§?$ eBptlcal 10 devi ce such as a

Iens or efI optical device such cave
n1rror 5&ﬂgd a erral(NF%%ﬁ?%c? nbh%I%f%j?%Elon opEieal

e}rse&etn\ NG e aj)br?ama&yf )?dié%%&é&t aﬁphﬁ“ ﬁﬁ%ﬁy

rration,” etc espec f of

Qﬁﬁ%&%ﬁ$bﬁ“5%ﬁfbéfesﬁége Chhan 4 og?ﬁ%glf% len% barrels,

Further, 15 in adjusting t e projection op SysS

OméhéfbérﬂEE%tdéﬂhﬂfﬂsCﬁ§§aﬂ§eréﬁ9£&@@0tm%ﬂbhéfﬁére, at
etc., of an optical device thereof may be changed or,

V\A'lemsimemeopiptczaia]deié\ﬁﬁ:é @y | 188SreptScLEELAL r ALl Y

may be changed or it nay be rotated about t he optica

amspe@ial&yﬂwdahzﬂhaunpuﬂnaxr&¢WEm@nemta Teps PCEBS, surface

etc.) may also be perforned in the above enbodi nent.

AFENYO iRh RS esere sentsotli trerte dese ridresspinver cask, if

where the neasurement reticle RT has a reference

pRECESTaTYs MR RS i€ atedititigrents p%ltlt%flﬁac’thlédegdoptlcal

reference tern 25 is not necessarjly provided on an
FEVCAE. GHiTacter ST Hods (TR RIORT Ied hedanbye such

le RT) . That i
t%%°%'efr5‘§?%ﬁefteehea&ar”e@?‘rﬁ“re”e”t G GRS O e ke for

o%oQQeEan%uQ%tr%%%rrations (distortion, spherical

aberration, etc.), especially, non-rotation-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 Ry 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 Rg). That is, the reference pattern

may be provided on another mask or on the substrate



136 (wafer) side and not on the mask side. That is, a
reference wafer is prepared by, after coating with a
resist a wafer where the image of the reference
pattern is formed reduced to the projection _
magni fication tines 5 its oriqkﬂgl size, transferring
t he nmeasurenent pattern onto e resist |ayer and
then devel oping it, and by neasuring the position
ern S resist imge

rﬁal;t%e relf%% Q%I&@e%gﬂgﬁg}aﬁ‘ﬁ réF@Feng ahaf S, %

h
TN e e il
erseodi dend e wayes £& ot e @Q&%éagfoghgu %g%e pattern

projection optical systemis al cul at ed basé

r el fo 9fe dBASA W dhCKESHBL e bPRIRSMUPLSRiBER1ion times
obtai ned by, after transferring the 15 neasurenent an

r eifter encieyipatl esinge Ortﬁei’tesﬂ\@fﬁiné(\/thgefﬁghgﬁk@ﬁeh‘t p@t@_ttern
being limted to this, the result of nmeasuring t

i roege (Gmaeesmel)aﬁrtehed MelRshir @888l op payt eEn and by

projected onto a wafer using the space- |nage

nEERAUTIgiqItite grosift irasdevigtidie dAtehe meagesentnt

the 20 neasurenent and reference patterns fornmed in

t PR ttEsinsts nefist omagedescrt ot nedr &fe eenhe ngatiteaheon the
may be used. Also in this case, the wave-front

By CHEGR (At Ye DRHHELIRY h@%aﬁ@ner@eeauremagt as in
in.the above nt, based, the result of

meaSuAPy S Iﬁeen%poémﬁqﬁ:n HFe\RoRS %5 of the measurenent
pattern,f r fer nce.posi ti éﬁ oj ectio

posi ti on %?%h%@ §Easurenen patter 1%%55h€%e|%ave front
degieght ilpstead «of !

pattern onto the wa e a?# 1ﬂ%raﬁ§éerrlngs¥ﬁ em is

r ebekenee ckalthed 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 being 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
measurement 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 meaeuring the position deviation
of the measurement pattern from a reference position (e.qg.
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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137 onto the resist layer on a reference wafer on
whi ch the neasurenent pattern is already forned, the
position deviation of the neasurement pattern from
the reference pattern may be neasured by, e.g., using
a space-inmge 5 neasuring unitéﬁpving a plurality of
apertures corresponding to t He 'measur enent pattern.
Mor eover, although in the above enbodi nent the

measur i neasuref t he position

géﬁﬁéa%%%, E?&Q%ﬁibﬁﬂ%%tons%ngﬁ ChE)-Be"BiEY Rﬁi@ﬁip§ the
' ' 0 tus. (le_in,the

AR St i ST o TR ERP R B S, Fhe "8%eh Harm

Oladiey ZRidlde (0l NONL @teid e USEE: ebRCr  ERCLRLCLERLS ence

over the 37th term e.g. up to e B1st fern1 of “the

Ze3 44 te- 1P Gl AN QIR %ea{@.‘:’r@cﬁff&‘fedet .caheuhate 183cc-1 age

hi gher - order conponents o he a errations due to t
piney et iofy aptitcaawisd e Plurdhat i 65 LPEstl,p¥ENt i on
is irrelevant to the nunber of terns, and term
nuheresspafdintdiec Zertd kee pob yaroshal phbtes8. MBreover,
addi tion, depending on the illum nation condition the
aledrretigin dim tthee 2 yr gréstd omenpt tlocal osysl eprReaBBY ing
be caused deliberately, and thus in the above

erodi MERSUURS dptd uls deldtedeviatidme, ptiog eel ignment
optical system PL nay be adjusted for the aim
alf&ESAL Hifd P A& DIV G vieh REPUedemdimothe epsposure
m_ni mum_ 25 I n the above enbodi nent the first
cGRRMiet&Son  server 120 inquires information of

e P 45 I e d L SR M o

sheWih Mg Y AN RS WSE 14 ke polynomial are used, the
coefficients over the 37th term, e.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 conditiocn 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
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138 apparatuses 1221 through 1223 and, based on the
reticle information, searches a given database to
obtain the pattern information, or alternatively an
operator inputs the pattern information into the
first conmunication 5 server é%% via an input unit.
However, not being limted to“this, the exposure
apparatus may further conprise a reader BR such as a

€ L . . | . |
e AN R bﬁzg%ﬂﬁ#?%%%%?ﬁy 981 VoF FEFicle
[ - 0. di [ code, et .
IRt Meaddied L 0% SRFG a%feaotsﬁyaén the
j . v ] ' r i ,
BT RO ARE R e TP 0O 01 LT oBekbor souts
| i HN a8 Of IRASIHH Nh the yavies £1pot é?ﬁﬁﬁ?%ggl@ion

usi ng the nmeasurenent reticle for 15 exanple,

aldegrmant]l 23y stiemA- G Pyt dei el Ad@ePOB] thOP being limited
devi ation of the latent inmage of the nmeasurenent

patat i s, f redve tehatonfrd hepgefetenorapat i tler t BSmbWRse a
| atent images being forned in the resist |ayer on the
vaade rVBreprah, as m theer caste ofeaasutndbcdbed by an
wave-front aberration using 20 a wave-front-aberration
meHSGENRE Yurdiltnef dm &danpld, hevhiglvetlie oftraberrati on
nmeasuring unit may be one having such a shape that it
cETFEPILEEE 1he SRETET HAMeieads 2 thas-eede, twe-
ve-frqnt-aberration neasuring unit can be ,
At BRAET CHFLy CCFrs Fored By S AT Rrspor (X YEE bin Bepeing
(i [ fer | qader), for_repl ng a wafer or
wirarstarad, WThe BREAN HF G Bbver farrenanain
h ter ; ut o i call) .
TERTS ol e+, ST B LA £ A UIAEAL L qppacion.
optical rgyghemtRPbnandn the case of measuring the wave-
front aberration using the measurement reticle for
example, the alignment system ALG may detect the position
deviation of the latent image of the measurement pattern
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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139 set best exposure conditions wthout the help of
an operator or service engineer. Although this

enbodi nent descri bes the case where the
wave-front-aberration mneasuring unit 80 is attachable
to and detachable from5 the \ﬁgger stage, the
wave-front-aberration nmeasuri unit 80 may be fixed
on the wafer stage, in which case a part of the

he wat ¢ _ case a part of
r ST G o TRES G Sé’oﬁiéiébﬁ?wigbhﬁ%r ss et Sfoded

: . ou A |
SRt eV TSI AP oAl GhESER Fhesi Pghptinent

r%&i‘%so%ﬂé:aéasc‘é/%ﬁ (thltigewt é—e-fi:gggt—égg %g%tiio%n

measuring unit 80 1s negl ected, wave-fron

abRraAldiafy drtd ey Pro) Letd ORa9PL1 €85! 218YSHERLPRYLRE from
determned in view of the wave-front aberration due

t addavd feghts ddgd eogie/ iy @PE 161t - sFeAL 1 bA AGEEL9Ry unit
the exposure apparatus 122 alone may automatically
adjustayt e ifMBgOEchataciefésts€a9é, t he wREeheehkeNa part
optical system PL and set best exposure conditions by
usitng hehevafviea-sir arhir-alghr 1dii Toh pnegsantngndn20 80 may be

dat abases associ ated therewith, described in the above
eFoFiiAest candhshivefer estsiae eehihe abhénfestatsodisposed
storage media or the storage unit 42 of the drive

urFieP 346 teHer dotom e tHihtbreiaghe Al ¥seughr daghhihird

( SURATERE A 8150 Fettn LA Eomt St | 5 YePvbions0)

Dkl deaenatdn s Lestonn, ol biecBIE A S0l o,

ThE-30ka Sriitd 1 AN, |30l L LAY Lecracior
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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140 not matter where a conputer (server, etc.) storing
the first through third prograns is disposed.

Al t hough the above enbodi ment describes the case

where the exposure apparatus is a stepper, not being 5
limted to this, it nmay be a iﬁ%n-type exposure
apparatus that is disclosed ir,” for exanple, U S.
Patent No. 5,473,410 and that transfers the pattern

f na whil.e nmoving synchronously the mask and a
g giWE&E?EHWQ§anﬁHﬁ$hRgE%ﬁ g%e%ﬁ i efthot ®hPHIRG the
o 1 osure .apparatus for manufacturing
2&%&%3@ﬁ%hﬁﬁ%i?%ﬁﬂﬁ%&?§HW@ﬁ)ﬂwg I
ar at far. .transferri | tquid crysta i spl ay
32\% ce %gttthé%ru r?horil:?l one agoror‘}eé;t% a{r%)gou Jg}r[ler& a%%s%?%]?ees and® an?°¢

EXPRIY & HAPRAAIUS-d YppFAdUC| )ﬂ&pé;%‘%@;ﬁ‘@;ﬂﬁ?ﬁ@t ﬂ)&ing

heads, m cro machi nes,” DNA 15 chi er nor e;

t hijgmiitRverld amiean ihe mppliet t9oad BXPOSHEsure apparatus
apparatus for transferring a circuit pattern onto

gtass plsatddscdiossid iiGON M eftar®l F AUTE PERISKSE o .
reticles used by a |light exposure apparatus, an EUV

eXpdsir, d ldppadattist anr g fByr eXpos e tpnarat us, ma@sR0while
char ged-particl e-beam exposure apparatus enpl oyi ng an
eleytlingn soymchyenpehy dthe nasladdhd iongubbdierdtght

source nmay be an ultraviolet pulse illumnant such as

an F2 | 38, iAvEngienmearn dserpmliad maxomeyr tasen

or a continuous illum nant such as an 25 ul tra-high

pPEBSGME SmBPEATF HlugmF it H: i i % T M cPndiec sk h
aéegﬂlige S% W vel engt h %; 436n or |-Iéne ﬁg%_
waver NGt RUSt é@n%ﬁ.aﬁbré%VE?Ff R Harfoni ¢ wave
n@¥an§fg§?qnghbcﬁiquid crystal display device pattern onto
a rectangular glass plate and an exposure apparatus for
producing membrane-magnetic 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 employing an

electron or ion beam, etc.

In addition, the light source may be an ultraviolet
pulse illuminant such as an F,; laser, ArF excimer laser or
KrF 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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141 is obtained with wavel ength conversion into
ultraviolet by using non-linear optical crystal after
having anplified a single wavel ength |aser |ight,
infrared or visible, emtted froma DFB sem conduct or
| aser device or 5 a fiber laser,py a fiber anplifier
havi ng, for exanple, erbium (or erbiumand ytterbium
doped. Furthernore, the projection optical systemis

no_{:S léﬂ%ﬁ@ea %P@gne\lgjv'g§t€h§9h Egnge&%qgﬁt ; ?l S@tt“?raV1olet

an even-ratio o

flﬁ§*ﬁ%lnérﬁb@IPi§§££°8 QEEEQaEr%gtﬁisgg%%ESh%%&ng

limted to a refracting systema

cadmasti Opt&d Ca SYSh IR h@avageﬁgthe%eeg @@tgh%al 1BIFRERUS or
and refracting optical elements or a reflecting system

hawi sigp lon] yeneftedt fAgmopt DEBI sehedeAtSctbt 1S ser device or
remar ked that, when the catadioptric systemor the
rwﬁIﬁﬁhénmﬂﬂ&bsysyem1beesedmp$ifherphaﬁ&ngioﬁo@pb&emple,
system the imaging characteristic of the projection
oftticiaim s{ast eswrbiem azipdsyete blyiehangbngdt heuptdietrimons,, the
etc., of the reflecting optical elenents (concave
mHﬁQﬁecﬁkﬁﬂeﬁﬂﬁ%@ﬁln$Y$b¢m escnyptagimhged in magnification
above- nen |oned novabl e optical 20 devices. Wien F2

| d€er? ITGHC TR $u3e?™) 2aftNaEUYE| pBheYenorathe Pirke

oA edgoSassf%%em's'ym SRy bens %rpé&‘?ma optical
| t
R, Y O ol Y 1 M PP G Ppe PPN g fay pe

erplved 5%£g5§§§ﬂé%fh£§ ﬁdfef?epglgéféﬁ% %fcgigﬁents

type. It |s remar ked t hat e process actur
S @R QRAUCGLA 1 LW eSS £0 1T &8585t & her S ePéf@écg%l;ngQQem

function/ performance of the devices; making reti
having only reflecting optical elements. It is remarked
that, when the catadioptric 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
reflecting 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
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142 according to the function/performance planned in

the designing step; making wafers fromsilicon

material; transferring the pattern of the reticle

onto the wafer by using the above-nentioned exposure
apparatus; assenbling 5 the dgyjces (including the

steps of dicing, bonding, and packaging); and

i nspection. According to this device manufacturing

nme auseypkn it , xpasur
A O A
eﬁﬂ@§y§ﬁin§h§t9?ttﬁﬁﬁiﬁ RakBELClEe R %31%%0%{?%%% 180

onto a wafer W ﬁrough he projection optical system

PLt ¥&0S€e t FBGY NGRENBRBEERAI Sk EnbS r¥eR¥1ACOMLR! @Y wafer by
adj usted according to the pattern to be transferred or
baseth@n:hdeabessthent iBRagUEKPYsURE WaverhreRt; assembling
aberration, and therefore it is possible to transfer

t hehd Sdévieepatiechudnhg the wabps WEwdikihigghbeveringy, and
accuracy, so that the yield of the devices as fina
prRAfUEISI 2t ahe propectiont yAarerdipgoved thAkt ewghe

the enbodi ments according to the present invention

art A e etn e o aent BeCaRBSe $Ri Bl ddthagrhehy26tep, the

art_of lithography systens can readily think of
LS S RS BHEUS rofii Fheat PorS BARLSaPSE: eubPATEns
ttm%r ove enbodi nents, w thout deEartingéfron1the

scope A sPRTTY L of T%?SP?EB%ﬁEiB a|fefacle R is

cony Btk IR0 30, D, wSERLLLOR UL LS 900 s

méﬁﬁﬂgmiﬂﬂ“ﬂﬁééghiﬂg§£@ | Spafetinpdsby the $E9yngccurately

appended hereto. 143 A?NB
adjusted according to the pattern 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 to 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.



1. A projection-optical-systemadjusting nmethod wth
which to adjust a projection optical systemused in

an exposure apparatus, said adjusting nethod

conprising: 5 neasuring a wave-front in said

projection optical system ang4§dj usting said

projection optical systembased on a result of said
nmeasuri ng of a wave-front, and a Zernike Sensitivity

t abliey 6@y responding to a pattern to be 10 transferred
onto am object via said projection optical system and

at | east jone ppiicalcicandiddond e Pesedt Mjudhend i fBrhod
of transferring said pattern. 2. A

pr ejiagt ivan-apticaldsyst empe Jsdd 1gh _rtg&ﬁmbl 15/stem used in
according to claim1, wherein, in said adjusting, said

pr Gjre cbdpars i iapida rsysissmd sl dadjdipied ispahethed d¢d@prising:
coefficient of a specific term sel ected, based on

Starget imfegurEicon wWavem foweftf ii0i erdtis] (frd pratsiaf @ptical
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Zerni ke polynomal in which a wave-front in said

pr GY&eHson &2® opti cal systemis expanded is not over a

given lim¢t. 3. A projection-optical-system adjusting

net hod &EOdiimy 53 3d HnAIECtiRer artiqal swigfem based on a

adj usting, said  projection optical systemis adjusted

sucr StH&t chﬁe%ﬂlﬂs SHI W d?‘fpcaoéff?‘feﬂ%?ﬂ%t'ofart%r%rsz%nlke

a Zerni.ke | ynomi.al in _which said wave-front within

t h& “ENt rlépjfoci%l &rg € SAFEHBEDN] J oaptf?actaqe%rilsti%ﬂ?‘? s

ex [ t . _Qver_a give [imit.. 144 4. A. .

pr %%%2}%%(?#%@%?9&1 ° saynstog) Adj ustd nsgalr?%t%roo CHH iyt cat

to [ , rai ' [ dj St | ..sal.d

pr osj%/lg%temo#n% %c%e%ssyﬂst% errcerﬁa io(séJ tzlg%aﬂlstée%%slu%ﬁdq hta? kf%eset at
the time of transferring said pattern.

2. A projection-optical-system adjusting method
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 cocefficients of terms of a Zernike
polynomial in which a wave-front in said projection

optical system is 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 is adjusted such that the RMS
value of coefficients of terms of a Zernike poiynomial in
which said wave-front within the entire field of said
projection optical system is expanded is not over a given

limit.



5 coefficients of terns of a Zernike polynomal in
which a wave-front in said projection optical system
i s expanded are not over given respective limts. 5.
A projection-optical -system adjusting nmethod 10
according to claim1, wherein, ;i4p said adjusting, said
projection optical systemis aéjusted such that the
RMS value, within the field of said projection
optical system of coefficients of n'th order, nO
terms corresponding to a watched, specific aberration
out of 1% .coef fidd-rmsi Of- S i 0f s @ 8 M&Lust ing method
polynom al in which a wave-front i'n said projectton
optaceair iyt e i sledpandeshe i simot 1 OVEL1 @ Q&l?:@@tiﬁ Itsaid
6. A projection-optical-system adjusting nethod 2
ac eocdiany itan cltiindl, syeerei nis i ad Pas th dds wst | Higat Sehé
projection optical systemis adjusted such that the
> RVEoafdliyd.entia i ttdrand ief ch deai ke pra) godmosl in which a

optical _system of coefficients of each group of nO
t eMRY VAN Itthes Slghe A0 el i ot ofal esystemhi shexpanded
correspond to a 25 watched, specific aberration, out
of & AP ToP Ve IZ&H i %e TRl L i i ch a
wave-front in said projection optical systemis
expanded is not over a given respective limt. 145 7.
A proj ectid on-optical -system adjusting nethod |
accordiné'to%ﬂgﬁq%?ﬁtHQHWQHﬁl o S Y 2 BBt sk i hgrethod
i nf,or i f rn ject to 5 projection in .

10 saiagcg?gijlg%t i%(?nacol%tﬁltng:%’ s‘");/n;étbﬂeerﬁn’v\hler} esf%l,é i%’]%s%?tdmg’ said
ROpuslRe A IIAIC AR PRl Gl 1o Wl AL AUYSESE rus

based on a space I nmage of sa
value, within the field of said projection optical
system, of coefficients of n’th order, mO terms
corresponding to a watched, specific aberration out of

15 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

20 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 md terms having
the same mB value out of terms, which correspond to a

25 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.




cal cul ated based on |inear conbi nations between
sensitivities, to a watched aberration, of
coefficients 10 of terns of a Zerni ke polynomal in
whi ch a wave-front in said projection optical system
I s expanded and the coefficients of terns of a
Zerni ke polynomial in which a "wave-front neasured in
said projection optical systemis expanded, such that
said watched aberration is not over a 15 |limt, said
sensitivities depending on said pattern. 8. A

proj ecti on- opt iMjédﬁ&m@&&f@éi%%&ﬁgg%%gﬁ&iﬂﬁ‘.&thod

to claim1, further conprising: obtainin

| nfaatamtd ony thatc52aifl EXPOSHERer 200RPPREBLYS 1S tO
achi eve, wherein, in said adjusting, said projection

optical ystimig adjdsied sucdr thasatherfMR VR se 06
coefficients given by weighting according to said
St arget] edtfar niat | onid herepedfioh enpsioil t €y eBeRf a

Zerni ke 25 polynom al in which a wave-front in said

proj ect i omerspitti caln symsitkmd isdpagdeshid podj@vietom optical
given limt. 9, A projection-optical-system adjusting

netHed U6 B TR kR 9 dih & sireei maee dof asgied pattern
i nformation _includes information of a pattern subject

t 0 GG EAGSh PaREE AT s e t9 B opr i kans Jystiessn 5

10. A rq'eCLion-gﬁéical-s st em adj ustj ng net hod o

ac@c?fﬁﬁ‘?gg“ilotlﬁﬁ/ VIS AP/ iiheret ncoefficients

me rd ng sai ve-front, .a wave-front in said ,

10pr %%:&el o oopt?i m%e%eerﬁqlsy% e pHskd oh wave-front in

resuls Qrint i .qi wen ttern on a wafer via a

pi nh(ﬁtde pgﬁg%&dgl sdélln %pgcrlgia\élctslﬁsﬁt%nptliScaﬁx%%\/&ee%and “thie
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

15 limit, said sensitivities depending on said pattern.

8. A projection-optical-system adjﬁsting method
according to claim 1, further comprising:
obtaining target information that said exposure
20 apparatus is to achieve,
wherein, in said adjusting, said 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
25 polynomial in which a wave-front in said projection

optical system is expanded is not over a given limit.

9. A projection-optical-system adjusting method



11. A projection-optical-system adjusting nethod
according to any one of clains 1 to 10, wherein in
nmeasuring said wave-front, a wave-front in said 15
projection optical systemis neasured based on a space
i mge forned via a pinhole and sgi d projection optical
system 12. An exposure apparatus which transfers a
given 20 pattern onto a substrate via a projection

optie e I Xp .appat at omprising: . a
B S P S R e T
in s$akUuREs] eREHORABRLKC y Nk Ut Lt -
that adjusts a state of g% ?ngéggbﬁg S?BQE?E ggtPgPheCtlon
f ormpdsdydsprdjpeejiest bpaiepli saktaystem and a

controller that controls said adjusting unit wusing a
result of said wave-front neasuring unit 147 nmeasuring

a wave-front. 13. An exposure apparatus according to

Scl ai m 12,10 whek ep no$acdi adi ot i ogl sy &t 6QNPAHT 86188 method
i magi ng 5 characteristic adjusting nmechani smthat

adj AsErdhey tomghvigenharfctiainsi t bd 9ai dhprejiacthon
optical system  14. An exposure apparatus according to

cl AFRABEINGhe? &f NWaBe df EoRt r of | erveoArentsisasdid

I magi ng 10, characterjstic adjusting nmechani sm based on

o Sk TS Cape

| Tiredfe CRFLSAT dS Pt eRr #S cCAPeER ARG dbBASEdOoDNa result
vt e SRer Tt OREVB PRCETTR chanf svafof of b 8 Parhole and
O AR S e
11. A projection-optical-system adjusting method
according to any one of claims 1 to 10, wherein in
measuring said wave-front, a wave-front in said
15 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 given
20 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
25 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
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15 and the coefficients of terns of a Zernike

pol ynom al in which a wave-front neasured in said
projection optical systemis expanded, such that said
wat ched aberration is not over alimt, said
sensitivities depending on said4pattern. 20 15. A
devi ce manufacturing nmethod including a |ithography
process, wherein in said |lithography process, an

expesyser apgaralHsca¢eghdi ng to any one of clains 12
to 14 perfornms exposure. 25 16. A conputer system

conprising: a first conputer which is connected to an
exposure apparatus nmai n body having a projection

optical syStemAdBekbpatupeoppphsadiisi HBESraing BbVeNaim 12,
pattern onto a substrate; an adjusting unit which
adj¥Resednssaid afijustinggeniof cempdipatt ennihagieg-by

said projection optical system 5 and a second
conpiAeRChwpréntic ednnetied meckandshi that adipster the
via, a comuni cation path, wherein said second conputer

cal Tladt e chnrrorerintbenafi eaidi phowatthonoopbntradl system.
said adjusting unit, 10 using a result of neasuring a
wave-front in said projection optical system which

resul t hqﬁ4be nreceived fromsaid first conputer via
sai d conmuni cdt ot pat i © atP2 hker @i dConeddrgshpdelaim 13,

(R, SRR SRR ELF sontols 2 PRy
characteristic adjusting mechanism based on a space image
of said pattern calculated baséd on linear combinations
between sensitivities, 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.

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.

le. A computer system comprising:
a first computer which is connected to an exposure

apparatus main body having a projection optical system




15 information. 17. A conputer system according to
claim 16, wherein said result of neasuring a
wave-front is inputted into said first conputer. 20
18. A conputer systemaccording to claim 16, further
conprising: a wave-front neasur, unit that nmeasures
a wave- front in said projection optical system 25
wherein said first conputer itself obtains said

res 0 [ e-frgnt .fromsaid wave-front
neagt%Fn%rgE?§gglag ?8$8§ 8%n%u%éyegyg?gﬁpﬁecBPEPnS to

cl asibdbrat¥herein said adjusting unit conprises an

i magi ng- characteristic adjusting nmechani smt hat

adj usts the adi®Rgt DY ChAL ac LSt L G- aLd Lection .

opti cal systeﬁ?ES ng A %gn%ﬁ%gﬁ é§%§éﬁ$a§c%$é?ﬁgg%ogn tmage
cl abin 49id pherern serdelli bgt s808PYEETcEENER optical system;
information of said pattern used in said exposure

Sappatd@t us main body to said second conmputer via said

comuni cation path, and 10 wherein said second

conput er dbiYEId scprRicee T malgech f D5 nechDeactd¢ toBgeid first
pl ane when said projection optical system projects

wi tFPRI R Hattera eynausl eataen opabased on said

pattern information and said result of neasuring a

wave- f r orfte xSl b (3 k@ sSeCondr ottt er wed et tes control
aberr ti%§:15 due to said projection optical system at

whi'dH FEhaf SPAcE th iilyech st9 i e §r e bramid agdilusting unit,

cal cul at es cont.r.ol .
10 &éiﬁg d result of measuring a wave-front in said
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projection optical system, 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.

17. A computer system according to claim 16,
wherein said result of measuring a wave-front is 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,

wherein said first computer itself obtains said

result of measuring a wave-front from said wave-front

measuring unit.



information with which to control said inmaging-
characteristic adjusting nechani smsuch that said
wat ched aberration due to said projection optica
systemis not 20 over said limt. 21. A conputer
system according to claim20, ;wherein said second
computer calculates a space inmge of said pattern
based on |inear conbinati ons between 25 sensitivities,
to a watched aber i 0 fici *oof t 0
a Zerni kelk%ol y%rﬁga é%ﬂhél% %ﬁ\éﬁé@f@%ﬁ i% 8%%?% {6’
r i Cad- SYS ; N
prapeeidsn 99ld o) SYeLeg b XRANIELL SO0k Nnating
a cthlrawuer f50Nd ABASHE By i e G198 B Of B¢ | 88 QBEE Cale
systemis expanded, said sensitivities depending on
saiithauatrtercha 2ty CONPHtOf SYEd et @FSOf dbNJob 01 €421 Bystem.
16, 5 wherein a plurality of sets of said exposure

Sapparatus main body and said first conputer are

provi ded, and said exposure apparatus main bodies

each have(sai d adjrusttien) syatian arcbndiereitto salaim 19,
second conputer is connected via said 10 _ '
coififficddt i paiirtto campezst wprdafinfernatiof ohidaid
plural first conmputers and the set of said plural o
adPAStSH (RS 1233 (ERUTORRR TS syatenpody to said
adj usti ng net hod 15.a000ﬂgin to claiml1, mhereln_
saisgc(%’ﬁﬂgccaqmpéb atis I¥ At T LypHatius 2Whi ch

L1

Otransfer%h%1%$tte2ﬂipnto an, obj ect, vi a i d
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, . e n%ﬂ? mputer oé%%ins a space image
proj ecti on optical "'syste

formed on the image plane when said projection optical
system projects 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
sensitivities, to a watched aberration, of coefficients
of terms of a Zernike polynomial in which a wave-front in
sald projection optical system is expanded and the

coefficients of'terms of a Zernike polynomial in which a



in order to adjust said projection optical system 20
a Zernike Sensitivity table corresponding to at |east
one evaluation itemregardi ng an i magi ng
characteristic of said projection optical system and
at | east one exposure conditiqgnrsof said object is
used. 25 24. A projection-optical-system adjusting

nmet hod according to claim 23, wherein said at | east

ONG, LXNOSLE S CODMLL 107 iﬂcégggsagaj£¢£§gnl?%ngng iggstem is

regarding a pattern subject ect
perd:gsdmgedy sad @éﬁéf@ﬁﬁ?@l@@tﬁéﬁéndﬁﬂgt8H1§diapattern

second i nformation regarding at | east on opt
condition of said exposure apparatus. 5 25. A
proj ection-optical -system adj usting nethod according

to claim23, wheteEputdernspétdwasiconeing sai diaim 16,

| east one evaluation itemand said at |east one
Sexpimrelrcondiiuonlisy pplirsdts af pbatdl éxyoshirdesppkeatus
Sensitivity tables respectively 10 corresponding to

corfii Hathohg @id ssaid af i festconeutevahvat poovided) aadd said
said at |east one exposure condition are used. 26. A

pr GJHERAS Wik cpawa t sy sl depdises nepolethode 98id adjusting
according to any one of clainms 23 to 25, wherein in

or d81 %0 3fff ust “said projection optical system data
regarding{a rel ati on, bet ween an adj ust pent anount of

an opti cal'FiEema st WD roEy %ﬁl%@t?%%?e%9%@eﬁia said
an ri.ati,on of a.,C ef ficient of Zern nomni_al
10; q:oM t217o Ot ﬁ% Jg%%sd’? R X %t caf said

i s Use eXpOS
Cl@ﬂﬁf&% first computers and the set of said plural

adjusting units.

23. A projection-optical-system adjusting method
15 according to claim 1, wherein
said optical apparatus is an exposure apparatus
which transfers a pattern onto an object via said
projection optical system, and
in order to adjust said projection optical system,
20 a Zernike Sensitivity table corresponding to at least one
evaluation item regarding an imaging characteristic of
said projection optical system and at least one exposure

condition of said object is used.

25 24. A projection-optical-system adjusting method
according to claim 23, wherein
said at least one exposure condition includes a

first information regarding a pattern subject to



wherein said controller uses a Zerni ke Sensitivity
table corresponding to at |est one evaluation item
regarding an 25 imaging characteristic of said
projection optical systemand at | east one exposure
condition of said object. 28. exposur e appar at us
according to claim27, 152 wherein said at |east one
exposure condition includes a first informtion

req&%&ﬂ@@t%§@§%§ %régpkgfﬁe&obYP%g%gcékgggég%ggnapgical

performed _ jection opti _
se ,éﬁ”éﬁ@né!Q@céﬁ@a{HEHEmQ{iéﬁaféggggiagpgﬁCfgast one
condition of said exposure apparat us. . exposur e

apRAs et 4S1 aEE i 16 t O Ch AL M &fposWRST 8592 19 when at
| east one of said at | east one evaluation 1tem and
said at | east one exposure condition is plural, a

plurality of Zernike Sensitivity tables respectively

Scor r esporith N tor chabdi hat + opisi ol say st @b A€@pstt ORE method
eval uation itemand said at | east one exposure

corfiqqhind starelased? 3 30vhére Bxposur e appar at us
according to any one of <clains 27 to 29, wherein said
control | éthasext derasth g dhpald edtatiorst 20ndetvwekbnation
an adj ustnment anount of an optical elenent of said

pr 0j &8t iTH oIt AL sl arrl sxpPtFoncofdation is plural,
coefficient of Zernike polynomal. 31. An exposure

metthdt Wi a it thith 499 smstersativbtpatalkelas oreepaatively

Oobject via a projection optical ggsten]

1 corresponding ' to coéhl ations of said at lest one

evaluation item and said at least one exposure condition

are used.

26. A projection-optical-system adjusting method
15 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 system and
variation of a coefficient of Zernike polynomial is used.

20

27. An exposure apparatus according to claim 12,
wherein
said controller uses a Zernike Sensitivity table
corresponding to at lest one evaluation item regarding an
25 imaging characteristic of said projection optical system

and at least one exposure condition of said object.

28. An exposure apparatus according to claim 27,



sai d exposure nmethod conprising: determning an

adj ustnent anount to be adjusted by an adjusting unit
to substantially optimze an inaging 153

characteristic of said projection optical system

based on information regardingche inmaging
characteristic of said projection optical system a
Zerni ke Sensitivity table corresponding to said
patgs - pnd at | east one 5 optical condition to be set
at the time of transferring said pattern, and data
regardi ngs a4 4 el@ati e € ]

be adj usted byégaliegé]%%j %ﬁ?l%}éﬁﬂﬁl?gj ﬁﬁ%gﬁﬁ%ﬁg@#gigg& @
| e gk Siafermdt Sah drpght@IAG 0N SatderAbkESt aRdrd
coefficient of a predetermned termof a 10 Zernike
polpmnmie @t  oranito pes f9¢ T dgmed] bgt 88DE o8t BRIbPHEical
state of said pattern by said adjusting unit, using

Ssai gy detreranded sadpudt hefiv rrasoloh . rd§aBdindnaexpPesEEeone

1pSystem e‘}vr}ldenv\ha n det
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met hod according to claim31, wherein said at |east
oneCiptGatal comthiti 1o f ned idesxposuteasppanatus.
illumnation condition of said pattern, and when

determ ning sai d adj ustnent anount, the |east 20

squar es thod is used. 33. An exposure nethod ,
accor di ngf -0 &t HFFRIVTE P BT FE $2i ICFPFSEM@L Fonclaim 27,
re }rdi gj%}the i magi ng 25 characteristic is a

waVe'$ront aberration of said projection optical

tnent amount, a

leas ' rgnnei nogf Ssaéldd aad’i u east 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 least one

evaluation item and said at least one exposure condition

are used.

30. An exposure apparatus according to any one of
claims 27 to 29, wherein

said controller uses data regarding a relation
between an adjustment amount of an optical element of
said projection optical system and variation of a

coefficient of Zernike polynomial.

31. 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 adjusting unit to substantially optimize an imaging



coefficient of a predeterm ned termof a Zerni ke 154
pol ynom al which is determ ned based on the wave-front
aberration is used. 34. An exposure nmethod according
to claim33, 5 wherein said adjustment anount is
determ ned so that within a fielyd of said projection
optical system aberrations of ~ said projection
optical systemat a plurality of points Y%thln_a o

r ] saig. n : projecte
or eded s5at B e ey £Sal o, DL L ok 8140, PLOLEEL S
acced di Mo tfa €1 &h Mk Sdard YhET €18 %é&iﬁtgl et 80cdPibeic of
includes an actuator which™ 15 drives an optica _

el eseend f o $ed ¢hi i 0pEL AN OPsE6A) a2 SYSELKe a@é*n§dt9vity

adj ust rent anount includes a drive anount of sal
optiaale eteneatpodi . tAns £XPosatt e et ied 2ecpsdifdone
to claim35, wherein said adjustnent anount is

Sdetartigreld sondiatobotd befséowet - tieet i mOPONERSSs B8Fring
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hi gher - order conponents of the aberration of said
pr oj et iRATE opth calnd ydaean meea2bisybsteaianl by between an
optim zed. 37. An exposure nethod according tolc!a!m '
35,2 TSN Y s ) ees t adkhie s e uny $sldetdiwsneog unit
different aberrations of said projection
ggﬁhggh1§V%l%ﬁﬁs an imaging state of safﬁ 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.

32. An exposure method according to claim 31,

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.

33. An exposure method according to claim 32,
wherein

said information regarding the imaging
characteristic is a wave-front aberration of said
projection optical system, and

when determining said adjustment amount, a

coefficient of a predetermined term of a Zernike



and different-order conponents of each aberration are
substantially optimzed. 5 38. A device manufacturing
nmet hod i ncluding a process in which a device pattern
is formed on a photosensitive object, using an
exposure nethod according to ggy one of claims 31 to
37. 10 39. An exposure apparatus which transfers a
pattern onto an object via a projection optica

Syi £ nGH £ Mvﬁ??:%g @@tp@fﬂrlﬂédngyééis&qg%hgnxf/avi-front

adjustlng uni t h adj usts an 1 magi ng st
saigbddatderdh ofs sgd &y obj ect; and a conputing unit

whi ch determ nes an adjustnent anount to be adjusted
by said adjusting unit to substantially optimze an

i magi ng characteristic of said projection optica
system tms.edqmrbipﬁmf@tm@ﬁhds&g@wémﬁ? thecigngi By,
characteristic of said projection optical system a

5Zemiicke=iSensitivity tabl e corresponding to said

pattern and at | east one optical condition to be set

at the tdaisl efdiustvstrer ramyusai s pitterminahdsdatl@at within
regarding a relation between an adjustnent anount to

be dadjissie P by sl gaial e@f 1en ot iehl svetem, aberrations of
coefficient of a predetermined termof a Zernike
poISEIGHIRA O] o) 1 9th Wplsauy &S BRI ad bis? arberal higytof points
claim 39, 156 wherein said at |east one optica

coﬁf’d1tt1'}16h 3 RIS 1IN AT et Y1 ERr $Rt ¢ oEPlaE*éWéllilH-%n

00f5¥%féé¥g4(%r’ éﬂg%tantially optimized.
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35. An exposure method according to claim 34,
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.

36. An exposure method according to claim 35,
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.

37. An exposure method according to claim 35,

wherein
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when determ ning sai d adj ustment anount, the least- 5
squares nethod is used. 41. An exposure apparatus
according to claim40, wherein said information
regarding the inmaging 10 characteristic is a
wave-front aberration of said QOJection optica
system and when determ ni ng sal adj ust nent anount, a
coefficient of a predeterm ned termof a Zernike

pol ynomi gl ;uhi IQ% usé%% Er dc based. on. 1he so e-fy ont

15 aber r ati-on exposure appar atu

r u
SR Al WerAl Dy s il L 000
pr qr%tdl%&@ﬂ&%r&aﬁtc%mp&b@r{i@tépr@am a5& fation are
projection optical systemat a plurality of points

W thigs waariedeterdp diedh a8ea where said pattern is
projected are substantially optimzed. 25 43. An

exposure apparatus according to claim42, wherein

said adjusting unit includes an actuator which drives

an opti . elfZermbntiad e ro)eoig aretdpdd cabcIbding a
system and said adjustnent anmount includes a drive
anmnncesfs ignivwhigpt i alewl eararat tSrm4i s Ao exgdsem ea
apparatus according to claim43, wherein said
adjAPSttRsS RN Selfpiuit 9% et erdd et o e¥ResSWet Hnethod according

to any one of claims 31 to 37.

39. 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 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.

40. An exposure apparatus according to claim 39,



of | ower-order conponents and hi gher-order conponents

of the aberration of said projection optical system
are 10 substantially optimnm zed. 45. An exposure
apparatus according to claim43, wherein said

adj ust ment anount is determ neqdcsy0 that 15 different
aberrations of said projection optical system and

di fferent-order conponents of each aberration are
suhgtantial Iy optim zed. 46. A program which nmakes a
conmput er execute a 20 predeterm ned process necessary
for adj usdmedtaof ] &t | FRQi G LAt ec&{%?tf)@rtltfﬁglﬁ@egnat
exposure apparatus which transfers said pattern onto

an o ectaryi 2l Purfl 04 €Ldh OBon@Pt1 6@ o BYSE €M pS8ESrn, and
program maki ng said conputer execute a procedure of:

25 det er mimdrmgleare Ao nisi gresd 1 @ndinds treebe aekhwst edc Ry least-
an adjusting unit to substantially optim ze an imagi ng

Scharastead stétthad saiwsedoj ection optical system

based on information regarding the inmaging
characteristic of 158 said projection optical system

a Zerni ke Sensitivity table corresponding to said
pattern dnd D |VERISWYIR aRPATTARS caredEdbro t oo belaen 40,
at the time of transferring said pattern, and data

re 157d* a rel ati on between an 5 adj ustnent anount to
be adjusted py said adjusting upnit and a coefficient
of a precFéatJéfrﬁ “E%r rbfr%BgaZ%i{]Jrﬂ%ethepo]}W%l. 47.

i n erein .1 d at
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| east” ‘one op

projection optical system, and

I cal CO 0)

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.

42. An exposure apparatus according to claim 41,
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
within a predetermined area where said pattern is

projected are substantially optimized.

43. An exposure apparatus according to claim 42,
wherein
said adjusting unit includes an actuator which

drives an optical element of said projection optical
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| east an illum nation condition of said pattern, and

when determ ning sai d adj ust nent anount, the | east-

squares nethod is used. 15 48. A program according to

claim47, wherein said information regarding the

i magi ng characteristic is a wavygfront aberration of

said projection optical system and when determ ning

said adjustnment anount, a 20 coefficient of a

preget e£ml ngdgt erm of a Zerni ke polynom al which is

determ ned based on the wave-front aberration is

used. 49.sA Progy AR RELOr Shognt 05 gL ah g 48, Wheyei Bmédnt of

said adjustnment anount is determ ned so that Wi t hi

fi edati dfostal ca proj @séheon optical system aberratlons

of said projection optical systemat a plurality of

points wthin a predeterm ned area where said pattern

|s 159 projected are substantially optim zed. 50. A

Sprogr am atkordt rexposcrai ap@dranher ecoordang a6dj yshing4s,

uni t includes an actuator which 5 drives an optica

el ettt said projection optical system and said

adj ust ment_anount includes a drive anpunt of said

opt i cal eldEfeRdIUTmENt ARR W ot adee Bhied osel Bhat both
aelns%d m%uﬁnem amount i s determ ned so

thzﬁ ST 01 TOner QR U e npfh et SheRdo i gregoperents of

conpa ts of the berr tion, of said projection
opt | Il R U ©F ST AT ST 7L Opt 9 Seatt system are

substantially optimized.

45. An exposure apparatus according to claim 43,
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.

46. A 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
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
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15 52. A program according to claimb51, wherein said
adj ustnment anount is determned so that different
aberrations of said projection optical system and
di fferent-order conponents of each aberration are 20
substantially optim zed. 53. AlL580rage nedi um which
stores a program according to any one of clains 46 to
52 and can be read by a conputer.

sald 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.

47. A program according to claim 46, 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.

48. A program according to claim 47, wherein

said information regarding the imaging
characteristic is a wave-front aberration of said
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.

49, A program according to claim 48, wherein

sald 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

within a predetermined area where said pattern is
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projected are substantially optimized.

50. A program according to claim 49, wherein

sald adjusting unit includes an actuator which
drives an optical element of said projection optical
system, and

said adjustment amount includes a drive amount of

sald optical element.

51. A program according to claim 50, 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.

52. A program according to claim 51, 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.

53. A storage medium which stores a program
according to any one of claims 46 to 52 and can be read

by a computer.



